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• • • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

GENERAL STATEMENT 

The National Aeronautics and Space Administration, established October 1, 1958, conducts space and aeronautics 
activities for peaceful purposes for the benefit of all. NASA's activities are designed to maintain United 
States leadership in aeronautical and space research, te~hnology, and utilization and to: 

Extend our knowledge of the Earth, its environment, the solar system, and the universe; 

Expand the practical applications of space technology; 

Develop, operate, and improve manned and unmanned space vehicles; 

Improve the civil and military usefulness of aeronautical vehicles, while minimizing their environmental 
effects and energy consumption; 

Disseminate pertinent findings to potential users; and 

Promote international cooperation in peaceful activities in space. 

The budget for FY 1979 provides for continued progress in achievement of these objectives at a restrained but 
reasonable pace. Basic emphasis is on effective and efficient accomplishment of currently approved programs 
and on a carefully selected group of new initiatives to take the logical next steps in the practical appli
cation of space capabilities to problems on earth, in the continued exploration of space, in the expansion 
of human knowledge and in developing the technology necessary to U.S. leadership in space and aeronautics. 

Some specific Btreas of major emphasis in the FY 1979 budget include: 

Aeronautical ReSE!arch and Technology 

The FY 1979 budget supports the research and technology efforts essential to provide a solid foundation for 
improving aircraft performance, safety, and economy while reducing their energy requirements and environmental 
effects; to maintain the strong competitive position of the United States in the world marketplace; and to 
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• • • 
support the Department of Defense in maintaining the superiority of the Nation's military aircraft. The FY 1979 
budget program focuses on: 

• Steps to revitalize the strength of the research and technology base, which is the reservoirofbasicknowledge 
for enhancing the growth of new aeronautical products. The gradual slowing down of generic research and tech
nology efforts has led to a critical turning point in whether or not the U.S. lead in aeronautics is retained. 

• Progress in the aircraft energy efficiency efforts, including an additional phase of laminar flow control 
technology. These efforts are aimed at providing, by the early 1980's, the improved technology that will lead 
to a major reduction in aircraft fuel requirements. 

Space Applications 

The FY 1979 budget provides for orderly progress toward expanding the down-to-Earth benefits of space appli
cations. Emphasis is placed on continued development and optimum use of previously approved missions, includ
ing the LANDSAT-C and D earth resources satellites, the NIMBUS-G environmental quality monitoring satellite, 
the TIROS-N next generation weather satellite, the SEASAT ocean condition monitoring satellite, and several 
other important flight missions. The flight activity is complemented by a carefully planned program of re
search and technology development, data analysis, and cooperation with users. The proposed efforts also 
include flight experiments and instruments reflecting the transition to the Space Transportation System 
capabilities. Two specific flight hardware initiatives included in the FY 1979 budget are: 

• A Halogen Occultation Experiment to demonstrate improved capabilities to monitor pollution of the upper 
atmosphere. 

• An Earth Radiation Budget Satellite System to contribute to the national climate research program by 
acquiring valuable data on the energy exchange between the Earth's atmosphere and space, on global and regional 
fluctuations in this energy exchange, and on other atmospheric factors important to climate research efforts. 

Space Science 

The Space Science program utilizes space systems, supported by airborne and ground-based observations, to 
conduct scientific investigations of the Earth and its atmosphere, the MOon, the Sun, the inner and outer planets, 
and interplanetary and interstellar space, as well as the other stars of our galaxy and universe. The results 
from these investigations significantly contribute to our understanding of the universe, including the phenomena 
that have such a profound effect on life and environment on Earth. FY 1979 will be a year of progress on im
portant space science missions initiated over the past several years. Launch activity in 1979 will include the 
third High Energy Astronomy Observatory to conduct a survey of gamma ray and cosmic ray sources and the Solar 
Maximum Mission to study the Sun during the next period of peak activity in the solar cycle. The two Voyager 
spacecraft launched in 1977 will conduct measurements at Jupiter and the Pioneer 11 spacecraft launched in 1973 
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• • --·-
will encounter Saturn. Major development effort will be in progress on the Jupiter Orbiter Probe mission, to 
be launched in early 1982, and the Space Telescope,· to be launched in 1983. 

A significant ne~w initiative will be the Solar Polar Mission, a joint project with the European Space Agency 
to send two spacecraft, launched by a Shuttle interim upper stage, past Jupiter, using the gravity of that giant 
planet to achieve a trajectory that will permit study of the polar regions of the Sun. The scientific informa
tion obtained by this mission, together with that acquired by the Solar Maximum Ydssion, the Orbiting Solar 
Observatories and Explorer spacecraft, will contribute significantly to our understanding of the Sun and the 
influence it exerts on the Earth--its atmosphere, environment, and climate. 

Space Shuttle 

The Space Transportation System--with the reusable Shuttle as its key element--will open up a new era in 
Earth-oriented observations, scientific exploration, and technology advances. The Shuttle system will dra
matically increase the capabilities and flexibility of space operations while decreasing their cost for all 
users, including NASA, DOD, other Government agencies, universities, commercial firms, and international 
customers. 

Space Shuttle development is progressing toward the first orbital flight in 1979 and initial operational 
capability in 1980. The approach and landing tests of the orbiter Enterprise have been successfully 
accomplished. Ground test efforts on all Shuttle elements are intensifying. The FY 1979 budget provides for 
the development, test and evaluation activity consistent with achieving the first orbital flight in 1979 and 
for the fabrication activities required for delivery of the national fleet of operational Space Shuttle orbiters 
on a schedule compatible with the Department of Defense requirements. 

Summary 

In summary, NASA's FY 1979 budget provides for important thrusts toward the goals of maintaining the historic 
United States lead in civil and military aircraft technology and systems development; expanding the practical 
applications of space technology; increasing scientific understanding of the Earth, the solar system and the 
universe; and achieving a versatile, economical Space Transportation System--the key to new opportunities in 
the uses and exploration of space for the benefit of all. The program builds on accomplishments, provides for 
a modest but meaningful number of next step initiatives, and strikes a suitable balance between space flight 
development activities and aeronautics and space research and technology. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

BUDGET SUMMARY 
(Thousands of Dollars) 

Space Transportation Systems .•••..•.••.••.••.•.•.••.••••....••. 
Space shuttle . .•...........•.. o •••••••••••••••••• • •• • • • • • • • • • 

Space flight operations •••...•••••••••••••.•.••.••••••••••••• 
Expendable launch vehicles ••••••••••••••••••••••••••••••••••• 

Space Science Programs ••••..••••••••••••••••••••••••••••••••.• 
Physics and astronOIIl)' •••••• •••••••••••••••••••••••••••••••• • • 
Lunar and planetary exploration •••••••••••••••••••••••••••.•• 
Life sciences . ..................................... · · · · · · · · · • 

Space and Terrestrial Applications ••••••••••••••••••••••••••••• 
Space applications .•.•.•...•..•..••.•.•..•.•..••...•..•.•..•• 
Technology utilization ••...•..•.•••••.•••••.•••...•••...••••• 

Aeronautics and Space Technology Programs •••••••••••••••••••••• 
Aeronautical research and technology ••••••••••••••••••••••••• 
Space research and technology •••••••••••••••••••••••••••••••• 
Energy technology applications ••••••••••••••••••••••••••••••• 

Tracking and Data Acquisition, ••••••••••••••••••••••••••••••••• 

TOtAL RESEARCH AND DEVELOPMENT ••••••••••••••••••••••••••••• 

CONSTRUCTION OF FACILITIES ••••••••••••••••••••••••••••••••••••••• 

RESEARCH AND PROGRAM MANAGEMENT •••••••••••••••••••••••••••••••••• 

TOV..L •• •••••••••••••••••••••••••.•••••••••••••••.•••••••• 

OUTlAYS." •••••••••••••••.•••.•••••••.•••••••••••••••.•. ••• •. •. • • · 

FY 1977 

1 2 763 2 700 
1,413,100 

199,200 
151,400 

380z325 
166,300 
191,900 

22,125 

2062300 
198,200 

8,100 

278 2100 
190,100 
82,000 

6,000 

255,000 

2,883,425 

118.090 

844,361 

3,845,876 

3.845.876 

-· 
Budget Plan 

FY 1978 FY 1979 

12 751 2 500 1 2827 2 700 
1,349,200 1,439,300 

267,800 311,900 
134,500 76,500 

404 2 700 513 2 200 
224,200 285,500 
147,200 187,100 

33,300 40,600 

243 2900 283z400 
234,800 274,300 

9,100 9,100 

333 2200 375 2400 
228,000 264,100 
97,700 108,300 
7,500 3,000 

278,300 305,400 

3,011,600 3,305,100 

162,340 152,500 

890 2 200 914 2000 

4.064.140 4,371,600 

3.981.600 4.270.100 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE TRANSPORTATION SYSTEMS 

o Develop a Space Transportation System to provide for: 

Versatile and reusable Space Shuttle system 
Manned orbital experiments using Shuttle and Spacelab 
Deep space and geosynchronous mission capability with upper stages 
Orbital placement, servicing and retrieval of automated satellites 
Economy in transportation, space operations, and payload costs 

o Continue production to provide a national fleet of Space Shuttle orbiters 

o Initiate Orbital Flight Tests 

o Establish capability for Space Transportation System operations 

o Provide expendable launch vehicle'services as required by NASA and other users during transition 
to Space Transportation System 

MAJOR FLIGHT ACTIVITY 

Calendar Years 
1977 1978 1979 1980 

Space Shuttle 
Development Flights •••••••••••••••••••• . . . . *· . . . . . . . . ~~;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:J 

Operational Flights ••••••••••••••• • ••••••••• • 
Spacelab • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Upper Stages • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

*Approach and Landing Tests Successfully Accomplished 

1981 

• 

1982 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE SCIENCE 

o Increase our understanding of the evolution and nature of the universe through a balanced program of new 
exploratory missions and ground-based investigations 

o Exploit the knowledge gained from current and completed program efforts by thorough analysis and inter
pretation of the scientific data obtained 

o Utilize the space environment for research in the biomedical, biological and bioinstrumentation fields 

MAJOR FLIGHT ACTIVITY 

1978 1979 

Physics and Astronomy: 
High Energy Astronomy Observatory ••••••• • • • • •••• I:J. • •.• I:J. 
Solar Maximum Mission ••••••••••••• o • o • • • • • • • • • • • • 6 

Calendar Years 
1980 1981 1982 

Space Telescope •• • • • • •••••••••• • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • 
Solar Polar Mission • "' ••• • ••••••••••••••• • •••••••••••• • •• • • • • • • • • • • • • • 

1983 

•• 1:1. 
.. b. 

Shuttle/Spacelab Science Payloads • o • o • •. • o • • • • • • • A·~~.· • • • • • • • !~~~5~7~~~~~~~~~~~~~~~~~~~ 
Explorer Launches •••••••••••••• 0 ••• 0 ••• 0 •• nn . ...... ~AA" AAA 0 • 

Lunar and Planetary Exploration: 11\85 @ @ 
Voyager-Jupiter/Saturn Encounters •••• • •• o ••••••• o ••• ,\:!) J • • • • o • S 

Pioneer-Venus Orbiter Launch and Encounter •••••• • • • V 
Pioneer-Saturn Flyby o •••••••• o ••••••••••••• ·~· ••• S 

Pioneer-Venus Probe Launch and Encounter ••• • • • • • • • • V II\ 
Jupiter Orbiter/Probe Launch and Encounter •••• o ••••••••••••••• • • • • • • •• • • • b. • • • • • ~1984 

Li'fe Sciences: 
Vestibular Function Research • 
Shuttle/Spacelab Experiments • 

. . 
• • • 

....................... .A . • • • • • • • • . • • . . • . • • . • • . . • • .&.::===================== 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE AND TERRESTRIAL APPLICATIONS 

o Develop and demonstrate practical uses of space and space-derived technology 

Earth Resources Detection and Monitoring 
Earth Dyn~mdcs Monitoring and Forecasting 
Ocean Condition Monitoring and Forecasting 
Environmental Quality Monitoring 
Weather Observation and Forecasting 
Climate RE!search 
Materials Processing in Space 
Space Communications 

• 

o Accelerate the transfer of NASA-developed research and technology advances to public and private sectors 

MAJOR FLIGHT ACTIVITY 

Calendar Years 
1978 1979 1980 1981 

..•...• . A. Landsat-C •••••••••••••••••••••••• 
Heat Capacity Mapping Mission •••••• • •••• 
Landsat-D. • •••••••••••••••••••••• 

' ....... ~ 
. . . . . . . . . . . . . . ~ ......... . A. 

Magnetic Field Satellite • • • • • • • • • • • • • • •• • • • • • •!• • • • • • ~ 
SEASAT-A ••••••••••••••••••••••••••••••• 
Nimbus-G • • • • • • • • •••••••••••••••••••• • • • • 
Stratospheric Aerosol and Gas Experiment •• • ••••••••• .1. • • • • .b. 
TIROS-N • • •••••••••••••••••••• • ••••••••• ~ 

1982 1983 

Search and Rescue Satellite Systems Test. • • ••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • £ 
Earth Radiation Budget Satellite System •• • • • • •• • • • • • • • • • • • A • • • • A • • • • • • • • • • A 
Shuttle/Spacelab Applications Payloads ••••••••• • • • • • • • • • • ~ • • • • ~ • • .1:.::::::::::= 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

AERONAUTICAL RESEARCH AND TECHNOLOGY 

o Provide a technology base for current and future civil and military aircraft to: 

Reduce energy requirements 

Improve performance 

Increase safety 

Decrease environmental effects, and 

Reduce cost 

through advances in the technology areas of 

Materials and structures 

Propulsion 

Avionics and flight control 

Aerodynamics 

Operations, and 

Human-vehicle interactions 

via ground-based and flight-based research and technology activitie.s 

MAJOR TECHNOLOGY FOCUS 

-- Aircraft Energy Efficiency Technology 

·--
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE RESEARCH AND TECHNOLOGY 

o Provide a technology base to enable and enhance future space activities by: 

Improving performance 

Reducing cost, and 

Increasing reliability 

through advances in the technology areas of 

Materials and structures 

Electronics 

Chemical and electric propulsion 

Space power systems, and 

Component standardization 

via ground-based and space-based research and technology activities 

MAJOR FLIGHT ACTIVITY 

Calendar Years 
1977 1978 1979 1980 1981 1982 

Space Technology Shuttle/Spacelab Payloads •••••••••••••• • • • • • • .. de=.===== 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION • 

ENERGY TECHNOLOGY APPLICATIONS 

o Energy technology identification and verification to facilitate use of NASA-developed aerospace 
technologies, experience and facilities to meet the program needs of the Energy Research and Develop
ment Administration and other agencies responsible for energy programs 

o Technical definition of a feasible satellite system for generation of energy in space 

TRACKING AND DATA ACQUISITION 

o Worldwide networks of ground stations, an instrumentation ship, and instrumented aircraft interconnected 
with highly reliable communications to provide support to: 

Automated Earth Orbiting Missions - Covering an average of approximately 50 applications and scientific 
spacecraft, the support workload will include Nimbus-6, the Landsat missions, the Heat Capacity Mapping 
Mission, Seasat-A, Nimbus-G, as well as the International Ultraviolet Explorer and the International 
Sun Earth Explorer missions, the High Energy Astronomy Observatory missions, and the Solar Maximum 
Mission. 

Planetary Missions - In addition to continuing support for several Pioneer spacecraft, Helios 1 and 2, 
Viking 1 and 2 and Voyager 1 and 2, the Pioneer Venus '78 missions will also be covered 

Shuttle Orbital Flight Tests 

Sounding Rockets 

Aeronautical Flight Research Program 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Appropriations 

FISCAL YFAR 1979 ESTIMATES 

SUMMARY OF APPROPRIATIONS 
(Thousands of Dollars) 

Research and Development ••..••.•..•..•.••.••••.•.•...••...••..•.. 
Basic Appropriation ••••..••.••..•..•••••••••••.....•••..•...••• 
Economic Stimulus Appropriation Act 1977 (PL 95-29) •••••••••••• 
Transfer to Construction of Facilities Appropriation ••••••••••• 

Construction of Facilities •••••••.•••.••••.•••••••••.••..••••••.• 
Basic Appropriation •••••••••••••••••.•••••••••••••••••••••••••• 
Transfer from Research and Development Appropriation ••••••••••• 

Research and Program Management •••••••••••••••••••••••••••••••••• 
Basic Appropriation ••••••.•••••••••••.••••••••••••••••••••••••• 
Supplemental Appropriation for civilian pay raises (PL 95-26) •• 
Proposed supplemental for civilian pay raises •••••••••••••••••• 

Total .. .......•..........•.... • ..... · · · · • • · • · • • • • • • • • • • · · · · · · • • • • 

FY 1977 

PL 94-378 

2,856,425 
2,761,425 

95,000 

118,090 

844,575 
813,000 

31,575 

3.819.090 

FY 1978 

PL 95-119 

3,011,600 
3,013,000 

-1,400 

162,340 
160,940 

1,400 

890,200 
844,000 

46,200 

4,064.140 

·--· 

FY 1979 

Request 

3,305,100 

152,500 

914,000 

4,371,600 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS 
(Thousands of Dollars) 

Fiscal Year 1977 

Appropriation, PL 94-378 •••••••••••••••••••.••••••• 
Economic Stimulus Appropriation, PL 95-29 •••••••••• 
Supplemental Appropriation, PL 95-26 ••••••••••••••• 
FY 1975 funds applied to 1977 budget plan •••••••••• 
Unobligated balance lapsing •••••••••••••••••••••••• 

Total Budget Plan ..••.••.•••••.••.•••.•••.••••••• 

Fiscal Year 1978 

Total 

3,692,515 
95,000 
31,575 
27,000 

-214 

3.845.876 

Appropriation, PL 95-119 •••••••••••••••••••••.••••• 4,017,940 
Transfer from Research and Development to 

Construction of Facilities ••••••••••••••••••••••• 
Proposed supplemental for civilian pay raises...... 46,200 

Total Budget Plan •••••••••••••••••••••••••••••••• 4.064.140 

Fiscal Year 1979 

Appropriation request/Budget plan ••••••••••••••.••• 4.371.600 

Research and Construction 
Development of Facilities 

2,761,425 118,090 
95,000 

--- ---
27,000 

--- ---
2.883.425 118.090 

3,013,000 160,940 

-1,400 1,400 

3.011.600 162.340 

3.305.100 152.500 

• 

Research and 
Program 

Management 

813,000 

31,575 

-214 

844.361 

844,000 

46,200 

890.200 

914.000 
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1977 

Johnson Space Center •••••••••••• 1,228.9 
Kennedy Space Center •••••••••••• 277.1 
Marshall Space Flight Center •••• 643.7 
National Space Technology 

Laboratories •••••••••••••••••• 21.4 

Goddard Space Flight Cente:r ••••• 515.3 
Jet Propulsion Laboratory ••••••• 197.4 
Wallops Flight Center 32.1 

Ames Research Center •••••.•••••• 181.7 
Dryden Flight Research Center ••• 41.8 
Langley Research Center ••.•••••• 278.0 
Lewis Research Center ••••••••••• 245.3 

Headquarters •••••••••••••••••••• 177.6 

Undistributed Construction of 
Facilities: 

Various Locations •••••••••.••• 
Space Shuttle Facilities •••••• .2 
Rehabilitation and 

Modification •••••••••••••••• 3.8 
Minor Construction •••••••••••• 
Facility Planning and Design •• 1.6 

Total Budget Plan 3 845.9 

• 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATION 
(Millions of Dollars) 

TOTAL Research and Develo2ment 
1978 1979 1977 1978 1979 1977 

1,126.0 1,275.5 1,084.5 976.1 1,123.3 4.9 
343.5 336.5 130.3 176.5 202.6 37.0 
771.0 771.9 498.6 609.7 612.2 5.7 

20.0 19.6 18.9 16.3 14.6 .7 

608.2 656.9 396.5 480,9 524.8 3.9 
190.5 253.8 194.5 185.2 247.4 2.9 

31.5 32.2 17.2 14.9 15.8 1.6 

184.3 238.8 115.1 111.3 136.5 13.3 
37.1 34.6 23.7 18.0 13.6 .8 

291.8 287.9 145.9 163.0 150.4 36.5 
244.8 254.8 157.4 150,8 152.9 4.1 

189.9 195.5 100.8 108.9 111.0 1.1 

1.8 
.2 

12.2 1.9 3.8 
3.6 1.1 
7.9 10.6 1.6 . 

4.064.1 4 371.6 2,883.4 3,011.6 3,305.1 118.1 

--

Construction of Research and 
Facilities Program Manasement 

1978 1979 1977 1978 1979 

4.0 1.9 139.5 145.9 150.3 
54.5 15.5 109.8 112.5 118.4 
19.8 18.8 139.4 141.5 140.9 

.9 1.5 1.8 2.8 3.5 

5.1 8.0 114.9 122.2 124.1 
5.3 6.4 --- -- ---
2.1 1.2 13.3 14.5 15.2 

14.6 43.1 53.3 58.4 59.2 
.4 1.5 17.3 18.7 19.5 

26.2 32.9 95.6 102.6 104.6 
3.2 8.1 83.8 90.8 93.8 

.7 -- 75.7 80.3 84.5 

1.8 

12.2 1.9 
3.6 1.1 
7.9 10.6 

162.3 152.5 844.4 890.2 914.0 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND PROGRAM MANAGEMENT 

TOTAL NUMBER OF PERMANENT POSITIONS 

END OF YEAR 

FY 1977 
Actual FY 1978 FY 1979 

Johnson Space Center •••••••.•.••••.••••••••••.••••.•.•••••••. 3,585 3,526 3,546 

Kennedy Space Center ••..•....•.••••••••.•••••.••.••.•••••.•.. 2,230 2,186 2,207 

Marshall Space Flight Center ••.••••••••••.••••••.••••••••••.• 3,910 3,760 3, 715 

National Space Technology Laboratories ••••••••.•••••••••••••• 70 100 104 

Goddard Space Flight Center •••••••.•.•.•••••••••••••••••••••• 3,625 3,548 3,548 

Wallops Flight Center .. ..............•...•••...........•..... 410 408 408 

Ames Research Center •• •••••.•.••••••••.••••••••.•••.••..•••.• 1,613 1,677 1,677 

Dryden Flight Research Center ••.••••••••••••••••••••••••••••• 515 490 490 

Langley Research Center .•••.•••......•.••••..•••...•••..••••• 3,135 3,069 3,069 

Lewis Research Center •••.••••••••••.••..•••••••.•••.....••••• 2,998 2,938 2,938 

Headquarters .........•.....•.••......•..........•............ 1,545 1,535 1,535 

Total, Permanent Positions ••••••••••••••••••••••••••••••••• 23.636 23.237 23.237 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

GENERAL STATEMENT 

The objectives of the National Aeronautics and Space Administration program of research and development are 
to advance our knowledge of the Earth, its space environment, and the universe; to expand the practical appli
cations of space technology; to develop, operate and improve manned and unmanned space vehicles; to provide 
technology for improvement of the performance of aeronautical vehicles while minimizing their environmental 
effects and energy consumption; and to assure continued development of the aeronautics and space technology 
necessary to accomplish national goals. These objectives are achieved through the following elements: 

SPACE TRANSPORTATION SYSTEMS: A program to provide all the transportation and related capabilities required 
to conduct space operations. The major development objective is the reusable Space Shuttle, the key element 
of a versatile, economical transportation system to provide a wide variety of users with round trip access to 
space during the 1980's and beyond. 

SPACE SCIENCE: A program utilizing space systems, supported by extensive ground-based and airborne ob
servations, to conduct a broad spectrum of scientific investigations. The objective is to advance our know
ledge of the Earth and its atmosphere, the Moon, the Sun, the inner and outer planets, interplanetary and 
interstellar space, and the other stars of our galaxy and the universe. 

SPACE AND TERRESTRIAL APPLICATIONS: A program using space, aircraft, and ground-based systems to identify 
and demonstrate the useful application of space techniques in the areas of earth resources detection and 
monitoring, earth dynamics monitoring and forecasting, ocean condition monitoring and forecasting, environ
mental quality monitoring, climate research, weather observation and forecasting, materials processing in 
space, and space communications. The program includes activities to accelerate the dissemination to both 
the public and the private sectors of advances achieved in NASA's research, technology and development 
programs. 

AERONAUTICS AND SPACE TECHNOLOGY: A program to acquire the fundamental knowledge and to develop the tech
nology needed to maintain United States leadership in aeronautics and space. The program also provides for 
identification and evaluation of elements of NASA's aeronautics and space technology which can benefit the 
national energy programs. 
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TRACKING AND DATA ACQUISITION: A worldwide program to support deep space, earth orbital, suborbital, 

and aeronautical programs. 

SPACE TRANSPORTATION SYSTEMS 

• 
Space Transportation Systems activities provide all the transportation and associated support capabilities 

required to conduc.t space operations. These activities currently focus on the development and testing of the 
Space Shuttle--the first reusable space vehicle and the key element of a versatile, economical Space Trans
portation System to provide domestic and international users with round trip access to space for the 1980's 
and beyond. 

The Space Shuttle is the most important element of the Space Transportation System. Its versatility and 
reusability will open up a new era in expanding the uses of space for a wide variety .of earth applications, 
scientific, defense, and technological activities. The Shuttle will consist of a reusable delta-wing orbiter 
vehicle with three main engines, an expendable propellant tank, and reusable twin solid rocket boosters. The 
Shuttle will provide unique capabilities for placement and retrieval of satellites, in-orbit servicing of 
satellites, and delivery to earth orbit of payloads and propulsive stages for high energy and escape missions. 
The advent of readily available, economical transportation to and from low earth orbit, for automated payloads 
as well as for scientists and other personnel without special flight training, will revolutionize our concepts 
of using space and will significantly expand the returns from space operations. In addition to reduced trans
portation costs, significant savings are anticipated in payload costs resulting from repair and reuse of pay
loads and from relaxation of weight, size, and reliability constraints. These advantages will enhance both 
the flexibility and the productivity of space missions compared to existing expendable launch vehicles. 

Orbital flight testing of the Space Shuttle is scheduled to begin during 1979, leading to an initial oper
ational capability in 1980. The approach and landing tests of the first Orbiter, the Enterprise, have been 
successfully conducted at Dryden Flight Research Center in California. Ground test efforts on all elements of 
the Shuttle are intensifying. The Enterprise is being transferred to the Marshall Space Flight Center in 
Alabama to be joined with the external tank and solid rocket boosters for total systems ground vibration tests. 
At the National Space Technology Laboratories in Mississippi, testing is in progress on the orbiter's main 
engine and testing of the entire main propulsion system will be in progress during 1978 and 1979. Solid rocket 
motor qualification firings will be accomplished during the same period. Final assembly and delivery to the 
Kennedy Space Center in Florida of the second orbiter, its main engines, external tank and solid rocket boosters 
will be completed. Launch preparations and checkout operations at the Kennedy Space Center will lead to 
initiation of orbital flight test missions during 1979. 
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Progress on the Space Shuttle will be matched in other activities vital to the establishment of the Space 

Transportation System operational capability and to preparations for early operational missions. The Spacelab, 
which will be a multipurpose laboratory carried in the large cargo bay of the Space Shuttle, will allow scien
tists, researchers, and technicians to conduct their experiments in the unique environment of space. The Space
lab is being designed and built for NASA by the European Space Agency, with ten European nations participating 
in the Spacelab development. The Interim Upper Stage (IUS), which is being developed by the Department of 
Defense, will be used to deploy Shuttle launched payloads to high energy and escape orbits. The spinning 
solid upper stage, which is being developed commercially, will be used for payloads that do not require the 
IUS capability. Other.space flight activities related to the Space Transportation System include ground sup
port and control equipment, multiuse mission support equipment, training equipment, and long-lead time hard
ware procurement to provide external tanks and solid rocket boosters for early operational missions. 

Space Transportation Systems activities during FY 1979 will also provide expendable launch vehicles as required 
for automated spacecraft missions. Launch vehicle hardware and services, as well as engineering support, are 
being provided. These expendable vehicle services must be available for missions to be conducted before the 
availability of Space Shuttle capabilities to meet the specific mission requirements. 

SPACE SCIENCE 

The Space Science program utilizes -space systems, supported by airborne and ground-based observations, to 
conduct scientific investigations of the Earth and its atmosphere, the Moon, the Sun, the inner and outer planets, 
and interplanetary and interstellar space, as well as the other stars of our galaxy and universe. The results 
from these investigations significantly contribute to our understanding of the universe, including the key 
questions of life, matter, and energy and the complex phenomena that have such a profound effect on life and 
environment on Earth. 

The Sun exerts a primary influence on the Earth, its atmosphere and its immediate environment. A series of 
Orbiting Solar Observatory missions has been conducted to study solar phenomena. The discoveries from these 
missions and from the experiments flown on Skylab provide the foundation for the Solar Maximum Mission cur
rently under development. This spacecraft, together with data from Explorer spacecraft and Spacelab missions, 
will provide scientists with an opportunity to study the Sun, including solar flares and other phenomena, 
during the next period of peak solar activity in 1978-80. A longer range effort to be initiated in FY 1979 
involves the Solar Polar Mission, a joint NASA and European Space Agency mission to study the polar regions 
of the Sun--regions which cannot be investigated from the Earth or from current spacecraft. To achieve the 
trajectories required to study these polar regions, two spacecraft will be launched on a single Shuttle-IUS, 
will swing past Jupiter, and use the gravity of the giant planet to send one spacecraft over the north pole of 
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the Sun, and the other spacecraft over the south pole. The measurements to be made are expected to yield pre
viously unknown information about the Sun and its dynamics and to advance our understanding of the link between 
solar activity and the weather and climate trends on Earth. 

Development of the Space Telescope will continue in FY 1979. This multiple purpose telescope will be launched 
by the Shuttle in 1983, and will serve as an astronomy observatory in space for over a decade. The Space Tele
scope will greatly expand the volume of space accessible for observation, contributing significantly to our 
understanding of the origin and evolution of the universe and its energy-generating mechanisms. 

The first of the three High Energy Astronomy Observatory (HEAO) missions was successfully launched in 1977. 
The remaining missions are planned for launch in 1978, and 1979. These missions are designed to explore the 
high energy phenomena observable with X-ray, gamma ray, and cosmic ray instruments. Work is also underway on 
explorer spacecraft to study ultraviolet and infrared astronomy and the sun-earth relationships, and on payloads 
which will capitalize on the unique capabilities of the Space Shuttle and Spacelab. 

Upper atmospheric research is continuing to improve our understanding and evaluation of potential threats to 
the Earth's atmosphere. This is being accomplished through a coordinated program of short-term assessment 
activities and the establishment of a long-term basic science program. 

Orderly progress in the systematic exploration of the solar system will continue in FY 1979. Exploration of 
the inner planets will continue with operations of the Viking spacecraft on the surface of and in orbit around 
Mars. Investigations of the planet Venus will continue with two Pioneer missions to be launched in 1978. One 
of the missions ~1ill gather scientific data while orbiting Venus. The other will carry multiple probes to give 
us our first detailed measurements of the dense Venusian atmosphere. 

Exploration of the outer planets is proceeding, with the Pioneer 11 spacecraft enroute to a rendezvous with 
Saturn in 1979 and Pioneer 10 on its way to being the first spacecraft to escape our solar system. Two Voyager 
spacecraft, launched in 1977, are speeding toward Jupiter and Saturn. These spacecraft will make scientific 
measurements of the two giant planets and several of their satellites. Depending on progress of the mission, 
one of the spacecraft may be targeted for an encounter with Uranus. Development work on the Jupiter Orbiter 
Probe mission, initiated in FY 1978, will be in progress. This mission will conduct extensive exploration of 
Jupiter by sampling its atmosphere with an instrument-bearing probe, obtaining data on the planet's magneto
sphere and atmosphere, and observing the Jovian satellites. 

A concentrated scientific effort is underway to analyze and bring to bear on our understanding of the solar 
system the wealtl1 of data acquired from all relevant sources, including all planetary flight missions, the 
Helios solar missions, lunar flight programs, ground-based observations, laboratory investigations, and lunar 
sample studies. 
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The Life Sciences research and development program is designed to provide a basis for enhancing people's 

ability to work efficiently in space; to develop experiments and related equipment to be flown on Spacelab 
missions; and to support NASA's effort in the search for extraterrestrial life. The knowledge gained from the 
Life Sciences program is made available to the scientific and technical community for application and advance
ment of medical research, education, and technology. 

SPACE AND TERRESTRIAL APPLICATIONS 

The objective of the Space Applications program is to develop, demonstrate and transfer space technology, 
systems and related capabilities which can be applied for practical benefits here on Earth. Space Appli
cations research and development cover the following areas: Earth Resources Detection and Monitoring, Earth 
Dynamics Monitoring and Forecasting, Ocean Condition Monitoring and Forecasting, Environmental Quality 
Monitoring, Weather Observation and Forecasting, Climate Research, Materials Processing in Space, Space 
Communications, and Applications Explorer Missions. Technology Utilization activities are designed to 
accelerate and expand the availability and use of technology developed in all NASA programs into the private 
and public sectors of the economy. 

Earth resources identification and monitoring by means of remote sensing from space has demonstrated new 
capabilities to provide data useful in such areas as agricultural assessments, water resources management, 
coastal zone monitoring, improvement of maps, land use and surface mine monitoring, forestry and range re
sources inventory, and mineral and petroleum exploration. Remote sensing activities will take a step forward 
with the launch in early 1978 of Landsat-C, which will extend the Landsat series with improved sensors and new 
capabilities to acquire data in the thermal region of the spectrum. Development will continue on Landsat-D, 
with a second generation, high-resolution remote sensing instrument--the thematic mapper--and the flight
proven multispectral scanner. Launch of Landsat-D in 1981 is expected to expand and enhance the use of remote 
sensing data in a number of beneficial applications. The Landsat remote sensing capabilities will be sup
plemented by experimental use of data from the Heat Capacity Mapping Mission to be launched in 1978. Measure
ments from this satellite will be applied to thermal inertia mapping and rock-type identification, with the 
potential for substantial contributions in oil and mineral exploration as well as in siting major civil works. 
Joint activities with the users continue to demonstrate specific applications of the remote sensing data in 
a wide variety of areas. 

In FY 1979, remote sensing will also be applied to magnetic field measurement with the launch of Magsat. This 
satellite will provide data for use by the U.S. Geological Survey to update and improve worldwide magnetic 
anomoly maps. One application of these maps is in long-term planning of mineral and hydrocarbon exploration. 

Space capabilities are used in studies of tectonic plate movements and stresses to contribute to our under
standing of earthquakes. These activities will continue in FY 1979. 
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In the area of atmospheric and ocean conditions, NASA is involved with the National Oceanic and Atmospheric 

Administration and others in research and development activities directed toward near-term improvements in 
weather prediction, pollution monitoring, and ocean condition forecasting, as well as in longer term efforts 
directed towar~ major improvements in these areas and toward a much better understanding of climate trends. 

NASA, in cooperation with other Federal agencies, is participating in a national program of climate re
search. In FY 1979, development will be initiated on an Earth Radiation Budget Satellite System. This 
satellite system is designed to measure variations in the energy exchange between the Earth's atmosphere and 
space and other atmospheric factors important to climate research. 

Near-term activities include the launch and operation of Nimbus-G, an experimental air and water pollution 
monitoring satellite; TIROS-N, the prototype for an advanced meteorological satellite system; and Seasat-A, 
an experimental satellite with significant capabilities for observing and monitoring ocean conditions. All 
three of these satellites are planned for launch during 1978. The stratospheric aerosol and gas experiment 
mission to measure atmospheric constituents is scheduled for launch in 1979. Research and development 
activities in weather forecasting will include severe storm research and participation in a major global 
atmospheric research program experiment. 

Research and development will also be pursued in environmental quality monitoring and in oceanographic 
areas related to the remote sensing capabilities of spaceborne systems. Work will be in progress in FY 
1979 on atmospheric experiments to be conducted on Spacelab missions, including a halogen occulation ex
periment to demonstrate improved capabilities to monitor pollution of the upper atmosphere. 

In materials processing research and development, activities are designed to exploit the unique charac
teristics of the space environment to achieve results which are not possible or practical on Earth. Ex
periments are being conducted in laboratories and with sounding rockets to build on the results of tests 
conducted on previous space flights and to prepare for experiments to be conducted on future Shuttle 
Spacelab missions. Development of equipment and experiments to be used on these missions will continue 
in FY 1979. 

In communications research and development, efforts concentrate on advanced technology for communications 
satellite systems with significantly improved capabilities and on providing technical support and consul
tation to other Government agencies. Technical consultation activities include support of the Nation's 
participation in the World Administrative Radio Conference in 1979 which will reallocate worldwide usage of 
radio frequencies for communications activities. Experiments using the applications technology satellites 
and the cooperative applications satellite with Canada are continuing. Development is proceeding on the 
search and rescue satellite system, another cooperative venture with Canada, to demonstrate improved 
capabilities for detecting and locating distress signals from aircraft and marine vessels. 
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Technology utilization activities are designed to accelerate the transfer to the nonaerospace industry, as 

well as State and local governments, of new knowledge and innovative technology generated by NASA and NASA 
contractors. During FY 1979, NASA will continue its efforts to assure effective and widespread dissemination 
of new technology through a variety of established mechanisms:· publications; industrial applications centers; 
a computer software management and information center; State technical assistance centers; application teams; 
and applications engineering projects. 

AERONAUTICS AND SPACE TECHNOLOGY 

The objective of the Aeronautics program is the advancement of aeronautical technology to ensure safer, 
more economical, efficient and environmentally acceptable air transportation systems which are responsive to 
current and projected national needs. This technology is necessary to help maintain the competitive posi
tion of the United States in the international aviation marketplace and to aid the military in maintaining 
the superiority of the Nation's military aircraft. 

A strong research effort will be maintained in the disciplinary areas of materials, structures, propulsion, 
avionics, aerodynamics and human-vehicle interactions to provide advanced technology essential to meeting the 
future needs of civil aviation. A strong generic research and technology base is critical to continued growth 
and improvement in United States aeronautical capabilities. Emphasis will continue to be placed on developing 
the technology to improve performance, reduce energy requirements, enhance operating efficiency, reduce un
desirable enviro~ental effects, improve safety and reliability, and improve terminal area operations for a 
variety of aircraft types. These efforts are integrated with additional focused technology efforts to develop 
advanced long haul and short haul air transportation system concepts. 

In the area of convention~! takeoff and landing aircraft, efforts will continue to focus on aircraft energy 
efficiency technology, including an additional phase of laminar flow control technology. These efforts are 
aimed at providing, by the early 1980's, the technology advances that will lead to a major reduction in air
craft fuel requirements. 

Technology activities will include work on reduction of aircraft noise and emissions and evaluation of the 
suitability of broad specification jet fuels for operation in current and next generation aircraft. Rotor
craft technology efforts will continue to emphasize rotor aerodynamics, structures, avionics, flight dynamics, 
terminal operations and drive systems and rotor system design. General aviation activities will focus on 
the reduction of noise and emissions, crashworthiness and advanced low cost avionics systems. Work on 
vertical takeoff and landing technology for potential future military and civil aircraft applications will 
be continued. Supersonic cruise research will focus on technology in the areas of propulsion, aerodynamics, 
structures, and controls. Research and technology efforts in the area of high performance aircraft will be 
conducted primarily in support of current and future military requirements. 
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The objectives of the Space Research and Technology program are to provide a technology base which will 

adequately support current and future space activities and to implement approaches for further reducing the 
costs of future space activities through standardization of components. The program provides a sound 
foundation of research and techuology in the areas of materials, structures, fundamental electronics, 
guidance and control, information systems, chemical and electric propulsion, energy systems and aerothermo
dynamics. Systems Studies will be pursued to investigate future space mission alternatives and to identify 
and evaluate the technology requirements of future missions. Systems Technology efforts in FY 1979 include 
continued work on space structures and high temperature composite materials, and initiation of work to 
develop and demonstrate technology necessary to provide a data information and management system with an 
order of magnitude increase in efficiency and effectiveness from current systems. Experiments selected 
as part of the space technology Shuttle/Spacelab payloads effort will be advanced to the experiment inte
gration and flight readiness phase preparatory to the early Space Shuttle and Spacelab flights. In 1979, 
experiments will be integrated into the Long Duration Exposure Facility to be flown on a Shuttle orbital 
flight test mission. In the low cost systems area, primary emphasis is being placed on standardization 
of spacecraft hardware subsystems and components. 

Energy Technology Applications efforts in NASA are primarily directed toward identifying the technology 
developed in the aeronautics and space program which has potential for making major contributions to the 
solution of energy problems 0n Earth. NASA provides technical support to the programs undertaken by other 
agencies to develop specific applications such as photovoltaics (solar cells), solar heating and cooling, 
and electric power generation by wind power. The Agency also makes its capabilities and facilities avail
able to the Department of Energy and other agencies to accomplish energy technology activities on a reim
bursable basis. 

TRACKING AND DATA ACQUISITION 

This program provides for continuation of tracking and data acquisition support for earth orbital space
craft, planetary missions, sounding rockets, and research aircraft. This support is provided by a world
wide network of NASA ground stations, an instrumentation ship, and instrumented aircraft, interconnected 
by a highly reliable communications system which provides the capability for instantaneous transmission 
of data and critical commands between spacecraft and the flight control centers. Facilities are also 
provided to process into meaningful form the large amounts of scientific, applications, and engineering 
data which are collected from flight projects. 

The FY 1979 support workload will remain high, with the Spaceflight Tracking and Data Network supporting 
an average of approximately 50 earth orbital scientific and applications spacecraft and the Deep Space Net
work supporting a full complement of planetary missions. Missions to be supported by the Spaceflight 
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Tracking and Data Network include the High Energy Astronomical Observatories, the Solar Maximum Mission, 
Seasat-A, the Heat Capacity Mapping Mission, Landsat-C, Nimbus-G, and the Stratospheric Aerosol and Gas 
Experiment, as well as international missions and missions of other U.S. agencies. The Spaceflight Tracking 
and Data Network will also be supporting start of the Shuttle orbital flight tests. The support workload 
of the Deep Space Network will continue to include the Viking 1 and 2 and Voyager 1 and 2 missions, as well 
as the two Pioneer Venus missions. 

A major aspect of the Tracking and Data Acquisition program in future years will be the Tracking and Data 
Relay Satellite System (TDRSS), which will support essentially all earth orbital spacecraft missions and 
will greatly improve NASA's earth orbital tracking and data acquisition capabilities. NASA will acquire 
this capability through an arrangement under which the contractor will establish the system and provide 
NASA with TDRSS services beginning in 1980. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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rnuintt'tumct•, rt•pair, rc·hut.ilitutiun und nuulificutinn of n·ul 1111tl 
per,.:onal prupr•rt~·; t1'11cldnl( unrl data rt•luy l'llltl'llltt• >lt'ryicl's U$ 

authut izrd t.y lttw; arul purcbu:<t', hin·, muintl'nHnCc•, untl u!Jt•tutiou 
of otbl'r t.han admini:<trutivt• uircrnft, nt•ct•:<:<ury for thl' conf14c1. 
anti' Muppnrt uf ut•runuutil•nl •uad "JliiCt• rt•:<t•urch unrl cii'VI'Iuphu•nt 
.activitit>:o uf tlw Nnti"'!.''! A•·wnautic:< untl Sp11ct• At.huini:~trutiun, 
($3,0J 3,000,000] $.1,.'10·6 jOfJ,{)(JI.J, tu rl'nutin availuhlt• [fm· ul!lignUon 

~
lltil St•ptt!lllllf·r 30, HI?(;] rwtll e.rpe11dl.'d. (4f t:.S.C. B-'6l,.tl. •ey.: 
f!partm~tlt .'•/ lluui11g ami (!rim." per•el,pmt.1rt-:-.f 11dtp11!d$'~ Agelletllll 
pprupraahu11 Act,-l!178; adtlahr111al autht~rtlltlg ltgnlatltJ/1, tu f>t 

FflpOIItd.) . 

• 
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• 
Iclenti6eatioa eode 
80-4108+1-999 

• 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

Procram aad F"IIWICU., (in thOUI&Ilda J doUan) 

Bud1rt pin (amountl lor raearcb and 
drvelopment actio111 precramed) 

Coltl and obliptio111 

1877 aetual 11178 •timate 111711 •timate 11171 &dual 11178 •timate 1117e ~te 

Provam •1 adiritiu: 
Direct procram: 

I. Space tranaportation eyatema: 
(a) Space ehuttle ••••••••••••••••••••••••••••••••••••• 1.413.100 1,349.200 1,439. 300 1.398.079 1,393.000 1.427.3~ 
{b) Space flight operatiqN •••••••••••••••••••••••••••• 199.200 267.800 311.900 197.703 261.900 306.300 
(c) [&pendahlc launch whicle devdopment and lupport •• 17.132 79,600 .56.700 49.412 19.095 80.700 

2. Scienti6c inveatigatioN in space: 
(a) Phyeiea and aatronomy •••••••••••••••••••••••••••• 193.4SI lS3.29S 289.000 17S.887 257.395 284.SOO 
(b) Lunar and planetary e~ploration •••••••••••••••••••• 223.917 IS1.40S 187.100 237.028 163.90S 186.700 (c:) Life ac:iencca _____________________________________ 

22.125 33.300 40.600 22.074 34,900 40.000 
3: Space and terreatrial applicatioN: · 

(a) Space appJjcatioN •••••••••••••••••••••••••••••••• 212.700 2S6.400 290.600 213.159 251,80S 28.5. 300 
(b) Technoloey utilization ••••••••••••••••••••••••••••• 8,100 9.100 9.100 7.SOI 8.900 9.100 

4. Space reacarch and technology .••••••••••••••••••••••••••• 82.000 97.700 108.300 81.271 93.900 107.600 
'· Aeronautical reaeareh and technology •••••••••••••••••••••• 190.100 228.000 264.100 183.727 215.700 260.200 
6.. Energy tccbnology applicatioN. •••••••••••••••••••••••••• 6./XK) 7.500 J.OOO 6..506 6.100 5.000 
1. Supporting activity: 

(a) Trading and data acqu111t1on _____________________ 255.000 278.100 JOS.«JJ 260.020 280,000 JOOOO 

Total direct program c:oata, funded.. ••••••••••••••• 2.883. 425 3."011,600 3.J>S.JOO 2.832.367 3.046,600 3.297.000 
-=== Reimburu.ble program: 

I. Space triUUportation ayatems: 

{a) Spsee shuttle •••• ·····························-- 189 !DO !(~() 288 !DO )DO 

{b) Space flight operations •• ·-······················· 7.448 14.300 78.633 7,538 11,000 53.100 
2. Scientific iDveatigations ill apKc: 

(a) Phyaica and utrcmomy ••••••••••••••••••••••••••• S,9SI 1,240 131 5,434 1.400 1.100 
(c) Life aciences ••••••.•••.••••••••••••••••••••••••• 121 60 ·tO 62 100 50 

3. Space and tcrreatrial applications: 
(a) ~ace :fcplic.ations ••••••••••••••••••••••••••••••• 223.842 178.~ 128.031 191,583 202.400 164.500 
(b) echno ogy utilization •••••••••••••••••••••••••••• 4.586 6.600 6,600 4,718 6."«xl 7.20J 

~- Space research aad tccbnolou •••••••••••••••••••••••••• 1.659 200 170 1.444 900 t50 
6. t:,onautical research aad t«bnoiOI)' •••••••••••••••••••• 15.2S8 U.800 13.830 16.S45 18.200 ,4, 900 

1 
IY technology applic:atioDs •••••••••••••••••••••••••• 86,939 131,700 190.500 62.S02 118.200 176.700 

• Supportinc activity: 
(a) Trackina aDCI data acquiaition ••••••••••••••••••••• U21l 26.400 29.645 3,705 14.300 30.500 ---

Total reimbunablt program costa •••••••••••••••• 349,513 373.200 448.500 293,819 51).,200 44S. soo 
Total program CDAb. fqpCe~-. •••••••• •••••••••• 3. 232.938 3, 384,800 J, 753.600 

= 
3.126.186 3,419.800 3.745-SOO 

Cbaaac ID lflected rtaaurcea (unddi\·crcd orden and ewa)..... ••....••.••. •••••••••••• • ••••••••••• 97,105 260.639 8,100 

UUIO TotaL •••••••••••• -·- •••••••••• _ •••••••••••••••••••••• 3.232.938 3,384,1110 S.JS3.600 S.Z23.291 ),611),439 ).753.600 

SUM 11 
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·- • 
RE&uaca •No DE\"ELOPKIU~T-Contlnued 

Propam 111111 F"maacu., (iD thauaanda rl dollara)--(AIIIiauecl 

JdeDdficatioD code 
10-01~1-999 

Bud1et Dlaa (amouate for .-.ret &ad C.U and oblica&.iou 
.S.•·eJopDIIDl ac\lou precraa: •d) 

-"----
11177 eewal 'Kl8 ~ am eet~te 11177 aewal 11178 ..W.te 111711.-tlmate 

·~: 
II.Ol ~~ ::!i:~-~~~-------------·····----------·-----14. 00 Non-Federal 1011rces •••••••••••••••••••••••••••••••••••••• 
21...0 VDoblicatecl ba!anct available. atart rl Ja,r: For CCIIIIPictian J 

prior,_,. budcet plaDS: 
Direct •••••••••••••••••••••••• ----· ••••••••• -----.---••• 
Rcimburablc .•••••••••••••.••••••.••••• -----•••••••.• 
Available to6nuc.e llt'W budcet pLm •••••••••••••••••••••••• 

34.40 VDoblipted balance nailable, me! r:J JD1: For campletioa rl 
prior year budaet plans: 

~----------··············------·-·······----------Reimbunable •••••••••••••••••••••••••••••••••••••••••••• 

W,et aathority ••••••••••••••••••••••••••••••••••••••• 

Budaet authority: 
40.110 A'ppropriaticm ............................................ . 
41. 110 ~ r&lllferred to other accounta ............................... . 

43.110 ~prialioe <••iuat.d) ............................... . 

IUlaticm ol obligatiON to outl.y1: 

-183,437 -231,460 -297.050 
-166.076 -141,740 -151.4.50 

·------- ------------ ------------
·--·::v:ooo :::::::::::: :::::::::::: 

------------ ------------ ------------...................... ------------ ........................ 
Z,I56,4ZS 

1M6.42S 

Z,ISI,W 

J,tll,IOO 

J.0.3.000 
..:J,4011 

J,DII,IIO 

3. 305,100 

3.m5.100 

J,lOS.IDO 

71.00 Obliaaticm• incurred, net ............................................................................. . 
72.4:1 Obligated belance, atart of year ......................................................................... . 
74. 40 'Obliaaled ba!uate.eodrl.yeu ........................................................................ .. 

-183,437 -231,460 -297,050 
-166,016 -141,7-40 -1SI.4.50 

-189.109 -190,484 ------····--· 
-96,283 -to~.ts~ ............. 
-27.000 -····-···--- ·····---····· 

190.484 ---·-···--·- ·········---· 
10~. ISS -----------· ----------·-· 

Z,156,W 

2. 8S6,42S 

Z.I56,W 

2.873. 778 
661,SS7 

-SS4,672 

1,111,110 

3,013,1100 
-1.400 

J,tii,IOO 

3.307.239 
SS4,672 

-901,311 

----
S,30'i,100 

:S,lOS,IOO 

~lOS.IOO 

:S.llS .• JOO 
90l,JJI 

-I,OOUll 

90.00 Outla)'l ........................................................................................ . 2.980.663 2.960,600 3,203.800 

Notc.-Rccoaciliati .. of bull1c1 plaa to oblisatioaa: 
lt17 lf11 ,,, ..,,., ..,, . .,, .. , .... 

Total bulfact pia a ••• _ ••••••••••••••• _ ................. . 
Deduct portioa of bulf11t plaa to be obliaatolf ia ouboo.uoat 

,/; -.:bi;i;&;-;.·.-.- -;,;. ;;;~ ·;;~~. b~'di~i. j.i;,;;,::::::::: :::::: 
s,.ui,tsa J,SI4,100 S,7U,600 

ZOJ.JOS ··m:m ----·-··· 191,651 ............ 
Toto I obltlatioao ................................. . s.nt.n~ S,610, 459 J,UJ,600 
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• • • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

BUDGET PLAN SUMMARY 

FY 1977 FY 1978 FY 1979 
(Thousands of Dollars) 

Code SPACE TRANSPORTATION SYSTEMS •••••••••••••••••••••••••••••••• 1 2 763 2700 1 2 751 2500 1 2827 2 700 
253 Space shuttle .........•................................... 1,413,100 1,349,200 1,439,300 
253 Space flight operations •••.••••••••••••••••••••.•••••••.•• 199,200 267,800 311' 900 
253 Expendable launch vehicles ••.••••..•••••••••••••••••••.••• 151,400 134,500 76,500 

SPACE SCIENCE . •••••••.•..••.•..•••.•••••••.•••••••••••.••.•• 380 2 325 404 2 700 513 2 200 
254 Physics and astronomy ••••••.••••••..•••.••••.•.••••••••••• 166,300 224,200 285,500 
254 Lunar and planetary exploration ••••••.••..••••• ~ •••••••••• 191,900 147,200 187,100 
254 Life sciences .•.. ................................. ; ...... . 22,125 33,300 40,600 

SPACE AND TERRESTRIAL APPLICATIONS •••••••••••••.••.••••••••• 206 2300 2432900 283,400 
254 Space applications ..... .................................. . 198,200 234,800 274,300 
254 Technology utilization ................................... . 8,100 9,100 9,100 

AERONAUTICS AND SPACE TECHNOLOGY •••••.•••••••••••••••••••••• 278 2100 333 2 200 375 2400 
405 Aeronautical research and technology •••••..••••.•••..•.••• 190,100 228,000 264,100 
254 Space research and technology ••••••••••••••••••••••••••••• 82,000 97,700 108,300 
254 Energy technology applications •••••..•••••••••..•••••••••• 6,000 7,500 3,000 

255 TRACKING AND DATA ACQUISITION ••••••••••••••••••••••••••••••• 255,000 278 2300 305 2400 

TOTAL • •••••••••••••••••••••••••••••••••••••••••••••• • • • • 2.883.425 3.0ll.600 3,305,100 

SUM 13 



• • ·-
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

SUMMARY OF BUDGET PIAN BY SUBFUNCTION 

FY 1977 FY 1978 FY 1979 

~ 
(Thousands of Dollars) 

253 Space Flight . ....•.................•...•................. 1,763,700 1,751,500 1,827,700 

254 Space Science, Applications and Technology •••.•••••••••• 674,625 753,800 907,900 

255 Supporting Space Activities ••••••••••••••••••••••••••••• 255,000 278,300 305,400 

(250) Subtotal, General Science, Space and Technology ••••••• 2,693,325 2,783,600 3,041,000 

405 Air Transportation ............•••.•..•....•.......•..•.. 190,100 228,000 264,100 

Total ........•........................................ 2__. 883 .425 3.011.600 3,305.100 

SUM 14 



• • 
PROGRAM TOTAL 

OFFICE OP SPACE TRANSPOR· 
TATION SYSTEMS, TOTAL 1977 1,763,700 

1978 1,751,500 
1979 1,8Z7. 700 

Space shuttle 1977 1,413,100 
1978 1,349 ,zoo 
1979 1,439,300 

Space flight operations 1977 199,ZOO 
1978 Z67 ,800 
1979 311,900 

Expendable launch vehicles 1977 151,400 
1978 134,500 
1979 76,500 

OFFICE OF SPACE SCIENCE, 
TO'l'AL 1977 380,325 

1978 404,700 
1979 513,200 

Pbyaice and astronomy 1977 166,300 
1978 224,ZOO 
1979 285,500 

Lunar and planetary 
exploration 1977 191,900 

1978 147 ,zoo 
1979 187,100 

science a 1977 2Z ,125 
1978 33,300 
1979 40,600 

OFFICE OP SPACE AND TEIUU!S· 
TRIAL APPLICATIONS, TOTAL 1977 206,300 

1978 243,900 
1979 283,400 

Spac• applications 1977 198,200 
1978 234,800 
1979 274,300 

TechQology utilization 1977 8,100 
1978 9,100 
1979 9,100 

OFFICE OP AERONAUTICS AND 
SPACE TECHNOLOGY , TOTAL 1977 278,100 

1978 333,ZOO 
1979 375,400 

Aeronautical research 
and techno losy 197i 190,100 

1978 228,000 
1979 264,100 

Space research and 
tec::hnology 1977 82,000 

1978 97,700 
197!1 108,300 

Enel'gy techno logy 
applications 1977 6,000 

19711 7,500 
1979 3,000 

OFFICE OF TRACI(ING AND 
JIATA SYSTEMS 1977 255,000 

1978 278,300 
1979 305,400 

TOTAL BUDCET PIAN 1971 2,883,425 
1975 3,011,600 
19H 3,305,100 

NATIONI.L A!R(IIAUTICS AND SPACE ADMINISTRATION 

PISCAL YFAI\ 1979 ESTIMATES 

OISTI\IBUTION OP IIESFAIICH AND DEVELOPMENT BUDGET PLAN BY INSTALlATION AND PISCAL YEAR 
(Thousanda of Dollars) 

National 
Johnson Kennedy Marshall Space Goddard Jet 

~!!;!i 
Ameo 

~::t.~ c'?n~c.: Spa~=n~!!lh t . •a•n• ::~~ Spa~:n!!!sht Propulsion Research 
Center 

1,033,056 1Z9,575 4Z9,671 18,100 41,550 5ZO 9 zoo 
919,348 175,800 501,000 1Z,550 51,179 500 --- 305 

1,070,800 Z01,650 455,300 11,000 36,450 so --- 150 

9Z7 ,196 77,100 385,700 11,600 --- --- --- 150 
788,896 107,600 434,400 6,400 --- --- --- 85 
917,900 140,ZOO 361,800 5,100 --- --- --- 100 

105,860 38,483 43, 7Z1 6,500 650 szo --- so 
130,452 57,100 66,400 6,150 z,zso 500 --- zzo 
15Z,900 53,650 93,500 5,900 1,950 so --- 50 

--- 13,992 zso --- 40,900 --- 9 ------ 11,100 zoo --- 48, 9Z9 --- --- ------ 7,800 --- --- 34,500 --- --- ---

18,551 1Z5 51,944 --- 80,476 83,780 5,734 64,344 
22,SZZ 9Z 80,521 50 95,909 76,706 5,408 56,468 
Z3,975 300 115,114 50 97. 90Z 138,824 6,950 70,Z80 

1,4Z7 --- 51,919 --- 73,604 6,Z81 5,734 8,609 
180 --- 80,49Z --- 92,Z95 8,124 5,408 12,638 
80 --- 115,114 --- 95,492 Z6,6Z4 6,950 13,013 

10,288 35 25 --- 6,872 75,788 --- 46,880 
8,436 --- 29 --- 3,614 67,167 --- 31,005 
8,470 --- --- --- 2,410 110,890 --- 39,400 

6,836 90 --- --- --- 1,711 --- 8,855 
13,906 92 --- 50 --- 1,415 --- 12,825 
15,425 300 --- 50 --- 1,310 --- 17,867 

29.925 570 10,730 800 90,971 30,958 6,142 8,904 
28 ,9Z5 635 19 ,Z55 3,660 130,304 Z4, 5Z5 3,490 6,726 
ZZ,l25 600 33,150 3,550 161,020 19,045 2,710 6,800 

29,650 560 10,363 790 90,464 30,514 6,139 8,169 
28,675 535 18,655 3,560 1Z9, 754 24,0Z5 3,390 5,9Z6 
21,875 500 3Z,550 3,450 160,470 18,545 2,610 6,000 

275 10 367 10 507 444 3 735 
Z50 100 600 100 550 500 100 800 
Z50 100 600 100 550 500 100 800 

3,001 6,249 --- 4,531 24,340 490 41,641 
5,340 --- 8,920 --- 5,846 25,336 788 47.757 
6,400 --- 8,600 --- 8,800 Z5,900 500 59,300 

720 --- 762 --- --- 1,118 490 33,647 
800 --- 850 --- --- 1,140 788 39,013 

1,100 --- 1,100 --- --- 1,200 500 49,600 

1,381 --- 4,395 --- 4,443 21,626 --- 7,858 
3,665 --- 6,920 --- 5,846 Z2, 721 --- 8,644 
5,300 --- 7,500 --- 8,800 23,300 --- 9,700 

900 --· 1,09Z --- 88 1,596 --- 136 
875 --- 1,150 --- --- 1,475 --- 100 --- --- --- --- --- 1,400 --- ---

--- --- --- --- 178,998 54,923 4,835 ------ --- --- --- 197.700 58,100 5,200 ------ --- --- --- 220,700 63,600 5,600 ---
1,084.533 130,270 498,594 18,900 396,5Z6 194,521 17,210 115,089 

976,135 176,527 609,696 16,260 480,938 185,167 14,886 111,256 
1,123,300 20Z,550 612,164 14,600 524,872 247,419 15,760 136,530 

~den 
Plight Linsley Uwio 

a~:::" Research 
~==~~h 

NASA 
Center 

1,239 10,876 80,750 18,154 
760 16,931 53,374 19,753 
800 16,450 16,750 18,300 

1,Z39 115 --- 10,000 
760 126 --- 10,933 
800 100 --- 13,300 

--- 4ZO zoo 2, 796 --- 150 150 4,4Z8 --- 50 50 3,800 

--- 10,341 80,550 5,358 --- 16,655 53,224 4,392 --- 16,300 16,700 1,200 

100 26,47Z 1,510 47,289 
100 14 ,1Z7 406 5Z,391 
100 400 --- 59,305 

--- 1,007 1,510 16,Z09 
--- 7Z7 406 23,930 --- 400 --- Z7 ,827 

--- 25,465" --- 26,547 --- 13,400 --- 23,549 
--- --- --- 25,930 

100 --- --- 4,533 
100 --- --- 4,912 
100 --- --- 5,548 

32 10,531 2,546 14,191 
100 9, 796 Z,845 13,639 
100 17,350 3,050 13,900 

--- 9,851 2,401 9,299 
--- 9,046 Z,645 8,589 --- 16,600 Z,850 8,850 

3Z 680 145 4,892 
100 750 zoo 5,050 
100 750 zoo 5,050 

19,268 98,04Z 72,568 7,970 
13. 7Z4 122,128 94,234 9,127 

9,100 116,200 133,100 7,500 

19,268 78,484 52,650 2,961 
13,684 97,140 71,920 2;665 
9,100 93,500 104,900 3,100 

--- 19,558 18,475 4,264 
40 24,988 20,714 4,162 --- 22,700 26,600 4,400 

--- --- 1,443 745 --- --- 1,600 2,300 --- --- 1,600 ---

3,046 --- --- 13,198 
3,300 --- --- 14,000 
3,500 --- --- 12,000 

23,685 145,921 157,374 100,802 
17,984 162,98Z 150,859 10~,910 
13,600 150,400 152,900 U1,005 

SUM 15 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE TRANSPORTATION SYSTEMS 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Space Shuttle . .......•.........••..•.............•....•. 1,413,100 1,349,200 1,349,200 1,439,300 

Space Flight Operations •••.•••••••••••••••.••••••••••••• 199,200 267,800 267,800 311,900 

Expendable Launch Vehicles ••••••.••.•••••••••••••••••••• 151,400 136,500 134,500 76,500 

To ta 1 • •..•..•..•.•...•..••.•.••.••.••...•..•.•••.•••••• 1. 763.700 1 .. 1_5_3_. 500 1. 751.500 1.827.100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS 

SUMMARY OF RESOURCES REQUIREMENTS 

Design, Development, TesL and Evaluation ..•••••••••••••••• 

Orbiter . .......................•........................ 
Main engine . .......•.................•.....•.••....• · · • • 
Externa 1 tank • ........................................... 
Solid rocket booster ..••.••.•••••.•..•..•.••••••.••••••• 
Launch and landing . ..•..........•..••.......•..•..•..... 

Production . ...•.......•..••.•....•..•.••....•.....••.••... 

Orbiter . ..........•..•..•..•..........•.......••...••... 
Main engine ..••..•..•....•.•..••.........•.....•..•....• 
Launch and landing ••••.•.••.•••••.••••••••••••.•••••.••• 
Spares and equipment •••••.••••••••••••••••••••••.••••••• 

Total •..•.............•.......•..•..•..•..•...•.••.... 

1977 
Actual 

1,343,100 

899,400 
182,200 
84,000 

100,400 
77' 100 

70,000 

65,000 
5,000 

1.413.100 

---· 

SPACE SHUTTLE PROGRAM 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,207,500 

690,500 
219,900 
80,000 
83,600 

133,500 

141,700 

136,100 
5,600 

1.349.200 

1,307,500 

800,500 
219,900 
82,200 
97,300 

107,600 

41,700 

38,700 
3,000 

1.349.200 

1979 
Budget 

Estimate 

985,300 

536,500 
176,700 
80,500 
63,500 

128,100 

454,000 

397,000 
18,000 
11,000 
28,000 

1.439.300 
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Distribution of Program Amount by Installation: 

Johnson Space Center •••.••.••••••••••••.••.••••••.••••. 
Kennedy Space Center .••••••••••.•••••••.••.••.••••••••• 
Marshall Space Flight Center ••••••••••••••••••••••••••• 
National Space Technology Laboratories ••••••.••••••••.• 
Ames Research Center ••••••.••.••••.••••••••••••••••••.• 
Dryden Flight Research Center .••••••••••••••••••••••••• 
Langley Research Center .•••••••••••.•••••••••••.••••••• 
Headquarters . •.•.••..•.••.•..•.•••...••.••.•• • ••.•.••.•• 

To ta 1 • •.••.••.••.•..••.•.•••••••••••••••••••••••••••• 

1977 
Actual 

927,196 
77,100 

385,700 
11,600 

150 
1,239 

115 
10,000 

1.413.100 

• 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 

(Thousands of Dollars) 

780,600 788,896 917,900 
133,500 107,600 140,200 
418,400 434,400 361,800 

3,800 6,400 5,100 
--- 85 100 

1,200 760 800 
100 126 100 

11,600 10,933 13,300 

1.349.200 1.349.200 1.439.300 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE SHUTTLE PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space Shuttle is the key element of a versatile, economical space transportation system that will provide 
a wide variety of national and international users with round trip access to space beginning in the 1980's. 
The Shuttle will be the first reusable space vehicle and will be configured to carry many different types of 
payloads to and from low earth orbit. Its development will provide multipurpose, economical space operations 
for earth applications, scientific, defense and technological payloads. The Shuttle is, however, much more 
than just a transportation vehicle. It will offer unique capabilities that cannot be achieved with today's 
expendable launch vehicles--to retrieve payloads from orbit for reuse; to service and repair satellites in 
space; to transport to orbit, operate, and return space laboratories; to transport materials and equipment to 
orbit; and to perform rescue missions. These capabilities will greatly enhance the flexibility and productivity 
of the missions and result in savings in the cost of space operations. 

The Space Shuttle consists of four basic flight hardware elements--the orbiter, the main engines, an external 
propellant tank and twin solid rocket boosters--plus a launch and landing system. The orbiter is the reusable 
spacecraft portion of the Space Shuttle. Its large payload volume of 285 cubic meters (370 cubic yards) and 
cargo carrying capacity of up to 29,500 kilograms (65,000 pounds) will permit payloads to be built to less 
restrictive design requirements. The orbiter vehicle will carry personnel and payloads to orbit to perform 
their assigned tasks and return them to earth. The orbiter is roughly the size of a DC-9 aircraft and will be 
propelled by three liquid fueled reusable main engines. It can provide a habitable environment for the crew, 
including scientists and engineers, for missions up to thirty days in duration. 

MISSION PROFILE: 

The Space Shuttle will be boosted into orbit by the thrust of its three liquid oxygen/liquid hydrogen main 
engines, burning in parallel with the twin solid rocket boosters. Two minutes into the flight, at an altitude 
of about 45 kilometers (km) (24 nautical miles), the solid rocket boosters burn out, are separated and descend 
by parachute to a soft splashdown in the ocean about 260 km (140 nautical miles) down range. They will then be 
recovered for refurbishment and reuse. The orbiter will continue on into space, powered by its three nwin 
engines, for another six and one-half minutes. Just before orbital insertion, the engines will be shut down 
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and the external tank will be jettisoned. Following a ballistic trajectory, the empty tank will reenter, 
tumble and break up over a remote ocean area about 18,500 km (10,000 nautical miles) down range. The orbiter, 
aided by its orbital maneuvering engines, will enter earth orbit to perform its mission. After completing the 
mission, the orbiter will again fire its orbital maneuvering engines to deorbit and reenter the atmosphere for 
its approach and landing. 

The Space Shuttle will have a crew of three: the commander, the pilot, and a mission specialist. On some 
missions, one or more payload specialists will be added to check out and operate payloads. The crew will 
experience forces no greater than three times that of gravity (3-g forces) during launch and landing and will 
be able to perform their work in a shirt-sleeve environment. 

STATUS: 

Space Shuttle development is well underway and in the period of peak effort, leading to the first orbital 
flight in 1979. All major Shuttle system elements are under contract. The approach and landing tests, using 
Orbiter 101 (the Enterprise) and the modified 747 carrier aircraft were successfully completed in 1977. These 
tests verified the performance of the orbiter for the low altitude subsonic portion of the return from an 
orbital mission. Work has also progressed on fabrication and assembly of the major structure for Orbiter 102. 
which will be used for the orbital test flights. Fabrication of the first external tank test article and 
initial test firing of the solid rocket motor have been accomplished. The computerized launch processing 
system at the Kennedy Space Center (KSC) in Florida and ground support equipment at KSC and at the Dryden 
Flight Research Center in California, are in the final stages of completion. Operational software has been 
developed by a KSC/IBM team. Minicomputer deliveries have been completed, and simulation support is being 
provided for development of checkout procedures. 

FY 1978 activities support preparations for the first orbital flight in 1979. Orbiter 101 will be ferried 
to the Marshall Space Flight Center in Alabama for full-scale ground vibration tests. The second orbiter, 
which will be used for the first orbital flight, is in assembly and checkout at Palmdale, California. In early 
FY 1979, this orbiter is expected to be delivered to the Kennedy Space Center, where it will begin preparations 
for launch. The first set of flight engines will be tested at the National Space Technology Laboratories in 
Mississippi and, together with associated ground support equipment, will be delivered to the Kennedy Space 
Center for installation on Orbiter 102 in early FY 1979. The main propulsion test article test firing series 
will be started in mid-FY 1978. The orbiter structural test article will be completed by Rockwell Interna
tional and transferred to the Lockheed plant in Palmdale for testing in FY 1978. 
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In preparation for the full-scale ground vibration tests, the Marshall Space Flight Center in Alabama will 

receive the external tank and the solid rocket boosters in the third quarter of FY 1978. These elements, 
together with Orbiter 101, will complete the Shuttle test vehicle assembly. Three solid rocket motor develop
ment firings are planned in FY 1978 and the first qualification firing is planned in early FY 1979. In 
addition, solid rocket booster components for the first orbital flight will be delivered to the Kennedy Space 
Center during FY 1978. 

Components of the launch processing system at KSC have been delivered and software validation is underway. 
Integration with the other ground support equipment will continue at KSC throughout FY 1978. 

Shuttle production planning to establish a national fleet of operational orbiters provides for refurbishment 
of Orbiter 102, which will be used for the orbital flight tests; upgrading of the orbiter structural test 
article (STA) to operational capability; and fabrication of two additional orbiters. Also included are the 
second series of launch and ground support equipment at KSC for the simultaneous launch processing of two 
orbiters and initial operational spares and equipment. Activities planned in FY 1978 include long lead orbiter 
and main engine subsystem hardware fabrication for upgrading the STA to orbital flight capability, and the 
start of primary structures fabrication for Orbiter 103. 

MAJOR PROGRAM ACTIVITIES PLANNED IN FY 1979: 

o Complete main propulsion testing for first orbital flight 
o Complete full-scale vertical ground vibration testing at MSFC 
o Deliveries to KSC: 

First orbiter, Orbiter 102, for orbital flight 
Three external tanks for orbital flight 
First three flight sets of solid rocket boosters 
Three main engines plus a backup flight engine 

o Perform first orbital flight test 
o Continue production leading to a national fleet of operational orbiters 

CHANGE FROM FY 1978 ESTIMATE: 

The current total estimate for Space Shuttle activities in FY 1978 has remained constant at $1,349.2 mil
lion. It is necessary, however, to transfer $100 million in FY 1978 within the Space Shuttle budget line item 
from production to DDT&E activities. This transfer is necessitated by technical problems encountered in 
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FY 1977, such as engine turbopump difficulties requiring redesign and additional test efforts, and new require
ments such as updated structural and thermal load requirements from the wind tunnel testing. In addition, 
program costs were somewhat greater than predicted, due to the use of increased manpower for the fabrication 
and assembly of the initial hardware units, particularly the first orbiter vehicle and the orbiter main 
propulsion test article. 

Design, Development, Test and Evaluation 

Orbiter ........................••............•....•...••...• 

OBJECTIVES AND STATUS: 

1977 
Actual 

899,400 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

690,500 800,500 

1979 
Budget 

Estimate 

536,500 

The Space Shuttle orbiter is a reusable vehicle which serves as the orbiting spacecraft to deploy and retrieve 
payloads and to provide quarters for the personnel, as well as the vehicle which reenters the atmosphere and 
lands as an unpowered aircraft to return crew and payload to the launch site. A payload of 29,500 kilograms 
(65,000 lbs.) can be placed in low earth orbit at an altitude of 185 km (100 n.m.). The physical dimensions of 
the payload may be as large as 4.6 meters (15 feet) in diameter and 18.3 meters (60 feet) in length. 

Much of the testing required to certify the orbiter for flight will be completed in 1978. The approach and 
landing tests with Orbiter 101 have been successfully completed and the flight objectives achieved. This 
orbiter is now undergoing retrofit and modification at Dryden Flight Research Center to put it into the proper 
configuration for use in the full-scale ground vibration tests to be conducted at Marshall Space Flight Center 
in 1978. The 747 carrier aircraft used as the launching platform during the approach and landing tests will 
deliver Orbiter 101 to MSFC, where final modification will be made before testing. 

In late FY 1978, Orbiter 102 will be completely assembled and in the process of final checkout prior to being 
shipped to KSC via the 747 carrier aircraft. It will then enter the final test phase of the program, where it 
will be stacked, checked out, and final preparations made for launch in 1979. 

The structural test article, which is a flight-type orbiter airframe, will have been completely fabricated 
and.checked out and transferred to the Lockheed test facility at Palmdale, California early in 1978. This test 
article, which includes a mass to simulate the crew module, will undergo load testing. These tests will 
continue through the remainder of 1978. Satisfactory completion is required for flight certification of 
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Orbiter 102. Assembly of a separate crew module will also be started, and delivery to the Rockwell structural 
test facility at Downey, California is scheduled early in FY 1980. 

The main propulsion test article has been set up on the test stand at the National Space Technology 
Laboratories and test firings will start in 1978. Testing of the engines, the aft fuselage of the orbiter, and 
the external tank to acquire propulsion and acoustic data will continue for the rest of 1978 to certify the 
propulsion system for flight. 

During FY 1977, a method was ~eveloped for installing thermal protection system (TPS) tiles on the orbiter 
which assured maintaining the stringent step, height, and gap tolerances. Production and installation of 
Orbiter 102 tiles are now progressing according to plan. Problems encountered in carbon/carbon leading edge 
material have been resolved and the components are being delivered. Trajectory selection is underway which 
will provide optimum margins for TPS, structural temperature limits, and vehicle stability during the first 
orbital flight test. 

The delivery of the various Orbiter 102 software packages. from the Software Development Laboratory to the 
validation facilities (Avionics Development Laboratory, Downey, and the Shuttle Avionics Integration 
Laboratory, JSC) has begun. A version of the entry closed loop software and a Palmdale manufacturing checkout 
package have been completed. During the second half of FY 1978, most of the early versions of the software 
packages required to support Orbiter 102 checkout will be delivered. The delivery of all first article con
figuration inspection software is scheduled to be completed in late 1978. 

During the testing of the avionics systems for the approach and landing test configuration (Orbiter 101), 
some design limitations were uncovered and where applicable, they are being applied to the orbital flight 
vehicles. Changeover of the Avionics Development Laboratory (ADL) and the Flight Control Hydraulics Laboratory 
(FCHL) at Rockwell in Downey, California, and the Shuttle Avionics Integration Laboratory (SAIL) at JSC to the 
orbital flight configuration will be completed in FY 1978. These test facilities will be configured to run a 
guidance, navigation, and control station in parallel with a full flight system configuration to make the 
necessary verification/certification time available. Closed loop, real time engineering simulations of both 
ascent and reentry will be completed in late FY 1978. 

The Marshall Space Flight Center Mated Element System, including a main engine controller, will be delivered 
to the SAIL. Closed loop operation with flight hardware will begin in late FY 1978 at SAIL for ascent and at 
the ADL for entry flight control. Preliminary orbital flight software will be used to conduct these early 
verification tests. Initial checkout of the Palmdale and KSC test procedures, detailed evaluations of the 
flight control interaction with the dynamic model interfaces, and study of the remote manipulator system 
avionics interactions will be performed at the SAIL. 
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Support activities managed by the Johnson Space Center, including modifications to the Mission Control Center, 

development of crew training simulators, development of government furnished equipment such as space suits, and 
the performance of tests and studies to support the Orbiter project, will all continue. The support necessary 
for the approach and landing tests has been provided. The emphasis for FY 1978 is on preparation for the 
orbital flight tests. 

The main thrust of the NASA remote manipulator system (RMS) effort will be on the continuation of simulations 
to assess the operational design parameters of the manipulator, to initiate activities for integrating the RMS 
hardware with the orbiter, to develop payload handling techniques, and to train RMS operators. The data from 
these simulations will be u~ed by NASA to evaluate the RMS Critical Design Review to be conducted by the 
National Research Council of Canada ~nd SPAR Aerospace Ltd. in the third quarter of FY 1978. The Canadian 
Government is funding the development of the RMS and providing the first arm, with NASA purchasing all future 
arms. The Canadian funded effort will include a manipulator engineering test model and hardware for flight 
qualification testing in Canadian facilities. 

CHANGES FROM FY 1978 ESTIMATE: 

The orbiter project funding requirements for FY 1978 have increased by $110 million. The FY 1978 increase 
results primarily from difficulties encountered in FY 1977 that caused the deferral of work into FY 1978. In 
FY 1977, requirements greater than predicted were incurred in the prime and subcontractor efforts because of 
technical problems and the need for greater than anticipated manpower to fabricate and assemble Orbiter 101 and 
the main propulsion test article hardware. In addition, the number of technical changes was greater than 
expected, based on the results from wind tunnel, structural, and thermal testing and from other elements of the 
comprehensive system test program. 

BASIS OF FY 1979 ESTIMATE: 

During FY 1979, the test activities leading to the certification of Orbiter 102 as ready for flight will be 
completed. The full-scale vertical ground vibration tests will be finished during the first quarter at MSFC. 
The structural tests will be completed in FY 1979 and the structural test article will be returned to the 
Palmdale manufacturing facility to begin modification to a spaceworthy operational configuration. 

During FY 1979, the final preparations for the first manned orbital flight will be made. The appropriate 
hardware certifications, design certification reviews, and flight readiness reviews will all occur, as 
required, prior to flight during the orbital flight test effort. The orbital flight test (OFT) phase of DDT&E, 
using Orbiter 102, will be initiated in 1979. The orbital flight test program will result in the certification 
of the Space Shuttle system as being ready to enter the operational phase. 
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The support activities necessary for orbital flight tests will continue in FY 1979. The Mission Control 

Center will support integrated simulations with the Shuttle Mission Simulator to train the flight crews and 
flight controllers for the first manned orbital flight. These simulations will be conducted in parallel with 
the completion of the phased modifications of the Mission Control Center and the phased development of the 
Shuttle Mission Simulator. 

The major emphasis during FY 1979 in the remote manipulator system (RMS) will be the completion of operating 
techniques to handle payloads and the training of RMS operators. Selective simulations will be conducted to 
evaluate and analyze RMS operational performance in the event orbiter system changes are necessary. Increased 
efforts will be placed on ground handling operations, RMS installation into the orbiter, and system checkout. 
The Canadian funded effort will support the manufacture and integrated testing of the RMS flight hardware, the 
completion of the qualification testing, and the delivery of the first flight unit to the Kennedy Space Center 
by mid-1979. 

In 1979~ the thermal protection system installation for Orbiter 102 will be completed. Certification testing 
and analysis in support of the first orbital flight will be completed and flight testing will allow definition 
of actual margins in the system. 

During FY 1979, the software development activities to support the Orbiter 102 checkout for the first orbital 
flight will be completed. The software package is scheduled for delivery by the end of 1978 and an updated 
version containing additional payload capabilities is scheduled for mid-1979. 

Verification and certification of the avionics hardware/software system will be completed in support of the 
first orbital flight. Three-shift operation of the Shuttle Avionics Integration Laboratory (SAIL} at the 
Johnson Space Center and the Avionics Development Laboratory (ADL) and Flight Control Hydraulics Laboratory (FCHL} 
at Downey is expected. Combined operation of the Electronic Systems Test Laboratory (ESTL) and the SAIL is 
expected in early FY 1979. To complete the validation of the flight control system operation, standard test 
cases will be prepared at the SAIL and the ADL and tested using the training simulators at JSC. 

The avionics ground test facilities will be used to evaluate orbital flight trajectories and operational 
boundary limits and margins. Extensive post-flight analyses and tests on the ADL, FCHL, and SAIL are planned 
to evaluate the orbital development flights. Performance, system limitations, and possible design changes will 
be assessed. After the first orbital flight, the avionics configuration testing will be conducted at the SAIL 
and ESTL with the remote manipulator avionics and the radar, satellite communications and payload systems 
interfaces. 
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MAJOR PROJECT ACTIVITIES PLANNED IN FY 1979: 

o Complete main propulsion testing for first orbital flight 
o Complete Shuttle system ground vibration testing at MSFC 
o Complete structural load tests on the structural test article 
o Complete certification for Orbiter 102 flight readiness 
o Conduct the first orbital flight 
o Continue fabrication of the structural test article crew module 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Main engine . .........••.••.••..•....•.......•...•..••..•.•.. 182,200 219,900 219,900 176,700 

OBJECTIVES AND STATUS: 

The Space Shuttle orbiter will use three high pressure liquid hydrogen/oxygen engines, each with a 2,100,000 
newton (470,000 pound) vacuum thrust level. The Space Shuttle Main Engine (SSME) represents a major advance in 
propulsion technology and incorporates maximum utilization of existing technologies. In addition, it has the 
advantage of a much longer operating life. It will be the first large liquid fuel rocket engine designed to be 
reusable, and will require minimum maintenance between flights. An engine-mounted controller will be used to 
ensure operation within the limits of the high temperatures and pressures in the combustion cycle. Performance 
will be increased by using a two-stage combustion process with a high expansion ratio nozzle, which results in 
more efficient engine operations. 

During FY 1977, problems were experienced with the high pressure fuel and oxidizer turbopumps which caused 
the main engine project to fall behind in accumulated engine test time. Investigating these problems has 
identified possible failure modes and causes, and the turbopump modifications are being tested. Although the 
investigation is still proceeding, engine testing has resumed. Current engine testing plans allow sufficient 
test time to support engine verification for the main propulsion test program and provide the required maturity 
necessary for the first orbital flight, while still allowing some time to solve unanticipated problems. Engine 
firings conducted at the National Space Technology Laboratories (NSTL) in Mississippi have attained 100 percent 
of the rated power level. 
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In addition to th~ development work by Rocketdyne and the subcontractors, the main engine activities provide 

the necessary project support efforts. These efforts include the procurement of propellants for test firing 
the engine and its components; the maintenance of the engine systems hardware simulation laboratory; logistics 
support; evaluation of materials and processes; and the support for the design, fabrication, test, and analysis 
of the controller hardware and software. 

In FY 1978, all necessary ground support equipment will be delivered to the Kennedy Space Center (KSC) in 
Florida to support installation of the first flight engines. The three main propulsion test article engines 
will be completed and delivered to the NSTL in Mississippi for further testing. After the delivery of the MPTA 
engines, three 77:1 area ratio nozzles will be delivered to NSTL. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funds for the main engine development project support a high level of test activity. Verifica
tion tests to certify performance at operational power levels, reliability, and flight life duration will be 
performed on all systems and major individual components. 

At the same time, testing will continue on flight configured engines at NSTL, leading to the main engine 
flight certification for the first orbital flight. The main propulsion test article, consisting of a cluster 
of three engines, a flight weight external tank and the aft fuselage of the orbiter, will still be in testing 
early in the fiscal year and the engines will be maintained at the latest configuration. Data from the main 
propulsion testing will constitute a part of the engine verification. Single engine testing will also be 
intensive in order to prove the durability of each element of the hardware. Rigorous examination of each 
hardware component will be accomplished as a part of this thorough test activity. 

The first set of three flight engines and one spare will be delivered to KSC early in the fiscal year. This 
first flight certification will expose a single engine to the various environments expected at the launch site 
and during launch to demonstrate the adequacy of the engine hardware to perform safely under these conditions. 

In addition to providing for component and full engine testing, FY 1979 main engine funding also supports 
the engine systems simulation laboratory, engine software integration, and procurement of propellant for the 
test program at Santa Susana and NSTL. 
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MAJOR PROJECT ACTIVITIES PLANNED IN FY 1979~ 

o Complete main propulsion testing for orbital flight verification 
o Complete the main engine preliminary flight certification 
o Deliver the first flight set of engines to KSC for the first orbital flight 
o Deliver backup engine to KSC 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

External tank . ............. .- ................................. · 84,000 80,000 82,200 80,500 

OBJECTIVES AND STATUS: 

The external tank will contain all the propellants for the three orbiter main engines--liquid hydrogen as the 
fuel and liquid oxygen as the oxidizer. The liquid propellants are consumed by the orbiter's main engines from 
liftoff to main engine cutoff, which occurs just before the orbital insertion. Following the main engine 
cutoff, the external tank will be separated from the orbiter and will tumble through a ballistic trajectory to 
break up over a designated remote ocean area. The external tank is a single assembly approximately 8.5 meters 
(27.5 feet) in diameter, and 47 meters (154 feet) long. The external tank will contain approximately 700,000 
kilograms (1.55 million pounds) of propellant at liftoff. The liquid hydrogen volume is 1,530 cubic meters 
(54,000 cubic feet) and the liquid oxygen volume is approximately 565 cubic meters (20,000 cubic feet). 

The Martin-Marietta Corporation, Denver, Colorado Division, is the design and development contractor for the 
external tank, with development and fabrication taking place in the Government-owned Michoud Assembly Facility 
near New Orleans, Louisiana. 

The external tank is the only expendable element in the Space Shuttle system and every effort is being made 
to reduce the unit cost to a minimum. The prime contractor's design has emphasized commonality of configuration 
between the tank elements in order to utilize the same tooling for the oxygen and hydrogen tanks where 
feasible. Low cost production techniques, materials, and processes are being employed to a maximum extent con
sistent with maintaining safety and reliability. Six large tools are common to the fabrication of domes and 
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barrel sections for both of the propellant tanks. Extremely lightweight, nominal one-inch thick, spray-on foam 
insulation will be applied to the outer surface of the external tank. Ablative coating will be applied to high 
heat load surfaces. 

In late 1977, a complete load test of the first intertank structural test article was accomplished at the 
Marshall Space Flight Center (MSFC) in Alabama. A second intertank test article and liquid oxygen tank have 
been assembled at the Michaud Assembly Facility and shipped to MSFC for tests to begin during the first half 
of FY 1978. 

A structural test hydrogen tank will be shipped to MSFC for verification tests. Both structural tests are to 
be completed in early FY 1979. 

In mid-FY 1978, assembly of the external tank ground vibration test tank will be completed and shipped to 
MSFC for assembly with the solid rocket booster and orbiter test articles. 

Final assembly of the first orbital flight external tank is scheduled during FY 1978 and acceptance tests 
will be performed. 

CHANGES FROM FY 1978 ESTIMATE: 

The external tank estimate for FY 1978 has increased by $2.2 million. This increase has been caused 
primarily by the continued high rate of technical change activity, particularly those changes related to 
structural loads, protuberance icing, and vibroacoustics and thermal changes identified through systems wind 
tunnel testing. 

BASIS OF FY 1979 ESTIMATE: 

During the early months of FY 1979, ground vibration testing of the external tank, integrated into a complete 
Space Shuttle vehicle, will be completed. This final major test data is required before the first orbital 
flight to verify the overall structural soundness of design and the interaction of the hardware from liftoff 
through orbital insertion conditions. 

Preparation and shipment of the first orbital flight external tank to KSC will be achieved in the first 
quarter of FY 1979. After arrival at KSC, final installations of equipment and closeout of the thermal 
protection system will precede the assembly of the first Shuttle vehicle in preparation for the flight readiness 
firing and launch. At the Michaud Assembly Facility in Louisiana, welding of the liquid hydrogen (LHz) and 
liquid oxygen (LOz) tanks and assembly of the intertank for the second and third flight tanks will be 
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structurally completed. After proof pressure testing of the tanks, the ablator and spray-on insulation will be 
applied to the exterior and the elements will then be assembled into a complete tank before shipment by barge 
to KSC. During FY 1979, assembly of the fourth flight tank elements (L02 tank, LH2 tank, and the intertank) 
will be completed. The subassembly of tank domes, barrel sections, and their subsequent assembly for external 
tank flight articles five and six (the remaining development external tanks) will take place during the second, 
third, and fourth quarters of FY 1979. Hardware procurement, subassembly, and initial phases of mechanical as 
well as weld assembly for the next six tank elements, planned for use in operational flights from KSC, will 
also take place. Using these elements, assembly of the first four operational tanks will be completed before 
proof pressure testing. 

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1979: 

o Delivery of the first three tanks to KSC 
o Final assembly and acceptance tests of remaining three R&D tanks 
o Subassembly and assembly of first four operational tanks 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Solid rocket booster ................. ······· • · · · · • • • • • • • • • • · • • 100,400 83,600 97,300 63,500 

OBJECTIVE AND STATUS: 

The Space Shuttle propulsion system includes two reusable solid rocket boosters (SRB) which burn in parallel 
with the orbiter main engines to provide the necessary thrust from liftoff to booster staging. Each SRB weighs 
appro~imately 583,600 kilograms (1.293 million pounds) and delivers approximately 11.6 million newtons (2.6 
million pounds) average vacuum thrust. These boosters are approximately 3.6 meters (12.2 feet) in diameter 
and 45.5 meters (149 feet) long. These boosters are attached to the external tank. After burnout, at an 
altitude of about 45 kilometers (150,000 feet), they separate from the •J4~iter and external tank. The SRBs 
will descend by parachute and land in the ocean about 260 kilometers (140 nautical miles) from the launch site. 
They will be recovered by ship and returned for refurbishment and reuse. 
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The main element in the solid rocket booster system is the solid rocket motor (SRM), which is being developed 

by Thiokol, Wasatch Division, Utah. The other booster system elements such as the recovery system, thrust 
vector control, attach structures, forward and aft skirt, and separation motors are being procured separately. 
The Marshall Space Flight Center in Alabama will perform designated systems integration tasks and has the 
responsibility for total systems integration of the solid rocket booster effort. 

In 1977, the first three prototype parachute drop tests were performed and completion of the entire drop test 
program is scheduled in the last quarter of FY 1978. Fabrication of the booster separation motors to be used 
for qualification testing has been initiated with completion of qualification test firings planned during FY 1978. 

The electrical and instrumentation test program is well underway and will be completed early in the fiscal 
year. Verification testing of the thrust vector control system has also been initiated and will continue 
during FY 1978. 

The structural test articles for the first phase of the SRB structural test program have been delivered to 
MSFC and testing will be initiated early in 1978. This test program will continue during the fiscal year. The 
hardware required for the mated ground vibration test will also be delivered to MSFC in FY 1978. 

In addition to conducting qualification and verification testing, the booster assembly contractor, United 
Space Boosters, Incorporated, will complete activation of the Refurbishment Subassembly Facility at KSC, 
leading to assembly and checkout of the Solid Rocket Booster for the first manned orbital flight. 

In FY 1978, the remaining development motors will be manufactured, loaded and test fired. Development motor 
No. 1 was successfully tested on schedule in July 1977. The second development motor will be tested in 
January of 1978. The development test motor series will be completed with the third and fourth development 
motors scheduled for testing in FY 1978. The Solid Rocket Motor qualification test series of three motors will 
be test fired in the first half of FY 1979. 

Concurrent with the development motor testing in FY 1978, five ground test motors will be manufactured and 
shipped to MSFC for tests. One motor will be used for structural testing and four for vibration testing. The 
manufacture of the first set of flight motors will take place in this period. Shipment of the flight set of two 
SRM's to KSC for the first orbital flight is scheduled in early FY 1979. 
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CHANGES FROM FY 1978 ESTIMATE: 

The solid rocket booster estimate for FY 1978 has increased by $13.7 million. This increase is caused by 
technical problems and associated high rate of change activity in the solid rocket motor tooling and hardware 
development efforts, as well as problems encountered in the SRB structures, thrust vector control, and 
electrical and instrumentation subsystems. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, the structural test program will be completed with the conclusion of the flight loads tests and 
the water impact and recovery loads tests. Qualification testing of the solid rocket motor will begin in early 
FY 1979 and be completed in 1979. The three qualification motors will be fabricated during this same period, 
beginning in the third quarter of 1978. 

The Mated Vertical Ground Vibration Tests will continue through FY 1978 and be completed in early FY 1979. 
The Thrust Vector Control Activator qualification testing for twenty missions will also be completed in the 
second quarter of FY 1979. 

The manufacture of solid rocket motors and solid rocket booster structures during DDT&E will reach a maximum 
during FY 1979. Motors for the first three orbital flights will be manufactured at Thiokol and delivered to the 
launch site. In addition, manufacture· of motors for the remaining three development flights will be initiated. 
All the flight hardware for the SRB structures will also be manufactured during this period. Much of the 
support equipment, separation motors, and subsystem equipment will also be provided. 

The booster assembly contractor will complete assembly and checkout of the solid rocket boosters for the 
start of the orbital flights in 1979. Assembly and checkout of the booster for the third orbital flight will 
also be started during 1979. 

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1979: 

o Complete structural and qualification tests of solid rocket booster systems 
o Complete assembly and checkout of two sets of flight solid rocket boosters 
o Complete solid rocket motor qualification tests 
o Deliver three sets of flight hardware to KSC 
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1978 1979 

1977 Budget Current Budget 
Actual Estimate Estimate Estimate 

(Thousands.of Dollars) 

Launch and landing . ....................... • · • · · • · · • • · • • • • • • · · • • 77,100 133,500 107' 600 128,100 

OBJECTIVE AND STATUS: 

The Space Shuttle launch and landing project includes the preparation of a series of Space Shuttle landing, 
ground processing and launch station sets at the Kennedy Space Center (KSC) in Florida and the Dryden Flight 
Research Center (DFRC) in California, and their operation through the approach and landing test and orbital 
flight test phases. These station sets include handling, testing and servicing systems and ground support 
equipment. At KSC, the Launch Control Center contains the heart of the computerized automated launch 
processing system (LPS) which connects to many of the above stations for remote monitoring and control of the 
vehicle testing, servicing, checkout and launch processing. 

Approximately 870 design models of ground support equipment (GSE) for the above station sets have been 
defined, including some 245 to be provided by the vehicle development contractors, with the remaining 625 to be 
provided by separate GSE procurements. Designs have been established for essentially all of the GSE and 
85 percent of it is on contract. Design and procurement of the remainder is planned for the next fiscal year. 
A major portion of the effort remaining in FY 1978 involves receiving this GSE, installing and checking it out 
and activating the resulting station sets. 

Some of the major launch support systems to be completed in FY 1978 include: the orbiter forward umbilical, 
tail service mast umbilical, and external tank vent umbilical/access systems for providing fluid services and 
ground monitor and control up to the moment of launch; the SRB support holddown mechanisms to release the 
vehicle for liftoff; and the crew compartment access/egress arm for boarding the crew. 

All the launch processing system hardware required for 
accepted. This includes minicomputers and the checkout, 
rooms 1 and 2, and the hypergolic maintenance facility. 
have been installed throughout Launch Complex 39 to mate 
orbital flight tests. 

the first orbital flight has been delivered and 
control and monitoring subsystem hardware for firing 
Hardware interface modules and front end processors 
with the ground support equipment as required for the 
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All major hardware and system software for the central data subsystem have been accepted. Major launch 

processing system operating software releases have been made to support the ground checkout software programs 
required for launch operations. 

The development contractors' onsite launch support efforts at KSC have been initiated with Rockwell Inter~ 
national, Martin Marietta, and United Space Boosters, Inc., and support by Thiokol is being negotiated. These 
contractors are preparing specifications, procedures and test documentation for vehicle assembly, test, 
servicing, checkout and launch. 

CHANGE FROM FY 1978 BUDGET ESTIMATE: 

Launch and landing funding for FY 1978 was decreased by $25.9 million. This decrease results primarily from 
delaying the buildup of development contractor support, from delaying ground support equipment procedures and 
station set activation, and from the current projection of less technical change activity to the ground support 
equipment and launch processing system hardware and software than previously anticipated. The procurement 
delays are not expected to impact major program schedule dates. 

BASIS OF FY 1979 ESTIMATE: 

During FY 1979, the final phase of construction of facilities required for the first orbital flight will be 
completed. The launch processing system will be ready for mating with ground support equipment. All station 
sets in the first flow processing line will be activated and will complete operational readiness checkout before 
the first set of flight hardware reaches each respective station. Launch operations procedures will be prepared 
and verified for this same readiness schedule. Orbiter 102, the first flight sets of main engines and solid 
rocket boosters, and the first flight external tank will be delivered to KSC starting in late 1978. 

Some of the last items of ground support equipment will be received and installed at the downstream station 
sets and will complete activation. These include the launch pad and solid rocket booster and parachute 
disassembly and refurbishment stations. 

The design engineering effort for the launch and landing project will have passed the peak activity level by 
FY 1979. The remaining effort will provide for completion of the design, procurement and installation of the 
launch processing system and ground support equipment (GSE), activation of the station sets, and training. 
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The development contractors' support activities and manpower buildup at KSC will continue and peak during 

FY 1979. The development contractors constitute the bulk of the launch team and are also the operators of the 
launch processing station sets, launch support equipment, and the GSE. Processing of the vehicle for the first 
orbital flight will commence early in FY 1979. Flight vehicles will be assembled, checked out, serviced and 
launched for two orbital flights (OFT 1 and 2). The SRB's and parachutes used in these orbital flights will be 
recovered and disassembled for refurbishment. The orbiter will land at the Dryden Flight Research Center in 
California at the conclusion of these first two flights and will be ferried back to KSC for reprocessing. In 
addition, launch processing of major elements for a third orbital flight will be in progress during 1979. 

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1979: 

o Completion of installation and checkout of the launch processing system and ground support equipment and 
GSE hardware and activation of station sets in the. first line at KSC. 

o Processing of flight vehicles for the first three orbital flight tests. 
o Launch of the first two orbital flight tests. 
o Retrieval, recovery and processing of the reusable flight hardware from the first two orbital flight 

tests. 

Production 

Orbiter •..•..•...•.......••..•.•. .••.......••..•..•.....•..• 
Main engine . ••..•.•...•..•.••.••..•..•.••...•..••..•..•...•. 
Launch and landing .••••.•••••••••••.•••••.•••••.•••••••••••• 
Spares and equipment ..•••••.•••••••••••.•.••••••••.••••••••• 

Tot a 1 . .•••••.••.•.••.••.••••••••••••••••••••••••••.••.•••• 

1977 
Actual 

65,000 
5,000 

70.000 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

136,100 
5,600 

141.700 

38,700 
3,000 

41.700 

1979 
Budget 

Estimate 

397,000 
18,000 
11,000 
28,000 

454.000 
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OBJECTIVES AND STATUS: 

Shuttle production provides for modification of the orbiter structural test article (STA), refurbishment of 
Orbiter 102 after its use in the orbital flight tests and early operations period, and the fabrication and 
assembly of two additional orbiters to establish a national fleet of operational orbiters. Production 
activities also include fabrication of main engines, preparation of the second series of Shuttle ground 
processing and launch support equipment at the Kennedy Space Center (KSC) to permit simultaneous processing of 
two Shuttle vehicles, and the necessary Shuttle spares and equipment required to establish the initial inven
tory to support the operational flight rate capability of the Space Shuttle. 

During FY 1977, using the funding made available by the Economic Stimulus Appropriations Act of 1977, PL 95-
29, long lead procurement of materiaLs, components, and subsystems for production orbiters was initiated. 
Fabrication of wire harnesses and tubing was started for Orbiter 103. Subcontract procurement and fabrication 
were initiated for the orbital maneuvering system ·engines, the reusable surface insulation, the leading edge 
structural subsystem, and the atmospheric revitalization system. In FY 1978, the prime contractor, Rockwell 
International, started fabrication of primary structures for Orbiter 103, including the aft fuselage, the crew 
module, and the forward fuselage. In addition, FY 1978 activities include the initiation of procurement of the 
payload bay doors and the avionics airborne hardware for Orbiter 103 and long lead orbiter subsystem hardware 
fabrication for upgrading the structural test article to an orbital flight configuration. 

Long lead procurements for those additional flight engines required for the operational orbiter fleet were 
initiated in FY 1977 with funds available from the Economic Stimulus Appropriations Act. These procurements 
included hot gas manifold and preburner body forgings, turbopump castings, main combustion chamber parts and 
selected raw materials and plate stock for engine component fabrication. Planned FY 1978 funding provides for 
continuation of long lead material and component procurements. 

CHANGE FROM FY 1978 ESTIMATE: 

The current estimate for FY 1978 is $100 million lower than the budget estimate. This reduction reflects the 
planned transfer of $100 million from production to design, development, test and evaluation to help solve 
technical problems and to better balance the overall Space Shuttle program efforts. With the availability of 
$70 million in FY 1977 from the Economic Stimulus Appropriations Act for Shuttle production activities, the 
current estimate provides cumulative funding through FY 1978 which is only $30 million less than the amount 
projected in the budget estimate. This funding maintains an orderly flow of the follow-on orbiter and main 
engine fabrication efforts, but does delay the deliveries of the third and fourth orbiters by six months. The 
revised dates still support the Department of Defense's need dates at Vandenberg Air Force Base, California. 
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BASIS OF FY 1979 ESTIMATE: 

Orbiter 

During FY 1979, the structural test program to be accomplished at Palmdale, California, will be completed, 
utilizing the orbiter structural test article (STA) airframe. The test data will be used to certify the 
structural capability of the orbiter. After completion of the planned structural testing, the STA will be 
returned to the Rockwell plant at Palmdale, where it will be upgraded to an orbital configuration. These modi
fications will consist of the removal of special elements and instrumentation required during testing, 
installation of a flight type crew module, addition of functional subsystems and application of the thermal 
protection system. 

FY 1979 activities will include the continuation of the fabrication and assembly of those subsystems required 
to upgrade the STA to an orbital capability. They include the orbital maneuvering system, the reaction control 
system, the thermal protection system, the atmospheric revitalization system, the flight control system, and 
communications systems. It will be delivered in early 1981 as the second flight vehicle for use in the op~ra
tional flight phase of the Space Transportation System. 

Fabrication and assembly of the major subsystems of Orbiter 103, which is scheduled for delivery to 
Vandenberg AFB in late 1982, will begin at Rockwell International and at the major structural subcontractors. 
The crew module and the forward and aft fuselage elements will be in assembly at Rockwell, and the wings, the 
vertical stabilizer, and the mid fuselage will be in assembly at Rockwell's subcontractors. Fabrication of the 
thermal protection system tiles will also begin. Subsystems assembly will be started by subcontractors and 
some early deliveries will commence. 

The fourth flight vehicle, Orbiter 104, which is scheduled for delivery to KSC in 1983, will start into 
fabrication during FY 1979. The efforts will consist of continuing the procurement of long lead items such as 
basic materials and forgings by the major structural subsystem contractors. Selected subassembly vendors with 
a long lead time fabrication cycle will also start manufacturing hardware for Orbiter 104. 

Main Engine 

In FY 1979, main engine production activities will include the continued procurement of such long lead items 
as castings, forgings, extruded forms and bar and plate stock for the main engine components, plus the initiation 
of fabrication of liquid hydrogen and liquid oxygen high and low pressure turbopump components. In addition, 
assembly of the first set of production engines will be started during FY 1979. Eventually each subsystem of 
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each engine will be individually tested up to its operating limits before being certified as flight ready and 
assembled into the complete engine. 

Following completion of the Main Propulsion Test (MPT) program in FY 1979, the MPT engines will be returned 
to Rocketdyne to be refurbished for use with the production orbiters. 

Launch and Landing 

The capability at the Kennedy Space Center to support simultaneous launch processing and checkout of two 
orbiter vehicles requires the procurement of additional ground and launch support equipment. In FY 1979, the 
procurement of this "second line" capability will be initiated. The FY 1979 efforts will consist primarily 
of ground support equipment purchase and installation in the Orbiter Processing Facility High Bay No. 2, 
modifications to the second mobile launch platform, and installation of launch processing system equipment in 
the Launch Control Center's second firing room. 

Spares and Equipment 

Shuttle spares and equipment include orbiter flight and ground support equipment spares, main engine spares, 
Kennedy Space Center launch site ground support equipment spares and crew equipment. Solid rocket booster and 
external tank rate tooling required to increase the rate of production during the operational years is also 
provided. 

FY 1979 activities will include initiating flight crew equipment procurements for the extravehicular mobility 
unit, communication equipment, and portable oxygen system. In addition, procurements for orbiter and main 
engine spares and external tank rate tooling will be initiated. 
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• • RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS 

SUMMARY OF RESOURCES REQUIREMENTS 

Space transportation system operations capability 
development . .....•.......................................... 

Development, test and mission operations •••••••••.•••••.•••••• 
Advanced programs . ........................................... . 
Space transportation system operations •••••••••••.••••••••.••• 

*Planning·and program integration .••••••••••••••.•••••••••••••• 

Tot a 1 • .••..•.••.••.••.•..••.•..•....•..•..•..••••••..••••••. 

Distribution of Program Amount by Installation: 

Johnson Space Center . •...........•........•..•••....••..•...•. 
Kennedy Space Center . ....••..•........•...••..•..•.....•...... 
Marshall Space Flight Center ••••.•••••••••••••••••••••.••••••• 
National Space Technology Laboratories •••••••••••••••••••••••• 
Goddard Space Flight Center ••••••••••••••••••••••••••••••••••• 
Jet Propulsion Laboratory •••.••.•••••••••..••...•••.••.••.•••• 
Ames Research Center .••••••.••.••..••••••..••••••••.••••.••.•. 
Langley Research Center •••••••.••.••.•••••.•••••..•.••.•••••.• 
Lewis Research Center ••.•••.•••••••.•••.•.•.•••••.•••••••••••• 
Headquarters· . .....•............•..•.•..•.••..••••..•.•.....•.. 

Tota 1 • •.••.••.••..••.••••.•..•..•.••.••.•..••••••••••••••••• 

1977 
Actual 

16,800 
166,900 v' 

12,000 

32500 

199.200 

105,860 
38,483 
43,721 

6,500 
650 
520 

50 
420 
200 

2,796 

199.200 

*Beginning with FY 1979, this effort is funded within the Space Applications 
Detection and Monitoring, Integrated Payload Planning (RD 7-16). 

_. 

SPACE FLIGHT OPERATIONS PROGRAM 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

63,000 59,700 
173,000 176,400 

10,000 10,000 
17,800 17' 700 

42000 ~000 

267.800 267._8_0D 

132,600 130,452 
60,100 57,100 
63,800 66,400 
6,150 6,150 

850 2,250 
550 500 
300 220 
250 150 
200 150 

32000 42428 

267.800 267.800 

1979 
Budget 

Estimate 

110,500 
163,000 

5,000 
33,400 

~311. 900 

152,900 
53,650 
93,500 
5,900 
1,950 

50 
50 
50 
50 

~800 

311.900 

program. (Reference Earth Resources 

RD 2-1 



• • • 
RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE FLIGHT OPERATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space Flight Operations program includes Space Transportation System Operations Capability Development; 
the common support activities conduc~ed under Development, Test and Mission Operations; Advanced Programs; and 
Space Transportation System Operations. 

Space Transportation Systems (STS) Operations Capability Development includes space transportation system 
development and payload and operations support activities other than the Space Shuttle. These development and 
support activities are necessary to facilitate the planning and orderly transition to STS operations, which 
will provide the means for expanding capabilities in space while reducing the cost of operations. The princi
pal areas of activity include the Spacelab, the STS Upper Stages, Multimission and Payload Support Equipment, 
Mission Control Center Upgrading (Level II), and Payload and Operations Support. 

Development, Test and Mission Operations provides the common engineering, scientific and technical support 
operations conducted at the Johnson Space Center, the Kennedy Space Center, the Marshall Space Flight Center, 
and the National Space Technology Laboratories in support of all Space Transportation Systems research and 
development activities. 

The Advanced Programs effort provides technical as well as programmatic data for the definition and evaluation 
of potential future space missions. In support of this effort advanced development activities are conducted to 
obtain significant performance and reliability improvements and reduce future program risks and development 
costs through the effective use of new technologies. 

Space Transportation System Operations will provide the transportation services and operational activities 
to bring about a new era in capitalizing on the unique advantages of space to achieve expansion of human knowl
edge and practical benefits on earth. The Space Transportation System Operations activities integrate the 
Space Shuttle system, the Spacelab, and the upper stages into a versatile and economical system; accomplish 
mission planning; provide the recurring hardware and consumables; and support all launch, flight recovery, crew 
and related activities. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SPACE TRANSPORTATION SYSTEM (STS) OPERATIONS CAPABILITY DEVELOPMENT 

Space lab . .......•......•.•...•.••..•..••....•.••..••.••..•••. 
Space transportation system upper stages ••••••••••••••••••••• 
Multimission and payload support equipment ••••••••••••••••.•• 
Mission control center (MCC) upgrading (Level II) •••••.•••••• 
Payload and operations support •.••••••••.•••••••••••••••••••• 

(Skylab reboost/deorbit) .•••••••••••••••••••.•••••••••••••• 

Tota 1 . ..•.....•..••.••.•••••.•..•.••..•.••.•••.••••••••.••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

8,600 
1,800 
1,500 

4,900 
( ---) 

16.800 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

24,500 21,600 
13,500 9,700 
7,000 6,400 
5,000 6,200 

13,000 15,800 
(4,000) (9,500) 

63.000 59.700 

---· 

1979 
Budget 

Estimate 

39,000 
16,500 
10,000 
13,000 
32,000 

(20,500) 

110.500 

The Space Transportation System Operations Capability Development activity includes five major areas of 
effort: Spacelab; Space Transportation System Upper Stages; Multimission and Payload Support Equipment; the 
Mission Control Center (MCC) Upgrading (Level II); and Payload and Operations Support. 

The Spacelab is a major element of the space transportation system. The program is being carried out jointly 
by NASA and the European Space Agency (ESA). NASA's support of ESA's Spacelab development effort includes 
developing a crew transfer tunnel and procurement of necessary mockups, trainers and ground support equipment 
not provided by ESA. Other activities include procurement of flight and ground hardware, and system activation 
activities which assure Spacelab compatibility with the orbiter and which will lead to an operational 
capability. 

The STS Upper Stages, which consist of the Interim Upper Stage (IUS) and the Spinning Solid Upper Stage 
(SSUS), are an integral part of the space transportation system. They are expendable, propulsive stages which 
will be used to deploy Shuttle-launched payloads to high energy orbits not attainable by the Shuttle alone. 
The IUS is being developed by the Department of Defense and will be operational in 1980. It will be used 
primarily for high energy lunar and planetary missions and for the delivery of up to 5,000 pound payloads to 
geosynchronous orbit. The SSUS is a spin-~tabilized, solid propellant expendable upper stage sized to be used 
for Delta (1,250 pounds) and Atlas-Centaur (2,250 pounds) class payloads to be launched into synchronous orbit. 
It is to be fully operational in 1980. 
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Multimission and Payload Support Equipment consists of ground and flight hardware used for interfaces between 
the payloads and the space transportation system, as well as test equipment to verify payload integration com
patibility. This class of hardware will be developed into a standard, reusable inventory for all payloads. 

The Mission Control Center Upgrading (Level II) is the reconfiguration of the Johnson Space Center Mission 
Control Center (MCC) to support the STS operational flight schedule requirements. Level II configuration will 
provide additional hardware, equipment, and software for configuring the MCC to a flight capability to support 
two orbiters, a ground simulation network, and an MCC/launch site int~rface. 

The Payload and Operations Support activity consists of four major areas of effort: Operations Management 
Support, Orbital Flight Test (OFT) Payload Integration, the Payload Operations Control Center (POCC), Opera
tions Capability Development Payload Support and the Skylab Reboost/Deorbit planned for an Orbital Flight Test 
mission. The Operations Management effort focuses on determining the most efficient method of operating the 
Space Transportation System. The Orbital Flight Test Payload Support provides for integrating payloads on the 
OFT flights during the FY 1979-80 period. The POCC, to be located at the Johnson Space Center, will provide 
facilities for command and control of Shuttle/Spacelab attached payloads. The Operations Capability Development 
Payload Support effort focuses on developing the capability to provide support for early missions and for com
monality of operational procedures between the Kennedy Space Center and the Vandenberg Air Force Base. The 
Skylab Reboost/Deorbit activities will provide the capability to adjust the orbit of the Skylab with a Tete
operator Retrieval System (TRS) during the orbital flight test phase of the Shuttle. The system is designed to 
either boost the Skylab to a higher orbit, thereby extending its lifetime, or to guide reentry into a pre
determined remote ocean area. The Teleoperator Retrieval System will be a low thrust, maneuverable and re
usable device that can be remotely operat~d from the Shuttle through a direct TV and command link. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The STS Operations Capability Development estimate has decreased by $3.3 million. Specific changes are 
explained within each project. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 Spacelab funding will provide for the continued development of the crew transfer tunnel and for 
ground support equipment. Development of verification flight instrumentation, which will be flown on the first 
two Spacelab missions, will be completed. Funding is also required for incremental procurement of flight 
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hardware from the European Space Agency (ESA), procurement of initial spares to support missions in the early 
years, and for upgrading engineering model pallets for the orbital flight test missions. 

In addition, FY 1979 funds are required for the continued development of NASA unique hardware and software to 
support the IUS mission planning and implementation. Funds will also be used for integration planning and 
system verification of the Spinning Solid Upper Stage. 

FY 1979 funds will also be used to complete development of the following multimission and payload support 
. equipment: trace gas analyzer, intersite payload transportation equipment, cargo integration and test equip
ment, self contained payload containers, and the flexible multiplexer/demultiplexer. Funding is also required 
to continue the design and development of the payload specialist station and to initiate procurement of cargo 
integration test equipment spares. 

FY 1979 funds will support continued progress toward upgrading the Mission Control Center at the Johnson 
Space Center, including completion of system level requirements as well as definition and design specifications 
for multivehicle command and control software data distribution, display and control, and flight planning 
systems. 

Design and development of the Payload Operations Control Center (POCC) in conjunction with the Mission 
Control Center will be continued with FY 1979 funding. Procurement of display and control hardware will be 
initiated. FY 1979 funds will also be used for integration of payloads for the initial orbital flight test 
~issions and for procurement of communications equipment to support payload operations on early space trans
portation system missions. In addition, funds will be required in FY 1979 to complete the design and initiate 
development of the Teleoperator Retrieval System, which will be used for the Skylab Reboost/Deorbit mission. 
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Space1ab 

OBJECTIVES AND STATUS: 

1977 
Actual 

8,600 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

24,500 21,600 

-·-
1979 

Budget 
Estimate 

39,000 

The Spacelab is a major element of the Space Transportation System. The program is being carried out jointly 
by NASA and the European Space Agency (ESA) to provide a versatile, reusable space laboratory which will be 
flown to and from earth orbit in the cargo bay of the Shuttle. The Spacelab will consist of a pressurized 
module and unpressurized pallet segments which can be used in various combinations to support mission require
ments. It will permit researchers to personally conduct a wide range of experiments in a ground-type 
laboratory while operating in the unique environment of space. 

Ten European nations, of which nine are members of the European Space Agency, are participating in the 
program. NASA and ESA are committed to bear the cost of their respective program responsibilities. ESA 
responsibilities include the design, development, production and delivery of the first Spacelab and associated 
ground support equipment to NASA, and the capability to produce additional Spacelabs. NASA funding responsi
bilities include development of flight and ground support equipment not provided by ESA, development of 
Spacelab operational capability and procurement of additional hardware needed to support NASA's missions. 

In FY 1978, fabrication of the crew transfer tunnel will be started. This tunnel will link the Spacelab 
module to the Shuttle orbiter cabin. Manufacture of verification flight instrumentation equipment will also 
be initiated to provide the sensors, electronic measuring and monitoring devices, and related flight and 
ground support equipment required to verify the performance of Spacelab subsystems and to monitor the environ
ment to which payloads will be subjected. Fabrication of software development facility equipment will 
continue. The equipment in this facility, including a Spacelab command and data management subsystem computer 
with interfacing equipment and spares, will be used for maintenance, integration, verification and checkout of 
the software to be delivered by ESA in mid-FY 1978, as well as for developing the application software for each 
Spacelab mission. Design of the Spacelab training simulator will be completed and manufacture will be 
initiated in FY 1978. The simulator will be used at the Johnson Space Center to train flight controllers and 
flight crews in systems activation, control, and monitoring; it will also be used to support the development 
and verification of flight procedures. Preliminary design of the experiment computer operating system, which 
will provide the interface control between the experiments and the Spacelab subsystems, will be completed. 
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In FY 1978, the development of ground support equipment to supplement that supplied by ESA will be initiated. 

Fabrication, assembly and test of two high data rate demultiplexers will be completed and the units will be 
delivered to ESA for use in integration and test of the engineering model and flight unit. The demultiplexers 
are required to separate individual experiment data streams from the single digital data transmission from the 
Spacelab to the ground. 

FY 1978 funds will also support the adaptation of selected orbiter subsystems for use on ESA supplied 
engineering model pallets which will carry experiments on some of the orbital flight tests. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The Spacelab budget estimate for FY 1978 was reduced by $2.9 million. This decrease reflects a rephasing of 
the funding requirements, consistent with an approximate 5-month schedule adjustment for the Spacelab develop
ment missions (SL-1 and SL-2). The planned launch of the initial Spacelab mission was preempted by a tracking 
and data relay satellite system (TDRSS) flight. Funds were transferred to Development, Test and Mission 
Operations to meet increased requirements in the development of the Shuttle Avionics Integration Laboratory 
($1.7 million), and the Mission Control Center Upgrading-Level II ($1.2 million) due to the refinement of the 
estimates for the flight planning system hardware and software requirements. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding is required to continue manufacture of the crew transfer tunnel, for incremental procure
ment of flight hardware from ESA, and the procurement of initial spares to support early year flight 
activities, as well as to complete manufacture of the verification flight instrumentation equipment for the 
first two Spacelab flights. 

During FY 1979, effort will continue on development of the ground support equipment to be provided by NASA. 
Ground support equipment requirements include unit testers required for preinstallation checkout and subse
quent fault isolation of electronic equipment; transportation equipment required to load and unload Spacelab 
elements from transporter aircraft; positioning equipment to handle heavy components within the modules during 
ground operations; and outfitting the workstands in the operations and checkout building, and equipment to 
support the integration and checkout of the Spacelab during ground operations. 

In FY 1979, the subsystem development and verification tests required to verify the orbiter and Spacelab 
avionics interface will continue at the Johnson Space Center. Test and validation of the software development 
facility equipment will be completed and that system will be operational in FY 1979. Development of the 
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experiment computer operating system will be nearing completion. FY 1979 funds will also provide for the test, 
verification and integration of subsystems on the engineering model pallets to be used on some of the orbital 
flight test missions. 

In addition, FY 1979 funding is required to continue integration contractor efforts at the Marshall Space 
Flight Center and the Kennedy Space Center. Examples include support of systems engineering, systems software, 
logistics and analytical integration activities, design engineering support, preparations for systems preflight 
and postflight processing, payload integration, and Spacelab disassembly and refurbishment after flight. 

OBJECTIVES AND STATUS: 

Space Transportation System Upper Stages 

1977 
Actual 

1,800 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

13,500 9,700 

1979 
Budget 

Estimate 

16,500 

The Space Transportation System (STS) upper stages are required to provide the capability to deploy 
Shuttle-launched payloads to orbits not attainable by the Shuttle alone. These upper stages are the Interim 
Upper Stage (IUS) and the Spinning Solid Upper Stage (SSUS) required for delivery of payloads to geosynchronous 
orbits and for high energy missions, such as lunar and planetary exploration missions. 

The Interim Upper Stage is being developed by the Department of Defense (DOD). It is a multistage, solid 
propellant expendable vehicle and will be operational in 1980. NASA is coordinating the incorporation of the 
NASA-unique and other non-DOD requirements with the DOD during the design, development, test and evaluation 
phase to insure IUS operations compatibility with the space transportation system. The IUS will be used for 
delivery of up to 5,000 pound payloads to geosynchronous orbit and for high energy lunar and planetary 
missions. 

The Interim Upper Stage (IUS) payload capability exceeds the capability needed by many geosynchronous 
payloads using today's expendable launch vehicles. The Spinning Solid Upper Stage (SSUS) is being developed 
commercially for these smaller payloads in two weight classes. The Delta-Class (SSUS-D) will be capable of 
injecting 1,250 pound payloads into geosynchronous orbit, while the Atlas Centaur Class (SSUS-A) will be 
capable of injecting 2,250 pound payloads into the same orbit. The SSUS-A and SSUS-D offer the user community 
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launch cost economies. These relatively low cost upper stages have simple physical and functional interfaces 
for payloads and facilitate an early and orderly transition ~rom the current expendable launch vehicles to 
the operational STS. Two SSUS-A's or four SSUS-D's with their spacecraft can be flown on a single Shuttle 
flight. As a result, the launch costs to the user are significantly reduced. The SSUS emphasis is on 
servicing the existing geosynchronous applications spacecraft user community and its requirements. 

During FY 1~78, DOD will complete the IUS validation phase and the full scale development phase will be_ 
initiated. NASA's IUS funding will support the NASA-unique hardware and software items, including mission 
related hardware and software, ground support equipment, operations support and IUS/STS integration and simula
tion/training. The DOD has released t~1e Request for Proposal for the full scale development phase. The 
proposal is under evaluation, with contract award planned for March 1978. 

The Spinning Solid Upper Stages are being developed by McDonnell Douglas Corporation (MDC) as a commercial 
venture. FY 1978 funds are supporting the NASA activities necessary to develop the operations capability to 
accommodate the commercially developed SSUS-A and SSUS-D systems. This effort includes planning, analyses, 
preparation for ground processing and flight operations and procurement of hardware and services for the initial 
ssus flight. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The current estimate is $3.8 million below the budget for FY 1978. Of this reduction, $2 million was made 
possible by the commercial development of the SSUS. The balance of the reduction ($1.8 million) reflects 
refinement of NASA-unique requirements. Funds were transferred to Development, -Test and Mission Operations 
to support growth in the development of the Shuttle Avionics Integration Laboratory ($1.7 million) and to 
the Payload and Operations Support efforts to support the current plan for the development of the tele
operator retrieval system for the Skylab Reboost/Deorbit OFT mission ($2.1 million). 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 Space Transportation System (STS) upper stages funding is required to continue to support the 
development of the NASA-unique IUS configurations. This effort includes modifications to the basic DOD IUS and 
airborne support equipment. In addition, the funding will support the development of NASA IUS launch site 
ground operations capability; IUS/orbiter integration analysis and testing; and the development of IUS mission 
planning and flight operations capability. 
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FY 1979 funding is also required for system verification of the SSUS, procurement of hardware and services, 

and support of Shuttle integration analysis, mission and flight operations planrting and ground operations 
planning. 

FY 1979 represents the peak funding year for the STS upper stages and the critical phases in the development 
of the hardware and flight systems. The first NASA IUS (2-stage) mission is scheduled for mid-1980 with the 
first NASA IUS (3-stage) planetary mission scheduled for early 1982. The first SSUS flight is scheduled for 
mid-1980. 

OBJECTIVES AND STATUS: 

Multimission and Payload Support Equipment 

1977 
Actual 

1,500 

1978 
Budget 

Estimate 
(Thousands 

7,000 

Current 
Estimate 

of Dollars) 
6,400 

1979 
Budget 

Estimate 

10,000 

Multimission and Payload Support Equipment consists of equipment required to integrate and check out payload 
elements, and a class of ground and flLght hardware that will provide an interface between the payloads and 
elements of the Space Transportation System (STS). These requirements can be furnished more economically from 
a standardized equipment inventory than by individual payload users. This reusable equipment is being 
developed to integrate, check out, transport, and operate a wide range of applications, science, and technology 
payloads. The equipment will support activities such as payload checkout; STS/payload integration and ground 
operations at the launch and recovery site; and orbital payload operations. 

Examples of this type of standardized equipment are: 

(1) Intersite Payload Transportation Equipment - This equipment will satisfy the payload developers' 
requirement for transporting payloads to and from the development site and the launch site. The equipment 
consists of a large container carried on a standard low-boy trailer for moving equipment up to 14.5 feet wide 
and 11 feet high and 20 feet long. The system is environmentally controlled and designed to be compatible with 
air transport. 

(2) Payload Specialist Station Equipment - This equipment is required to conduct payload operations from 
the orbiter's aft flight deck. A concept utilizing existing technology has been defined and will satisfy the 
majority of payload functional command and display requirements, as well as mixed cargo integration and 
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operations on early space transportation system missions. This approach will minimize the need for payload 
unique equipment and operational changeout time. 

(3) Flexible Multiplexer/Demultiplexer - The flexible multiplexer will combine the Orbiter data stream 
and up to five separate payload telemetry or command data streams into a single output signal. The function of 
the flexible demultiplexer is to separate the combined data signal, either telemetry or command, back into the 
appropriate orbiter or payload data streams. 

(4) Cargo Integration and Test Equipment (CITE) - This equipment is required to integrate and check out 
payload elements as they are assembled into a complete cargo to be flown on the Space Transportation System. 
CITE will verify the compatibility of the cargo to Shuttle interfaces, and that cargo elements do not inter
fere with each other. 

(5) Trace Gas Analyzer - The trace gas analyzer system will perform in-flight monitoring of the aggregate 
"offgassing" constituents from payloads and metabolic sources in the Spacelab pressurized module: Its primary 
subsystems consist of a gas chromatographic column to detect the presence of an atmospheric substance and a 
mass spectrometer to measure the concentration of each of the atmospheric constituents. 

(6) Mission Kits - The mission kits are a collection of standard and optional flight hardware designed to 
extend the capabilities of the payload and/or the orbiter to support the mission as dictated by the payload 
requirements. 

(7) Load Alleviation Devices - The load alleviation devices are necessary to reduce the lateral loads 
factor for various payloads. The baseline concept consists of hardware attached to a cradle and installed 
between the payload and the orbiter payload bay. 

In FY 1978, funding is being used for design of the Payload Specialist Station Equipment; design and develop
ment of the flexible multiplexer/demultiplexer; Intersite Payload Transportation Equipment; and the Trace Gas 
Analyzer. Funds will also be used for the design initiation of the Cargo Integration and Test Equipment, the 
Load Alleviation Devices, and for Mission Kits. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The $600 thousand decrease from the budget estimate reflects a net reduction resulting from the rephasing of 
the Cargo Integration and Test Equipment and the Payload Specialist Station funding and the additional require
ment for Mission Kits and Load Alleviation Devices. Funds were transferred to the Payload and Operations Sup
port efforts to support the current plan for the development of the Teleoperator Retrieval System for the 
Skylab Reboost/Deorbit OFT mission. 
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BASIS OF FY 1979 ESTIMATE: 

FY 1979 funding is required to complete development of the Trace Gas Analyzer engineering and quality test 
models, the intersite transportation equipment, the flexible multiplexer/demultiplexer, the load alleviation 
devices, and two mission kit items (self contained payload container and mixed cargo integration hardware). 
The FY 1979 funding will also support completion of manufacturing of the first set of Cargo Integration and 
Test Equipment (CITE); completion of design and development of the Payload Specialist Station; and initial 
procurement of CITE spares. 

OBJECTIVES AND STATUS: 

~iss~~ Con_~!ol Cent~r .J~.g~_)_ __ _!J~ra~ing (Level II) 

1977 
Actual 

1978 
Budget Current 

Estimate Estin~te 
(Thousands of Dollars) 

5,000 6,200 

1979 
Budget 

Estimate 

13,000 

Mission Control Center (MCC) Upgrading (Level II) is the reconfiguration of the Johnson Space Center Mission 
Control Center to support the STS operational flight schedule requirements. Level I upgrading, funded under 
the Shuttle development program, provides hardware, equipment and software to upgrade the MCC to support 
Shuttle development flights. Level II will provide additional hardware, equipment, and software to configure 
the MCC with the capability to support two simultaneous orbiter missions, a ground simulation network, and a 
MCC/launch site interface. 

FY 1978 is the beginning of the implementation of this multivehicle support capability needed for STS opera
tions. In FY 1978, work is being initiated on mission data processing software for command and control, flight 
design, and crew activities planning, as well as the initial procurement of telemetry processing equipment. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $1.2 million from the budget estimate is due to the refinement of the estimates for the 
flight planning system (mission planning and crew activity planning) hardware and software requirements. The 
funds were made available from Spacelab. 

RD 2-12 



• • • 
BASIS OF FY 1979 ESTIMATE: 

FY 1979 funding ~s required to complete definition of overall system requirements. Systems development for 
mission and flight crew activity planning to support the initial STS operational period will be completed and 
checkout and verification initiated. Design specifications will be finalized for multivehicle command and 
control software and for display and control software. Installation of hardware for single vehicle command 
and control and display and control will be continued. 

Payload and Operations Support 

Payload and operations support 
{Skylab reboost/deorbit) .•••••••.•••••.•••••••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

4,900 

(--~) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

13,000 15,800 

(4,000) (9,500) 

1979 
Budget 

Estimate 

32,000 

(20,500) 

The Payload and Operations Support activity consists of five major areas of effort: Payload Operations 
Control Center (POCC); Operations Management Support; Orbital Flight Test (OFT) Payload Integration; 
Operations Capability Development Payload Support; and the Skylab Reboost/Deorbit OFT mission. 

The Payload Operations Control Center, to be located at the Johnson Space Center (JSC), will provide for com
mand and control of payloads that operate in the Shuttle and Spacelab. It will operate in·conjunction with the 
JSC Mission Control Center. Funding is required for the design and development of computers, displays, 
communication links, and associated software. In FY 1978, funds are being used for definition of the POCC 
requirements and for preliminary design, fabrication and testing of prototypes. 

Operations Management Support studies are designed to focus on determining the most efficient mode of 
operating the Space Transportation System (STS). FY 1978 funds provide for establishing guidelines for flight 
planning, mission control/payload operations, flight crew training and flight operations. 

The Orbital Flight Test (OFT) Payload Integration provides for the integration of payloads on the OFT flights 
during the 1979-80 time period. The activities involved include management integration, such as planning, 
scheduling, and coordinating all elements; interface definition in environmental, structural, and thermal areas; 
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safety analysis; hardware integration; flight support; and development of the interface control document. The 
FY 1978 funds support definition of interfaces between the payloads and the orbiter. 

The Operations Capability Development Payload Support provides for capability development effort at the 
Kennedy Space Center (KSC) in preparation for space transportation system operations. In FY 1978, funds are 
being used for the procurement of ground hardware interface communication equipment and manpower support 
at Vandenberg Air Force Base (VAFB) to insure commonality of operational procedures. 

The primary objective of the Skylab Reboost/Deorbit, which was identified as a possible OFT payload can
didate in the FY 1978 Budget Estimates, is to provide NASA with the capability to adjust the orbit of Skylab. 
This capability is to be provided by a Teleoperator Retrieval System which will allow either of two maneuvers: 
boost the Skylab into a higher orbit thereby extending its orbital lifetime, or to provide the impulse to 
guide Skylab reentry into a predetermined remote ocean area. The decision on disposition of the Skylab is 
scheduled to be made in early FY 1979. While the teleoperator retrieval system is being developed for the 
Skylab Reboost/Deorbit mission, it will provide the capability for subsequent use to survey, stabilize 
and/or maneuver payloads in low earth orbit without having to maneuver the orbiter too close to the payload. 

The teleoperator retrieval system will be designed as a low thrust maneuverable stage that can be tran
ported in the payload bay of the Space Shuttle orbiter. This relatively small vehicle will then be deployed 
from the orbiter payload bay and maneuvered via remote control by a member of the Shuttle crew operating 
a television/control data link from a control station on the orbiter's aft flight deck. 

Effort in FY 1978 will include completion of a preliminary design review in early 1978, development of 
associated subsystems and initial fabrication of the teleoperator retrieval system. The Marshall Space Flight 
Center has contracted for the teleoperator retrieval system design. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The $2.8 million increase from the budget estimate supports the current plan for the development of the 
teleoperator retrieval system for the Skylab.Reboost/Deorbit OFT mission. The funds were made available 
from STS Upper Stages ($2.1 million), Multimission and Payload Support Equipment ($600 thousand), and STS 
operations ($100 thousand). 
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BASIS OF FY 1979 ESTIMATE: 

In FY 1979, system level requirements definition and design will be completed for the Payload Operations 
Control Center. Procurement of display and control hardware will be initiated. Software development in con
junction with the Mission Control Center will be continued. 

FY 1979 funding for Operations Management Support is required to continue the definition of STS user require
ments, flight kit planning, analysis of STS cost per flight, analysis of payload data retrieval, and to provide 
for range safety studies. 

Orbital Flight Test Payload Integration funding for FY 1979 is required for the integration and handling of 
payloads for the OFT missions in 1979. Planning will also be done for the OFT flights planned for 1980. 

In FY 1979, funding for Operations Capability Development Payload Support is required for procurement of 
communication equipment for ground-based hardware interfaces. It will also provide manpower support at 
Vandenberg Air Force Base to insure commonality of operational procedures. 

In addition, funds are required in FY 1979 to complete design and development of the teleoperator retrieval 
system for the Skylab Reboost/Deorbit OFT mission. The critical design review to verify compliance with the 
system and technical requirements of the teleoperator retrieval system will be completed in early FY 1979. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

DEVELOPMENT, TEST AND MISSION OPERATIONS 

Research and test operations ••••••••••••••••••••••••••••••• 
Data systems and flight operations ••••.•••••••••••••••••••• 
Operations support . ....................................... . 
Launch systems operations ....•..... •....................•. 

Total . .................................................. . 

OBJECTIVES AND STATUS: 

1977 
Actual 

48,543 
45,756 
42,045 
30,556 

166,900 

• 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 

(Thousands of Dollars) 

44,100 45,500 40,000 
44,000 44,800 49,300 
42,300 44,800 38,800 
42,600 41?300 ~00 

173,0QO )._76,400 163,000 

Development, Test and Mission Operations (DTMO) provides the common engineering, scientific and technical 
support required to conduct ongoing and proposed space flight research and development at the Johnson Space 
Center, the Kennedy Space Center, the Marshall Space Flight Center and the National Space Technology Labora
tories. DTMO functions include research and test operations, data systems and flight operations, operations 
support, and launch systems operations. These common support efforts are necessary to support early pro-
ject definition; to provide engineering support for indepth technical examination of development efforts of 
prime and major subcontractors on space transportation systems; to provide common support equipment and 
supplies; and to perform backup design, testing and analysis in high technology areas of design and development. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The $3.4 million increase from the budget estimate for Development, Test and Mission Operations reflects 
increased support requirements for the Shuttle Avionics Integration Laboratory and the upgrading of the 
Mission Control Center at JSC, engineering design support at KSC and maintenance and operation support at 
JSC. Funds were made available from Spacelab ($1.7 million) and STS Upper Stages ($1.7 million). 
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BASIS OF FY 1979 ESTIMATE: 

FY 1979 DTMO funding provides for the common engineering, scientific and technical support required for all 
Office of Space Transportation Systems Programs. This support is required for activities performed under Space 
Shuttle, Space Transportation System Operations Capability Development, and Advanced Programs. 

OBJECTIVES AND STATUS: 

Research and Test Operations 

1977 
Actual 

48,543 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars 

44,100 45,500 

1979 
Budget 

Estimate 

40,000 

Research and test operations support a broad spectrum of technical, engineering, scientific, reliability and 
quality assurance, and safety operations. These activities complement the work of the major development 
contractors located across the country in contractor-owned plants and government facilities. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

Research and test operations requirements increased by $1.4 million. These requirements reflect the addition 
of a hardware station in the Shuttle avionics integration laboratory and increased research and test operations 
in support of the Shuttle. 

BASIS OF FY 1979 ESTIMATE: 

During FY 1979, research and test operations will support critical Space Shuttle development activities, 
leading to the first manned orbital flight in 1979. Also supported will be design and development activities 
under STS Operations Capability Development, and research and development efforts in Advanced Programs. Engin
eering and test support is provided to assure fulfillment of technical goals as they relate to each program. 

Examples of FY 1979 Space Shuttle support to be provided at the Johnson Space Center include: (1) support of 
the shuttle avionics integration laboratory for the orbital flight test avionics, certification testing and 
performance evaluation of the guidance and control system; (2) continuing support of the communications and 
tracking systems space-to-ground compatibility and performance testing; and (3) performing orbiter to Spacelab/ 
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payload integration evaluation and crew station training through utilization of mockups, neutral buoyancy 
crew station trainers and the manipulator development facility. 

At the Marshall Space Flight Center, FY 1979 funding provides for: (1) support to the Shuttle systems mated 
vertical ground vibration test; (2) engineering support for the design and development of electromechanical 
control hardware and control systems for the Shuttle main engine; and (3) services necessary to determine the 
structural integrity of the liquid hydrogen tank and the liquid oxygen tank, and other external tank related 
work in the ground vehicle test and the main propulsion test program. 

In addition, FY 1979 research and test operations funds required at the Johnson Space Center and the Marshall 
Space Flight Center will support Space Shuttle certification inspections, tests, configuration control panels, 
and integration efforts. 

OBJECTIVES AND STATUS: 

Data Systems and Flight Operations 

1977 
Actual 

45,756 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

44,000 44,800 

1979 
Budget 

Estimate 

49,300 

Data Systems and Flight Operations support the ground-based flight data systems, flight simulation systems, 
special purpose and general purpose data systems, and aircraft operations. 

The ground-based flight data systems effort supports the definition, design, implementation, and checkout of 
hardware and software modifications to the Johnson Space Center's Mission Control Center and the real time 
computer complex in support of the Shuttle Orbital Flight Tests, as well as operation and maintenance of those 
facilities in preparation for operational mission support. 

Flight simulation efforts include modification, operation and maintenance of full-mission and part-task 
simulators for flight procedures development and validation and flight crew training, as well as the operation 
of the JSC central data computation facility and special purpose data system required to support Center-wide 
activities in mission analysis, systems engineering, development, and test functions for the Shuttle program. 
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Aircraft operations provide for development of Shuttle flight control and recovery plans and procedures, 

flight plans, flight data files, crew procedures and training, and other elements of the data base required for 
crew activities, operation and maintenance of the T-38 training aircraft, flight data management, and support 
of Shuttle payload accommodation and integration. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The data systems and flight operations support funding requirements increased by $800 thousand to support 
increased effort in the upgrading of the Mission Control Center in preparation for the orbital flight tests begin
ning in 1979. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funding of ground-based flight data systems supports the upgrading of the Mission Control Center and 
provide flight support and flight data management functions for the Shuttle data reduction center and orbital 
flight test program. This effort will also include the operation of the software development laboratory, com
prised primarily of the real time computer complex system which is used to develop and validate the Shuttle 
orbiter flight software. 

FY 1979 efforts in flight simulation and development data systems will increase in support of the operation 
of both the fixed-base and motion-base simulators. Data processing in the central computing facility will 
continue in support of mission and systems design and performance studies for the Shuttle. Flight support 
and flight data management functions in the orbiter data reduction complex and the Shuttle program information 
management system will continue in support of the orbital flight tests. 

Aircraft operations activities which will be supported in FY 1979 include maintenance, modification, and 
engineering support services relating to the T-38 training aircraft. Support requirements in FY 1979 will 
increase in this area due to the addition of new astronauts and mission specialists and use of the T-38 chase 
aircraft to support the Shuttle training aircraft and manned orbital flight test program. Also required in 
FY 1979 is the flight control, crew training and engineering support of flight operations planning control for 
the first Shuttle orbital flight test. 

Operations Support 

1977 
Actual 

42,045 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

42,300 44,800 

1979 
Budget 

Estimate 

38,800 

RD 2-19 



• • • 
OBJECTIVES AND STATUS: 

Operations Support provides for contractor effort and related supplies and equipment to operate and maintain 
onsite activities at the Johnson Space Center, the Marshall Space Flight Center, the Kennedy Space Center, and 
the National Space Technology Laboratories, and for offsite operations at the White Sands Test Facility. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The $2.5 million increase in operations support funding reflects refined estimates to cover increased 
engineering design efforts at KSC and maintenance and operations effort at JSC. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funding will provide for the maintenance of technical facilities and equipment, chemical cleaning, 
engineering design, technical documentation and analyses, telecommunications, component fabrication, photo
graphic support and logistics support. 

Examples of specific services to be provided in FY 1979 include: (1) operation and maintenance of specialized 
electrical and cryogenic systems, and maintenance of test area cranes; (2) operation of shops to do metal 
furbishing, anodizing, plating, stripping, and etching of selected items of in-house fabricated flight hardware; 
(3) cleaning of hoses, gauges, tubing, and related flight items that are fabricated in-house; (4) engineering, 
installation, operation and maintenance of closed circuit fixed and mobile television required fur support and/or 
surveillance of tests; (5) photographic services including still and motion picture processing and audio visual 
mission support; (6) fabrication of models, breadboards, and selected items of flight hardware; (7) technical 
documentation services, telecommunications, and graphics; (8) technical services in support of Center operations 
including receipt, storage and issue of research and development supplies and equipment, and transportation services; 
and (9) management services in support of Center operations, including data management, microfilming and 
distribution of technical documentation. 

FY 1979 funds will also provide a basic level of maintenance, operation, and support services required at the 
White Sands Test Facility to support program requirements including material and component testing, and Shuttle 
orbital maneuvering systems test support. 

In addition, FY 1979 funds will provide the basic level of support to the National Space Technology Laboratories 
for the static test firing and integrated component testing of the Space Shuttle main engine and the qualification 
of the main propulsion system. 
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OBJECTIVES AND STATUS: 

• 
Launch Systems Operations 

1977 
Actual 

30,556 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

42,600 41,300 

• 
1979 

Budget 
Estimate 

34,900 

Launch systems operations provide support for the development and test of the checkout and launch facilities 
and associated ground support equipment, as well as the technical services required to support the test, check
out and launch of the Space Shuttle and payloads at the Kennedy Space Center. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The Launch Systems Operations funding decrease of $1.3 million reflects a transfer to fund more urgent 
engineering design efforts under Operations Support. 

BASIS OF FY 1979 ESTIMATE: 

The launch systems operations requirements at the Kennedy Space Center in FY 1979 are for the continuing pre
paration of the launch facilities to accommodate the first Shuttle orbital flight in 1979. FY 1979 activities 
will support the reconfiguration and preparation of the Center's launch facilities and sys~ems, including 
support to the installation of newly designed ground support systems to accommodate the Space Shuttle flight 
hardware and payload systems. 

FY 1979 funding provides for mechanical ground system activities involving operation and maintenance of 
launch systems and facilities as they are activated for Shuttle; support for development testing of the Kennedy 
Space Center designed Shuttle equipment in the launch equipment test facility; maintenance and operation of 
the Kennedy Space Center electrical and mechanical utilities systems; and operation of technical shops and the 
precision cleaning laboratory which supports maintenance activities. 

FY 1979 funding will also support the modification of the electrical/electronic and launch instrumentation 
systems, such as automated checkout equipment, operational voice and TV communications, computations, measure
ments, and telemetry. These activities include operations and maintenance support of communication, computational 
and instrument~tion systems as they are activated for the Shuttle, and instrumentation and measurement support 
for development testing of the Kennedy Space Center designed Shuttle equipment in the launch equipment test 
facility. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

OBJECTIVES AND STATUS: 

• 
ADVANCED PROGRAMS 

1977 
Actual 

12,000 

• 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 

(Thousands of Dollars) 

10,000 10,000 5,000 

The Advanced Programs objective is to provide technical as well as programmatic data for the definition and 
evaluation of potential future space programs and systems. These efforts have continuously provided the basis 
for new programs and systems, such as the Apollo, Skylab, and the Space Shuttle. In support of these activities, 
subsystem studies and supporting development activities are conducted to demonstrate significant performance 
and reliability improvements and to reduce future program risks and development costs through the effective use 
of new technologies. 

In FY 1978, conceptual studies include use of the Space Shuttle for fabrication and erection of large space 
structures, the potential uses of the 25kw power module, and.operations at ~chronous orbit including orbital 
requirements for large synchronous payloads. Studies of the tethered satellite system and payload placement 
and retrieval concepts are being conducted. The possible benefits of Skylab reuse are also being evaluated. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979 major emphasis will be placed on system studies and the definition of near term mission options 
that are possible because of the operational capability and flexibility of the space transportation system. 
This includes orbital operations associated with the fabrication, deployment and operation of advanced space 
systems using large structures and space power modules, retrieval and reuse of space systems, long duration 
operations in low earth orbit, and systems to allow operational capabilities at geosynchronous orbit. 

Advanced studies planned for FY 1979 include (a) definition of a manned orbital transfer vehicle including 
crew module and propulsion module for geosynchronous mission operations, (b) completion of large power module 
system studies, (c) continuation of conceptual studies of space structure erection and construction in orbit 
techniques, {d) completion of a tethered satellite system study, and (e) continuation of 25kw and 250kw power 
module studies. 
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Subsystem studies and development efforts will be conducted in support of the system studies listed above. 

The main objective is to evaluate technical feasibility in the critical technical areas. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SPACE TRANSPORTATION SYSTEM OPERATIONS 

OBJECTIVES AND STATUS: 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

17,800 17,700 

1979 
Budget 

Estimate 

33,400 

Space Transportation System Operations will provide the transportation services and operational activities to 
bring about a new era in capitalizing on the unique advantages of space to expand human knowledge and increase 
the practical benefits here on Earth. Space Transportation System Operations will provide for the delivery of 
free flying payloads to low Earth orbit, conduct of experiments using the Shuttle orbiter as a carrier vehicle, 
conduct of experiments in the Spacelab, conduct of experiments using Spacelab pallets, delivery of payloads to 
synchronous and other high energy orbits using the combined capabilities of the Shuttle and upper stages, 
retrieval of free flying payloads from low Earth orbit, and on-orbit servicing of satellites. Operational 
flight missions will be planned and conducted to accomplish these activities in an efficient and economical 
manner by appropriate combination of payloads, experiments and mission objectives on specific flights. The 
Space Transportation System Operations activities integrate the Space Shuttle system, the Spacelab, and the 
upper stages into a versatile and economical system; accomplish mission planning; provide the recurring hardware 
and consumables; and support all launch, flight recovery, crew and related activities. 

Space Transportation System Operations activities in FY 1978 include the initiation of procurement of long 
lead components for external tanks and solid rocket boosters, upper stage hardware and development of early 
flight planning. Long lead time components include the raw materials, castings, and forgings required for 
mechanical parts for external tank subassemblies and solid rocket booster electronic and instrumentation parts, 
solid rocket motor components, thrust vector control components, and recovery and separation motor parts. 
Initial production items for both the interim upper stage and spinning solid upper stage are being procured 
to support early commercial and NASA missions. Included are systems performance and compatibility analysis, 
flight utilization planning, software development and flight planning for standardized mission requirements. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

Space Transportation System Operations estimates in FY 1978 were reduced by $100 thousand. This change was the 
result of reduced estill¥1tes for the initial development of standardized mission profiles and trajectories, and orbi
ter avionics software. Funds were transferred to the Payloads and Operations Support efforts to support the current 
plan for the development of the Teleoperator Retrieval System for the Skylab Reboost/Deorbit OFT mission. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funding is required for Space Transportation System Operations to support early NASA missions in 
1980, 1981 and 1982. In FY 1979 the procurement and assembly of Shuttle and Upper Stage flight hardware 
components will be continued, as well as the development of flight operations plans and procedures for the 
Space Shuttle, upper stage, and payload support activities. 

Space Shuttle flight hardware components include the external tank and solid rocket boosters. External tank 
components will be delivered continuously to the Michaud Assembly Facility in Louisiana and will be used to 
construct the liquid oxygen and liquid hydrogen propellant tanks which will be combined by an integral skin/ 
stringer and frame and support attachments. After undergoing a pressurization test, the finished external tank 
will be shipped by barge to the Kennedy Space Center in Florida. The solid rocket motors and other solid 
rocket booster components such as the recovery system, thrust vector control, attach structures, forward and 
aft skirt, and the separation motors will be shipped to the Kennedy Space Center where final assembly and 
check out will be performed. FY 1979 funding will also provide for the continued development of standardized 
orbiter avionics software programs, detailed mission plans and trajectory analyses, crew training and procedures 
documentation, and the analysis necessary for structural payload-to-orbiter integration. 

In addition, FY 1979 funding will provide for initial procurement of upper stage flight hardware and analytical 
integration for NASA payloads requiring geosynchronous orbits or interplanetary trajectories and special loads 
analyses and unique mission planning activities for planned NASA payload missions. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET Sl.JMW.RY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS 

SUMMARY OF RESOURCES REQUIREMENTS 

1977 
Actual 

Scout.......................................................... 10,700 
Centaur. . • . . . . • . • . . . . . • . • . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 84, 000 
Delta.......................................................... 44,900 
Atlas-F........................................................ 11,800 

Total........................................................ 151,400 

Distribution of Program Amount by Installation: 

Kennedy Space Center .• ..........................••.•.•..•....•. 
Marshall Space Flight Center ••••••••.•••••••••••••••••••••••••• 
Goddard Space Flight Center •••••••••••••••••••••••••••••••••••• 
Wallops Flight Center .•..•....•....•..••.•......•••••.••.•.••.• 
Langley Research Center •••••••••••••••••••••••••••••••••••••••• 
Lewis Research Center . •...••...•.........•.••...•.•..........•• 
Headquarters . ..•.......•.••.•..•.•..•........••.•.••..•••..•.•• 

To ta 1 • •••.••.•••••.•••••••••••.•.•••••••••••••••••.•••..••••• 

13,992 
250 

40,900 
9 

10,341 
80,550 

5,358 

151.400 

• 

EXPENDABLE lAUNCH VEHICLES PROGRAM 

1978 1979 
Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

16,000 17,000 16,400 
55,900 55,900 21,500 
55,300 55,300 38,600 
9,300 --.&...t300 

136.500 134.500 76.500 

11,800 11,100 7,800 
--- 200 

49,400 48,929 34,500 
100 

15,700 16,655 16,300 
49,000 53,224 16,700 
10,500 4,392 _L200 

136.500 134.500 76.500 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE TRANSPORTATION SYSTEMS EXPENDABLE lAUNCH VEHICLES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objective of the expendable launch vehicles program is to provide for the centralized procurement of launch 
vehicles and launch support services for NASA's automated spacecraft missions. The program includes the procure
ment of launch vehicle hardware, launch services, engineering and maintenance, and, as required, development of 
improved vehicle systems, including the necessary ground support equipment. Launch vehicles currently being 
procured are: Scout, Centaur, Delta, and Atlas-F. 

The expendable launch vehicles program includes funding for vehicle hardware, such as solid rocket motors, 
boosters, upper stages, shrouds, adapters, mission unique hardware, and launch support including prepara
tion of hardware for launch, guidance and control services, mission software, prelaunch and postlaunch 
engineering analysis, transportation, propellants, and range support. 

Launches under this program are condu~ted from sites located at the Eastern Test Range in Florida, the Western 
Test Range in California, the Wallops Flight Center in Virginia, and the San Marco platform off the coast of 
Kenya, Africa. 

CHANGES FROM FY 1978 BUDGET ESTIMA.TE: 

Congressional authorization action on the FY 1978 budget request reduced the funding by $2.0 million. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SCOUT 
1978 1979 

1977 Budget Current Budget 
Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

Scout . .....................•..•.•..............••.•.•..•....... • 10,700 16,000 17,000 16,400 
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• • • OBJECTIVES AND STATUS: 

The Scout launch vehicle was initiated by NASA in 1959 with the goal of economically launching a wide variety 
of small scientific satellites, space probes, and re-entry experiments. The first Scout launch occurred in 
July 1960. In the ensuing 17 years, there have been 97 launches, and 83 of these launches have been successful. 

The Scout vehicle is the smallest launch vehicle employed by NASA. It is a four-stage, solid propellant 
launch vehicle. The vehicle is approximately 22.4 meters in length (73 feet) and the first stage booster has 
a diameter of 1.14 meters (3.75 feet). It is capable of placing a 180 kilogram (400 pound) payload in a 556 
kilometer (300 nautical mile) orbit. 

The Langley Research Center, located at Hampton, Virginia, has managed the Scout project since its inception. 
The prime contractor for the production, checkout, and launch of Scout is the Ling-Temco-Vought Aerospace 
Corporation, located in Dallas, Texas. Scout vehicles are launched from the Western Test Range, California; 
from Wallops Island, Virginia; and from the San Marco platform off the African coast near Kenya. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase in FY 1978 reflects more up-to-date estimates for engineering and launch support activity during 
this period. The $1.0 million increase was made available from the Atlas-F project. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funds will be utilized to continue hardware procurement to support the Magnetic Field Satellite 
mission, and other small explorer satellites, including two San Marco Cooperative Satellite missions. In 
addition, engineering and technical support, vehicle testing and checkout, launch operations, and maintenance 
of launch facilities and ground equipment will be funded to meet launch requirements. During FY 1979, the 
Stratospheric Aerosol and Gas Experiment Mission satellite will be launched. In addition, checkout activities 
to support the Magnetic Field Satellite mission and a San Marco cooperative mission will be initiated. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

CENTAUR 
1978 1979 

1977 Budget Current Budget 
Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

Centaur . ...•..........•.....•...............•............•..... 84,000 55,900 55,900 21,500 

RD 3-3 



• • • 
OBJECTIVES AND STATUS: 

This project provides for the procurement and launch of two booster stages (the Atlas and Titan) and an upper 
stage (the Centaur). The Centaur is a high performance upper stage, which is the most powerful used by NASA 
for automated missions. It is being used with the Atlas booster for high energy missions, particularly plane
tary and synchronous orbits. The Atlas Centaur vehicle is 40 meters (131 feet) in length and has a diameter of 
3.1 meters (10 feet). 

The Centaur is also being used with the Titan booster to launch heavier spacecraft beyond the capability of 
the Atlas Centaur. In this configuration, the Titan Centaur has successfully launched two Helios missions, 
two Viking missions, and two Voyager missions. Since NASA has no future plans to use the Titan Centaur vehicle 
combination, it is being phased out. The Titan Centaur is 49 meters (160 feet) high and has a payload shroud 
diameter of 4.3 meters (14 feet). 

BASIS OF FY 1979 ESTIMATE: 

The hardware procurements to support NASA's requirements using Atlas Centaur vehicles will be completed 
during FY 1978. However, FY 1979 funding is required for management and engineering support efforts, launch 
support operations, field services and maintenance of facilities and ground equipment. During FY 1979, HEAO B 
and C, the last two NASA missions using the Atlas Centaur vehicle, will be launched. 

BASIS OF FY'l979 FUNDING REQUIREMENTS: 

DELTA 
1978 1979 

1977 Budget Current Budget 
Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

Delta . •............•.•........•.•.... !' ••••••••••••••••••••••••• 44,900 55,300 55,300 38,600 

OBJECTIVES AND STATUS: 

The Delta launch vehicle is the most used vehicle in NASA's expendable launch vehicle family. Since its first 
use in 1960, this vehicle has been utilized in 137 launches and has experienced a success record of over 91 
percent. It is presently operational with two and three stage configurations and a multiburn second stage 
capability. The first stage is an elongated Thor booster with three, six, or nine strap-on solid motors for 
thrust augmentation. 
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The second stage Delta, which provides a multiple restart capability, uses an inertial guidance system for 

guiding the first stage booster and the second stage Delta. The third stage utilizes the Thiokol TE-364 solid 
motor, which is spin stablized. This vehicle, in its three-stage configuration, is approximately 35 meters in 
length (115 feet) and has a diameter of 2.44 meters (8 feet). It is capable of placing a 1,772 kilogram pay
load (3,900 pounds) into a 555 kilometer (300 nautical mile) orbit. 

BASIS OF FY 1979 BUDGET ESTIMATE: 

The FY 1979 funds will be used to continue the launch vehicle hardware procurements initiated in prior years. 
Funds are also required for technical and engineering support to sustain vehicle test and checkout and launch 
operations, and to support maintenance of launch facilities and ground equipment. Delta vehicles which will be 
checked out and made ready for launch include the Nimbus-G, NATO IIIC and SCATHA, and the Solar Maximum Mission. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 
ATLAS-F 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Atlas-F .......••............•...•.••...••....•..•••.••......... 11,800 9,300 6,300 

OBJECTIVES AND STATUS: 

The Atlas-F is a one and one-half stage vehicle which uses liquid oxygen and kerosene as propellants. The 
vehicle is a refurbished surplus Intercontinental Ballistic Missile (ICMB) being managed by the USAF for space 
missions. NASA will use this vehicle to launch the TIROS-N and Seasat-A missions, both of which are planned to 
be launched during 1978. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The FY 1978 budget estimate for Atlas-F has been reduced by $3.0 million. This decrease consists of the 
$2.0 million reduction reflected in the Authorization Act plus $1.0 million in reduced requirements which has 
been reallocated within the Expendable Launch Vehicle program to accommodate increased engineering and launch 
support activities in the Scout project. 

BASIS OF FY 1979 BUDGET ESTIMATE: 

No funds are being requested in FY 1979. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE PROGRAMS 

Programs 
1977 

Actual 

Physics and astronomy........................................ 166,300 

Lunar and planetary exploration.............................. 191,900 

Life sciences................................................ 22,125 

Tota 1. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . • . . • . . . . . . . . . . . . . 380.325 

Budget Plan 
1978 

Budget Current 
Estimate Estimate 
(Thousands of Dollars) 

224,200 

158,200 

33,300 

415.700 

224,200 

147,200 

33,300 

404.700 

• 

1979 
Budget 

Estimate 

285,500 

187,100 

40,600 

513.200 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 

SUMMARY OF RESOURCES REQUIREMENTS 

High energy astronomy observatories development •••••••••••••• 
Solar maximum mission development •••••••••••• : ••••••••••••••• 
Space telescope development ••••••••••••••••.••••••••••••••••• 
Solar polar mission development •.••.••••••••••••••••••••••••• 
Shuttle/spacelab payload development ••••••••••••••••••••••••• 
Explorer development ..•••.•.•.•••••••.•••••.•.•.••••...•..••• 
Mission operations and data analysis ••••••..••••••.•••.••.••. 
Research and analysis ....................................... . 
Suborbi ta 1 programs . ........•........••.......•.............. 

Tot a 1 .•.•....•...•.•••••••...••..•...•.•.•.•.•••..•••••.. • · 

Distribution of Program Amount by Installation: 

Johnson Space Center . ....................................... . 
Marshall Space Flight Center .••••••••••••••••••••••••••••.••• 
Goddard Space Flight Center •.••••••••.•.•.•.•••.•.•••.•••.••• 
Jet Propulsion Laboratory ...•........••..•....••.••••.••..... 
Wallops Flight Center ....................................... . 
Ames Research Center •.•••••..•.•.•.•.••....••..•.•.•.•.••••.. 
Langley Research Center ..................................... . 
Lewis Researcla Center . .......•............................... 
Headquarters .........•.......................•...•.•......... 

Tot a 1 ...•••••••.••••.•..••.•••••.•.•••.•.•.•.••.••.•....... 

1977 
Actual 

39,362 
21,300 

6,000 
23,441 
19,397 
30,800 
26,000 

166,300 

1,427 
51,919 
73,604 

6,281 
5,734 
8,609 
1,007 
1,510 

16,209 

166,300 

• 
PHYSICS AND ASTRONOMY PROGRAMS 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

18,400 
30,600 
36,000 

28,900 
23,896 
27,004 
33,400 
26,000 

224,200 

420 
79,030 
92,437 

6, 625 
7,350 

12,570 
400 

1,200 
24,168 

224,200 

18,400 
30,600 
36,000 

28,900 
23,896 
27,004 
33,400 
26,000 

224,200 

180 
80,492 
92,295 
8,124 
5,408 

12,638 
727 
406 

23,930 

224,200 

1979 
Budget 

Estimate 

11,400 
16,200 
79,200 
13,000 
38,300 
29,800 
32,400 
35,900 
29,300 

285,500 

80 
115,114 
95,492 
26,624 

6,950 
13,013 

400 

.IJ..,.827 

285,500 

RD 4-1 



• -·· • 
RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

PROJECT 

High Energy Astronomy Observatories 

Solar Maximum Mission 

Space Telescope 

Space Shuttle Orbital Flight Tests 

Space lab 

LAUNCH SCHEDULE 

MISSION 

HEAO-B 
-c 

SMM 

ST 

OFT-4 Science Experiments 

Spacelab-1 
-2 

CALENDAR 
YEAR 

1978 
1979 

1979 

1983 

1980 

1980 
1981 

• Principal Investigator Class Payloads will build to a rate of two dedicated Astrophysics and 
two dedicated Solar Terrestrial Spacelab Missions per year by 1983. 

• Multiuser Instruments will build to one dedicated and four partial (equivalent of two dedicated) 
Spacelab missions per year by 1986. 

Explorers: 

Solar Terrestrial Explorers International Sun-Earth-C 1978 

Dynamics Explorer Program 1980 

San Marco-D/Multistationary 1980 

San Marco-D/Low Orbit 1980 

Solar Mesosphere Explorer 1981 
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• 
PROJECT 

Astrophysics Explorers 

Suborbital Programs: 

Sounding Rockets 

Balloon Flights 

• 
LAUNCH SCHEDULE 

MISSION 

International Ultraviolet 
Explorer 

Infrared Astronomy Satellite 

Cosmic Ray Isotope Experiment 

About 60 launches per year 

About 90 launches per year 

• 
CALENDAR 

·YEAR 

1978 

1981 

1981 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The major objective of the Physics and Astronomy program is to increase our knowledge and understanding of the 
Earth's space environment, the sun, stars, and other celestial bodies. Under this program, research is being 
conducted to investigate the Earth's upper atmosphere and ionosphere, the magnetosphere, the interplanetary 
medium, the coupling linking these different plasma regions and the processes that control them. Space-based 
investigations of cosmic ray, X-ray, gamma ray, ultraviolet, infrared, and radio emissions, not possible from 
ground-based observatories because of the obscuring effect of the Earth's atmosphere, give us a unique opportunity 
to study the Sun and other celestial bodies. These investigations are the basis for increasing our knowledge 
of the fundamental laws of nature, especially those which control the environment of the Earth. 

To achieve the objectives of the Physics and Astronomy program, NASA uses techniques ranging from theoretical 
and laboratory research through aircraft, balloon, and sounding rocket flights to small explorer spacecraft, 
automated observatories, and the Spac~ Shuttle anc Spacelab. Research teams involved in this program are located 
at NASA field centers, other government laboratories, universities, and industrial laboratories. Foreign parti
cipation is encouraged, with the participating country providing its share of the costs. 

The scientific information obtained and the technology developed in the program are made available to the 
scientific and technical community for applications and the advancement of scientific research, education, and 
technology. 

The Physics and Astronomy missions undertaken to date have been highly successful. The relatively low cost 
Explorer series of satellites, begun in 1958, have made a number of basic discoveries, including the 
discovery of the Earth's radiation belts, and have gone on to survey the Earth's near-space environment and 
study its variation with space and time, as well as celestial objects important to our understanding of the 
universe. The automated observatory missions include the High Energy Astronomy Observatory (HEAO) series, the 
first of which (HEA0-1) was launched in August 1977, and is currently engaged in significant high energy astro
physics investigations; the Orbiting Solar Observatory (OSO) series, the most recent of which, OS0-8, is 
currently in its third year of successful solar and high energy astronomy investigations; and the Orbiting 
Astronomical Observatory (OAO) series. The OA0-3, launched in 1972, is in its sixth year of productive oper
ations. 
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Major accomplishments ou~ing ¥Y 1977 included the first launch in the High Energy Astronomy Observatory (HEAO) 

series, which is greatly expanding our knowledge of the X-ray sky; and the launch of the dual spacecraft of the 
International Sun-Earth Explorers (ISEE-A/B) which are improving our understanding of the dynamic interaction 
between the solar wind and the Earth's magnetosphere. 

During FY 1978, work is continuing on the remaining two missions of the HEAO series, scheduled for launch in 
1978 and 1979. Development efforts are proceeding on the Solar Maximum Mission (SMM), planned for launch in 
1979, whose primary objective is research in the various manifestations of solar flare and transient events. 
Development efforts are also continuing for the Shuttle Orbital Flight Test (OFT), Spacelab 1 and 2, and 
follow-on Principal Investigator-Class Payloads. Definition studies for a variety of payloads to be flown on 
future Spacelab missions are being conducted, including preliminary work on several facility-type payloads to 
investigate phenomena in the various Physics and Astronomy disciplines. Development work commenced in October 
1977 for the Space Telescope (ST), to be launched by the Shuttle in 1983. This 2.4 meter, multiple purpose 
telescope will be the most powerful astronomical instrument ever built and will be used to conduct research in 
virtually all areas of astronomy. Work is also continuing on several Explorers--ISEE-C, the last of the !SEE 
missions, to be launched in 1978; the International Ultraviolet Explorer (IUE), to be launched in early 1978 
to study various processes occurring in astronomical objects ranging from the planets to the puzzling quasars 
and in interstellar space; the Dynamics Explorers (DE) to be launched in 1980 to investigate the coupling of 
the Earth's magnetosphere to the ionosphere; the San Marco D (SM-D) missions, a cooperative program with Italy 
with launches in 1980; a Cosmic Ray Isotope Experiment (CRIE) to be launched in 1981 on a U.S. Air Force 
Satellite; and the Infrared Astronomical Satellite (IRAS), a cooperative mission with the Netherlands and the 
United Kingdom, to be launched in 1981. A number of Explorer definition studies are also underway. 

The FY 1979 funding will provide for the continued development with launch of major flight projects, including 
launch operations and data analysis associatEJ with the High Energy Astronomy Observatory-B (HEAO-B), and con
tinuation of work on HEAO-C, planned for launch in 1979; testing and integration of the Solar Maximum Mission 
(SMM) systems preparatory to a late 1979 launch, and continued work on the Space Telescope (ST), leading to a 
Shuttle launch in 1983. The funding for the Explorer Program in FY 1979 will provide for start of the Solar 
Mesospheric Explorer (SME) development; continuation of work on the San Marco D missions, planned for launch 
in 1980; and continuation of hardware and subsystem procurement and experiment fabrication for the Dynamics 
Explorer (DE) and Infrared Astronomical Satellite (IRAS) missions. Funding for FY 1979 will also support the 
continuation of work on experiment hardware, integration requirements, and mission operations plans for the 
Shuttle OFT mission and Spacelabs. The Spacelab program includes experiments in the astronomy, astrophysics, 
solar, atmospheric, magnetospheric and space plasma physics disciplines. 

The new initiative planned for FY 1979 is the Solar Polar Mission development. This mission is a joint NASA 
and European Space Agency mission designed to obtain the first view of the solar system from a new perspective-
a view from far above and far below the plane in which the planets orbit the Sun's equator. There the two space
craft will aid in the study of the relationship between the Sun and its particle emissions (solar wind and cosmic 
rays) as a function of solar latitude, in order to gain insight into the possible effects of solar activity on 
the Earth's weather and climate. 
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In FY 1979, Mission Operations and Data Analysis will focus on the operations of and analysis of data from 

those satellites already aloft which are producing valuable scientific data. These satelli~es include HEA0-1, 
OA0-3, SAS-C, UK-5, !MP-H and J, and AE-C and E, and by FY 1979 will also include HEAO-B, IUE, and ISEE-1, 2, 
and C. Support for the Data Analysis program will be continued, including operations of the National Space 
Science Data Center (NSSDC), the analysis of data from the highly successful Skylab program, and the data 
analysis activities of more than 100 principal investigators at approximately 45 institutions. 

For Suborbital programs, FY 1979 funds will provide for continuation of sounding rocket activity with emphasis 
on the coordination of near simultaneous launching of several rocket payloads and on correlation with satellite 
observations; continued operations of the Airborne Observatory and the Lear Jet research aircraft; and continued 
support for balloon flights including some "superpressure" balloons designed to meet the higher altitude and 
longer duration requirements of the science investigators. 

FY 1979 Research and Analysis funding will support a broad range of efforts to provide the research and 
technology base required for well-conceived and defined future programs. In our supporting research and technology 
program, we will support about 225 research tasks with emphasis on those tasks which are critical to maintain
ing a firm scientific base for Physics and Astronomy. In our Spacelab Science Payload Definition program, we 
will continue detailed studies of specific instruments and support equipment. In Upper Atmospheric Research 
we will continue to study the physical and chemical processes occurring in the Earth's atmosphere, in order 
to understand the effect of man's activities on these processes. In addition, development of the receivers 
and analyzers necessary for a radio search for broadcasts by possible extraterrestrial civilizations will be 
initiated. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

HIGH ENERGY ASTRONOMY OBSERVATORIES (HEAO) 

HEAO spacecraft •• .....•..•..•..•••••••....•................. 
HEAO experiments .•.•..•.••.... ............•......••.......•. 
Ground operations ...••.••••••••••••.•••••••••••••.••.•••••.• 

Total ........................................•........•... 

1977 
Actual 

21,968 
14,082 
3,312 

39,362 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

12,060 9,900 
5,270 7,600 
1,070 900 

18,400 18,400 

1979 
Budget 

Estimate 

9,065 
1,735 

600 

11,400 
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Basic mission operations and data analysis ••••••••••••••••••• 
Extended mission operations and data analysis •••••••••••••••• 
Atlas/Centaur (Expendable Launch Vehicles Program) ••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual --

(---) 
(---) 

(11,551) 

_. 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 

(Thousands of Dollars) 

(4,050) (4,050) (5,000) 
(---) (---) (2,000) 

(8,800) (12,695) ( ---) 

A major scientific objective of the HEAO program is to observe and investigate not only those X-ray sources 
that are already known, but also a much larger number which, either because of their distance or their low in
tensity, have remained undetected. A product of this work is expected to be the discovery of new classes of 
weaker X-ray sources, as well as the observation of the stronger sources outside our group of galaxies. Other 
equally important objectives include the observation of rare species of cosmic rays, which are crucial to our 
understanding of heavy element formation, and the observation of the elusive nuclear gamma ray lines which are 
important in understanding the origin of the elements. This program promises to advance our understanding of 
newly discovered energy processes and the creation of matter and to deepen our knowledge of observed phenomena 
such as quasars, pulsars, novae and supernovae. 

The HEAO program consists of three missions utilizing Atlas-Centaur rockets launched from the Eastern Test 
Range. HEA0-1, an X-ray survey mission, was successfully launched in August 1977. The second mission (HEAO-B), 
to be launched in 1978, will carry a grazing incidence X-ray telescope and will make detailed studies of specific 
X-ray sources. The third mission (HEAO-C), to be launched in 1979, will carry a combination of gamma ray and 
cosmic ray instruments. 

Fiscal Year 1978 activities include the integration of the HEAO-B experiments with the spacecraft, followed by 
verification tests and readiness for launch. Other activity includes completion of fabrication of the HEAO-C 
experiments and the start of HEAO-C observatory integration, leading to launch in 1979. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The FY 1978 estimate for the HEAO project remains unchanged in total, although adjustments among the project 
elements have been necessary. These adjustments stem largely from the late delivery of the HEAO-B experiment, 
and to a lesser extent from the HEA0-1 launch delay and HEAO-C experiment problems. The HEAO-B instrument has 
now been delivered to the spacecraft contractor for integration, and the work is proceeding satisfactorily. 
Development effort on the HEAO-C experiments is continuing. 
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BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements will provide for the launch and initial orbital checkout of the HEAO-B. 
These funds will also provide for completion of the integration of the HEAO-C experiments with the spacecraft, 
followed by verification tests and readiness for launch in late 1979. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SOLAR MAXIMUM MISSION (SMM) 

Spacecraft .......••.•••.•..•••..•.•••• o •••••••••••••••••••••• 

Experiments . ........•.•.•...........••..•..•.•.........•.•... 
Ground operations .•••••••••.•••••••••••••••••••••••..•••••••• 

Tot a 1 • ••••••••••.•••••••••••••••••••••••••••••••••••••••••• 

Delta (Expendable Launch Vehicles Program) ••••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

9,500 
11,700 

100 

21,300 

(5,500)" 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

14,600 16,200 
15,900 14,300 

100 100 

30,600 30,600 

(4,100) (900) 

1979 
Budget 

Estimate 

8,600 
7,100 

500 

16,200 

(---) 

The major objective of the Solar Maximum Mission (SMM) is to conduct detailed studies of the solar flare 
processes and the associated solar active regions during the next period of peak solar activity occurring in 
1979-1981. These investigations will be conducted over a broad spectral range with high time, spectral, and 
spatial resolution, with the objective of explaining the underlying physical mechanisms and complex energy 
transfer and high energy particle acceleration processes involved. 

To achieve its scientific objectives, SMM must be launched as near to solar maximum as possible in order to 
observe a sufficient number of large and small flare events. Statistics, based on records of the past nineteen 
solar cycles, show that this requirement is fulfilled by a late 1979 launch date. The study of flares is 
currently considered to be one of the most timely and important in the NASA solar physics program both by virtue 
of the significance of the phenomenon and the state of readiness of the theory and technology required to solve 
it. A great deal has already been learned about the flare process through instruments flown on OSO and Skylab, 
but the SMM will be the first to study flares over the necessary broad range of wavelengths, observed simulta
neously. 
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In the area of solar terrestrial relationships, there are increased indications of a link between some form 

of solar activity (radiation, particles or magnetic fields) and the Earth's weather and climate. The basic 
capabilities of the SMM flare payload, the inclusion on the satellite of solar constant instrumentation, and 
the coincidence in time of the SMM and the International Sun-Earth Explorer (!SEE) satellites make it possible 
for SMM to contribute significantly to the understanding of this phenomenon. 

During FY 1977, the hardware development phase of the project was initiated. The SMM spacecraft subsystem 
modules are a prototype for the Multimission Modular Spacecraft (MMS) to be used as a standard spacecraft in 
a number of future earth orbital missions. 

In FY 1978, the activities center on the continued procurement of the spacecraft subsystems scheduled for 
delivery in early FY 1979. Schedule and cost problems with an experiment designed to measure extreme ultra
violet emissions from the Sun necessitated deletion of the experiment from the Solar Maximum Mission. This 
action will not seriously compromise the accomplishment of the basic scientific objectives for SMM. Completion 
of assembly and the testing of the experiment flight hardware is also planned. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

Redistribution of funding within the budget estimat~ total reflects rephasing of scheduled activities con
sistent with negotiated contracts for the spacecraft modules and experiments. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funds will support university and contractor teams in the integration of the spacecraft and 
experiments and will provide for the functional testing, calibration, and environmental testing of the obser
vatory. The ground systems will be checked out for compatibility with the observatory. Prelaunch preparation 
for observatory mating with the launch vehicle will be conducted at the Kennedy Space Center. 
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BASIS OF 1979 FUNDING REQUIREMENTS: 

SPACE TELESCOPE (ST) 

Spacecraft •••••••• •••••••••••••••••••••••••••••••••••••••• 
Exper ~men ts . .....•..•. o ••••••••••••••••••••••••••••••••••• 

Ground operations ••••••••••••••.••••.•••••••••.••••.•.•.•. 

Tot a 1 • .•••.••.••••••••••••••••••••.•.••••••.•..•.•..••.. 

OBJECTIVES AND STATUS: 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

23,300 
12,300 

400 

36,000 

25,500 
9,600 

900 

36,000 

• 
1979 

Budget 
Estimate 

53,700 
24,400 

1,100 

79,200 

The Space Telescope (ST) will make a major contribution to understanding the origin, evolution and scale of 
the universe; understanding the stars and galaxies, and the nature and behavior of the materials and fields 
between them; and developing a physical understanding of the universe. Operating in space above the atmos
pheric veil surrounding the earth, the ST will increase by seve~al hundredfold the volume of space accessi
ble for observations. With its significant improvements in resolution and precision, in light sensitivity and 
in wavelength coverage, the ST will permit scientists to investigate fundamental questions concerning the 
structure, the origin, the evolution, and the energy balance in the universe which could never be approached 
from ground-based observatories due to the obscuring and distorting effects of the Earth's atmosphere. The 
ST will open to the astronomical sciences, and to science in the broadest sense, a road to new knowledge which 
will help shape our concept of the universe. 

The ST will enable astronomers to study radiations in the visible and ultraviolet regions of the spectrum. 
It will be more sensitive than ground-based telescopes and will record greater details about the objects under 
study. The ST will make it possible to observe objects so remote that the light will have taken many billions 
of years to reach us. As a result, we will be able to look far into the distant past of our universe. The 
ST will contribute significantly to the study of little known energy processes in the universe, especially 
the early stages of stars and the formation of solar systems; to the observation of such highly evolved objects 
as supernova remnants and white dwarf stars; and to other studies related to the origin and physical extent of 
the universe. With the ST, it may be possible to determine the nature of quasars, and the processes responsible 
for the enormous amount of energy they emit. It will also be possible to study individual stars in nearby 
galaxies and perhaps to determine if nearby stars have planetary systems comparable to our own. The knowledge 
gained from these investigations will contribute to our understanding of our place in the universe. 
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The Space Telescope will be an automated satellite, delivered to orbit by the Space Shuttle. Data from its 

scientific instruments will be transmitted to earth via the Tracking and Data Relay Satellite System. The Space 
Telescope will differ from existing automated satellites in that its design will permit in-orbit maintenance, 
repair, and retrieval by the Space Shuttle for return to earth, refurbishment and reuse. 

During 1977, NASA released Requests for Proposals covering the Optical Telescope Assembly and the Support 
Systems Module. NASA also released an Announcement of Opportunity to the scientific community to invite pro
posals for the initial complement of scientific instruments. 

In FY 1978, the Space Telescope design and development is being initiated, leading to launch in the last 
quarter of CY 1983. In early FY 1978, contracts-were awarded for the Optical Telescope Assembly (OTA) and 
the Support Systems Module (SSM) to the Perkin-Elmer Corporation and the Lockheed Missiles and Space Company, 
respectively. During FY 1978, the contractors will complete their planning, start preliminary design and 
initiate long lead procurements. One of the most significant procurements will be for two primary mirror 
blanks 2.4-meters in diameter for the OTA. Each contractor is also preparing for Project Requirements Review, 
which will take place in February 1978. As a result of this review, the contractors will establish baselines 
for proceeding with planning and implementation of the preliminary design, which will culminate in a Pre
liminary Design Review in the last half of Fi 1979. The SMM contractor is also actively involved with 
performing analyses necessary to ensure a totally integrated Space Telescope system. Scientific instrument 
contractors will complete their planning and definition, conduct Requirements Reviews and initiate preliminary 
designs of instruments. Instrument development teams will participate in the design of the instrumentation. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

Redistribution of funding within the budget estimate total reflects rephasing of scheduled activities con
sistent with negotiated contracts for the spacecraft and selection of specific scientific instruments. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements will support continued progress in the Space Telescope development. The 
OTA and SSM contractors will complete their preliminary designs leading to Preliminary Design Reviews in the 
last half of FY 1979. Detailed designs will be initiated following these reviews. The Preliminary Design 
Reviews for the scientific instruments will be conducted in early FY 1979, after which the payload selection 
will be confirmed and detailed instrument designs initiated. In addition, a contract will be awarded for the 
development of the Control and Data Handling System for the scientific instruments. The operations activities 
will include refinements of plans for the mission operations control center. Design work will start on the 
mission operations control center, and the software development for mission operations will be initiated. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SOLAR POLAR MISSION (SPM) 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 

1979 
Budget 

Estimate 

Spacecraft . ...................................... · · · · · · · · · · • • 
Experiments ..••.....•..........•....•...•............ · . · · • · • · 
Ground operations .••••••.•••.•••••••••.••.•..••••••••.•.•.•.• 

Tot a 1 • ••••••••••••.•....•••••••.••••.••••••••.••••••••••.•. 

OBJECTIVES AND STATUS: 

(Thousands of Dollars) 

9,700 
3,100 

200 

13,000 

The objective of the Solar Polar Mission (SPM) is to conduct an exploration of those regions of the helio
sphere, the space around the Sun, which lie beyond the plane in which the planets orbit the Sun. Observations 
in these high latitude regions of the Sun have not been made before, and evidence indicates that this region 
of space is greatly different from the region in which the Earth is located. Based on the growing evidence 
of a link between solar activity and terrestrial weather and· climate, the need to understand the processes 
which might result in such an effect becomes more pressing. The characteristics of the solar wind vary with 
the solar cycle, and this variability is becoming progressively better known as a result of continuing space 
exploration. It is becoming apparent that high latitude features on the Sun can effect solar wind conditions 
on the Earth. 

An intensive study of the sun-wind interface is now required in order to better understand the relationship 
of cycle activity and wind conditions. This mission, the first in situ look at the third dimension of the Sun, 
will play a significant role in such a study. The eventual goal is to identify and understand the influence 
of the Sun and solar activity on the space surrounding the Earth and, in turn, the influence of the Sun on the 
Earth and the other planets. 

An Announcement of Opportunity has been issued and proposals have been received for scientific 
investigations on the Solar Polar Mission. In FY 1978, the competitive exploration of alternative 
system design concepts for the mission will be undertaken. This effort is supported under the Research 
and Analysis (Advanced Technological Development) budget category. 
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The mission is to be conducted jointly by NASA and ESA, the European Space Agency. Each agency will 

provide one spacecraft of approximately equal and complementary capabilities. Science experiments 
will be apportioned to each of the two spacecraft by a joint selection committee. Launch, tracking 
and data acquisition, and mission operations will be carried out by NASA, with ESA participation. 

Employing a concept that exploits the gravitational pull of Jupiter, the primary launch opportunity 
for the Solar Polar Mission occurs in February 1983. Under this concept, a single Shuttle/IUS will 
launch the two spacecraft simultaneously on a trajectory toward Jupiter. The gravitational field of 
Jupiter will be used to deflect the trajectory of each spacecraft out of the ecliptic plane. After 
passing Jupiter, each spacecraft will be in an elliptical polar orbit of the Sun with the closest 
approach being about three-quarters of the distance between the Sun and the Earth and the orbit's 
most distant point from the Sun being about the distance of Jupiter's orbit. One spacecraft will be 
targeted so that its trajectory will carry it north of the ecliptic plane and back toward the Sun. 
Less than two and one-half years after encounter with Jupiter, and about three and a half years after 
launch, this spacecraft will pass over the north pole of the Sun. After another four months, the 
spacecraft will have passed back through the ecliptic plane and will be over the south pole of the 
Sun. The second spacecraft will be targeted so that its trajectory is almost a mirror image of the 
first. The second spacecraft will be deflected south of the ecliptic plane after passing Jupiter 
and arriving over the south pole of the Sun at the same time that the first spacecraft is over the 
north pole. Stereoscopic observations of the Sun and the heliosphere will be made simultaneously 
and continuously from each spacecraft, using a complementary set of instruments. The data acquired 
will be stored aboard each spacecraft for transmission to the Earth during specified tracking periods 
each day. The 34-meter Deep Space Network will be used to receive both recorded and real time data. 

The current planning estimate for the SPM is $190-230 million. This includes 
launch plus thirty days inflight checkout. The estimate for support during the 
operations period, and for analysis of the scientific data, is $40-50 million. 
of the upper stage for the Shuttle is $12 million. 

development through 
four-year mission 
The estimated cost 
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BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements will support preparation of detailed designs and specifications for the Solar 
Polar Mission experiments and spacecraft. This funding will permit contracting with university and industry 
contractors for technical and management effort·s to develop the scientific experiments and spacecraft, and 
initiate long lead time items. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SHUTTLE/SPACELAB SCIENCE PAYLOAD DEVELOPMENT 

Science and equipment development •••••••••••••••••••••••••••• 
Integration operations ..•••••••.•••.••••••••••.••••••••••.••• 

Tot a 1 • •••••••.••.••••••.••••••••••.•.•••••.•••••••.•••..••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

5,600 
400 

6,000 

1977 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

26,100 26,100 
2,800 _b800 

28,900 28,900 

1979 
Budget 

Estimate 

27,800 
10,500 

38,300 

The objective of the Shuttle/Spacelab Science Payload Development program is to advance scientific research 
in the major disciplines of astrophysics, solar physics, space plasma physics, astronomy, and atmospheric 
science by capitalizing on the unique capabilities of the Space Shuttle and Spacelab. These science payload 
development activities will provide for the design, development and integration of experiments and special 
~upporting subsystems to be flown on Shuttle orbital flight test and Spacelab missions. The efforts will also 
include provision for payload mission operations and data analysis. 
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Shuttle Orbital Flight Test {OFT) and Spacelab 1 and 2 Payload Development 

The Office of Space Science has been assigned overall payload management responsibility for the fourth 
Shuttle OFT mission and Spacelab missions 1 and 2. The science payload to be flown on the Shuttle OFT 
mission will include selected experiments to determine the Shuttle environmental characteristics, and solar 
physics experiments that benefit by a flight that occurs near solar maximum. This payload will provide for 
an early demonstration and evaluation of the Shuttle's research capabilities. 

Spacelab 1, a joint undertaking by NASA and the European Space Agency (ESA), is scheduled for launch in 
December 1980, and Spacelab 2 in mid-1981. The primary objective of these first missions is the verifica
tion of Shuttle Spacelab performance and capabilities. The secondary objective is to obtain valuable scien
tific, application, and technology data. A total of 42 (17 NASA, 25 ESA) investigations were selected for 
definition studies early in 1977 for Spacelab 1, and thirteen investigations were selected in mid-1977 for 
definition studies for Spacelab 2. These definition studies will provide a deeper technical and programma
tic understanding of the individual investigations as well as the entire complement of instruments. Upon 
completion of the definition studies in early 1978, an assessment of the capability to support the investi
gations will be made. Confirmation for flight will be based upon this assessment. 

Shuttle/Spacelab Principal Investigator and Multiuser Payloads 

Shuttle/Spacelab Payloads are divided into two categories, Principal Investigator (PI Class) Instruments 
and Multiuser (facility Class) Instruments. Principal Investigator Class Instruments are those instruments 
which are proposed for a specific scientific investigation by a single investigator. Multiuser (facility 
class) instruments are defined as instruments that have a broad scientific capability, can house a number 
of PI furnished focal plane or ancillary instruments, and have a large potential user community. These 
instruments will typically utilize one or two pallets. Investigator Class Payloads are planned to start 
at one multidisciplinary flight in 1981 and build to four discipline dedicated flights per year by 1983. 
Multiuser facility class payloads will begin with one partial Atmospheres, Magnetospheres and Plasmas in 
Space (AMPS) payload in 1983 and build to one dedicated and four partial payioads per year by 1986. 
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An Announcement of Opportunity will be issued in early 1978 soliciting proposals for investigations to be con

ducted on later Physics and Astronomy Spacelab missions. Proposals for investigations involving new instrumen
tation and for the reflight of existing instrumentation, either by the original Principal Investigator or by 
some other scientist, will be accepted. An effort will ~e made to reduce the costs of the mission by allowing 
instrument development to take place on a more relaxed schedule and by configuring payloads at a later stage 
in the program rather than soliciting investigations for specific flight opportunities. Plans also are under
way to support the development of facilities that will provide high resolution observations of the Sun and other 
astronomical objects in visible, ultraviolet and infrared wavelengths; make possible active space plasma, atmos
pheric and magnetosphe~ic experiments, which probe the structure, composition and dynamics of the Earth's 
space environment, including the upper atmosphere; and, for the first time, permit the establishment of a long
term program of accurate measurement of the Sun's electromagnetic radiation. The classes of instruments 
included in this program contribute ·to the objectives of both the Solar Terrestrial and the Astrophysics programs. 

In the case of the Solar Terrestrial program, the atmospheric and magnetospheric facilities will contribute 
to scientific objectives of the program by providing information on the physical processes occurring in, and 
linking, the Earth's magnetosphere, ionosphere and upper atmosphere. Solar facility class instruments will 
provide experimenters with the capability to study phenomena on the Sun with sufficiently high spatial, spectral 
and temporal resolution for determination of the physical processes involved. A package of highly accurate 
solar monitoring instruments will also be flown at frequent intervals to determine the variability of the 
solar electromagnetic emission. 

The astronomy instruments proposed as possible candidates.will provide new information on the stellar and 
galactic phenomena and the interstellar medium, and will enable focal plane instruments for the Space Telescope 
to be tested. They will also permit observations of cool astronomical objects which are of increasing interest 
to the astronomical community. 

BASIS OF FY 1979 ESTIMATE: 

Shuttle Orbital Flight Test (OFT) and Spacelab 1 and 2 Payload Development 

During FY 1979, the design and development of instruments and supporting hardware and software will continue. 
Also, additional efforts will be directed towards developing the ground and mission operations capabilities to 
support OFT-4 and Spacelab 1 and 2. A major aspect of developing the mission operation capabilities will be 
training the Payload Specialist~who will be members of the flight crews for Spacelab 1 and 2. 

Shuttle/Spacelab Principal Investigator and Multiuser Payloads 

During FY 1979, hardware design and development of new PI class instruments and refurbishment and/or modi
fication of existing PI class instruments considered for flight on future missions will continue. Funding 
will also allow for initiation of several Multiuser class instruments, including elements of the important 
Atmospheres, Magnetospheres, and Plasmas in Space (AMPS) program. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

EXPLORER DEVELOPMENT 

International Sun-Earth explorers (ISEE) •••••••••••••••••••••• 
Dynamics explorer (DE) program .••••••••••••••••••••••••••••••• 
Solar mesospheric explorer (SME) •••••••••••••••••••••••••••••• 
International ultraviolet explorer (IUE) •••••••••••••••••••••• 
Infrared astronomical satellite (IRAS) •••••••••••••••••••••••• 
Other explorers . .......•.......•...............•... o •••• •••••• 

Tot a 1 • •••.•.•••••••••••••••...••••..•..•.••••••.••.•..•..•.. 

Mission operations and data analysis •••••••••••••••••••••••••• 
Scout and Delta (Expendable Launch Vehicles Program) •••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

8,161 
3,800 

3,174 
4,000 
4,306 

23,441 

(6,797) 
(10,100) 

1978 
Budget Current 

Estimate Estimate 

-· 
1979 

Budget 
Estimate 

(Thousands of Dollars) 

3,644 2,516 
6,000 8,269 12,800 

5,000 
886 705 

10,600 10,7 59 10,500 
2,766 1,647 ____h500 

23,896 23,896 29,800 

(11, 104) (11, 104) (12,200) 
(14,000) (15,500) (3,500) 

The Explorer program, comprised of a number of individual projects, provides the principal means of conduct
ing astronomical studies and long-term investigations of the geophysical and near-earth interplanetary environ
ment which do not require large observatories. Included in the present program are missions to study atmos
pheric and magnetospheric physics; the several magnetospheric boundaries; interplanetary phenomena; and X-ray, 
ultraviolet, and infrared astronomy. 

Conceptual and systems studies to support projected missions are carried out on a continuing basis. NASA 
engages in cooperative missions with other government agencies and foreign countries whenever these missions 
will assist in achieving NASA objectives. 

The Explorer program supports the two major Physics and Astronomy functional areas, Solar Terrestrial and 
Astrophysics. 

Solar Terrestrial Explorers provide the means for conducting studies of the Earth's near-space environment. 
The program requires a wide va~iety of satellites extending from the very lowest reaches of the upper atmos
phere, to the interplanetary medium beyond the Earth's magnetosphere. The Solar Terrestrial program is in 
a transition from the early discovery and mapping phase conducted over the past decade to a phase in which 
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specific problems will be investigated in more depth. For example, the cause and effect interactions of the 
fluctuating solar wind on the Earth's environment will be studied by means of simultaneous measurements at 
different locations by projects such as the International Sun-Earth Explorers (!SEE), a cooperative effort 
with the European -Space Agency (ESA). The !SEE-A and B missions were successfully launched in October 1977 
and ISEE-C is on schedule for launch in 1978. Other activities underway include development activities for 
a Dynamics Explorer Program designed to investigate, for the first time, the coupling of energy and mass 
between the cold ionosphere plasma and the hot magnetosphere. In addition, work is continuing on the San 
Marco D mission, a cooperative program with Italy. Acquisition, processing, and analysis of data from the 
!SEE satellites are continuing, as are definition studies for future missions, including the Solar Mesospheric 
Explorer which will be initiated in FY 1979 and the Active Magnetospheric Particle Tracer Experiment (AMPTE). 

Astrophysics Explorers provide the means for carrying out astronomical studies of the stars, galaxies, and 
planets which do not require large, complex astronomical observatories. Included are the International Ultra
violet Explorer (IUE), which is a cooperative effort with the United Kingdom and the European Space Agency 
(ESA), and the Infrared Astronomical Satellite (IRAS), a cooperative program with the Netherlands and the 
United Kingdom. Astrophysics Explorers have been instrumental in opening up the X-ray, gamma ray and low 
frequency radio regions of the electromagnetic spectrum by performing all-sky surveys. Major efforts under
way include continuation of hardware and subsystems procurement and experiment fabrication for IRAS; contin
uation of development work for the Cosmic Ray Isotope Experiment (CRIE), a cooperative program with DoD 
whereby NASA will provide a scientific instrument for flight on an Air Force spacecraft; future mission 
definition studies including the Cosmic Background Explorer (COBE) and the Extreme Ultraviolet Explorer 
(EUVE); and acquisition, processing, and analysis of data from IUE. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The current estimate for the Explorer program remains the same as the FY 1978 budget estimate. The redis
tribution of FY 1978 funds within the Explorer program reflects the more detailed definition of the Dynamics 
Explorer program. Reductions within the !SEE project for FY 1978, following a successf~l launch of !SEE-A 
and B, were accomplished without impact to the project. 

BASIS OF FY 1979 ESTIMATE: 

Fiscal Year 1979 funds are required for continuation of hardware and subsystem ~rocurement and experiment 
fabrication for IRAS, and DE; initiation of development activity for SME; continuation of work on CRIE and 
the San Marco D mission; and definition studies for AMPTE, COBE and EUVE. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

MISSION OPERATIONS AND DA~ ANALYSIS 

Orbiting astronomical observatory (OAO) ••••••••••••••••••••••• 
Orbiting solar observatory (OSO) •••••••••••••••••••••••••••••• 
High energy astronomy observatory (HEAO) •••••.••••••••• ~······ 
Orbiting explOrers ........................................... . 
Data analysis ..........................•..................... · 

Tot a 1 • •••.•••......•.....••••.•...•.••......••.••.•••..•..•. 

OBJECTIVES AND S~TUS: 

1977 
Actual 

2,600 
1,000 

6,797 
9,000 

19,397 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,980 1,980 
1,270 1,270 
4,050 4,050 

11,104 11,104 
8,600 8,600 

27,0Q4 27,004 

• 
1979 

Budget 
Estimate 

2,600 
1,500 
7,000 

12,200 
....2.J.OO 

32,400 

The purpose of this effort is to conduct operations and analyze data from the Physics and Astronomy satellites 
currently aloft. Since a number of spacecraft have survived beyond their originally planned lifetimes, continued 
operation may be authorized for specific investigations that have high scientific potential. Preference is 
given to correlative operational programs for studies of stellar objects in different wavelengths and to the 
exploitation of unusual scientific opportunities such as unexpected appearances of comets or supernovae. In
orbit operations and data analysis activities in support of HEA0-1, launched in August, 1977 are underway. 
A major side result from the early HEA0-1, whose major objective is an X-ray sky survey, was the discovery of 
an X-ray nova in the constellation Ophiuchus, and its identification with a new star in the southern sky. 
HEA0-1 has also provided new evidence for the existence of a black hole in the constellation Circinus. The 
X-ray source Circinus X-1 is a binary star system; and the preliminary HEA0-1 data analysis suggests that the 
unseen companion star is a black hole. 

OA0-3 (Copernicus), launched in 1972 and still operational, is providing an accurately stabilized automated 
facility for observing celestial objects and interstellar space in the spectral range from th~ X-ray and ultra
violet regions. It is the only currently operating, or planned satellite capable of efficiently making spec
troscopic observations in the important 900-1100 R wavelength region. During the past five years, new 
techniques have been developed which have enhanced the usefulness of OA0-3 by allowing the observation of 
objects six times fainter than could be observed at launch and which have extended the useful spectral range 
to the near ultraviolet. As a result, many new classes of objects can now be studied by this observatory. 
FY 1978 funds support the operation of OA0-3 and the analysis of data obtained by the Princeton experiment. 
Support is also being provided for approved guest investigators from universities, government institutions 
and several foreign countries. More than 250 scientific papers have resulted from the program which has 
involved over 140 investigators. 
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OS0-8 was launched in June 1975 and is now in its third full year of operations with all instruments contin

uing to operate well. The current emphasis of the solar observing program is in two main categories: first, 
definitive observations of phenomena for which preliminary observations already exist and secondly, observa
tions of the origin and evaluation of active (flare) regions associated with the beginning of a new solar cycle. 
The analysis of data from OS0-8 has matured to the point where a three-day workshop/symposium was held in 
November 1977 in which a number of significant results were presented; for example, models of the solar atmos
phere have been refined to unprecedented precision for a variety of solar features. In astrophysics, the 
current emphasis is on the utilization of the X-ray polarimeter and crystal spectrometer instruments for 
measuring X-ray emissions from a variety of stellar and galactic sources. The polarimeter made the first 
polarization measurements of Cygnus X-2 which indicates the presence of a magnetic field, and the crystal 
spectrometers detected ion spectra lines from Cygnus X-3. These high resolution spectrometers will enable 
the investigators to better understand the energy mechanisms responsible for the emissions. 

Several Explorer spacecraft are operational and providing valuable scientific data. Continuing analyses 
of data from these spacecraft have led to significant findings and results. For example, data from the 
Atmosphere Explorer spacecraft have resulted in better models of the atmosphere. These models have led to 
preliminary theories which indicate that changes in atmospheric composition and large-scale dynamics explain 
the seasonal and solar cycle variations observed. Until quite recently, it was thought that the plasma in 
the upper parts of the magnetosphere consisted mostly of electrons and protons. However, the Interplanetary 
Monitoring Platform (IMP) spacecraft has detected ionized oxygen in the magnetospheric tail and AE-C has 
observed ionized oxygen streaming up from the ionosphere at high latitudes. This information greatly increases 
our knowledge of climatic changes due·to the solar cycle. AE-E has obtained measurements of the diurnal 
variations in the equatorial regions not available from other spacecraft, including 18 months of atmospheric 
ozone measurements. Small Astronomy Satellite (SAS-C) has discovered very luminous X-ray sources in the 
Small Magellanic Clouds (SMC) which are low in heavy elements. This discovery shows that stellar evolution 
has not progressed as far in the SMC as in our own galaxy. 

Considerable support is still being given to the analysis and interpretation of the 171,000 photographs, 
2,920 hours of photometric data, and the vast quantity of complementary ground-based observatory and satellite 
solar wind measurements which were collected as part of the Skylab Apollo Telescope Mount (ATM) program. In 
addition to a significant ongoing data analysis effort involving investigations of the physics of solar flares, 
coronal holes, active regions, bright points, solar atmospheric heating processes, and a variety of other 
solar features and phenomena, a series of Skylab Solar Workshops have been established to encourage the 
synthesis of the many complementary solar data sets. As a result of the considerable success enjoyed by the 
workshops, an ATM Guest Investigator Program has now been established to provide support for some of the non
ATM theoreticians and ground-based scientists who, as a result of workshop activities, are now working with 
the' prime ATM data. 
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balloons, sounding rockets, and research aircraft as well as from ground-based observations. To study given 
phenomena over an adequate range of important independent variables, it is necessary to process large quantities 
of data covering extended periods of time. Thus, additional data is processed and analyzed, multi-instrument 
studies are made, and various proposed models or theories are critically tested by use of the data. This 
activity involves over 100 investigators at approximately 45-50 institutions. 

Support for the operation of the National Space Science Data Center (NSSDC) is also provided under this 
program. The NSSDC, located at the Goddard Space Flight Center, was established to serve as a central repos
itory and clearinghouse for scientific data resulting from space investigations. The Satellite Situation 
Center at NSSDC computes the expected positions of operational spacecraft, so that data acquisition and 
analysis efforts can be concentrated at times when several spacecraft are especially favorably situated for 
correlative geophysical studies. 

BASIS OF FY 1979 ESTIMATE: 

Fiscal Year 1979 funds will provide support for the continued operation of the HEA0-1 mission and related 
data analysis activity; the final year of OS0-8 data analysis; extension of operations and data analysis 
activity for OA0-3, SAS-C, !MP-H and J, and AE-C and D; the operations of the NSSDC; the analysis of data 
collected as part of the Skylab ATM program; and the data analysis activities of more than 100 principal 
investigators at approximately 45 institutions, including NASA field centers. Mission operations and data 
analysis will also be conducted for the HEAO-B mission, the International Ultraviolet Explorer, and the three 
International Sun-Earth Explorers. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

RESEARCH AND ANALYSIS 

Supporting research and technology (SR&T) .••••••••••••••••••• 
Upper atmospheric research •...••...•.•.••.••.••.•..••.••••••• 
Spacelab science payload definition ••••••••••••.••••••••••••• 
Advanced technological development/solar polar mission ••••••• 
Search for extraterrestrial intelligence •••••••••••.••••••••• 

Tot a 1 . ...•....••••.••.••.••••..•.••...••••.•••••••.•••.•••• 

1977 
Actual 

15,200 
11,600 
4,000 

30,800 

1978 
Budget Current 

Estimate Estimate 
(Thousand~ of Dollars) 

16,800 16,800 
11,600 11,600 
4,000 4,000 
1,000 1,000 

-
33,400 33,400 

1979 
Budget 

Estimate 

19,300 
11,900 
4,100 

. 600 

35,900 
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OBJECTIVES AND STATUS: 

This program provides for the research and technological base necessary to plan for and support flight projects 
by providing prelimi~ary studies to define missions and/or payloads requirements, ground-based supporting re
search, and advanced technological development (ATD). Activities included are Supporting Research and Technology 
(SR&T), Upper Atmospheric Research, Spacelab Science Payload Definition, ATD/Advanced Studies and Search for 
Extraterrestrial Intelligence. 

Supporting Research and Technology (SR&T) 

The objectives of Supporting Research and Technology are to: (1) enhance the value of current space missions 
by supplementary simultaneous ground-based observations and laboratory experiments; (2) develop theories to 
explain observed phenomena and predict new ones; and (3) optimize the return expected from future missions by 
problem definition, development of advanced experiments and concepts, and sound definition of proposed new 
missions. 

Research is supported in several disciplines of space physics and astronomy. The work in space physics is 
largely devoted to tasks related to the physics of the Earth's environment and comparative studies of other 
planetary environments, including the study of Sun-Earth environmental factors. The work in solar physics 
involves studies of the solar atmosphere and the influence of the Sun on interplanetary and planetary environ
ments. Research supported in astronomy involves studies of stars, galaxies, interstellar and intergalactic 
matter and cosmic rays. The development of new instruments, laboratory and theoretical studies of basic 
physical processes, radio observation of solar and galactic processes and observations by ground-based and 
balloon-borne instruments are also supported. In addition, advanced development work is carried out on the 
experimental test of Einstein's General Theory of Relativity. 

During FY 1978, the SR&T program will fund about 225 tasks at universities, nonprofit and industrial 
research institutions, NASA centers, and other government agencies. These include advanced mission 
studies to identify the scientific requirements and spacecraft capabilities for an Advanced X-ray Astronomy 
Facility (AXAF); continued definition studies for a Gamma Ray Observatory (GRO); and teasibility studies of 
a reflight of the Solar Maximum Mission. Efforts w:ll also be continued on the advanced technological devel
opment of solid state detector devices and improved photodetectors, and superfluid helium research. Extensive 
effort is being placed on the development of an exceedingly accurate gyroscope to tes.t Einstein's Theory of 
Relativity. 

Upper Atmospheric Research 

The objective of the Upper Atmospheric Research program is to obtain knowledge of the physics, chemistry, 
and transport processes occurring in the Earth's stratosphere, so that atmospheric perturbations can be 
accurately assessed and any associated change in the transmission of solar radiation through the stratosphere 
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to the Earth's surface can be predicted. In recent years chlorofluoromethanes (CFM), nitrogen oxides (NOX), 
chlorine, chlorine oxide and other minor chemical species have been observed in the stratosphere. Laboratory 
and theoretical stuaies have validated that these species have a destructive effect on the important ozone layer 
surrounding the Earth. Field measurements and laboratory studies have focused on the concentrations of these 
chemical species, their global distribution and chemical reaction rates. Theoretical models which are used to 
assess their effect on the stratosphere and predict needed modifications to prevent any adverse impact are 
being developed. Preliminary findings and recommendations using one dimensional models of the stratosphere 
toassessman's impact, have been reported to Congress. These reports show that even though much has been 
learned, there are still many uncertainties and more research is needed. The FY 1978 efforts are directed 
at gathering field and laboratory data needed for the more sophisticated two and three dimensional models 
required to describe dynamics and transport mechanisms in the stratosphere. 

Spacelab Science Payload Definition 

Spacelab Science Payload studies have provided the data necessary for the development of programmatic and 
budgetary plans for Space Science program operations in the Space Transportation System (STS) era. The 
initial studies concentrated on establishing the feasibility of performing discipline-dedicated missions and 
multidiscipline missions employing both facility-class and principal investigator-class (sounding rocket and 
balloon) instrumentation in their conceptual payload configuration. These studies have identified the bene
fits which can be realized by reflying instruments and facilities and have established the feasibility of 
Shuttle-borne research laboratories and experiments employing many common, reuseable facility-type and 
investigator-class instruments to study phenomena in all astronomy and physics discipline areas. During 
FY 1978, further payload definition involving detailed descriptions of instruments, payload configurations, 
and operational mission profiles is continuing. 

Search for Extraterrestrial Intelligence 

The objective of the Search for Extraterrestrial Intelligence research effort is to survey specified 
radio frequencies and screen and analyze incoming signals to determine if they may have originated from 
some extraterrestrial intelligent life source. During the past few years, there has been increased interest 
in the possibility of the existence of extraterrestrial civilizations. This increased interest has in large 
part been due to the many advances made in the field of radio astronomy and to the availability of new 
technology which indicate that now is the appropriate time for a modest effort. It is recognized that 
the probability of a positive detection is low. Therefore, in this program we are insisting that the 
developed system provide the capability for obtaining valuable scientific information about interstellar 
space with the real possiblity of entirely unexpected discoveries, while simultaneously developing tech
nology which improves the NASA tracking capability. 
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BASIS OF FY 1979 ESTIMATE: 

Supporting Research and Technology (SR&T) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

15,200 16,800 16,800 19,300 

During 1979, emphasis in the supporting research and technology area will be given to those tasks which are 
critical to maintaining a firm base.for a viable Physics and Astronomy program. Special emphasis will be placed 
on studies for advanced instrumentation which will increase both the sensitivity and resolution of detectors. 
The goal of these programs is to increase the efficiency and precision of data acquisition in all regions of 
the spectrum. Emphasis will also be placed on continuation of Advanced X-ray Astronomy Facility. Gamma Ray 
Observatory and Solar Maximum Mission reflight studies. Feasability and scientific definition studies will 
be conducted on several potential candidate missions for future years. 

In solar physics, initial efforts on the definition of a comprehensive ground-based solar optical and 
radio flare observing programs to complement the Solar Maximum Mission are planned. Additional ground
based solar velocity field measureme~ts will be made, to expand the new and exciting results obtained so 
far on the solar convection and circulation processes and o~ probing the convective envelope of the sun. 
A variety of new instrument developments will also be continued including specialized coronagraphs to study 
the density and velocity structure of the solar corona. A new compact and rugged camera for extreme ultra
violet wavelengths will be assembled and tested, and new techniques for extreme ultraviolet spectrographs 
for flight on Spacelab missions will be developed. 

Space plasma physics research will place increased emphasis on developing theories which predict the 
interactions of the diff~rent ~pace particle and field regimes, including instabilities that cause ionos
pheric irregularities and those that result in the acceleration of particles in auroral regions and g~nera
tion of terrestrial kilometric radiation. More work will be devoted to development of instruments to be 
employed using the Shuttle/Spacelab as a laboratory in space to perform active, controlled e~periments by 
perturbing the plasma medium with a known stimulus and detecting the response. 

In astronomy, intensive work will continue on the development of advanced detectors for future space 
astronomy missions. In addition to continuing effort on ultraviolet/optical detectors, work will be 
increased in the area of infrared detectors. In support of the data analysis activities of the Interna
tional Ultraviolet Explorer (IUE), added emphasis will be placed on the theoretical and ground-based 
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observational studies of stellar chromospheres and coronae which are the subjects of a substantial number 
of the IUE Guest Investigator programs. Studies in infrared astronomy will continue to concentrate on the 
problem of star formation and the physics of cool, dense, interstellar clouds; as part of this effort, there 
will be an emphasis placed on observing programs from the southern hemisphere using balloons, airplanes, and 
ground-based telescopes. 

In high energy astrophysics, instrument development is directed toward the development of new solid state 
X-ray imaging devices and crystal spectrometers for use on Spacelab and on future high energy astrophysics 
free flyer missions. New cosmic ray detectors employing the principle of transition radiation are being 
developed in order to reach into the unexplored high energy cosmic ray region, which otherwise would require 
instruments weighing tons. Important testing of these instruments is carried out on balloons and sounding 
rockets. 

Upper Atmospheric Research 

1977 
Actual 

11,600 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

11,600 11,600 

19/9 
Budget 

Estimate 

11,900 

In FY 1979, the Upper Atmospheric Research (UAR) program will continue the study of the photochemistry and 
dynamic processes which determine ozone distribution and variability. Investigations of stratospheric species 
other than ozone which could affect solar transmissions will be included. Emphasis will be placed on defining 
future measurements requirements specified by the recently enacted Clean Air Act. This Act recognizes the 
continuing nature of the activity to assess the impact of man's activities on the environment, and specifies 
biennial reporting of the status of our knowledge and understanding. 

The Upper Atmospheric Research program results are needed also for input to the environmental and climate 
monitoring capabilities being developed in the Office of Space and Terrestrial Applications. While prelim
inary satellites and instrumentation are being flown to monitor ozone and related trace species, results from 
UAR are needed to improve knowledge of what to monitor, how frequently and with what accuracy and sensitivity. 
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Spacelab Science Payload Uetinition 

1977 
Actual 

4,000 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

4,000 4,000 

• 
1979 

Budget 
Estimate 

4,100 

During FY 1979 the Spacelab Science Payload Definition program will primarily involve the detailed scientific 
and technical definition of those multiuser instruments (or facilities) that are strong candidates for hardware 
development in 1979-80. Among these instruments is the Atmospheric Physics LIDAR facility which will measure 
the concentrations of trace constituents in the Earth's atmosphere using a laser beam. LIDAR is one element 
of the Atmospheres, Magnetospheres aad Plasmas in Space (AMPS) program. Other elements also under study are 
an atmosphere infrared limb scanning instrument, space plasma physics wave transmitters and receivers, several 
multipurpose subsatellites, and several high resolution optical observatory instruments. 

Search for Extraterrestrial Intelligence 

600 

Fiscal Year 1979 funding will support the intiation of a seven-year, all-sky, broad frequency Search for 
Extraterrestrial Intelligence (SET!) research effort. Simultaneously, using the same equipment, an all-sky, 
broad frequency, radio-astronomy sky survey will be conducted. Primary emphasis will be given to development 
of the receivers and analyzers necessary for conducting these radio search efforts. Initiation of this project 
in FY 1979 is of particular importance because man-produced radio signals are increasingly obscuring the 
interesting frequencies. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SUBORBITAL PROGRAMS 

Sounding rockets ••••••••••••••••••••••••••••••••••••••••••••• 
Airborne research •••••••••••••••••••••••••••••••••••••••••••• 
Balloon program •••••••••••••••••••••••••••••..••••••••••••••• 

Total •.•••••.......•••••.•....•••••.•...•........••.•...•.. 

20,700 
3,800 
1,500 

26,000 

20,700 
3,800 
1,500 

26,000 

20,700 
3,800 
1,500 

26,000 

22,200 
4,600 
2,500 

29,300 
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Sounding Rockets 

OBJECTIVES AND STATUS: 

1977 
Actual 

20,700 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

20,700 20,700 

--·· 
1979 

Budget 
Estimate 

22,200 

The Sounding Rocket program provides a low cost and versatile tool for scientific research in the suborbital 
space environment. This program provides broad-based s·upport of all of the scientific disciplines, including 
the study of the Earth's upper atmosphere, ionsphere, magnetosphere, space plasma physics, stellar astronomy, 
solar astronomy, and high energy astrophysics. Activities are conducted both on a domestic and an international 
cooperative basis. The current level of activity is approximately 60 rocket flights per year. 

The specific objectives of the Sounding Rocket program are as follows: 

1. To conduct a coordinated research program with flight requirements that cannot be met by vehicles with 
different performance characteristics such as balloons, aircraft and satellites and that do not require long 
duration satellite observation. Specific areas of study include: 

a. The nature, characteristics, and composition of the upper atmosphere, magnetosphere, and near space. 

b. The effects of incoming energetic particles and solar and stellar radiation on the upper atmosphere 
and magnetosphere. 

c. the nature, characteristics, and spectra of radiation of the sun, stars, and other celestial objects. 

2. To support the basic objectives of the Physics and Astronomy program by providing the means for flight 
testing instruments and experiments being developed for flight on satellites, observatories, and space probes; 
and for calibrating or obtaining vertical profiles in correlation with currently orbiting sp~cecraft. 

During 1977, 62 rockets were launched from nine locations in the United States, Canada, Sweden, Norway, 
Greenland, Australia, and Antarctica. These rockets supported the research activities of approximately 50 
teams from universities, private industry, NASA field centers, other government agencies and foreign space 
organizations. Included in this number was the 2000th launching of a major sounding rocket by NASA. 
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Other significant achievements included the successful demonstration of a high altitude parachute system 

for rocket-launched payloads. This system, which deploys at 200,000 feet, will permit ozone depletion measure
ments above the operational altitude of balloons. Also during 1977, the Aries and the Taurus-Orion were added 
to the NASA sounding rocket stable. These vehicles are reconfigured surplus military hardware; utilization 
of surplus hardware has been a continuing feature of the cost effective approach followed by the NASA sounding 
rocket program. 

In Space Plasma Physics, rockets are primarily used for low altitude measurements, vertical profiles and 
chemical releases, none of which can be performed with satellites. Increasing emphasis is being placed on 
investigating the mechanisms that accelerate particles in the auroral regions. 

The Solar Physics sounding rocket program continues to play a major role in the NASA solar program. 
Activities during 1978 include selection of a launch site for conducting sounding rocket flights during 
the 1980 solar eclipse over East Africa. 

In the astronomy area, continuing emphasis is being placed on measurements of stars and extended sources 
in ~oth the ultraviolet (UV) and X-ray spectral regions and on correlative measurements of the same objects 
in different portions of the electromagnetic spectrum. Data analysis pertaining to Gravity Probe-A, which 
was successfully launched in June 1976 has been completed and the final report received. Of special interest 
during 1977 was the series of seven sounding rocket flights from the launch site at Woomera, Australia, which 
made X-ray and UV observations of objects in our galaxy and in certain nearby galaxies which can only be 
viewed from the Southern Hemisphere. 

BASIS OF FY 1979 ESTIMATE: 

Fiscal Year 1979 will see a continuation of most of the above efforts with emphasis on the coordination 
of near-simultaneous launches of several rocket payloads and on correlation with satellite observations. 
FY 1979 payloads will be used to further refine the instruments needed for vertical profile studies as well 
as to flight test new types of instruments for active studies of the ionosphere and magnetosphere. New 
instrument development in the solar physics area will be continued and newly developed high resolution 
ultraviolet imaging systems will be utilized to study the detailed structure of the cooler portions of 
the solar atmosphere. In the astronomy area, the first flight test of a negative electron affinity X-ray 
imager is planned; in addition, flights will be flown to make measurements, such as those which depend 
upon film for data recording, which cannot be made with existing satellites. 
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Airborne Research 

OBJECTIVES AND STATUS: 

1977 
Actual 

3,800 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,800 3,800 

• 
1979 

Budget 
Estimate 

4,600 

Research with instrumented jet aircraft has been an integral part of the overall NASA program in Physics 
and Astronomy since 1965. The aircraft platform provides a large payload capacity and facilities for extending 
observations over any region of the Earth. It also may be transported readily to high operational altitudes, 
near 15 km (50,000 feet) in order to provide a cloud-free site for auroral geophysics experiments and astro
nomical observations. The possibility of conducting observations at this cloud-free altitude has been essen
tial in opening to astronomy the infrared region of the electromagnetic spectrum from one micrometer to 1 milli
meter. The airborne platform has the further advantage of enabling scientists to participate directly in 
space research. 

The Airborne Research program utilizes two aircraft, the C-141 instrumented with the 91-cm infrared (IR) 
telescope and the Lear Jet instrumented for unique individual missions. 

The C-141A Airborne Observatory, which began operational flights in 1974, is a full-scale, manned facility. 
The 91-cm f/13.5 IR telescope operates through an open port, with a pressure bulkhead giving the astronomers 
a comfortable, shirtsleeve environment in which to work. The telescope floats on a large air bearing that 
permits hours of accurate stabilization within a few arc seconds. The weight of this observatory is about 16 
tons (14.5 metric tons). 

During the past year, the principal scientific accomplishment was the discovery of rings around the planet 
Uranus. This discovery took place during an expedition to the southern hemisphere to observe the planet 
occultating a faint star. Information was also obtained on the composition and density of the Uranian 
atmosphere. Other accomplishments included mapping infrared radiation from the large Magellanic Cloud and 
the Galactic Center, and from the ionized gas and dust clouds (the H II regions). 
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BASIS OF FY 1979 ESTIMATE: 

In FY 1979, Airborne Research funds will be used to continue operations of the Airborne Observatory. The 
requirements include support for the astronomical groups, acquisition of subsystems, and operations of the 
C-141A and the Lear Jet, including a scheduled airframe inspection for the C-141A. FY 1979 will also support 
an expedition to lower latitudes to observe the galactic center. 

Balloon Program 

1978 1979 
1977 Budget Current Budget 
A~ Estimate Estimate Estimate 

(Thousands of Dollars) 

OBJECTIVES AND STATUS: 
1,500 1,500 1,500 2,500 

For the development of scientific experiments for space flight and other independent scientific missions, 
it is necessary to test the instrumentation in the space radiation environment and to make observations at 
altitudes which are above most of the obscuring effects of the atmosphere. In many instances, it is least 
expensive to fly these experiments on balloons. In addition, the ability to remain in the upper atmosphere 
for long periods of time makes balloons a valuable tool for upper atmospheric research. The funding for 
this program is utilized for balloons, helium, launch services, tracking and recovery, while funding for 
the experiments is provided from Supporting Research and Technology. 

During 1977, approximately 63 balloons were flown from eleven global sites to support the research activities 
of approximately 35 organizations. This included the launch of three superpressure balloons which conducted 
atmospheric research in the southern hemisphere, circling the globe and simultaneously transmitting data to 
investigators via the Nimbus satellite. Other achievements included observations of Cygnus X-1, the leading 
black hole candidate, which showed the highest energy emission yet observed from this object; precise measure
ments of very rare ultraheavy cosmic rays; and the detection and measurement of infrared sources not observed 
by other means. In addition, the support of studies of the cosmic background by balloons provided the basis 
of the current Cosmic Background Explorer (COBE) definition study. During 1978, tqis program will support 
approximately the same level of activity as in 1977, including several flights for upper atmospheric research. 
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BASIS OF FY 1979 ESTIMATE: 

The FY 1979 fu~ding provides support for all balloon flights under the cognizance of the Office of Space 
Science (OSS). In previous years, most balloons for Upper Atmospheric Research (UAR) were funded under the 
UAR program. The FY 1979 funding provides support for essentially the same number of OSS flights as in 
FY 1978, including some "superpressure" balloons to meet the longer duration requirements of the science 
investigators. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 

SUMMARY OF RESOURCES REQUIREMENTS 

PiOneer Venus . .............................................. . 
Voyager . .....................................•............... 
Jupiter Orbiter/Probe ••••••.••••••...••.••••.••••••...••••... 
Mission Operations and Data Analysis •.•••••••••••••••••••••••• 
Research and Analysis .. ..................................... . 

Total . ....................................... • · · · • · • • • · • • · · 

Distribution of Program Amount by Installation: 

Johnson Space Center . ........................................ 
Kennedy Space Center . ........................................ 
Marshall Space Flight Center . ................................ 
Goddard Space Flight Center ..........•...•...••..•.•..••..... 
Jet Propulsion Labor a tory . .............•...•.•..•...•........ 
Ames Research Center . ........................................ 
Langley Research Center . ..................•.................. 
Headquarters . ................................................ 

Total . ..................................................... 

1977 
Actual 

42,800 
50,300 

77.848 
20,952 

191,900 

10,288 
35 
25 

6,872 
75,788 
46,880 
25,465 
26,547 

191,900 

__ _. 

LUNAR AND PLANETARY ExPLORATION PROGRAM 

1978 
Budget Current 

Estimate Estimate 
(~ousands of Dollars) 

18,100 18,100 

20,700 20,700 
85,000 84,500 
34,400 23,900 

158,200 _!47,200 

7,942 8,436 

--- 29 
3,862 3,614 

71,843 67,167 
32,347 31,005 
20,068 13,400 
22,138 23,549 

158,200 147,200 

1979 
Budget 

Estimate 

78,700 
84,400 
24,000 

187-,100 

8,470 

2,410 
110,890 

39,400 

25,930 

187,100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Lunar and Planetary Exploration Program includes scientific exploration of the Moon, the planets and their 
satellites, smaller bodies such as comets and asteroids, and the particles and fields of interplanetary space. 
The major objectives of the program are to increase understanding of the origin and evolution of the solar system 
and of life, and to apply by comparative studies the results of these investigations toward a better understand
ing of the planet Earth. The program has been highly successful, providing pioneering information on the nature 
and characteristics of the Moon and planets as well as the history of the solar system. Virtually no field of 
scientific effort has progressed as rapidly or received as much public attention and support in the last 15 
years as planetary exploration. 

Exploration of the inner planets is continuing to yield valuable scientific returns. The two Viking orbiters 
and the two landers are still operating successfully and returning a wealth of new information from Mars. The 
orbiters have been moved into lower orbits where they can study the planet at still higher resolution, while the 
landers are extending the survey of weather and seismic activity beyond a full Martian year. FY 1979 funding 
will support the Viking spacecraft operations by continuing the current science activities and by extending the 
very high resolution imaging to additional parts of the planet. A major data analysis program, which will reap 
the scientific benefits of the Viking mission and integrate these new science results into our total understanding 
of the solar system, will begin in FY 1979. 

In May and August of 1978, two Pioneer Venus Spacecraft will be launched to conduct detailed investigations 
of Venus. One of the two spacecraft will deploy scientific probes into the Venusian atmosphere, providing our 
first direct measurements. The other spacecraft will orbit the planet, taking comprehensive scientific measure
ments for a full Venus year. FY 1979 funds will support the operations of these spacecraft and the initial 
analysis of the scientific data. 

Exploration of the outer planets, which began with Pioneer 10 and 11, has taken a major step forward with the 
·successful launches of Voyager 1 and 2. Both of the Voyager spacecraft are operating well on their way to 
Jupiter, while Pioneer 11 is on target to encounter Saturn in 1979, and Pioneer 10, which is now beyond the 
orbit of Saturn, is continuing on its way out of the solar system. 
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The Voyager spacecraft will continue to Saturn after the Jupiter encounters, expanding greatly our knowledge 

about the history and characteristics of these two planets and of their families of large satellites. FY 1979 
funding will support.mission operations for the Voyager encounters with Jupiter and its satellites. 

FY 1978 marked the initiation of the Jupiter Orbiter Probe (JOP) Project for advanced exploration of the 
Jovian system. To be launched by the Space Shuttle in early 1982, JOP includes the first direct probe of a 
giant planet and an orbiter to study Jupiter, its satellites and magnetosphere. The mission also includes major 
participation by the Federal Republic of Germany, which will provide the retropropulsion module and some scien
tific experiments. FY 1979 funds will support the continuing development of the probe and orbiter spacecraft 
and of the scientific instruments for this mission. 

The Pioneer and Helios projects continue to return important scientific data. At the center of our solar 
system, the Sun is being studied from close range by the Helios spacecraft, the result of cooperative efforts 
of the United States and the Federal Republic of Germany. The Pioneer 6 - 9 spacecraft are operating in helio
centric orbit and continue to provide data on interesting solar activities and events as they are propagated 
through the interplanetary medium. 

A strong supporting research and technology effort is continuing in support of the Lunar and Planetary Explora
tory program. Laboratory and theoretical research provide both new knowledge and new understanding of existing 
information. Earth-based remote observations gather important data using optical, radio, and airborne instru
ments, which complement and supplement the spacecraft measurements and provide a test bed for new techniques. 
Laboratory analyses of meteorites and lunar samples provide a fundamental understanding of the solar system and 
a reference base for better understanding of remote measurements. A concentrated scientific effort is underway 
to analyze and synthesize the large amount of data available from past flight programs and earth-based sources 
to gain new insight into understanding of the solar system and to aid in planning new missions. The development 
of instruments which can provide answers to increasingly sophisticated questions is also an important part of 
the supporting research program. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

PIONEER VENUS 

Spacecraft . ................................................ . 
Experiments • ...............................••.•............. 
Ground operations • .......................................... 

Total . ................................................... . 

Basic mission operations and data analysis .••••••.•••••••••• 
Atlas/Centaur (Expendable Launch Vehicles Program) .•.•.•.••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

30,800 
9,500 
2,500 

42,800 

(---) 
(22,550) 

• 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 

(Thousands of Dollars) 

9,300 13,400 
5,400 1,800 
3,400 2,900 

18,100 18,100 
----

(900) (900) (10,500) 
(12,800) (4,205) (--) 

The objectives are to obtain detailed information on the Venusian atmosphere and to investigate the planet's 
environment. The Pioneer Venus mission will be carried out by two spacecraft: an orbiter to be launched in 
May 1978 and a multiprobe to be launched in August 1978. The orbiter arrives at Venus in early December 1978 
and goes into a highly elliptic orbit that approaches within 150 kilometers of the surface. Shortly after 
arrival of the orbiter, the four probes and multiprobe bus will enter the atmosphere. The probes will be 
released from the bus and take measurements as they descend to the surface at widely separated points, while 
the bus will continue on, collecting data until it is destroyed. One of the key objectives is to learn why 
Venus, so Earth-like in many respects, has an atmosphere so different. 

Spacecraft qualification testing is complete and all flight units are in final assembly and test. Compatibility 
tests of the orbiter with the Deep Space Network have been completed. All flight instruments have been completed 
and delivered to the orbiter and multiprobe for final assembly. Prior to the launches, cruise, encounter and 
orbital operations plans will be finalized and software for these operational phases and for the data system 
will be written. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

There is no change in the total estimate for FY 1978, although some adjustments among the elements of the 
project have been required. The increase in the Pioneer Venus spacecraft funding requirements in FY 1978 over 
the original budget estimate was due to technical problems encountered in thermal control, power, and viewing 
windows for scientific instruments. Assembly and test have been more complicated than expected. The increase 
is being offset by savings that have resulted from excellent progress in other areas of the project. 

BASIS OF FY 1979 ESTIMATE: 

Development, launch and initial cruise checkout of the two Pioneer Venus spacecraft will be complete in 
FY 1978. Funds required to support the missions in FY 1979 are budgeted as part of the Mission Operations and 
Data Analysis activities. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

VOYAGER 

~pacecraft . ............................................... . 
Experiments • ..•.........•......................••.......... 
Ground operations . ........................... •. · · · · · · · · · · · · 

Total . ............................................. · · • · · · 

Basic mission operations and data analysis •••.••...••••.•.• 
Titan/Centaur {Expendable Launch Vehicles Program) ••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

29,100 
13,300 

7,900 

50,300 

(--) 
(9, 467) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

(14,300) 
(1,000) 

(14,300) 
(---) 

1979 
Budget 

Estimate 

(14,400) 
(---) 

The objective of the Voyager mission to the outer planets is to conduct scientific studies of the Jupiter and 
Saturn planetary systems, including their numerous satellites and the rings of Saturn. If conditions are favorable, 
one of the two Voyager spacecraft may also go on to encounter Uranus to initiate the study of this exciting planet 
by spacecraft. While the two spacecraft are cruising to the outer planets, they will also be performing new 
investigations of the interplanetary medium. 
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Studies of the outer planets are important in understanding the origin and evolution of the solar system. 

Such studies will aid in comprehending the dynamic processes which shape Earth's environment. The outer 
planets constitute-the major portion of the planetary mass in the solar system and provide a massive natural 
laboratory for studying solar/planet interactions. 

In August and September of 1977, the two Voyager spacecraft were successfully launched with Titan/Centaur 
launch vehicles. The performance of the launch vehicles was excellent and both spacecraft were sent on good 
trajectories to Jupiter. The first-launched spacecraft had initial problems with instrument boom deployment 
and in attitude control software. These problems were resolved satisfactorily. Corrective changes were made 
in the second spacecraft before it was launched and it has performed without problems. Both spacecraft are 
now cruising in good condition on their way to Jupiter. Voyager 1 will reach Jupiter on March 5, 1979, while 
Voyager 2 will encounter Jupiter on July 9, 1979. The Saturn encounters will occur in 1980 and 1981. 

BASIS OF FY 1979 ESTIMATES: 

Development, launch and initial cruise checkout of the Voyager spacecraft was completed in FY 1977. FY 1978 
and FY 1979 funds required to operate these spacecraft are budgeted as part of the Mission Operations and Data 
Analysis activities. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

JUPITER ORBITER PROBE (JOP) 

Spacecraft . .............................................. . 
Experiments . ..............................•........•...... 
Ground operations . •......................•.........•...... 

Total . ................................................. . 

Shuttle Upper Stage (Space Flight Operations Program) ••••• 

1977 
Actual 

(---) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

11,800 11,800 
8,900 8,900 

20,700 20,700 

(--) (--) 

1979 
Budget 

Estimate 

55,900 
22,000 

800 

78.700 

(1,200) 
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OBJECTIVES AND STATUS: 

The objective of·this project is to conduct a comprehensive exploration of Jupiter, its atmosphere, physical 
environment, and its satellites by combined observations from an orbiting spacecraft and an atmospheric entry 
probe. Primary emphasis will be on the Jovian atmosphere, characterization of the magnetosphere, and obser
vation of the Jovian satellites. Scientific interest in Jupiter has been increased by the remote sensing data 
provided by the Pioneer 10 and 11 flybys, and will be further increased by results expected from the Voyager 
encounters in 1979. 

The Jupiter Orbiter Probe mission, with direct and long duration study of the Jovian system is an important 
step in our program of exploration of the Solar System. 

The JOP spacecraft will consist of an orbiter and an atmospheric entry probe. The orbiter will be of dual
spin design, a concept used previously on earth-orbital spacecraft, wherein part of the spacecraft is spinning 
to provide stability and the other part is de-spun, permitting instrument pointing. The probe and fields and 
and particles instrumentation are compatible with the spinning section, while remote sensing must be conducted 
from the de-spun portion so that the instruments can be pointed at a chosen location. 

The orbiter/probe combination will be launched in January 1982, by the Shuttle/Interim Upper Stage. The 
entry probe, designed to survive a descent to a pressure of at least 10 Earth atmospheres, will be separated from 
the orbiter prior to Jupiter encounter. Scientific data gathered by the probe during entry will be relayed to 
Earth via the orbiter. Shortly thereafter, the orbiter will be inserted into Jovian orbit and the orbit will 
be periodically adjusted to permit multiple encounters of the Jovian moons. 

In FY 1978, project development activities are being initiated. Preliminary design of the orbiter spacecraft 
is being accomplished at the Jet Propulsion Laboratory. The Associate Administrator for Space Science will 
select the contractor for the flight probe. Contracts will be negotiated with the scientists who have been 
selected to participate in the JOP mission. Technical interchange will be held with the Federal Republic of 
Germany concerning development of the Retropropulsion Module which they have agreed to furnish. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, design and development activity for the probe, the orbiter, and the experiments will continue. 
The probe activity will be directed toward completion of hardware design. Systems design of the orbiter will 
begin in preparation for the preliminary design review during the fiscal year. Procurement of electronic 
parts will increase as the hardware designs progress. 
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BAS~S OF FY 1979 FUNDING REQUIREMENTS: 

MISSION OPERATIONS AND DATA ANALYSIS 

Pioneer Venus basic mission •...•....••...•...•....•.•.•.••.. 
Voyager basic mission ... ................................... . 
Pioneer 6-11 extended mission •••••••••••••••.•••••.••••••••• 
Helios extended mission .................................... . 
Viking extended mission •••••...•...•••.•.••••••••••••••••••• 
Mars data analysis ...........................•.............• 
Data a~alysis . ............................................. . 
Lunar sample analysis .. .................................... . 
Lunar science operations . .................................. . 
Planetary flight support ..••......•••.•.•..•••.••••••.•..••• 

Total . ................................................ · . · · 

OBJECTIVES AND STATUS: 

1977 
Actual 

2,600 
900 

25,400 

10,200 
5,943 
4,965 

27,840 

77,848 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

900 900 
14,300 14,300 

3,600 2,600 
700 700 

20,000 20,000 

12,200 11,600 
3,800 5,700 
4,500 3,700 

25,000 25,000 

J!S,OOO 1!4,500 

-· 
1979 

Budget 
Estimate 

10,500 
14,400 

3,900 
200 

5,000 
4,500 

13,000 
5,700 
1,900 

25,300 

84,400 

The Mission Operations and Data Analysis program consists of operation of planetary spacecraft after develop
ment, launch, and initial checkout of the spacecraft are complete, analysis of the returned data, and interdis
ciplinary data and sample analysis, and multimission flight support. Currently active planetary spacecraft 
supported within mission operations are Voyager 1 and 2, Helios A&B, Pioneer 6-11, and Viking 1 and 2. 

During FY 1978, Voyager project personnel have two main tasks. One task is to operate the two spacecraft 
during their cruise periods to Jupiter. This involves monitoring the condition of the spacecraft, sending 
commands, performing trajectory corrections, and receiving and analyzing cruise science data. The second 
task is to prepare the sequences and computer software which will be needed for the Jupiter encounter period 
beginning in December 1978. 
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The objective of Pioneer 6-9 was to explore interplanetary space at radial distances from the sun varying 

from 0.75 to 1.1 AU. The objectives of Pioneer 10 and 11 were to explore space beyond one A.U., the Asteroid 
Belt, and the environment of Jupiter. Pioneers 6-9, with launches starting back in 1965, are still operational, 
but are now generally tracked onlywhenunusual solar activities or special alignment with other spacecraft 
occur. Pioneer 10, launched in 1972, reached Jupiter in December 1973 and the gravity of the massive planet 
provided the extra impetus to take Pioneer 10 out of the solar system. Pioneer 11, launched in 1973, passed 
Jupiter in December 1974 and the spacecraft was directed by the planet in such a way that it will fly by 
Saturn in 1979. Both spacecraft have returned excellent data and continue satisfactory operation. 

Helios, which is a cooperative effort with the Federal Republic of Germany, was designed to investigate the 
properties of the interplanetary medium close to the sun. The United States provided the launch vehicle, 
technical support and three of the instruments. The U.S. still provides spacecraft tracking, flight operations 
support and data analysis for the U.S. experiments. The Federal Republic of Germany provided the spacecraft and 
seven instruments and continues to provide tracking, mission operations, and data analysis. Helios A, launched 
in December 1974, and Helios B, in January 1976, are operating normally and are inorbitswhichgowithin0.3A.U. 
of the sun once every six months. 

The objective of the Viking program is to advance our knowledge of the planet Mars by means of observations 
from Martian orbit and direct measurements in the atmosphere and on the surface. The Viking primary mission 
was successfully completed in November 1976 and the previously approved extended mission will be completed 
during FY 1978. Performance of the two orbiters and the two landers continues to be outstanding. All of the 
science objectives of the primary mission were successfully accomplished, and scientific return from the extended 
mission continues to be very high. 

The objective of the Mars-data analysis activities is to conduct a systematic program fully utilizing the 
Mars science data obtained during the Viking basic and extended missions. A further objective is to do the 
data analysis required to support possible future Mars missions. The wealth of scientific information that 
has been acquired and is yet to be obtained constitutes a national resource. To capitalize on the returns, a 
method is required whereby Viking and non-Viking scientists will have an opportunity to study the data. Because 
of funding limitations for project data analysis through FY 1978, and the requirement for Viking scientists to 
support flight mission operations, the data will not be fully analyzed by the end of FY 1978 with Viking funds. 
Funding for the Mars Data Analysis program is necessary to properly examine Viking and other Mars data without 
unduely disrupting the important analysis functions of the ongoing data analysis program. Mariner 9 and Viking 
data will be compared to determine the time factor on deposition and erosion features. In addition, the program 
will provide funding support for non-Viking project scientists in order to obtain additional or alternate 
interpretations of the data. 

The objective of planetary data analysis is to provide for post-project analysis of data obtained from lunar 
and planetary programs. These efforts support continuation of data analysis by flight experimenters after the 
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period of funding by the flight project has passed; analysis and interpretation of flight data by other investi
gators; and synthesis of information on the Moon and planets. The latter endeavor is primarily a comparative 
planetology effort that will make use of rapidly accumulating spacecraft data and the vast store of information 
being derived from studies of returned lunar samples to refine current concepts of the origin and history of 
the solar system. The resultsof the synthesis efforts will provide the information base necessary for the 
most effective planning of future planetary exploration. Atmospheric scientists will concentrate on problems 
of the origins of planetary atmospheres, as well as more detailed analysis of the structure, composition, and 
circulation of atmospheres of specific planets. Geoscientists will continue to analyze existing spacecraft 
data with regard to planetary structure, composition, processes and history. Comparative planetology studies 
will be emphasized in order to understand the interrelationships of our planet Earth with other bodies of the 
solar system. 

The goal of the Lunar Sample Analysis program is the continued study of unsolved problems involving the Moon 
and the history of the Earth-Moon system, e.g., the origin of the ancient lunar magnetic field and the details 
of ancient lunar history. A second goal is the expanded application of lunar sample data to major planetary 
problems. Lunar data have already made major contributions to understanding the early histories of all 
terrestrial planets (Mercury, Venus, Earth, Mars), and lunar samples preserve permanent radiation effects 
from which. the past history of the Sun and cosmic rays is being deciphered. 

The Lunar Science Operations program has supported the curation and distribution of lunar samples for scientific 
research, the performance of Lunar Laser Ranging experiments and the operation of the Apollo Lunar Surface 
Experiment Packages (ALSEP's). With the termination of the ALSEP experiments at the end of FY 1977 and the 
transfer of laser ranging activities to the Office of Space and Terrestrial Applications, this project provides 
only for continued curation and distribution of lunar samples. This effort will provide support essential to 
derive scientific data from lunar and meteorite samples and to maintain the unique and highly valuable collec
tion in a near pristine condition. 

The purpose of the Planetary Flight Support program is to provide for all mission control and computer related 
activities which support the tracking, telemetry and command functions for all planetary spacecraft. The activ
ities funded include general purpose scientific and engineering computing capabilities at the Jet Propulsion 
Laboratory, and selected project functions such as preparation of data records, computer analysis time, and 
provision for the mission support areas. These functions are performed at the Mission Control and Computing 
Center at JPL. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

In Pioneer 6-11, the $1.0 million reduction in FY 1978 is due to a reassessment of cruise funding requirements. 
The Data Analysis reduction is the result of decreased effort in lunar cartography and in lunar surface studies 
in order to provide.funding for higher priority activities. The Lunar Science Operations FY 1978 budget was 
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reduced as a result of the decision to discontinue the Apollo Lunar Surface Experiment Packages (ALSEP's). Most 
of these funds were allocated to Lunar Sample Analysis to maintain the FY 1977 level of activity in this highly 
productive and important program. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funds will support mission operations, data processing, and data analysis for both Pioneer Venus 
spacecraft. The spacecraft will be m~nitored during transit to Venus, and the necessary maneuvers conducted 
for insertion of the orbiter and targeting of the probes. The complex operations involved in probe release and 
probe data return will be carried out. Scientific measurements and data return from the orbiter will be 
conducted for one sidereal day (24J Earth days). 

Both Voyager spacecraft will encounter Jupiter in FY 1979. Requested funding will support the mission 
operations team developing software for the Jupiter encounter period (December 1978 to August 1979), operating 
the spacecraft for the year and analyzing the science data resulting from the cruise and Jupiter encounter 
activities. During the late portion of the fiscal year, the mission operations team will begin developing the 
sequences and software for the Saturn encounters to occur in 1980 and 1981. 

FY 1979 funds will provide for mission operations and data analysis for Pioneer 6-11, including the Saturn 
encounter of Pioneer 11, and for support of the U.S. experiments on the Helios missions. 

Operations of the four Viking vehicles at Mars will be extended through January 1979. Much of the observation 
time lost due to the planet-wide dust storm, which obscured the surface for approximately seven months, will be 
recovered. Resolution of orbiter data will be higher by a mctor of five due to the decrease in altitude from 
1,500 to 300 km. More statistical data will be obtained from the landers in meteorology and seismology. Data from 
a second solar conjunction will furnish additional data to test the validity of the General Theory of Relativity. 

During FY 1979, the Mars Data Analysis Program will involve most of the planetary science disciplines. Efforts 
in the field of atmospheres will be directed toward developing explanations of the Viking and Mariner data and 
creating models and theories describing the meteorological phenomena at Mars. In planetary geology, global 
geological relationships will be established, laboratory studies will be conducted to characterize the Martian 
geochemical weathering effects, and further correlations of data from previous Mars missions and Viking will 
be made. Continued laboratory work will be carried out to explore the chemical complexities of Mars. Further 
analysis of the radio science data will facilitate further study of the Martian atmosphere. At the end of the 
Viking mission, the remaining raw data will be processed for use in the analysis effort. 

In FY 1979, the Data Analysis Program will continue the intensive analysis of planetary atmospheric data. 
Critical analysis and examination of available data, reflecting a wide range of planetary atmospheric character
istics, are expected to improve theoretical and mathematical models used to describe atmospheric behavior, and 
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~o lead to a more detailed understanding of the behavior of the Earth's atmosphere. Geoscientists and atmospheric 
physicists have the kinds of information about the Earth, Moon, Mars, Mercury, and Jupiter that is needed to 
initiate correlative analysis. This analysis will provide significant advances in our understanding of the 
Earth, its terrestrial planetary neighbors, and the evolution of the solar system as a whole. Special emphasis 
will be placed upon studies of wind erosion and deposition, relative age dating by cratering rate statistics, 
fluvial processes, glaciology, and volcanic mineralogy and dynamics. 

The FY 1979 budget will provide essential support for a broad and diverse program of lunar sample analyses 
and related investigations. Increased emphasis on complementary and multidisciplinary studies will enhance the 
data return. Lunar-oriented studies will emphasize such general problems as the still unsolved origin of lunar 
rock magnetism, the search for young lunar lavas and other unique rock types, and the origin and timing of 
lunar volcanism. Special attention is being given to analyses of the recently returned Luna-24 samples and to 
the effect of their new information on our present understanding of the Moon. Other studies will concentrate on 
the records of ancient solar and cosmic radiation trapped in lunar samples in order to understand the evolution 
of the lunar surface and the past behavior of the Sun and the stars. Many of these studies will be multi
disciplinary investigations of deep cores of lunar soil and of complex lunar rocks (breccias). Comparative 
investigations of lunar samples and meteorities will continue to yield important information about the surface 
layers of asteroids and terrestrial planets. 

The FY 1979 Lunar Science Operations f~nding will provide continued support of the Curatorial Facility at the 
Johnson Space Center. The Curatorial Facility is currently being modified so that it will provide adequate 
protection for the lunar sample collection against physical damage and chemical contamination. It also supports 
an active research program involving several hundred scientists by processing, allocating and controlling · 
several thousand sample transactions each year. The modified facility will provide for long-term security and 
more efficient sample handling, both of the lunar samples and the more recently acquired meteorites collected 
from Antarctica. The expertise achieved in the handling of the lunar samples is now being put to use in the 
handling of these unique meteorite samples for which the scientific demand for access is growing rapidly. 

FY 1979 funds for Planetary Flight Support will provide mission control and computing support for Pioneer 6 
through 11, Helios A and B, Viking 1 and 2, and Voyager 1 and 2. Voyager 1 and 2 will encounter (fly by) 
Jupiter and acquire extensive data and pictures of that planet and its four major moons. The planning, design, 
development, and testing of the improved support system utilizing minicomputers for real time support will be 
completed prior to these Voyager encounters. Other planetary encounters requiring special tracking and telemetry 
support are the arrival of the Pioneer Venus spacecraft at Venus in early FY 1979 and the Pioneer 11 flyby of 
Saturn in September 1979. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

RESEARCH AND ANALYSIS 

Supporting research and technology .••••••••••••••••••••••••• 
Advanced technical development •••••••••••••••••••••••••••••• 
Advanced studies .•••••••.•••••••••••••••••••••••••••••••••.• 
Ion drive/comet studies ..••.•••.•••••.•••••.•••.••••••••••.• 
Mars follow-on mission definition •••••••.••••.•••••••••••••• 

Total . .......................................... · · · · · • · • · · 

OBJECTIVES AND STATUS: 

1977 
Actual 

13,752 
6,000 
1,200 

20,952 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

13,000 13,500 
5,200 5,200 
1,200 1,200 

15,000 4,000 

34,400 23,900 

•• 
1979 

Budget 
Estimate 

13,600 
4,700 

700 
5,000 

24,000 

Research and Analysis consists of those activities that support the initiation of new efforts in planetary 
exploration, and an Earth-based observations program that provides fundamental solar system data. The major objec
tives are to insure readiness for new flight projects, technologically, scientifically and programmatically; 
and to provide a sound scientific basis through laboratory and theoretical studies, for analysis and interpreta
tion of the data obtained. 

Supporting Research and Technology -- Supporting Research and Technology sponsors research efforts that pro
vide new data necessary to interpret information obtained from spacecraft missions and to formulate science 
objectives for new missions. The Supporting Research and Technology objectives mclude early definition of 
advanced instrumentation, as well as necessary steps to insure technological readiness of science capabilities 
for new flight missions. Specific research tasks during FY 1978 are in the following categories: Earth-based 
observations, analog studies, theoretical studies, laboratory simulations, instrument development, cometary 
research, and meteorite studies. These tasks are a vital part of the continuing planetary exploration program 
and contribute to the fundamental objectives of the Lunar and Planetary Exploration Program. 

Advanced Technical Development -- The Advanced Technical Development (ATD) project supports the planning 
and the advanced development of new and improved spacecraft technologies critically requi~ed for future planetary 
missions. Under this program the detailed planning for potential projects is performed and the technology 
readiness achieved that will place them on a firm basis for the development of realistic schedules and cost 
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estimates. Methods for achieving cost effective missions through optimum utilization of existing spacecraft 
and subsystem design are a prime consideration. 

Advanced Studies -- The objective of the Advanced Studies is to provide a sound basis for the systematic 
exploration of the solar system. Prospective planetary missions are identified and defined through a process 
which includes mission concept definition and feasibility studies; identifying new mission opportunities (e.g., 
multiple planet flybys); and developing implementation schedules, science objectives, and resources requirements. 
These missions may then be evaluated in terms of technological readiness, resources requirements, and scientific 
merit to select those most promising for further study and detailed definition. These advanced studies which 
are performed both under contract and in NASA Centers, range from mission analysis and system feasibility to 
preliminary mission design and engineering. Only through these studies can a logical, timely, and economical 
program of solar system exploration be implemented. 

An_advanced study for an orbiter mission with synthetic aperture radar to map the surface of Venus is being 
conducted in FY 1978. This effort will provide necessary mission and system requirements on which conceptual 
system designs can be based. A Saturn orbiter missjon, designed to study the complex Saturn system, with_ an 
orbiter and atmospheric entry probes to Saturn and Titan, will receive greater study as the Jupiter Orbiter 
Probe design becomes better defined and its applicability to the Saturn orbiter dual probe mission can be 
addressed. Study of the applicability of the Comet low thrust propulsion system to other planetary missions 
will continue in an effort to achieve an integrated and low cost strategy for solar system exploration. Mission 
concept and feasibility studies are being conducted during FY 1978 for Mars, Mercury, and the asteroids. 

Ion Drive/Comet Studies -- The objective of the Ion Drive/Comet Studies is to provide a sound basis for an 
ion drive system that would be ready for launch in 1985. This ion drive system is necessary to accomplish many 
of the high energy missions that are possibilities in the decade of the 1980's. These missions include: a Comet 
rendezvous; the delivery of an orbiter and two atmospheric entry probes to Saturn and its major satellite, Titan; 
the return of samples from the planet Mars; a multiple asteroid rendezvous mission and a Mercury orbiter. The 
first candidate use of the ion drive system is a mission in 1985 to rendezvous with Comet Encke in its CY 1987 
apparition. In FY 1978 the Advanced Technical Development program includes an effort leading toward a definition 
of the design requirements for the ion drive system and the Comet Encke rendezvous spacecraft and scientific 
objectives. 

Mars Follow-On Mission Definition -- The purpose of the Mars Follow-On Mission Definition activity is to 
develop the scientific requirements and project implementation plans for post-Viking exploration of Mars. The 
Space Science Board of the National Academy of Sciences has designated sample return as the major long term 
goal for the Mars exploration program, with precursor investigations to optimize the return from that mission. 
This program is charged with the determination of mission options that would permit carrying out these objec
tives for the continued exploration of Mars at a supportable cost. This effort will be carried on during FY 1978 
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and FY 1979. In FY 1978, design and analysis studies are being conducted m define implementation of orbital 
science, surface mobility, network science and sample return. A Mars Science Working Group is providing the 
scientific input in each of these areas. This information will be used to perform cost/value trades so that 
an optimum plan can be constructed and the next potential Mars mission defined. This mission definition then 
will be the basis in FY 1979 for conceptual system design, system integration planning, more detailed definition 
of science requirements, and the development of schedules and cost estimates. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $500 thousand in the FY 1978 Supporting Research and Technology (SR&T) program budget estimate is 
to maintain the FY 1977 level of activity for Lunar SR&T and to allow for a moderate increase in Planetary 
Astronomy instrumentation. 

The decrease of $11 million in the Mars Follow-on Mission Definition funding reflects a reduction of $8 million 
by the Congress, and a reallocation of $3 million to the Jupiter Orbiter/Probe Mission to support that project 
at the planned level. 

BASIS OF FY 1979 ESTIMATE.: 

Supporting Research and Technology 

1977 
Actual 

13,752 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

13,000 13,500 

1979 
Budget 

Estimate 

13,600 

During FY 1979, the Supporting Research and Technology program will continue investigations within the disci
plines of planetary atmospheres, planetary geology, planetary geochemistry and geophysics, planetary astronomy, 
and meteorite science. Laboratory studies of molecular reaction rates and spectroscopic properities of atmos
pheric gases will be continued so that forthcoming flight experiment data (Pioneer Venus, Voyager and eventually 
JOP) can be interpreted properly and so that responses of different planetary atmospheres to solar and other 
energy inputs can be modeled and predicted. Geological analog and surface process studies will continue to 
provide data necessary to interpret the volcanic, impact cratering, and wind erosion history of Mars and other 
planets. Laboratory studies of chemical differentiation and magma crystallization will continue to provide 
the basis for interpreting the origin of rock types on the Moon, Mars, Mercury and possibly Venus. Investiga
tions of the physical and chemical characteristics of stressed rocks will provide information required to 
interpret the interior properties of the terrestrial planets, and newly initiated studies of the properties 
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of low temperature solids will continue so that interior and surface properties of the satellites of the outer 
planets can be understood better. Experimental impact studies will be accelerated so that data necessary for 
interplanetary comparisons of flux history and geologic time are made available. More than forty planetary 
observational research programs will continue with emphasis on the outer planets, their satellites and on 
radar astronomy. Studies of comets will receive additional attention so that the preflight mission definition 
of science objectives can be firmly established. Studies of meteorities will also receive additional attention 
this year because of the recognition that these samples contain information regarding the early history of the 
solar system that is unavailable elsewhere. 

Advanced Technical Development 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

6,000 5,200 5,200 4,700 

Advanced instrumentation concepts will be developed to support anticipated high priority new flight programs. 
Instrument development will emphasize experiments for (1) remote sensing of planetary surfaces including 
terrestrial planets, satellites of the outer planets and asteroid surfaces, (2) remote and direct measurements 
of the atmospheres of comets and the outer planets, and (3) measurements of the physical and chemical properties 
of planetary surfaces, principally Mars. During FY 1979, the major emphasis in Advanced Technical Development 
will be on preparation for a candidate Venus Orbital I~ging Radar (VOIR) mission. 

Advanced Studies 

1977 
Actual 

1,200 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,200 1,200 

1979 
Budget 

Estimate 

700 

The FY 1979 Advanced Studies funding will provide for mission studies for the inner and outer planets, their 
satellites, and small bodies of the solar system. 
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A mission/system definition study, based on the mission feasibility study of FY 1978, will be conducted to 

examine further a Saturn orbiter mission which would include atmospheric probe entries into Saturn and Titan. 
Science rationale for a potential Saturn orbiter mission dictates an integrated investigation of the total 
system with an orbiter and probes that can carry out investigations with remote sensing instruments, as well 
as instruments placed for direct measurements. Drawing on the mission analysis and science requirements 
assessments made in FY 1978, the FY 1979 asteroid mission study will focus on determining the mission feasibility 
of an asteroid mission to achieve several asteroid rendezvous with one launched spacecraft. The results are 
expected to lay the foundation for later mission and systems definition studies. Conceptual design and 
feasibility studies for missions to Mercury and Venus are planned for FY 1979. The Venus mission studies will 
consider lander, buoyant station, and sample return missions as successors to the Pioneer Venus and candidate 
Venus Orbital Imaging Radar missions. 

Ion Drive/Comet Studies 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1979 
Budget 

Estimate 

5,000 

The Ion drive/comet studies funding requested in FY 1979 will provide for completion of the initial system and 
subsystem design, supported by laboratory evaluations, for both the ion drive system and the comet rendezvous 
spacecraft. Emphasis in FY 1979 will be on the development and fabrication of an engineering model of the ion 
drive system. Assembly and subsystem testing of an engineering model will be accomplished by the end of 
FY 1979, so that overall system tests could be conducted in the future to firmly establish proof-of-concept. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 

SUMMARY OF RESOURCES REQUIREMENTS 

Flight experiments .. ..................•............•...•••• 
Vestibular function research •.•••••.•.••••••.•••••••••••••• 
Research and analysis .•••.••••.••••.•.••..•...•••.••.•••••• 

Tota 1 . ...•......•........•.......•.••.............•.••.•• 

Distribution of Program Amount by Installation: 

Johns on Space Center . ....................................... 
Kennedy Space Center • •.••..•.•..•••••••.••.•••.•..•••...••• 
National Space Technology Laboratories ••••••••.•••••••••••• 
Jet Propulsion Laboratory ••••••••••••••••.•.••••••.•••.•••• 
Ames Research Center . .••.•••...•••••••••••....•.•.••••••••• 
Dryden Flight Research Center ••••••••••••••••.••••••••••••• 
Headquarters . ..............................•............... 

Total . ................................................... 

1977 
Actual 

1,500 
900 

19.725 

22.125 

6,836 
90 

---
1, 711 
8,855 

100 
4,533 

22.125 

LIFE SCIENCES PROGRAM 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

9,000 
1,500 

22,800 

33.300 

14,446 
200 
---

1,900 
12,725 

100 
3,929 

33.300 

9,000 
1,500 

22,800 

33.300 

13,906 
92 
50 

1,415 
12,825 

100 
4,912 

33.300 

1979 
Budget 

Estimate 

12,400 
3,800 

24,400 

40.600 

15,425 
300 
50 

1,310 
17,867 

100 
~548 

40.600 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE SCIENCES LIFE SCIENCES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objectives of the Life Sciences program are to provide the Agency with the basic and applied research 
and development to assure the medical safety, well-being and life-support of all humans involved in space 
flight; and to advance basic knowledge and develop applications of space technology to Earth-bound medical 
and biological problems and questions by conducting investigations in space. 

The Space Shuttle/Spacelab will become available for inflight medical and biological research in 1980. 
In preparation for these early flights, ground-based research is being conducted on the limits of physio
logical tolerance to space flight stresses. The knowledge derived from this type of research will be applied 
during future selection of Shuttle passenger candidates and design of protective measures. 

Flight experiments have been selected for the first Spacelab flights available to Life Sciences and de
finition studies have been initiated. Primary emphasis of these Life Sciences experiments is on the problem 
of space motion sickness and,more particularly, vestibular function. On the first joint US/ESA flight 
(Spacelab 1), the European Space Agency will make a vestibular sled available for use in human vestibular 
reaction experiments. 

On Spacelab 3, we will conduct basic investigations on otolith conditioning responses in animals, using 
single nerve microelectrodes and intermittent centrifugation of the specimens. 

In addition, both ground-based and inflight research into the gravitational effects on plant and animal 
life are continuing to provide baseline data. These data are central to the understanding of the mechanisms 
by which plants and animals sense and respond to gravity and of the way they develop and function. The de
gree and causes of bone and muscle deterioration in animals exposed to the space environment are of prime 
interest. Recently conducted US experiments in the USSR biosatellite, KOSMOS 936, have confirmed deleterious 
reactions in laboratory rat bone growth and cellular structure during a 3-week flight. 

Preparation of the first announcement of flight opportunities for solicitation of experiments to be con
ducted in Spacelab pressurized module flights is underway. Development of general purpose equipment for 
use on life sciences flights is continuing and experiment definition work will begin in FY 1979. 
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A second set of research objectives involves the question of the origin of life. Planetary exploration pro

vides a unique opportunity to test theories concerning the origin and evolution of life in the solar system 
and beyond, as well as its possible presence and distribution. Studies on the relationship between life and 
its associated chemical processes and on basic planetary processes are included. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

OBJECTIVES AND STATUS: 

FLIGHT EXPERIMENTS 

1977 
Actual 

1,500 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

9,000 9,000 

1979 
Budget 

Estimate 

12,400 

The Life Sciences Flight Experiment program provides for the planning, development, inflight operation, 
and analysis of biomedical, biological and life support experiments and equipment. The experiments will 
investigate the effects of weightlessness and other unique space conditions on living systems with the 
objective of improving human ability to function in the space environment and expanding our understanding 
of basic biological questions such as the relationship of gravity to Earth life forms. 

This program provides for the general purpose laboratory hardware necessary to support flight laboratory 
equipment requirements, thus reducing the cost incurred by experimenters in designing and building flight 
equipment by avoiding duplication. Design and development of the major equipment items needed to support 
life sciences experiments on Shuttle flights in 1980 and 1981 is currently underway. Biological specimen 
holding facilities are under contract as are -70°C and -20°C freezers, animal transporters, a surgical 
workbench, and assorted biomedical kits. 

An Announcement of Opportunity for a two-year flight experiments program is being prepared. Experiments 
for the first flight in the series are to be selected in FY 1979. Planning for the design, engineering 
and operations aspects of the program is expected to be completed in 1978. 
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BASIS OF FY 1979 ESTIMATE: 

In FY 1979, general purpose hardware development will continue. Additional items will be added to the cur
rent list as the experimenter requirements are received, reviewed, and determined to be common or unique. 
Experiment proposals, received in response to the Life Sciences Announcement of Opportunity, will be processed 
through the peer review structure and arrangements will be made with selected principal investigators to 
initiate experiment definition work. In addition, the procurement of ground support equipment necessary for 
the test and integration of Life Sciences flight payloads will begin. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

VESTIBULAR FUNCTION RESEARCH 

Science . ...................................•.......... · • • · 
Supper ting hardware . .....................•................ 

Total . ................. · · · · · · · · · · · · · • · · · · · · · · • · · • · · · · · • · • 

OBJECTIVES AND STATUS: 

1977 
Actual 

400 
500 

900 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

400 
1,100 

~ 

400 
1,100 

1.500 

1979 
Budget 

Estimate 

500 
3,300 

3.800 

The Vestibular Function Research (VFR) program provides for development of a flight experiment and a re
usable flight facility to conduct investigations on the otolith and the neurosensory response mechanisms 
associated with motion in a zero-g environment. The major objective of this work is to vrovide increased 
understanding of the cause of, and potential countermeasures for, space motion sickness experienced by a 
significant number of crewmen in spaceflights. 

Two contractors have been selected to define the flight hardware and associated life support subsystems. 
A request for experiment proposals has been issued to the scientific community and responses will be 
evaluated during FY 1978. 
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BASIS OF FY 1979 ESTIMATE: 

In FY 1979, the selected investigator will prepare the flight experiment protocol and initiate specific 
ground testing to generate biological records for baseline ground proof and flight specimens. Instru
mentation methods will be examined and newly developed microelectrode technology will be evaluated. A 
prototype of the flight hardware, including both tilt and centrifuge subsystems, will undergo design, 
fabrication and qualification tests. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

RESEARCH AND ANALYSIS 

Life sciences supporting research and technology •••••••.••• 
Planetary biology ...•.........•.•••.....•..•••••••••••••••• 
Planetary quarantine ...........................•........•.. 

Total . .................................................. . 

OBJECTIVES AND STATUS: 

1977 
Actual 

14,925 
3,300 
1,500 

19.725 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

18,000 
3,300 
1,500 

22.800 

18,000 
3,300 
1,500 

22.800 

1979 
Budget 

Estimate 

20,400 
2.900 
1,100 

24.400 

The Research and Analysis activities of the Life Sciences program support the ground-based research in 
space-related biomedical and biological problem areas that have been identified in previous flights or 
have been determined to be highly probable in future flights. 

A primary function of this research is to establish medical selection parameters for selection of Shuttle 
passengers. To maintain medical safety of human spaceflight while broadening eligibility for Shuttle flight, 
a series of test and research evaluations is being conducted. This research covers a continuum from ex
periments on blood platelet modification in a zero-g environment to preflight detection of latent infectious 
disease in apparently healthy passenger candidates. 
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Research continues on the origin and distribution of biological life and life-related chemicals in the 

universe, expanding the data derived from research experiments conducted on Mars and in the extreme environ
ments, such as Antarctica, that exist on Earth. Space biology research, particulary as it relates to humans 
and the biological aspects of advanced life support systems, is continuing at a sustaining level to establish 
ground-based.data to be used in defining the forthcoming Shuttle flight experiments. 

Life support system technology development utilizing advanced physical, chemical, and biological concepts 
of disposal, reclamation and reuse of basic air, water, and food cycles is focusing on requirements for 
longer duration flights and larger groups of people. As this technology advances and as mission durations 
increase, systems for this reclamation and reuse become more cost effective than resupply. 

BASIS OF FY 1979 ESTIMATE: 

The biomedical research will continue to investigate the basic mechanisms, potential risks, and acceptable 
countermeasures associated with sustaining humans in space, emphasizing precursory ground-based experiments 
preparatory to the flight experiment program. 

The research in advanced life support systems will expand to include preliminary studies to investigate 
basic biological processes and physical-chemical methods which could provide the capability to recycle waste, 
food, atmosphere, and water. The goal of this effort is support of humans in space for long durations with
out excessive logistic resupply penalties. 

The Planetary Biology research emphasis in FY 1979 will reflect the apparent abiotic environment of Mars 
as determined by the biology experiments conducted on the Viking lander. The Martian soil and atmospheric 
chemistry tests have suggested new areas of biochemistry research that require further investigation. 

The Planetary Quarantine efforts reflect the maturing of the methodology for testing outbound spacecraft 
for biological contamination. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE AND TERRESTRIAL APPLICATIONS 

Budget Plan 
1978 1979 

1977 Budget Current Budget 
Programs Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

Space Applications .............................................. . 198,200 233,800 234,800 274,300 

Technology Utilization ...•..•..••..•••••.••••••••••••••••.•••.• 8,100 8,100 9,100 _2..tl00 

Tot a 1 . .•.••..•.•..•.••.••.••.••.•.••.•••••.•••••.••.••••...•• 2_06.300 241.900 243.900 283.400 
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• RESEARCH ~EVELOPMENT 
FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS 

SUMMARY OF RESOURCES REQUIREMENTS 

Earth resources detection and monitoring •••••••••..•••••••••••• 
Earth dynamics monitoring and forecasting •••••••••••••••••••••• 
Ocean condition monitoring and forecasting •••.••••••.••••.••••• 
Environmental quality monitoring •••••••.••••.•••••••.•••..••••• 
Weather observation and forecasting •••••••••.•••••••••••••••••• 
Climate research program .•.•.•...••••..••••..•••.••••••.••••••• 
M~terials processing in space •••••••••••••••••••••..••••.•••••• 
Space conununica tions . .••.........•.•......••.•...••.•........•. 
Applications explorer missions ••••.•••••••••••••••••••••••••••• 

Total . .......................................... · · . · · · · · • · · · · 

Distribution of Program Amount by Installation: 

Johnson Space Center . ......................................... . 
Kennedy Space Center . ......................................... . 
Marshall Space Flight Center •••••••••••••••••••••••••••••.••••• 
National Space Technology Laboratories •••••••••••••••.•••.••••• 
Goddard Space Flight Center •••••.••••••.•••...••••••.•••••.•••• 
Jet Propulsion Laboratory ..•...•......•..•.•......••.•.•..•..•• 
Wallops Flight Center ......................................... . 
Aines Research Center . .........................................• 
Langley Research Center . ...................................... . 
Lewis Research Center . ........................................• 
Headquarters . ................................................. · 

Total . ................................... · · · · · · · · · • · • • · · · • · · · · 

1977 
Actual 

75,362 
4,950 

30,890 
24,101 
29,955 

600 
8,090 

15,252 
9,000 

198.200 

29,650 
560 

10,363 
790 

90,464 
30,514 
6,139 
8,169 
9,851 
2,401 
9 1 299 

198.200 

__ _. 
SPACE APPLICATIONS 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

106,600 106,945 
6,800 7,200 

17,100 16,950 
26,600 26,190 
23,500 25,115 

2,500 2,500 
15,200 15,200 
22,300 21,200 
13,200 13,500 

233.800 234.800 

34,320 28,675 
650 535 

19,480 18,655 
300 3,560 

125,030 129,754 
25,100 24,025 
5,450 3,390 
4,650 5,926 
7,840 9,046 
2,210 2,645 
8 1 770 8,589 

233.800 234.800 

·--··---------· 

1979 
Budget 

Estimate 

151,500 
8,600 

12,400 
20,200 
22,800 
12,200 
20,400 
22,000 
~200 

274.300 

21,875 
500 

32,550 
3,450 

160, 470 
18,545 
2,610 
6,000 

16,600 
2,850 

__Jh850 

274.300 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE AND TERRESTIAL APPLICATIONS 

PROJECT 

Earth Resources Detection and Monitoring: 
Earth Resources Technology Satellites 

Ocean Condition Monitoring and 
Forecasting: 
Ocean Dynamics Satellite 

Environmental Quality Monitoring: 
Air Pollution and Oceanographic 

Observing Satellite 

Weather Observation and Forecasting: 
Operational Temperature Sounding 

Satellite 
Global Atmospheric Research Program 

Climate Research: 
Earth Radiation Budget Satellite 

System 

Materials Processing In Space: 
Sounding Rocket Missions 

Space Communications: 
Search and Rescue Mission 

FLIGHT SCHEDULE 

MISSION 

Launch of LANDSAT-C 
Launch of LANDSAT-D 

Launch of SEASAT-A 

Launch of Nimbus-G 

Launch of TIROS-N 
First GARP Global Experiment 

Launch of ERBS-A 
ERB instrument to be launched 

on NOAA F&G 

Launch about 3 annually 

Instruments to be launched on NOAA 
(TIROS-N series) spacecraft. 

--------
SPACE APPLICATIONS PROGRAM 

CALENDAR YEAR 

1978 
1981 

1978 

1978 

1978 
1978-79 

1982 
1982-83 

1982-83 
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PROJECT 

Applications Explorers: 
Heat Capacity Mapping Mission 
Stratospheric Aerosol and Gas 

Experiment 
Magnetic Field Satellite 

Shuttle/Spacelab Missions 

Reimbursable Missions: 
GOES* 

NOAA* 

• 
FLIGHT SCHEDULE 

MISSION 

Launch of HCMM 

Launch of SAGE 
Launch of MA.GSAT 

Orbital Flight Test #2 
Spacelab Payloads 

Launch of GOES C through F 

Launch of NOAA A-G 

*National Oceanic and Atmospheric Administration (NOAA) funded. 

-· 
CALENDAR YEAR 

1978 

1979 
1979 

1979 
Beginning 

in 1980 

1978-1983 
(Subject to 
call-up by 
NOAA) 

1978-1984 
(Subject to 
call-up by 
NOAA) 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS SPACE APPLICATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objective of the Space Applications program is to conduct research and development activities that demon
strate and transfer the applications of space-related technology, systems and other capabilities which can be 
effectively applied and used for down-to-Earth practical benefits. These R&D activities are grouped in the 
following general areas: Earth Resources Detection and Monitoring, Earth Dynamics Monitoring and Forecasting, 
Ocean Condition Monitoring and Forecasting, Environmental Quality Monitoring, Weather Observation and Forecasting, 
Climate Research, Materials Processing in Space, Space Communications, and Applications Explorer Missions. 

In each of these areas, programs are being conducted and planned to contribute to the solution of pressing 
national, as well as international, problems and needs. 

Earth Resources Detection and Monitoring -The effective utilization of the world's finite natural resources 
requires that their extent and accessibility be surveyed, that their changes be monitored and that systems for 
wisely managing their use be developed. In the Earth resources survey area, two objectives have been estab
lished: (1) to develop the capabilities for remotely sensing the Earth's resources from space in order to 
perform comprehensive global surveys of the Earth's resources; and (2) to apply the results to agriculture, 
water management, mineral and petroleum exploration, land use assessment, and improving the quality of world 
maps through transfer of these capabilities to resource managers in the public and private sectors. Achieving 
these objectives will provide an information base that can be used in the monitoring, analyzing and management 
of the world's resources. 

Significant activities are underway in the Applications Systems Verification and Transfer (ASVT) and LANDSAT 
projects. The ASVT activities are designed to demonstrate to the user community that remotely obtained infor
mation, acquired from satellites and aircraft, provides new capabilities that may efficiently supplement and 
complement existing data gathering systems. LANDSAT-C, the third Earth Resources Technology Satellite, will 
be launched in early 1978 and will gather multispectral data on earth resources with its improved sensors. 
LANDSAT-2 continues to acquire valuable data and will be operated along with LANDSAT-C to provide a nine-day 
repetitive coverage pattern. 
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LANDSAT-D is a project which will advance the technology and techniques for Earth resources remote sensing. 

LANDSAT-D will utilize the advanced capabilities of a second generation experimental multispectral imager, 
the Thematic Mapper, in concert with the flight-proven Multispectral Scanner. This project will test a total 
end-to-end data acquisition, processing, dissemination, and analysis system by bringing the satellite-sensed 
Earth resources data to the users in a timely fashion (five to seven days) on a routine basis over a projected 
three-year test period. 

The Multispectral Scanner will provide for continuity of multispectral data in a size, resolution, and spectral 
coverage with which users of LANDSAT 1-C data already have experienced. The Thematic Mapper to be flown on 
LANDSAT-D will provide a significant improvement in the quality and usefulness of remotely-sensed multispectral 
imagery due to its higher resolving power and additional spectral coverage. These improvements in data quality 
will enhance the utility of remote sensing for mineral and petroleum exploration, expand the application of 
crop. inventory techniques to small-field agricultural areas worldwide, and significantly increase the number 
and precision of land and water inventory applications in the United States. 

Earth Dynamics Monitoring and Forecasting -This program's efforts are directed towards observing the physical 
character and dynamic motions of the Earth. This information will lead to an improvement in our knowledge of 
the Earth's gravity and magnetic field factors, which are important for resource assessments; improvement of 
geodetic surveying and control techniques and the monitoring of local topographic changes; and improvement of 
our knowledge of earthquake mechanisms. Continuing efforts will be focused on validation of the various plate 
motion measurement techniques. The motions of these large solid plates (tectonic plates) which make up the 
surface of the Earth are one of the causes of large earthquakes. The Magnetic Field Satellite (Magsat), an 
Applications Explorer, will provide information needed to allow the United States Geological Survey to update 
maps of the Earth's magnetic field, to develop models of the global magnetic field, and to enhance our knowledge 
of the geologic structure of the Earth. Studies based on Magsat data are expected to provide useful information 
for location of natural resources such as coal, oil, and minerals. 

Ocean Condition Monitoring and Forecasting - The monitoring and forecasting of sea state conditions, current 
systems and ocean circulation patterns have important implications for improving operations and costs asso
ciated with ship routing, offshore activities, and fishing, and for improving weather forecasting. The pro
gram objectives will be achieved through the development of space platforms and related research as part of a 
concerted NASA/user effort to develop a global monitoring and forecasting capability for the oceans. Data on 
the sea surface topography are currently being acquired with the Geodynamic Experimental Ocean Satellite 
(GEOS-3) launched in 1975. SEASAT-A will be the first satellite with an extensive capability for observing and 
monitoring ocean conditions. Upon its launch in 1978, SEASAT is expected to demonstrate and validate the use 
of ocean data for achieving operating economies in the marine environment. Funds are ueing requested to fund 
a second year of SEASAT-A operations. 
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Environmental Quality Monitoring - The Environmental Quality program has as its ~bjective the deve~opment and 

demonstration of systems capable of identifying and measuring pollutants in the air and water on global and 
regional scales. A major focus of attention is upper atmospheric pollution. In this particular area, efforts 
are concentrated on: (1) determining the present composition of the atmosphere for use as a baseline against 
which the long-term trends of atmospheric pollutants can be measured; (2) monitoring changes in the composition 
from established patterns with respect to time and place; and (3) incorporating the data describing atmospheric 
constituents and their behavior into atmospheric circulation-related environmental quality models. 

Two spacecraft currently under development will provide a significant amount of new data on atmospheric and 
water pollution. The first of these, Nimbus-G, is scheduled for a 1978 launch. The second, the Strato-
spheric Aerosol and Gas Experiment, an Applications Explorer Mission, will be launched in 1979. A new effort 
proposed for FY 1979 is the Halogen Occultation Experiment (HALOE). The HALOE instruments will obtain global 
measurements of various chemicals which are important far.tors in determining the amount of ozone in the atmosphere 

Weather Observation and Forecasting - Reliable short- and long-term weather forecasts can mean savings of life, 
property, and money. The Weather program is directed toward the application of satellite data to problems in 
detection, prediction, and early warning of severe storms and improvements in our capability for both short and 
long term weather prediction. The major activities underway include: (1) continued emphasis on global weather 
research and-technology; (2) severe storm research; (3) the prototype development of the third generation NOAA 
operational weather satellite prototype (TIROS-N), which will be launched in mid-1978; (4) planning for the 
first international Global Atmospheric Research Program experiment to be conducted in late 1978-1979. FY 1979 
funding will provide for continued emphasis on Severe Storm Research, for the development of a cold cloud physics 
capability for the Atmospheric Cloud Physics Laboratory, and for the development of an instrument to fly on NOAA 
spacecraft as an operational monitor of the Earth's ozone levels. 

Climate Research - In recent years, a number of independent studies and reviews have led to the recommendation 
that programs be initiated to assess and enhance our knowledge of climate, and to investigate the predictability 
of climate change. A National Climate Program Plan has been developed in response to the obvious need for a 
well-integrated program of research and analysis of the past, present, and possible future climate conditions. 

Within the context of the national program, NASA has the responsibility for making measurements from space to 
aid in our understanding of the physical processes that control climate and climate change. Our knowledge of 
these complex climate processes is very rudimentary. As a consequence, improving our understanding will re
quire a great deal of study and data acquisition over a considerable period of time. The FY 1979 emphasis is 
on a reasonably paced program of basic research, coupled with a flight project development. 
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General agreement exists within the scientific community that the Earth's radiation budget must be monitored 

from space if we are to gain basic insights into the reasons for climate fluctuations. Therefore, we propose 
to begin development of an Earth Radiation Budget Satellite System (ERBSS) in FY 1979. More solar energy is 
absorbed by some regions of the Earth than by others. At the same time, some regions radiate more thermal 
energy into space than others. This differential heating is the driving force that sets into motion the 
atmospheric winds and ocean currents that transfer heat from warmer areas to cooler areas. The ERBSS will 
measure the temporal and spatial variations in the Earth's radiation balance over the entire globe. 

Materials Processing in Space - The objective of this program is to capitalize on the unique characteristics 
of the space environment to prepare and process materials in ways that are not possible or economically prac
tical on Earth. The eventual benefits are expected to include new knowledge of materials and technology im
provements. These will be directly applicable to industrial and biomedical processes on the ground, as well 
as to the production of unique new products in space. Space processing studies, investigations, and analysis 
of potential applications of space processing will be continued, and will include synthesis of space experiment 
results to identify potentials that are not predictable from ground data alone. Space results are now avail
able from the experiments performed on the Apollo Soyuz Test Project and the initial two Space Processing 
Applications Rockets (SPAR) missions. The SPAR Project offers a continuing opportunity to investigate materials 
processes in space prior to the Shuttle era. The design of Space Processing Shuttle payloads continues and will 
permit systematic materials research and development in the early years of Shuttle operations, making practical 
applications possible in the later 1980's. 

Space Communications- From the inception of the space age, NASA has engaged in a vigorous research'and develop
ment effort that has clearly demonstrated the viability of communications satellite systems. The current NASA 
effort is directed toward developing and demonstrating advanced technology, and providing expert advice and con
sultation on communications satellites to various Government departments and agencies. The highly successful 
series of Applications Technology Satellites (ATS-1, 3, 5, 6) and the cooperative U.S./Canadian Satellite 
(CAS-C) will continue to be used by various domestic and international experimenters to demonstrate innovative 
application of communications satellites. A significant effort is being undertaken to provide technical con
sultation and support to U.S. agencies, including NASA, participating in the 1979 World Administrative Radio 
Conference (WARC)--the first of its kind since 1959. NASA involvement is important to assure frequency assign
ments for all types of satellites. Work is continuing on the planning for a Search and Rescue ·Satellite System. 
This system will employ sensitive receivers and high gain antennas, carried on spacecraft, to demonstrate the 
feasibility of obtaining a significant increase in the capability to detect and locate distress signals from 
general aviation aircraft and certain marine vessels. Several foreign countries have expressed an interest 
in participating in this program and detailed discussions are underway. 
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Applications Explorer Missions - The Applications Explorer Mission (AEM) program was established to develop 

relatively low cost, Scout-launched spacecraft tailored to specific areas of research and orbital require
ments. This program has the following missions under development: (1) the Heat Capacity Mapping Mission 
(AEM-A), which will obtain temperature data on identifiable characteristics of various materials to develop 
heat capacity maps of rock types; the data obtained will have applications in mineral-potential assessments 
and for studies of soil moisture, mapping of thermal effluents, measurement of plant can0py temperature, 
and mapping of snow coverage; (2) the Stratospheric Aerosol and Gas Experiment (AEM-B), which will help 
develop measurement techniques for the detection and mapping of stratospheric aerosols and ozone by observing 
the attenuation of the solar radiation through the Earth's atmosphere; and (3) the Magnetic Field Satellite 
(Magsat), AEM-C, which will map the magnitude and direction of the Earth's global magnetic field with im
proved accuracy. Magsat data are needed to refine magnetic field models and charts, to update current 
magnetic field data for applicable exploration of natural resources and to enhance our knowledge of the 
geologic structure of the Earth. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

EARTH RESOURCES DETECTION AND MONITORING 

I..A.NDSAT -C . ••••••••••••••••••••••••••••••••••••••••• • • • • • • • • • • 
I..A.NDSAT - D • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Shuttle/Spacelab payload development ••••••••••••••••••••••••• 
Shuttle/Spacelab mission design and integration •••••••••••••• 
Integrated payload planning •••.•••••••••••••••••••••••••••••• 
Applications research and technology development ••••••••••••• 
Follow-on data analysis and operations ••••••••••••••••••••••• 

Total ......................................... ·.·· .. ······· 

OBJECTIVES AND STATUS: 

1977 
Actual 

13,500 
6,000 
1,000 

(3,500) 
53,162 

1,700 

75.362 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,200 3,200 
41,700 48,200 
3,300 3,370 
2,400 2,240 

(4,000) (4,000) 
55,000 49,735 

1,000 200 

106.600 106_.945 

1979 
Budget 

Estimate 

700 
97,500 
6,000 
6,900 
4,000 

36,400 

15_1.500 

The basic objective of this program is to develop and transfer to resource managers in the private and public 
sectors remote sensing techniques developed in the nation's space program. These are techniques that can be 
uniquely performed with space data or that can improve existing resource information systems in terms of cost, 
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timeliness, or quality of data. Program elements include the development of space and supporting ground systems, 
improved data processing and analysis techniques, high altitude aircraft support for sensor and techniques de
velopment, and basic and focused research for monitoring, analyzing, and managing the Earth's resources. The 
program is conducted in close cooperation with the public and private user communities to develop practical appli
cations and effective utilization of these capabilities. Examples of the many kinds of uses to which satellite 
data can be put are: worldwide crop production estimation; mineral and petroleum exploration; environmental 
impact and flood hazard assessments; and water supply and demand studies. 

The first dedicated Earth resources satellite was LANDSAT-I, launched in 1972. Its data gathering operations 
will be essentially terminated with the launch of LANDSAT-C in March 1978. LANDSAT-2, launched in 1975, is 
still operating well. LANDSAT-C is expected to provide high quality data during FY 1979. The budget request 
provides for continuing support during that period. The major new thrust initiated in FY 1978 was the LANDSAT-D 
project. A major objective of this project is to test the second generation high resolution, remote sensing 
instrument, the Thematic Mapper, on which development was initiated in FY 1977. A recent change in the initial 
LANDSAT-D mission payload is the addition of the Multispectral Scanner instrument. This proven instrument will 
provide users with a source of data in a known format and resolution. LANDSAT-D is scheduled for launch in 
1981. In FY 1979, major emphasis will be placed on continued development of LANDSAT-D. Increased emphasis 
will be placed as well on development of payloads for the Shuttle/Spacelab, including three experiments to 
fly on the second Orbital Flight Test mission in 1979 and the Large Format Camera, planned for flight in 1980. 

The applications and research technology development activities will emphasize four major areas in FY 1979: 

1. In the area of renewable resources, the major goal is to continue the development of techniques for 
monitoring from space the Earth's changing potential capability to produce food, fiber and fresh water. The 
principal prior activity, which is being completed in FY 1978, is the cooperative effort with the U.S. Depart
ment of Agriculture and the National Oceanic and Atmospheric Administration on the Large Area Crop Inventory 
Experiment (LACIE). The objective of this experiment is to develop techniques for global wheat production 
forecasts that are more accurate and timely than those now available. In FY 1979, research will be conducted 
to improve the efficiency of existing techniques; to support the USDA's remote sensing test system, which 
is based upon the techniques developed in LACIE; to integrate LANDSAT-C thermal and return beam vidicon 
camera system data and meteorological satellite data into these procedures; and to continue research into 
the uses of microwave data. Emphasis will also be placed on improving the capability for monitoring water 
supply and determining water demand for irrigation and hydroelectric purposes. Thermal infrared data from 
the Heat Capacity Mapping Mission are expected to provide significant soil moisture information. 

2. In the area of nonrenewable resources (mineral and petroleum), the major goal is to develop new 
spectral bands for improved analysis of geological structures and features. When integrated into a total 
exploration program using standard geophysical exploration techniques, these new space data should 
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significantly enhance the capability for exploration and exploitation of the Earth's mineral and energy re
sources. Space-acq~ired data have already proven to be valuable in the quest for new sources to meet the 
expanding demand for extractive resources. NASA will continue, with the active involvement of the user 
community, to develop the capabilities of thermal infrared sensing (LANDSAT-C and Heat Capacity Mapping 
Mission), microwave systems (including the Shuttle Imaging Radar on the second Orbital Flight Test), and 
specialized orbits and instruments for the detection and understanding of basic geological structures 
necessary for mineral and petroleum exploration. 

3. In the area of land resources inventory, NASA plans, with the active involvement of such agencies as 
the Department of the Interior, the Environmental Protection Agency, the U.S. Forest Service, the Cens~s Bureau 
and a number of State, local, and private groups, to assist in the development of remote sensing techniques 
and procedures to meet their requirements. These include monitoring changes in the extent of urban and sub
·urban areas for census purposes, obtaining baseline environmental data for large areas such as on the north 
slope of Alaska, and updating maps of selected regions in the U.S. The major goal is to develop the capa
bility to deliver land cover information for use in existing management systems. 

4. In the area of technology development, NASA has pioneered in the use of multispectral data in the 
visual and infrared wavelengths. This work will continue. For the future, active and passive microwave re
mote sensing has a very high priority because of the possibility it offers to acquire data at night and 
through clouds. 

The principal thrust during. the balance of FY 1978 will be the completion, launch, and operation of 
the LANDSAT-C spacecraft; completion and checkout of improved data management systems to handle the data 
to be returned from that satellite after launch; selection of and contracting with a LANDSAT-D mission con
tractor; continuation of development of Shuttle Imaging Radar-A and two other experiments for flight on OFT-2 
and the Large Format Camera; and formalization of agreements with cooperating Federal, State, and private 
sector groups in conducting new Applications Transfer and Demonstration projects. In addition, the Heat 
Capacity Mapping Mission spacecraft will be completed, launched, and operated to provide thermal infrared 
data for the purposes cited above. 

In FY 1979, in addition to the ongoing projects in the Applications Transfer and Demonstration 
Program, one or two new efforts will be initiated in areas such as land cover analysis, coastal shallows 
charting, and rangeland inventorying. 

In addition to these activities, the FY 1979 funding includes support for Applications activities that in 
two instances have previously been apportioned among several applications programs. The Shuttle/Spacelab 
missioq design and integration line now includes funding for all Applications disciplines. The Applications 
Research and Technology Development line now includes the following projects: Studies in Applications of 
Technology and the Aircraft Instrumentation Research activities. 
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Earth Resources Technology Satellite (LANDSAT-C) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Spacecraft . ................................................. . 7' 173 2,425 2,425 
Sensors . .................................................... . 1,382 
Ground operations .. ......................................... . 4,945 775 775 700 

Total . .................................................... . 13.500 3.200 3.200 700 

Delta (Expendable launch vehicles program) ••••••••••••••••••• (900) (---) (---) ( ---) 

OBJECTIVES AND STATUS: 

The primary objective of the LANDSAT-C project is to continue the development of technology that significantly 
contributes to the more efficient management and utilization of the Earth's resources. LANDSAT-C will accomplish 
this by collecting, on a global basis, repetitive imagery in several discrete color bands, which will be analyzed 
by computer and photointerpretive techniques to improve our understanding of terrestrial conditions in a timely 
fashion. LANDSAT-C represents an improvement in the technology developed for and demonstrated by LANDSATS-1 and 
-2. The satellite will have an improved Multispectral Scanner (MSS) and an improvement in the spacecraft tele
vision camera system, referred to as the Return Beam Vidicon (RBV) system. The LANDSAT-C MSS differs from those 
previously flown in that a spectral band in the thermal range has been added to achieve more effective classi
fication of data characterized by temperature changes. This additional capability will allow improved monitoring 
of agriculture in the preharvest stage and will also improve LANDSAT's capability to monitor dynamic changes in 
other vital areas such as water pollution, geology, hydrology, and oceanography. The RBV system has been modi
fied to provide a two-fold improvement in resolution (from 80 to 40 meters) over the previously flown RBV 
systems. This advance will increase the capability to locate and identify small agricultural fields and to 
improve cartography in poorly mapped areas of the world. 

Spacecraft fabrication has been completed, and final testing is on schedule in support of a launch readiness 
date of March 1978. 
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BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funds will provide for continued operation of the LANDSAT Operations Control Center in support 
of LANDSAT-C. 

Earth Resources Technology Satellite (LANDSAT-D) 

Spacecraft (multimission modular spacecraft) •••••••••••••••• 
Spacecraft systems and sensors •••••••••••••••••••••••••••••• 
Ground data processing system •••••...••••...•••..••••••••••• 

Total . ..........•........................................• 

Delta (Expendable launch vehicles program) •••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

6,000 

6.000 

(---) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

15,000 15,000 
23,500 31,500 

3,200 1,700 

41.700 48.200 

(---) (8,500) 

1979 
Budget 

Estimate 

20,000 
60,300 
17,200 

97.500 

(10,000) 

The objective of the LANDSAT-D project is to continue the exploration of advanced research and development 
techniques for satellite-based Earth resources remote sensing systems with the experimental Thematic Mapper 
and the flight-proven Multispectral Scanner. The initial LANDSAT-D launch is planned for 1981; the backup 
spacecraft will be available for launch six months after the initial launch. 

The major technical focus of the LANDSAT-D project involves a test of both the Thematic Mapper instrument's 
capabilities and an improved ground data handling system. The Thematic Mapper--on which development was 
initiated in FY 1977--offers higher resolving power and greater spectral coverage than existing instruments. 
These advantages promise to open up a significant number of new uses of LANDSAT data and to enhance many 
current uses. 

The Multispectral Scanner has recently been approved by the Administration for flight on the initial 
LANDSAT-D spacecraft after a thorough review of the requirements for continued MSS data. It was determined 
that the MSS will enable users of the MSS data received from the first three LANDSAT missions to continue 
with established applications of multispectral data while obtaining experience with the experimental Thematic 
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Mapper data. Inclusion of the Multispectral Scanner in the LANDSAT-D payload was authorized by the Congress 
during the consideration of the Agency's FY 1978 budget request. 

LANDSAT-D will provide the user community with the opportunity to test, under realistic conditions, a total 
information system (Multispectral Scanner, Thematic Mapper, an improved ground data processing system, and 
data analysis and interpretation) by bringing the satellite-sensed earth resources data to the users in a 
timely fashion (five to seven days) and on a routine basis over a projected three-year test period. 

In FY 1977, a contract for the development of the Thematic Mapper was awarded. In FY 1978, the hardware 
procurements for the systems modules of the Multimission Modular Spacecraft (MMS) were initiated by exer
cising options in the basic contracts undertaken in 1977 for the Solar Maximum Mission. The integration 
and test contractor for the MMS will be selected in early 1978. Proposals for the mission contract are 
under evaluation. This procurement will provide for the design, fabrication, and integration of the other 
spacecraft systems and the ground data processing system. A contract for the Multispectral Scanner will 
also be awarded in early 1978. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase in the total FY 1978 LANDSAT-D project estimate reflects the decision to include the Multi
spectral Scanner in the mission payload. Adjustments in the ground data processing system and spacecraft 
systems and sensors lines have been made to reflect changes in the development schedules and commensurate 
funding requirements. 

BASIS OF FY 1979 ESTIMATE: 

The Thematic Mapper engineering model will be fabricated, tested and delivered during FY 1979. In 
addition, fabrication of the protoflight model will be completed and preparation for final acceptance 
testing of this unit will be initiated. Development of the Multispectral Scanner will continue, includ
ing the final review of design modifications and procurement of long lead items. The LANDSAT-C engineering 
model MSS will be modified to incorporate the changes required to check out the new spacecraft interfaces. 

The first two sets of Multimission Modular Spacecraft will be fabricated and delivered to the MMS inte
gration contractor on a schedule to support delivery of the first integrated spacecraft to the LANDSAT-D 
mission contractor in 1980. 

Development of the LANDSAT-D mission unique subsystems, such as the tracking and data relay antenna 
system and the solar array system, and development of the ground data processing system will also continue. 
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Shuttle/Spacelab Payload Development (Earth Resources) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Large format camera development •.••••.••••••••••••..•••.•••.• 1,000 750 4,400 
Orbiter flight test-2 payload development ••••••.••••.•••••••• 1,000 2,300 2,620 1,600 

Total . ........................................... · · · · · · · · · · · 1.000 3,300 3.370 6_._000 

OBJECTIVES AND STATUS: 

The Space Transportation System will be used to test, demonstrate, and evaluate Earth viewing remote sensing 
instruments and systems and to obtain data for Earth resources applications. The objective of this project 
is to develop instruments which will fly on the Shuttle Orbital Flight Test (OFT-2) mission and to develop a 
Large Format Camera to fly on Shuttle operational missions. The OFT-2 payload has been selected and develop
ment work has been initiated. The OFT-2 instruments are: the Shuttle Imaging Radar (SIR-A) for all-weather 
identification of land and features; a Shuttle Multispectral Infrared Radiometer (SMIRR) to conduct research 
for the optimum spectral bands for geological exploration; and an Ocean Color Scanner to assess the infor
mation which can be obtained from improved color sensing techniques in open ocean areas. The SIR-A will be 
our first use of spaceborne radar for landform analysis. It will be an adaption of the single frequency 
SEASAT-A Synthetic Aperture Radar and will demonstrate the contributions an early radar system can make in 
Earth resources information gathering. The Large Format Camera will have direct application to precision 
mapping of large geographic areas and its stereo capability will be especially useful to mineral and petroleum 
resources exploration. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The net increase of $70 thousand in FY 1978 reflects additional funding required to initiate development 
of the Earth Resources OFT-2 payload. In FY 1978, the Shuttle Multispectral Infrared Radiometer and Ocean 
Color Experiment instruments, in addition to the Shuttle Imaging Radar, were selected for flight on OFT-2. 
Accordingly, additional funding was allocated to this activity. A later than planned initiation of the 
Large Format Camera development reduced FY 1978 requirements. 
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BASIS OF FY 1979 ESTIMATE: 

During FY 1979, the Earth Resources OFT-2 payload instrument development will be completed and the instru
ments will be delivered and integrated into the orbiter. The OFT-2 flight will be conducted and data pro
cessing and analysis will be initiated. Development of the Large Format Camera will be continued throughout 
this period. 

Shuttle/Spacelab Mission Design and Integration 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

2,400 2,240 6,900 

OBJECTIVES AND STATUS: 

The availability of the Space Transportation System will add a new dimension to Space Applications programs. 
This system will offer new capabilities in launch frequency, payload accommodations, manned operations, ex
ploratory and test missions, and retrievability and redeployment. In order to take advantage of these new 
capabilities, efficiently and effectively, a focused activity is necessary to plan and coordinate their 
utilization and to integrate the required instrumentation into Spacelab hardware. As this capability comes 
on-line, increased resources are required to perform the planning and integration functions. 

The Office of Space and Terrestrial Applications has responsibility for the integration of applications, 
science and technology payload elements for assigned missions such as the OFT-2 in 1979 and Spacelab 3 in 
1981. In addition, program requirements have been identified for other Shuttle spaceflight requirements 
before Spacelab 3, and Spacelab missions in 1982 and 1983. These flights will have objectives that are 
of primary concern to the applications programs but will also include payload elements from the science 
and technology programs. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decision to assign responsibility for the Orbiter Flight Test-5 Mission to the Office of Space 
Transportation Systems and the selection of experiments for OFT-2 from the Announcement of Opportunity 
for the Orbiter Flight Test series resulted in an overall reduction of FY 1978 funding requirements. 
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FY 1979 funds will provide for mission planning and definition activities and the integration of individual 
payload elements into that payload complement. These funds will also support the integration of applications 
payloads into missions emphasizing science or technology and for the definition of subsequent launch require
ments for applications activities. Individual instrument and experiment development, packaging for flight, 
and data analysis will be funded and accomplished by the individual disciplines. 

Integrated Payload Planning 

1977 
Actual 

(3,500)* 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

(4,000)* (4,000)* 

*Budgeted in the Space Flight Operations program in FY 1978 and prior years. 

OBJECTIVES AND STATUS: 

1979 
Budget 

Estimate 

4,000 

The prime objectives of planning and program integration are to consolidate NASA's plans for early Space 
Transportation Systems (STS) missions and to ensure hardware and operational compatibility between the pay
loads and the STS elements. Funding for FY 1977 and FY 1978 is within the budget line item for Space Flight 
Operations. In FY 1978, STS utilization planning activities are focusing on updating the early STS mission 
plans to include hardware inventories and logistics requirements, improving the responsiveness of cargo 
planning, refining the cost estimating on Spacelab physical and analytical integration, and formalizing 
planning methodology for utilization of the STS. Studies of payload physical and analytical integration 
and flight operations are being expanded to develop a greater understanding of the associated critical 
hardware and software end items and of the supportive functions required to effectively carry out these 
activities. Analysis of payloads and their requirements are continuing in such areas as payload 
descriptions and requirements, payload development and integration center operational needs, support to 
the payload data base, contamination control modeling, and payload mission planning studies. 

BASIS FOR FY 1979 ESTIMATE: 

During FY 1979, tasks will continue to be directed toward determining the most economical and effective 
means of utilizing the STS and assuring hardware and operational compatibility between payloads and STS 
elements. Payload requirements will be identified, analyzed and compared to the rapidly evolving operational 
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capabilities and constraints of the STS. Changes in accommodations for payloads will be analyzed and impacted. 
Studies will also concentrate on the definition and standardization of interfaces between the STS and payloads 
during the preproject definition phase and through integration and mission operations. 

A major focus of activity will be on establishing schedules of candidate payloads for early STS missions and 
in acquiring technical and operational descriptions of these payloads. Candidate payloads will be subjected 
to mission analyses involving program priorities, schedules, costs and engineering trade-offs in order to 
develop recommendations for cargo groupings which are compatible and which optimize the use of STS flight 
capabilities. Specific studies will be concerned with refining techniques and mission planning tools for 
scheduling missions to minimize costs and complexities, with standardizing physical and operational inter
faces, and with defining mechanisms for the efficient and effective accommodation of carry-on and quick re
placement payloads. 

Applications Research and Technology Development (Earth Resources) 

Data interpretation techniques, special investigations 
and data analysis ..•......•........••..••.•.••..••.•••.•.•• 

Applications transfer and demonstration program •••••••••••••• 
Development of advanced flight experiments for Earth 

resources detection and monitoring ••••••••••••••••••••••••• 
Studies in applications of technology •••••••••••••••••••••••• 
Aircraft support for development of capabilities in 

remote sensing .••••.•••..•••••••••••••••••••••••••••••••••• 
Operational systems planning ••••••••••••••••••••••••••••••••• 
Definition and design of payloads for Earth resources 

applications .....................................•......... 

Tot a 1 . .•...•.............•....••.••••..•.•••.•.•..••..••••. 

1977 
Actual 

19,866 
14,034 

411 
4,597 

12,750 
200 

1,304 

53,1~~ 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

22,500 20,550 
13,400 13,085 

2,000 2,000 
5,500 5,000 

9,100 9,100 

_b500 

55.000 49,735 

1979 
Budget 

Estimate 

21,000 
5,200 

4,400 

5,800 

36,400 
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OBJECTIVES AND STATUS: 

Applications Research and Technology Development provides funding to support all the ground-based and air
craft based activities for Earth Resources Detection and Monitoring. The objectives of this effort are as 
follows: to improve data handling techniques, data processing equipment, and machine-aided interpretation 
and classification techniques needed to increase eff~ciency in the transformation of space derived data 
into information for utilization by the user community, both through Applications Systems Verification and 
Transfer projects and through smaller cooperative efforts conducted by the Regional Applications Transfer 
Centers and other Field Centers; to develop new sensors operating in the visible, infrared, and microwave 
regions of the spectrum, with emphasis on the latter two; to analyze user requirements for new types of 
space acquired data and determine their needs for assistance in using it; to develop, test, and demonstrate 
ground-based or airborne systems. that are derived from space technology, processes, management techniques 
or operations that contribute to the timely solution of problems; to provide the aircraft support required 
for the development of remote sensors, sensing techniques, and collecting of "ground trutW' and atmospheric 
data for all of the Office of Space and Terrestrial Applications disciplines and projects. 

CHANGES FROM FY 1978 ESTIMATE: 

The principal changes reflect a reallocation of resources for applications studies and data interpretation 
techniques, special investigations and data analysis to the application transfer and demonstration program 
for the completion of the Large Area Crop Inventory Experiment (LACIE) activity in FY 1978. The net decrease 
in the application transfer and demonstration line results from reductions in funding requirements for several 
Earth Resources projects and the approval of demonstration projects in the Ocean Condition Monitoring and 
Forecasting and the Weather Observing and Forecasting programs subsequent to the submission of the FY 1978 
budget. In FY 1978, the definition and design of payloads line item has been deleted due to a change in the 
management approach for this activity. Payload definition and design efforts have been integrated into the 
research and technology development activities in each Applications discipline. 

BASIS OF FY 1979 ESTIMATE: 

In Data Interpretation Techniques, Special Investigations and Data Analysis, the crop analyses efforts 
will be increased to develop techniques for integration of LANDSAT-C thermal infrared and Return Beam 
Vidicon (RBV) data, and meteorological satellite data into crop production estimation procedures. 
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In the Applications Transfer and Demonstration Program, with the completion of the Large Area Crop Inventory 

Experiment (LACIE) in FY 1978, the FY 1979 funding will continue the Regional Applications Transfer Program at 
Goddard Space Fligbt Center, Ames Research Center, and National Space Technology Laboratories at essentially 
the same level as in FY 1978. The funds will support the five ongoing Applications Systems Verification and 
Transfer (ASVT) projects that were initiated prior to FY 1978 and the four ASVT's that were initiated in FY 
1978. In addition, one or two new ASVT's will be initiated in areas such as land cover analysis, coastal 
shallows charting, and rangeland inventorying. 

In the studies in Applications of Earth Resources Detection and Monitoring Technology Program, support will 
continue to be provided to studies in applications of NASA space derived technology to nonaerospace and 
civil sector needs. 

The FY 1979 funding requested for the Aircraft Support area reflects a change in the management approach 
for this activity. Effective in FY 1979, aircraft support funding will be used to defray only the fixed 
costs of operating the aircraft. Funds for variable aircraft costs such as fuel and spare parts, for in
strument integration and maintenance, and for data processing will be provided by the various user dis
ciplines. 

Follow-on Data Analysis and Operations (Earth Resources) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Extended operations .........................•.....••...•..... 1,700 1,000 200 

OBJECTIVES AND STATUS : 

Both the LANDSAT-1 and -2 spacecraft have considerably exceeded their design lifetime but continue to 
transmit useful data. These extended operations permit the continued development and application of multi
spectral data in the classification and measurement of crop acreage, and in the areas of geology, hydrology, 
land use, forestry, and coastal zone management. The objectives of the LANDSAT follow-on data analysis 
and operations project are, therefore, to continue the acquisition of data from the LANDSAT spacecraft now 
in orbit. 
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CHANGES FROM FY 1978 ESTIMATE: 

Direct funding requirements for FY 1978 have proven to be less than previously anticipated, including a re
duction in the level of support required for investigators of LANDSAT-I and -2 data. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

EARTH DYNAMICS MONITORING AND FORECASTING 

1978 
1977 Budget Current 

Actual Estimate Estimate 

Tectonic plate motion ...................................... . 
Applications research and technology development (ARTD) ••••• 
Follow-on data analysis and operations •••••••••••••••••••••• 

Total ...............................................•..... 

OBJECTIVES AND STATUS: 

1~890 
1,625 
1,435 

4.950 

(Thousands of Dollars) 

2~200 2,200 
2~700 3,100 
1,900 1,900 

6.800 7.200 

1979 
Budget 

Estimate 

2~100 
5,400 
.h!00 

8.600 

The Earth Dynamics Monitoring and Forecasting Program applies space observation techniques to studies of the 
solid Earth. These studies are expected to contribute to the assessment of potential resource areas, to the 
forecasting of catastropic events such as earthquakes, and to better understanding of the physical character 
and dynamic motions of the Earth. 

Major activities conducted under this program include: the development of improved models of the Earth's 
gravity and magnetic fields, the development of techniques for the detection and measurement of tectonic 
plate motion and crustal deformation, and the application of new systems for geodetic surveying and topo
graphic mapping. While the techniques and approaches used in these studies are unique, the questions 
addressed are fundamental problems in geophysics and geodesy, and in many cases relate to the operational 
roles of other agencies such as the u.s. Geological Survey, National Geodetic Survey, the Department of 
Defense, and others. A major aspect of this program is the development of joint interagency activities to 
facilitate the transfer of appropriate new technology to the responsible agency. 
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Over the past several years, major contributions have been made in this program in refining models of the 

Earth's gravity and magnetic fields and in developing capabilities for precise measurements over long 
distances (1,000-3,000 kilometers), with accuracies of about ten centimeters. More work is needed to verify 
through demonstration the applications of these major advances to national and global problems of resources 
exploration, hazard assessment, and mapping. 

Laser ranging to satellites equipped with retroreflectors, including the Moon, and very long baseline inter
ferometric (VLBI) techniques using signals from distant radio stars are being explored as means for measuring 
plate motion and crustal movements. Recent analyses of laser tracking data acquired along the San Andreas 
Fault since 1972 have provided the first direct measurement of the relative motion between the North American 
and Pacific tectonic plates. In FY 1979, it is planned to continue the development and intercomparison of 
laser tracking and VLBI techniques in preparation for the initiation of a global program of geodynamic studies 
in the early 1980's. 

The Laser Earth Dynamics (LED) Project consolidates laser tracking activities within NASA and other in
stitutions, and provides for more effective use of the Laser Geodynamics Satellite (Lageos) launched in 
1976. Lageos, the first U.S. satellite specifically designed for laser ranging, is a dense passive object, 
covered with retroreflectors and positioned in a highly stable orbit. In past years, the Lageos orbit has 
been very accurately determined; and the spacecraft can now serve as a well known reference point in space 
for ground laser tracking. 

Major activities underway and planned for continuation in FY 1979 include the incorporation of global 
altimetric data acquired by GEOS-3 into gravity field models; the development of crustal models of selected 
geographical regions as an aid to resource assessment; and the analyses of available satellite tracking data 
for the determination of physical parameters such as solid earth and ocean tides, polar motion, and earth 
rotation rate. 

Tectonic Plate Motion 

Tectonic plate motion .•..............•.....•................ 

1977 
Actual 

1,890 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,200 2,200 

1979 
Budget 

Estimate 

2,100 
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OBJECTIVES AND STATUS: 

The objectives of the Tectonic Plate Motion Project are to develop and validate the technology and systems 
capable of detecting the relative motion of tectonic plates and to provide the basis for the eventual estab
lishment of a global tectonic plate motion monitoring capability. The monitoring of plate motion is essential 
to the understanding of earthquake mechanisms and to the eventual development of hazard forecasting models. 
Since the motion to be detected ranges from a few centimeters to ~ifteen centimeters per year, the main thrust 
of the project has been the development and verification of systems capable of measuring continental scale 
distances with an accuracy of one to two centimeters. 

The very long baseline interferometry (VLBI) technique makes use of existing large, fixed radio astronomy 
antenna to measure very accurately the time of arrival at different sites of radio signals emitted by radio 
stars. The difference in time of arrival (measured in billionths of a second) can be interpreted in terms 
of the distance between sites. Using VLBI, measured distances between sites on the east and west coasts 
of the U.S. have been progressively improved and are now believed known with a precision of better than ten 
centimeters. Improved recording and processing systems are now being installed, and an accuracy with a 
repeatability of about five centimeters should be achievable in 1978. A portable VLBI system has been de
veloped to work with the fixed VLBI sites for measurements of distances of less than 1,000 kilometers. 
This system has been deployed to various locations in California, and has been used to support USGS measure
ments of the crustal uplift in the Palmdale, California area, and NGS studies of a discrepancy in slope 
of the sea surface along the Pacific Coast of the United States as measured by conventional geodetic and 
oceanographic techniques. 

Mobile laser systems which range to satellites equipped with retroreflectors have been used for distance 
measurements in support of various programs for several years. These units have been deployed on opposite 
sides of the San Andreas Fault in 1972, 1974, and 1976 in support of a joint NASA/USGS San Andreas Fault 
Experiment to detect the relative motion between the North American and Pacific Plates. Analysis of the 
data indicated that the distance between the two sites in California on the opposite sides of the fault, 
has decreased at the rate of approximately nine centimeters per year. This result is the first direct 
meftsurement of tectonic plate motion. Additional data are to be acquired later in 1978 and will be used 
to validate the earlier conclusions. 

The precision of VLBI and laser techniques over long distances exceeds the capability of conventional 
measurement systems. To provide a basis for intercomparison of measurement accuracies and to eliminate 
systematic errors, mobile lasers were deployed in December 1977 to three fixed VLBI sites; one located 
in Massachusetts and two in California. An approximately three-month long joint observation period 
along this triangle is planned and is expected to verify these systems at the five centimeter level. 
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BASIS OF FY 1979 ESTIMATE: 

During FY 1979, continued development of the fixed VLBI system is planned through the improvements of ob
servational techniques and reduction of error sources such as atmospheric water vapor. Additional mobile VLBI 
observations will be made in California thrcugh revisits to earlier sites in support of the USGS and NGS. The 
next phase of the laser and VLBI systems intercomparison will be initiated to assess the effects of improve
ments and the progress towards a two-centimeter accuracy. 

Applications Research and Technology Development (Earth Dynamics) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Measurement systems, forecasting techniques and 
modeling/advanced studies •••••••••.•••••••••.••••••••••••• 1,089 2,700 2,900 2,100 

Advanced earth dynamics flight experiments ••••••••.••••••••• 86 
Laser earth dynamics . ...................................... . 200 1,900 
Earth sciences . ............................................ . (1,600)* (1,400)* (1,400)* 1,400 
Shuttle payload definition and preliminary design ••••••••••• __!t20 

Total . ................................................... . 1.625_ 2.700 3.100 5.400 

*Budgeted in the Space Science program in FY 1978 and prior years. 

OBJECTIVES AND STATUS: 

The objectives of this program are: to conduct research in advanced measurement and analysis techniques 
for solid Earth studies; to develop new system concepts, and to evaluate new technology through demonstration 
projects. This research supports studies of the Earth's gravity and magnetic fields, of crustal and polar 
motion, of variations in the Earth's rotational rate, of solid Earth tides caused by the Sun and Moon, and 
of local crustal changes associated with dilatancy, subsidence, post-glacial uplift and other dynamic pro
cesses. Studies of space system concepts such as laser ranging from space, satellites tethered to the Space 
Shuttle, and low altitude gravity missions have shown that substantial improvements in the modeling of 
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gravity and magnetic fields for resource assessment and crustal strain modeling for earthquake forecasting may 
be achievable. Breadboard models of a geodynamics ranging system have been initiated and are to be completed 
in FY 1978. Requirements and conceptual studies of a Gravity Field Satellite for global wavelength frequency 
gravity measurements will also be completed in FY 1978. Work is also under way for the development of smaller 
and more mobile VLBI and ranging systems for long baseline measurements and rapid geodetic surveying. Laser 
tracking of satellites equipped with retroreflectors, including the Moon, provides a means for accurate 
(centimeter level) distance measurements on Earth and for the isolation of gravity field effects through 
analysis of satellite orbit perturbations. Data acquired from Laser Geodynamic Satellite (Lageos) over the 
past year and a half have confirmed .the orbital accuracy, and Lageos is now available to support geodynamics 
studies. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase in FY 1978 in measurement systems, forecasting techniques and modeling/advanced studies 
provides for studies of a space laser ranging system and its applicability for multidisciplinary experiments. 
The funding for the Laser Earth Dynamics Project was previously budgeted for in measurement systems, fore
casting techniques and modeling/advanced studies. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funds will provide for the continued development of techniques for gravity and magnetic field 
mapping, including system definitions of a gravity field satellite mission and improved resolution magnetic 
field measurements. The funds will also support research in earthquake monitoring, geodetic surveys in
cluding ocean areas, and topographic mapping for the processing and dissemination of laser tracking data. 
Lageos investigations, selected through an Announcement of Opportunity, will be initiated. The Earth 
Sciences activity, which supports acquisition and analysis of laser ranging to reflectors on the Moon and 
basic studies in Earth dynamics and was previously funded under Space Science, will be supported by this 
project in FY 1979. 
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Follow-on Data Analysis and Operations (Earth Dynamics) 

Follow-on data analysis and operations •••••.••.•••••.•••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

1,435 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,900 1,900 

• 
1979 

Budget 
Estimate 

1,100 

The objective of this project is to maximize the returns from space systems investments through both the 
continued operations of successful satellite missions beyond their planned duration and the correlative 
analysis of data from many sources, such as space missions, aircraft data, and ground-acquired data. 

Examples of the activities supported are: modeling of magnetic field data from the Orbiting Geophysical 
Observatories (OGO); ground surveys for the development of crustal magnetic anomaly maps; analysis of satellite 
tracking data (both radio frequency and laser ranging) along with ground-based gravimetry data and satellite 
altimetry data for the generation of models of the Earth's gravity field and geoid; and, analysis of atmos
pheric interference to radio and laser ranging. 

Studies are underway using the magnetic field data from OGO, the gravity field models, LANDSAT imagery, 
surface geological data, and other information to develop crustal models of selected geographic regions 
as an aid to resource assessment. In a continuing effort, tracking data from some 50 satellites and gravity 
data from other sources are being employed to develop improved gravity field models. In FY 1978, the large 
quantity of altimeter data acquired with GEOS-3 will be analyzed and introduced into more advanced gravity 
field models. Satellite tracking data are also being used to isolate solid Earth and ocean tides effects, 
and to analyze variations in the Earth's polar motion and rotational rate. These data have also been used 
to refine the estimates of the mass of the Earth and of the Earth's diameter (within a few meters) derived 
from other observations. 

BASIS OF FY 1979 BUDGET ESTIMATE: 

In FY 1979, it is planned to continue the geophysical modeling of geographical areas leading to the pre
paration of a Geophysical Atlas. Modeling of the Earth's gravity and magnetic fields and crustal anomalies 
will be continued. Studies of mantle convection as a source of plate motion and intraplate deformation 
will be supported. Completion of processing of the GEOS-3 data which supports both the Earth and Ocean 
Dynamics program is funded under Ocean Dynamics. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

OCEAN CONDITION MONITORING AND FORECASTING 

Ocean dynamics satellite (Seasat-A) .•••.•••.•••.•.•••••.••••• 
Applications research and technology development .••••••.••.•• 
Follow-on data analysis and operations .•••••••••••••••••••••• 

Total . ..........................•.......................... 

OBJECTIVES AND STATUS: 

1977 
Actual 

28,090 
1,100 
1,700 

30.890 

_________.l.L___ 

1978 1979 
Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

11,400 11,400 3,000 
2,900 2,750 4,200 
2,800 _1,800 5,200 

17.100 16.950 12.400 

The objectives of the Ocean Condition Monitoring and Forecasting program are to develop, demonstrate and 
transfer new technology applicable to the synoptic monitoring and real time reporting of ocean conditions. 
In addition to the benefits of this monitoring and reporting for marine operations, the program will provide 
a greatly improved understanding of physics of the world's oceans and the influence of the oceans on our 
environment, with emphasis on weather and climate. The vast potential of remote sensing of the oceans has 
served to focus the participation of a widespread community of ocean users, including Government agencies, 
shipping, fishing and offshore industries, academic scientists, and other nations. The goal of this joint 
activity is to test and demonstrate the value of a future global operational ocean system. The overall 
program is intended to provide a strong technical and economic basis for possible operational system. 
This involves research related to the modeling and understanding of ocean phenomena; the development of 
sensors and systems for acquisition of data; the verification of sensor performance and data use through 
realistic demonstrations and evaluations; the development of advanced concepts for the processing and 
timely dissemination of data; the confirmation of economic value; and the facilitation through a systems 
approach of the effective integration of space acquired data with ocean and environmental data from other 
sources. 

Since 1975, the GEOS-3 mission has provided substantially improved data on the ocean geoid (mean sea 
level). These data have been sufficiently accurate to identify geoid undulations associated with the 
crustal mass distributions of ocean floor features such as subsurface trenches and sea mountains and to 
differentiate ocean surface variations associated with the Gulf Stream. GEOS-3 data are being used by 
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NOAA to demonstrate near real time reporting of seastate conditions. Surprisingly, GEOS-3 altimeter data has 
also demonstrated appJications to ice mapping in areas such as Greenland and to topographic mapping over land 
areas. In view of the significant results being acquired and continued user interest, the GEOS-3 mission has 
been extended to July 1978. 

The SEASAT-A mission is planned for launch in May 1978. The objective of this mission is to demonstrate the 
acquisition and use of ocean data. The sensors and spacecraft bus for SEASAT-A have been completed, and in
tegrated systems testing has been initiated. Preparations are underway for support of the orbital operations 
and for the processing of SEASAT-A data. 

Provisions are included in FY 1979 for the completion of the GEOS-3 data processing and for the extension 
of SEASAT-A orbital operations beyond the one year of planned operations after launch. The analysis of data 
from GEOS-3 and SEASAT-A, and the continuation of large scale modeling of air-sea interactions will also be 
supported. In FY 1979, continued research is planned in support of modeling of local scale ocean inter
actions, ice dynamics, and ocean surface effects. Studies of advanced sensor and system concepts and de
monstration experiments with industry users will also be continued. 

Ocean Dynamics Satellite (SEASAT-A) 

Spacecraft and support ..•..•.•......••..•.•••...•.••.•...•.• 
Sensor development ........ ..............••....•............. 
Mission operations ... ....................................... . 

Total . ...............................•.................... 

Atlas F (Expendable launch vehicles program) •••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

16,960 
9,860 
1,270 

28.090 

(7,600) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

7,147 7,147 
738 738 

3,515 3,515 

11.400 J:l.400 

(6,000) (3,600) 

1979 
Budget 

Estimate 

3,000 

3.000 

(---) 

The objective of the Ocean Dynamics Satellite, SEASAT-A, is to provide a proof-of-concept demonstration 
for the use of satellite acquired data for the detection, monitoring, and forecasting of ocean conditions. 
Specific applications being explored are the use of data on wave height, wind direction and speed, and sea 
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surface temperature for improved forecasting of ocean conditions for ship routing, fisheries management, off
shore gas and mining operations, and for synoptic improvements in short range global weather forecasting. 

SEASAT-A launch readiness is planned for May 1978. The five SEASAT-A sensors include: a synthetic aperture 
radar for wave spectra data; a radar altimeter for determination of sea state and the ocean surface topography 
and geoid; a microwave scatterometer for wind speed and direction determination; a scanning multifrequency 
microwave radiometer for high speed wind, sea surface temperature and atmospheric water vapor and liquid water 
information; and a visible and infrared radiometer for global image correlation with other data. 

These sensors have been developed and are currently undergoing satellite system tests as part of the com·
pleted SEASAT-A spacecraft. 

BASIS OF FY 1979 BUDGET ESTIMATE: 

The FY 1979 funds will provide for the support of the SEASAT-A mission through the planned first year of 
operation (May 1978 to May 1979) and the processing and distribution of data to users. 

Applications Research and Technology Development (Ocean Condition) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Measurement systems, forecasting technique and 
modeling/ advanced studies •.•.•••.•••..•••.••••.•••.•••••. 900 1,900 1,500 1,500 

Ocean sensor validation . .................................. . 1,000 1,000 1,000 
Application systems verification experiments .•••••••••••••• 200 --- 250 .!.Jl.OO --

Total . ...................................... · · · · · · · · · · · • • · ~ 2.900 2.750 1!-200 

, 
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OBJECTIVES AND STATUS: 

This program provides for the development and demonstration of advanced measurement and analysis techniques 
for ocean studies. 

Remote sensing of oceanographic phenomena is advancing rapidly as a consequence of the SEASAT-A development 
and related user interest. Studies underway include research into the interaction of microwave radiation with 
the ocean surface on a local scale (microscale) to provide a foundation for understanding both basic ocean 
dynamic processes and remote sensing systems; the refinement of techniques for the detection and measurement 
of ice dynamics and the derivation of meaningful ice formation for users; the evaluation of measurement systems 
applicable to studies of subsurface characteristics including content of the ocean surface layer and 
coastal circulation; the development of techniques for the improved processing of microwave imaging of the 
ocean surface remotely sensed ocean data and the use of these data in forecasting models; and the development 
and validation of new sensor and systems concepts for future oceanology missions. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The measurement systems~ forecasting techniques and modeling/advanced studies area was reduced by $400 
thousand. These funds were provided to the Earth Dynamics Monitoring and Forecasting Program for studies of 
a Spaceborne Geodynamics Ranging system and its applicability to multidisciplinary experiments and to the 
applications systems verification experiments within the Ocean Condition Program. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979~ continued research is planned in key areas of microscale ocean/sensor interactions, ice dynamics 
and ocean surface effects. These activities will be supported by the acquisition of ocean sensor data by 
SEASAT-A, airborne flights, and ocean measurements from drilling rigs, buoys and ships. The SEASAT-A in
dustry demonstration experiment support will be continued and expanded to include other users. 
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Follow-on Data Analysis and Operations (Ocean Condition) 

Follow-on data analysis and operations •••••••••••.••••••••. 

OBJECTIVES AND STATUS: 

1977 
Actual 

1,700 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,800 2,800 

• 
1979 

Budget 
Estimate 

5,200 

The objectives of this program"are the continued orbital operations of successful satellite missions be
yond their initially planned durations of one year and the analysis of ocean data from various sources. 
Analysis activities supported include the development of large scale forecasting models which account for the 
air-sea interaction boundary in global weather forecasting, the definition of the ocean geoid and geoid 
variations, and ocean investigations selected through a joint interagency solicitation involving NOAA, NASA, 
USGS, the National Science Foundation, Office of Naval Research, and the Coast Guard. The GEOS-3 mission, 
launched in April 1975, continues to provide useful data, and orbital operations have been extended to July 
1978. At that time, it is planned that GEOS-3 will be placed in a standby mode to be available as required 
to support specific data acquisition needs. 

The definition of the ocean geoid and the mapping of ocean current systems successfully demonstrated using 
GEOS-3 data are expected to be substantially improved using the more accurate altimeter aboard SEASAT-A. The 
initial year of operations for SEASAT-A is funded within the project. Subsequent operations are funded with
in this budget line. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements provides for completion of the processing and dissemination of GEOS-3 
data, continuation of the analysis of ocean data from GEOS-3 and SEASAT-A, and extension of SEASAT-A 
mission operations from May 1979 to October 1979. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS 

ENVIRONMENTAL QUALITY MONITORING 

Air pollution and oceanographic observing satellite 
(Nitnbus -G) ••••••••••••••••••••••••••••••••••••••••••••••• 

Halogen occulation experiment (HALOE) •••••••••••••••••••••• 
Applications research and technology development ••••••••••• 
Shuttle/Spacelab payload development ••••••••••••••••••••••• 
Follow-on data analysis and operations •••••••••••••••••.••• 

Total . .................................................. . 

OBJECTIVES AND STATUS: 

1977 
Actual 

15,400 

7,901 
800 

24.101 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

14,700 13,900 

8,300 8,150 
2,600 3,140 
1,000 1,000 

26.600 26.190 

• 
1979 

Budget 
Estimate 

2,800 
6,100 
7,400 
2,900 

__hQOO 

20.200 

The basic objectives of the Environmental Quality Monitoring Program are: (1) to develop analytical tech
niques and the scientific understanding required to interpret remotely sensed data in order to establish and 
predict the state of the environment; (2) to develop remote sensors to detect pollution; and (3) to evaluate 
and apply remote sensors to environmental monitoring projects through cooperative efforts with users. 

Most pollution of the lower atmosphere (troposphere) is of localized origin. Ambient air standards and 
emission control regulations have been promulgated to protect the health and welfare of the Nation. Some 
of these standards are being questioned and some changed as our understanding of photochemical processes 
and transport increases. It has also been found that many locales cannot meet ambient air standards be-
cause they are seriously affected by pollutants transported from adjacent regions in addition to pollution 
from local sources. The required monitoring functions are now being performed almost exclusively by in situ 
sensors. Remote sensors now being developed will supplement in situ sensors both in characterizing pollution 
sources and in providing the synoptic coverage needed to address local and regional scale problems. Com
prehensive field tests, utilizing aircraft flights of existing passive, remote tropospheric pollution sensors, 
will be conducted to establi.sh the applicability of these techniques to the regional monitoring and control 
of tropospheric pollutants. The monitoring capability for carbon monoxide, ammonia, methane, and sulfur 
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dioxide will be extended to permit eventual mapping of these constituents from space. Comparative evaluation 
of several instrument concepts will permit focusing of research effort on selective development for future 
space mission opportunities. An experiment on the OFT-2 mission will provide the first orbital test for 
monitoring a tropospheric pollutant influenced strongly by man by measuring carbon monoxide as a tracer for 
interhemispheric mass transport. A program of university research to study the basic physics of remote 
sensing of atmospheric pollution from aircraft and satellites, as well as the analytic techniques required 
to interpret measurements and predict pollution dispersion, will continue. 

At the present time, the atmospheric layer of primary concern on a global scale is the upper atmosphere 
(stratosphere). The technology either exists or is being developed to detect many of the natural and man
made pollutants that enter the stratosphere either directly, as from volcanoes or supersonic transports, 
or indirectly by diffusion from the troposphere through organic processes or industrial activities. The 
Office of Space and Terrestrial Applications directs its research primarily toward the instrumentation and 
data analyses required for remotely monitoring the stratospheric constituents of interest. This effort 
will result in the comprehensive information required to describe the global baseline stratosphere. 

Currently, aircraft flights and sounding rockets are providing data on the distribution and variability 
of constituents such as aerosols, ozone, and nitric oxide on a near-global scale. These efforts provide 
the basis for satellite instrument development. The Nimbus-G satellite will make a first step in providing 
complete global coverage of a number ~f important gaseous constituents such as ozone and the oxides of 
nitrogen. The Applications Explorer Mission-B, Stratospheric Aerosol and Gas Experiment, will be conducted 
in the same time frame as Nimbus-G and will provide complementary geographic coverage of atmospheric aero
sols. Activities include the development of advanced instrumentation, such as the ATMOS interferometer to 
be flown on the Shuttle, to permit measurements of other constituents of environmental importance. A new 
emphasis will be the Halogen Occultation Experiment (HALOE) to demonstrate those techniques for measuring 
stratospheric constituents related to the chlorine chemistry. These data, together with information on 
sources, sinks, distribution, and variability of atmospheric constituents and pollutants, are needed for 
validation of atmospheric models which will assist in data analysis and provide forecasts of pollutant 
dispersion and its impact. When completed, these models will be available to other agencies for their 
uses in guiding and planning regulatory actions. 

The detection from space of water pollution can be accomplished whenever pollutants give rise to vari
ations in water color, temperature, surface condition, or index of refraction. For example, acid wastes 
and sewage sludge dumps, industrial effluents, heavily sedimented rivers, and algae blooms have already 
been detected from space. Understanding the optical properties of water with pollutants remains the basic 
and continuing research objective needed to establish sensor design requirements and analytical techniques 
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for data interpretation. This research, accomplished through laboratory investigations, sensor development, 
and exploratory airborne measurements using NASA aircraft, will facilitate going beyond the mere detection 
of pollutants to the determination of how much of a specific pollutant is present. The result of such re
search has led to the development of the Coastal Zone Color Scanner (CZCS) to be flown on Nimbus-G. The 
CZCS will permit quantitative measurements of sediment, chlorophyll, and salinity. These tasks are con
ducted cooperatively with other Federal and State participation. The thrust of the activities in the 
water quality program is to substantially increase support for laboratory and analytical work by the 
university community, especially in the spectral/optical properties of pollutants and radiative transfer 
theory for data interpretation. 

Air Pollution and Oceanographic Observing Satellite (Nimbus-G) 

Spacecraft . ............................................... . 
Sensors and data analysis .••.•...•.......•..••.•••.•.•.••.• 
Ground support . ..........................................•• 

Total . .•...........................•.......•............• 

Delta (Expendable launch vehicles program) ••••••••••••••••• 

OBJECTIVES AND STATUS : 

1977 
Actual 

3,798 
9,619 
1.983 

15.400 

(800) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

4,800 7,630 
7,900 3,320 
2,000 2,950 

14.700 13.900 

(3,100) (---) 

1979 
Budget 

Estimate 

600 
1,330 

870 -
2,800 

(---) 

The detection and measurement of atmospheric and water pollution constituents on a global basis require the 
collection of remotely sensed repetitive data from space. The Nimbus-G spacecraft will provide this capa
bility on this scale for the first time. 

Four of the spacecraft sensors will detect and measure constituents related to atmospheric pollution, 
specifically constituent gases and particulates. Taken on a global basis, these measurements will be 
u~ed to analyze pollutant concentrations and movements to determine their sources and life cycles. 
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Two other sensors will be used to obtain high spatial resolution ocean color measurements near the coast
lines (relating to nutrients, pollutants, and salinity) and microwave measurements of the ocean/atmosphere 
interface characteristics. The data will be used in practical applications, such as in support of ocean
food investigations and in survey of ocean pollution as well as in providing better knowledge of the inter
actions between the ocean, the atmosphere, and the Sun. 

The remaining spacecraft sensor will be used to continue the collection of data pertaining to the Earth's 
radiation budget begun on earlier Nimbus spacecraft. This effort will extend the long-term baseline of data 
leading to a better understanding of the Earth's thermal balance. This, in turn, will provide the capability 
to detect and understand changes to that balance, particularly those resulting from the activities of man 
and large-scale geophysical phenomena. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

All sensor and spacecraft equipment has been delivered to the prime contractor. Spacecraft bus testing 
and bus/payload integration testing is complete and spacecraft systems testing has begun. Due to the highly 
successful fabrication and testing of the flight sensors, overall funding has been reduced somewhat, and 
the areas of spacecraft assembly and testing and ground support have been allocated additional funding. 
The launch date has been moved up from the previous scheduled mid-October 1978 launch date to a launch 
readiness date of late August to early September 1978. 

BASIS OF FY 1979 ESTIMATE: 

The Nimbus-G spacecraft will be launched just before the beginning of FY 1979. Closeout activities for 
the spacecraft contractor and sensor contractors' field support efforts will be underway in FY 1979. 
The program emphasis will be shifting primarily to the areas of sensor data analysis, validation and 
utilization and spacecraft orbital operations (ground-supported and controlled). 

Halogen Occultation Experiment (HALOE) 

Sensor development ..... .................................... . 

1977 
Actual 

197_8 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1979 
Budget 

Estimate 

6,100 
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OBJECTIVES AND STATUS: 

The Halogen Occultation Experiment (HALOE) missions will provide global stratospheric vertical concentrations 
profiles of key chemical species involved in the catalytic destruction of ozone due to chlorine compounds. 
These measurements will be sufficient to estimate the depletion of· stratospheric ozone due to natural and man
made causes involving chlorofluoromethanes (CFM's). Specific objectives of HALOE are: (1) monitor 
globally the vertical profiles of concentrations of stratospheric hydrogen chloride, hydrogen flouride, and 
water and other trace gases of importance to the chlorine chemistry, and (2) to use the measured data (a) in 
obtaining horizontal and vertical maps of gas concentrations, (b) in performing a chlorine source analysis, 
(c) in validation of chemical and dynamic models describing the effects of CFM's on the ozone layer, and (d) 
in predicting ozone depletion and depletion rate due to chlorine build up in the stratosphere. The technology 
employed in the sensing devices will be evaluated for its potential use in long-term monitoring applications. 

An initial test of the engineering model is being considered for flight on Spacelab 3 primarily to demon
strate the validity of the measurement technique in a space environment and to calibrate the instrument 
operating parameters. A subsequent Spacelab test is also being planned in order to compare the performance 
of one instrument with the protoflight version which will be flown on the Earth Radiation Budget Satellite 
System (ERBSS)-A mission in 1982. Both Spacelab missions will provide measurements on the levels of chloro
methanes and associated constituents, but only for limited temporal and spatial coverage. The longer duration 
mission of one to two years on ERBSS-A will provide total global coverage and will be able to accurately 
measure changes in chloromethane levels. 

BASIS FOR FY 1979 ESTIMATE: 

The design of the HALOE instrument was initiated in FY 1977 under the Advanced Applications Flight Ex
periments (AAFE) program. In FY 1979, the design of the Spacelab and free-flyer satellite (ERBSS-A) 
HALOE instruments will be finalized and Spacelab HALOE instrument fabrication will be initiated. Support 
of the HALOE science team will be continued. 
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Applications Research and Technology Development (Environmental Quality) 

Sensor definition and feasibility evaluation modeling .•••••• 
Development of advanced flight experiments for 

environmental quality monitoring ••••••••.••••.•••••••.•••• 
Exploration of the atmosphere using sounding rockets ••••••.• 
Application systems verification and transfer ••••••••••...•• 
Definition of Spacelab payloads for environmental 

quality monitoring application ••••.••••••••••••••••••••.•• 

Total . ............................................ · · · · · · · · 

OBJECTIVES AND STATUS: 

1977 
Actual 

4,185 

1,299 
2,100 

317 

7.901 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

4,700 

1,000 
2,100 

500 

8.300 

5,950 

1,000 
1,200 

8,150 

• 

1979 
Budget 

Estimate 

6,200 

800 
400 

7.400 

This activity is directed toward the development and demonstration of remote sensing technology and the 
analytic tools to interpret sensor measurements and assess the impact of pollution. The sensor and technique 
developments are supported in this program in cooperation with interested user agencies. 

Research in the detection and monitoring of water pollution will increase in emphasis on making environmental 
baseline measurements relevant to activities in the coastal regions of the U.S. This effort encompasses ocean 
waste monitoring, including oil spills, and the monitoring of industrial effluents. The research on monitoring 
pollutants in fresh water continues to be centered in the Great Lakes with activities supporting problem areas 
identified through the International Joint Commission. Current tasks of transferring to EPA the technology 
for the eutrophic classification of lakes using LANDSAT data will continue. An Application Systems Verifi
cation and Transfer (ASVT) for ocean dumping monitoring with EPA and/or NOAA is being planned and implemen
tation will begin in FY 1979, pending interagency approvals. These research efforts utilize primarily 
multispectral techniques; however, basic laboratory research of microwave capabilities for pollution monitor
ing are underway. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The sensor definition area was augmented in accordance with the intent of the Congressional authorization 
action and direction to investigate the application of space technology to the monitoring of oil spills 
and ocean dumping. The Sounding Rocket Program was restructured and significant activity associated with 
sensor development and some routine meteorological rocket launchings were deleted. The development of the 
nitric oxide "ground truth" sensor was deleted and meteorological rocket launchings were decreased from three 
to one per week. The Shuttle Payload Definition area was eliminated and the funding reallocated to the 
Shuttle "Measurement of Air Pollution from Satellites" (MAPS) experiment development and integration. 

BASIS OF FY 1979 ESTIMATE: 

The development of tropospheric monitoring techniques will continue in FY 1979 with emphasis on the 
application of remote sensing techniques to regional and global scale problems. Activity on the regional 
scale will focus on the demonstration of the capabilities of airborne remote monitoring techniques for 
ozone, sulfur dioxide, and other trace species important to the health of the atmosphere. Field measure
ment programs will be conducted in conjunction with user agencies to facilitate the transfer of this tech
nology to them. Exploratory research will be conducted to assess the application of existing satellite 
imaging capabilities (e.g., LANDSAT, meteorological satellites) to monitor the growth and transport of 
polluted air masses over the U.S. Experiments will be designed to evaluate the capability of currently 
available remote sensing techniques to monitor tropospheric trace species on a global basis utilizing the 
Space Shuttle and long-duration satellites. 

In FY 1979, stratospheric sensor development will focus on instruments for monitoring the constituents 
needed to understand and assess the potential depletion of stratospheric ozone. Studies will continue on 
the definition of post-Nimbus-G pollution monitoring requirements with emphasis on utilizing the capa
bilities of the Space Shuttle and the Spacelab. 
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Shuttle/Spacelab Payload Development (Environmental Quality) 

Atmospheric trace molecules observed by spectroscopy 
(A'I'M.OS) ••••••••••••••••••••••••••••••••• • • • • • • • • • • • • • • • • • • • 

Measurements of air pollutants from satellites 
(MA.PS/OFT-2) • •••.•••••••••••••••••••••••••••••••••••••••••• 

Total . .................................................... . 

OBJECTIVES AND STATUS: 

1977 
Actual 

800 

800 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,600 2,600 

540 

~ 3,140 

1979 
Budget 

Estimate 

2,300 

600 

2.900 

The Shuttle/Spacelab offers the opportunity to use new instruments in orbit and to evaluate their usefulness 
in meeting the objectives of the Environmental Quality Monitoring Program. Two such instruments have been 
identified and experiments for their use have been approved. 

The objective of the Atmospheric Trace Molecules Observed by Spectroscopy (ATMOS) experiment for Spacelab 1 
is to make detailed measurements of gaseous constituents and pollutants in the stratosphere over a wide range 
of the spectrum. These data will furnish needed scientific measurements related to the ozone layer and will 
also allow the definition of narrower spectral intervals required for dedicated instruments in future routine 
monitoring applications. This experiment will provide baseline information on stratospheric constituents such 
as hydrogen chloride, water, ammonia, methane, nitrous oxide, deuterium oxide, and ozone. 

The design and development of the Mark I and Mark II High Speed Interferometer have been carried out under 
Applications Research and Technology Development. These sensors have been tested in the laboratory, in 
balloon flights on the U-2 and the Concorde. 

The Measurement of Air Pollutants from Satellites (MAPS) instrument for Shuttle OFT-2 mission will be the 
first orbital test of the concept of using gas filter correlation radometry for tropospheric measurements. 
Mid and upper tropospheric carbon monoxide will be measured and will be used as a tracer to observe and 
defi.ne the extent of interhemispheric mass transport in the lower atmosphere. Results will be used by 
modelers to (1) test the accuracy of photochemical model calculations, (2) evaluate the relative magnitude 
of natural and manmade carbon monoxide sources, and (3) refine current estimates of interhemispheric mass 
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exchange. Further, the technical evaluation of sensor performance is needed for future monitoring mission 
definition and development. The MAPS sensor was originally developed under the Nimbus-G program and has 
been used from aircraft in remote sensing experiments. This system will be ruggedized and repacked with the 
required data handling and supporting equipment so as to be a self-contained unit requiring minimum oper
ational support for use on the Shuttle OFT-2 mission. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The MAPS/OFT-2 experiment was approved in FY 1978 following soliciation and peer review. 

BASIS OF FY 1979 ESTIMATE: 

The ATMOS instrument for Spacelab has been designed and fabrication will be completed in FY 1979. 
The MAPS instrument development will be completed in FY 1979, and prepared for integration into OFT-2 
payload. 

Follow-on Data Analysis and Operations (Environmental Quality) 

1978 
1977 Budget Current 

Actual Estimate Estimate 
(Thousands of Dollars) 

Follow-on data analysis and operations ••••.•.•••.•.•.••.•••• 1,000 1,000 

OBJECTIVES AND STATUS: 

1979 
Budget 

Estimate 

1,000 

Serious questions concerning possible alterations of the stratospheric ozone layer as a result of man's 
activities have been raised in recent years. This layer absorbs much of the Sun's ultraviolet radiation 
before it reaches the Earth's surface. The layer acts as a life preserving solar shield. The absorption 
of the solar radiation also heats this layer of the atmosphere and has an important influence on climate. 
It is speculated that these alterations occur as a result of high flying aircraft, industrial activity, and 
agricultural activity. However, it is not currently possible to address these hypotheses because the strato
spheric ozone layer is variable in both space and time. It is not yet possible to establish the extent to 
which these activities are influencing this variability. The activity in FY 1978 centers on the reduction and 
analysis of satellite data from the Backscatter Ultraviolet (BUV) instruments on Nimbus-4 and publication 
of these data for use by the scientific and user community. 
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BASIS FOR FY 1979 ESTIMATE: 

The FY 1979 funding will support completion of the Nimbus-4 BUV analysis, as required, and the analysis 
and correlation of these data with data from Atmosphere Explorer E, ground stations, and sounding rocket 
and balloon flights. In FY 1979, Nimbus-G and SAGE will be data sources and additional correlation analyses 
will be supported since project funds are sufficient for only a minimum analysis to demonstrate the accuracy 
and utility of the data. 

These satellite radiance measurements will be reduced to constituent (e.g., ozone, water vapor, etc.) 
amounts as a function of altitude, location and time/date. The reduced data will be disseminated in 
various forms (including vertical profiles and areal isopleths) to the scientific and user communities and 
are expected to be applied directly to understanding important national and global problems of the Earth's 
environment. This activity will also support data-use investigations by the user community and the transfer 
of data analysis and information-product preparation capabilities to user agencies. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

WEATHER OBSERVATION AND FORECASTING 

Operational temperature sounding satellite (TIROS-N) •••••••• 
Shuttle/Spacelab payload development •••••••••••••••••••••••• 
Global atmospheric research program (GARP) •••••••••••••••••• 
Severe storm research program ••••••••••••••••••••••••••••••• 
Global weather program support •••••••••••••••••••••••••••••• 
Follow-on data analysis and operations .•••••••••••••••••••.• 

Tot a 1 . •.•..•....•..•....•....••••.••.•••.• • • · • · • • · • • • · • • • • 

OBJECTIVES AND STATUS: 

1977 
Actual 

10,100 

5,056 
6,100 
7,099 
1,600 

29.955 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,100 
2,700 
5,000 
5,600 
5,600 
2,500 

23,500 

4,100 
2,700 
5,000 
5,600 
5,815 
1,900 

25,115 

1979 
Budget 

Estimate 

4,400 
5,800 
6,500 
5,100 
1,000 

22,800 

NASA's Weather Observation and Forecasting Research Program includes research on global weather forecasting, 
local weather forecasting and fundamental research in basic atmospheric processes. NASA contributes unique, 
space-related technology to the national effort for expanded knowledge of the Earth's atmosphere for improve
ments in forecasting both short-term and daily weather phenomena. 
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Understanding and predicting the daily weather requires that detailed information be available and pro

cessed on a global basis. Improvements to both the length and accuracy of forecasts are dependent on such 
data and the capability of global models to describe the interactions of the various atmospheric processes. 
Weather satellites, with their unique capability to observe the basic parameters and dynamic processes of 
the atmosphere have the potential for providing the global information required. Quantitative soundings 
of the global atmosphere, data for advanced research of atmosphere processes, and global viewing of clouds 
and storm systems are being provided by current meteorological satellites. These satellites include the 
Improved TIROS Operational Satellite (ITOS) series and the Synchronous Meteorological Satellite/Geostationary 
Operational Environmental Satellite (SMS/GOES) series developed by NASA for the National Oceanic and Atmo
spheric Administration (NOAA) and the Nimbus research and development weather satellite series. The NASA
developed, protoflight model of the third-generation operational weather satellite (TIROS-N) will be launched 
in mid-1978 for NOAA's use in continuing this crucial, operational, weather satellite observing system. 

The international Global Atmospheric Research Program (GARP) focuses the world meteorological community 
on the design, development, and testing of a series of atmospheric models based on global data provided 
by satellites and conventional means. NASA has the lead in the development of one such model to test both 
the utility and future accuracy requirements for satellite-derived data that would be needed to improve 
the accuracy of these models in weather prediction. NASA has completed a series of Data Systems Tests 
(DST) to develop the required data processing and management techniques and for implementing satellite 
data utilization methods into these models. This effort will peak with the First GARP Global Experiment 
(FGGE) in the winter of 1978 and spring of 1979. NASA is also providing space-related technology in the 
development of support systems to FGGE such as communications facilities and measurement of winds in the 
tropics with aircraft and other means. 

NASA's role in the area of local forecasting research is the application of unique space capabilities to 
the high priority national problem of the detection, monitoring, prediction, and warning of servere local 
storms. 

The short-time duration of severe local storms, such as tornadoes, thunderstorms, hail and high winds 
necessitates very frequent observations. The present SMS/GOES geostationary spacecraft, with essentially 
continuous observations, provides information on the cloud amount and type and cloud-top temperatures. 
An improved sensor for SMS/GOES, Visible Infrared Spin Scan Radiometer Atmospheric Sounder, is being de
veloped which will provide information on temperature and humidity with the frequency that is required 
for analyzing such storms. This sensor will be flown on GOES-D in 1980. NASA is also developing the 
required ground processing equipment and data analysis techniques for utilization of this new data capa
bility in severe storm forecasting. Data for severe storm studies have been obtained from satellite 
systems, specialized aircraft flights and ground-based systems, and are being used in computer model 
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simulations to develop diagnostic and prediction techniques for severe local storms, and hurricanes. An 
associated effort in local weather forecasting is the NASA-developed technique for improved frost and freeze 
predictions for the Florida citrus industry. Using highly detailed surface temperature information available 
every thirty minutes from the SMS/GOES satellite and a predictive technique developed by the University of 
Florida, highly improved forecasts of the length and severity of Florida citrus freezes should be possible. 
This technique will be operationally tested, in conjunction with NOAA, in the winter months of 1977-78, 
and again in 1978-79. 

A very important tool in investigations of fundamental atmospheric processes will be the Atmospheric 
Cloud Physics Laboratory (ACPL) to be flown on early Spacelab missions. Operating in a near zero gravity 
environment, the ACPL will significantly increase the present knowledge of cloud microphysical processes 
by permitting the conduct of experiments which cannot be accomplished effectively in ground-based labora
tories because of the effects of gravity. The initial hardware for the laboratory is presently under 
development and high interest has been expressed by the cloud physics community in a number of experiment 
proposals for utilization of this space facility. Improvements to provide for research on the ice phase of 
cloud processes will be initiated in FY 1979 to permit increased utilization in the mid-1980's. 

The goals in the basic technology and fundamental atmospheric processes area are to develop and demonstrate 
the application of satellite data to the investigation of basic meteorological processes--an essential element 
of the understanding of regional and global weather. One objective is the development of new remote sensing 
techniques. New instruments will be developed and demonstrated on specially equipped aircraft, and eventually 
flown in space. In addition, this program will include the investigation of basic areas such as radiation 
transfer, atmospheric models, the Earth's energy budget, air and sea interactions, atmospheric composition, 
and solar radiation. 

Operational Temperature Sounding Satellite (TIROS-N) 

Spacecraft and support ...................................... . 
Sensor development .........................•........•........ 
Operational station equipment •••••••.•••••••••••••••••••••••• 

Tota 1 . .•.•...........•.•...•....•.•.•••.•.•..•••.••.•..•••• 

Atlas-F (Expendable launch vehicles program) ••••••••••••••••• 

1977 
Actual 

8,391 
1,549 

160 

lO,lOQ 
(4,200) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,100 

2,100 

(3,300) 

3,831 
172 
97 

4.100 

(2 '700) 

1979 
Budget 

Estimate 

( ---) 
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OBJECTIVES AND STATUS: 

The objective of the TIROS-N project is to develop a prototype satellite and sensors capable of meeting 
stated future requirements of the National Oceanic and Atmospheric Administration (NOAA) for obtaining 
quantitative data of the Earth's atmosphere on a daily basis. The data will be used in numerical models 
of the Earth's atmosphere whose solutions are expected to significantly improve long-range weather pre
dictions. The sensors willconsistof a High Resolution Infrared Sounder (HIRS) to measure the temperature 
and moisture profiles at several altitudes in the troposphere and lower stratosphere; a Stratospheric 
Sounding Unit, provided by the United Kingdom at its own expense, to provide similar data in the upper 
stratosphere; and a Microwave Sounding Unit, to obtain atmospheric temperature measurements even in the 
presence of clouds. The Advanced Very High Resolutio~ Radiometer will provide detailed cloud images as 
well as sea-surface and cloud-top temperatures for use in improving the accuracy of 12-to-36-hour weather 
forecasts. A Data Collection System, to be furnished by France at its own expense, will gather environ
mental data from remote platforms located throughout the world. Finally, a Space Environment Monitor 
(SEM) will make daily observations of electron, proton, and X-ray activity in the near-Earth space environ
ment. With the exception of HIRS and SEM, the TIROS-N instruments are all delivered. RIRS and SEM are 
expected to be delivered in early 1978. The spacecraft bus was delivered, and integration of instruments 
is complete except for HIRS and SEM. Environmental tests are scheduled for early 1978 in time for a 
mid-1978 launch readiness. 

CHANGES FROM 1978 BUDGET ESTIMATE: 

The increase in the FY 1978 budget estimate is due to spacecraft and ground station modifications necessary 
as the result of inflight anomalies experienced by the Air Force on the first two flights of the DOD/NASA/ 
NOAA meteorological spacecraft configuration. Minor sensor development problems also required some additional 
funding. 

Shuttle/Spacelab Payload Development (Weather and Climate) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Payload development ........................... • · • • · • · • • • • · · · 2,700 2,700 4,400 
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OBJECTIVES AND STATUS: 

The initial objective in this activity is the development of an Atmospheric Cloud Physics Laboratory (ACPL) 
for flights on early Space Shuttle missions. The ACPL will provide a unique, very low gravity, multipurpose 
laboratory facility in which research into the very small scale (microphysical) atmospheric cloud processes 
will be conducted. 

Over the past several-years, our understanding of large-scale atmospheric processes has progressed to 
the point where we can predict with reasonably good success the movement of large masses of air and the 
significant cloud and weather conditions that accompany them. However, what man generally refers to as 
"weather", and is affected by, are tne small-scale, but very important, processes that occur inside the 
clouds. These internal forces are so small that their study in earth-based laboratories is very difficult, 
the foremost handicap being the "pull" of the earth's gravity. However, the ACPL will provide near-zero
gravity conditions where these very important, microphysical could processes can be studied in near-total 
isolation. The properties of clouds formed under very carefully controlled conditions can be measured with 
unprecedented precision over relatively long periods of time. The experiments planned for the ACPL will lead 
to advances in our understanding of very small scale cloud processes which must be gained if there is to be 
any significant improvement in medium-range and long-range weather predictions. The ACPL will be housed in 
the Spacelab habitable module and will be operated by the payload specialist in close coordination with 
the ground-based investigators. 

The objectives of the first (ACPL-1) flight will be to carry out studies and investigations in the specific 
areas of facility validation and "warm cloud" microphysics. The prime contract for the ACPL-1 project was 
awarded in early FY 1978. Modifications to the ACPL specification due to Principal Investigator (P.I.) 
reviews have been incorporated and preliminary design is underway. Experiment development contracts with 
the selected P.I. 's will be awarded in second quar~er FY 1978. Preliminary Design Reviews (PDR's) with 
the prime contractor and with the selected P.I.'s will be held in the fourth quarter FY 1978. The next 
phase, covering the second and third flights, will be initiated in FY 1979, and will provide the ability 
to complete the warm cloud experimental activities begun with the first flight and to proceed to the next 
step in the study of cloud microphysical processes: cold-cloud experiments, involving the "ice phase" area 
of investigation. 

BASIS OF FY 1979 ESTIMATE: 

During FY 1979, the laboratory design and development effort will continue, resulting in the development 
and testing of the ACPL engineering unit. The final design for the ACPL flight unit for the first flight 
and for each experiment will be completed during the latter part of FY 1979. Component procurement and sub
system fabrication of the ACPL qualification unit will be initiated in the fourth quarter. During the first 
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half of FY 1979, contracts for the design and development of ACPL functional and analytical simulators will be 
initiated and Preliminary Design Reviews completed before the end of FY 1979. Efforts will be initiated to
ward development of payload specialist training requirements, including ACPL and experiment input to Payload 
Operation Control Center requirements. Experiment development contracts will be initiated with Principal In
vestigators selected for flights 2 and 3. The ACPL prime contract will be modified to design and develop 
the new or improved laboratory apparatus necessary to support the advanced experiments selected for flights 
2 and 3. Preliminary Design Reviews for the new/improved laboratory apparatus and experiments will be 
conducted during the latter part of FY 1979. 

Global Atmospheric Research Program (GARP) 

1978 
1977 Budget Current 

1979 
Budget 

Actual Estimate Estimate Estimate 

Data sys terns test support . .................................. . 
Simulation studies .......................................... . 
First GARP global experiment ••••.•.••.••••••••••••••••••••••• 
Long range forecasting (LRF) .•••••••••••••••••••••••••••••••• 
Technology support . .....•................•.....•.........•.•. 

Total ..........................................•.. • • • · • • • · • 

OBJECTIVES AND STATUS: 

716 
3,655 

6 
115 
564 

5.056 

(Thousands of Dollars) 

250 250 240 
2,845 2,845 3,685 
1,080 1,080 1,300 

170 170 150 
655 655 425 

5.000 5.000 5.800 

The major objectives of the Global Atmospheric Research Program (GARP) are improvements in the forecast 
accuracy and length of time over which weather forecasts can be made, and the understanding of the physical 
processes that affect climate. The current program cente~s on the following tasks: (1) the conduct of 
meteorological research studies using the unique global data sets acquired during the Data Systems Tests 
(DST); (2) the development of data products and techniques for the First GARP Experiment (FGGE); and 
(3) the implementation of the tropical wind system for FGGE. 

A number of meteorological research studies were initiated using the DST data sets. These studies 
studies determined the adequacy of the DST/FGGE observing system, improved the methods for extracting the 
meteorological parameters from sensor data, developed improved methods for data analysis and assimilation 
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in the numerical forecast models, and improved those models. A concentrated effort is currently being completed 
to demonstrate the full potential that satellite temperature sounding data can have on operational weather 
forecasting. 

There has been one significant change in the FGGE program plan. Until recently, the planned geostationary 
satellite system for FGGE consisted of five satellites (2 U.S., 1 Japan, 1 ESA, 1 USSR). Due to a recent 
change in the USSR commitment, they will not launch their geostationary satellite in time to support FGGE; 
to remedy this situation, the U.S. plans to operate three GOES satellites during FGGE. Accordingly, the 
ground station at Wallops Flight Center will be modified to permit reception of the data from the three U.S. 
GOES satellites. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, the meteorological research studies using the DST data sets will be completed. Work will con
tinue on the development of techniques to extract relevant weather parameters from operational and experi
mental satellites during FGGE with increasing emphasis on the development of a system to efficiently process 
the data. The anticipated products include rainfall amounts and cloud cover characteristics (such as amount, 
type, height, etc.) from the operational satellites; earth radiation budget parameters from Nimbus-G, and sea 
ice, rain rate, ocean surface wind velocity, sea surface temperature and atmospheric water vapor from both 
Nimbus-G and Seasat-A. Data acquisition and processing for FGGE will begin in September of 1978 and continue 
through September 1979. NASA support to the observational program included the successful development of 
an automated aircraft-to-satellite data link to transfer aircraft meteorological data in real time, the 
contribution of data sets from available experimental satellites, and direct support of the aircraft drop
sonde portion of the FGGE Tropical Wind System. Long-range forecast activities will continue with the de
velopment of additional data products, such as monthly mean sea ice maps, earth surface albedo, soil moisture, 
and snow extent. 
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Severe Storm Research Program 

Advanced techniques in observing and forecasting •••••••••••• 
Research and development for improvements to operational 

satellite systems ........................................ . 
Definition of Spacelab payloads for severe storm research ••• 
Stormsat definition studies ••••.•.....••...•...•.•..•.•.••.• 

Total . ............................... · · · · · · · · · · · • • • • • • • · • · 

OBJECTIVES AND STATUS: 

1977 
Actual 

2,900 

1,600 
1,000 

600 

6,100 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,500 3,500 

2,100 2,100 

5,600 5,600 

• 
1979 

Budget 
Estimate 

3,700 

2,800 

6.500 

The goal of NASA's Severe Storm Research Program is to improve the accuracy and timeliness of severe storms 
forecasts and warnings through basic and applied research that combines aeronautical and space-related tech
niques with other key indicators of severe storm development. The program will maximize the extraction of 
useful information from the various types of remotely sensed storm and storm environment data as well as 
develop and demonstrate new space-related capabilities for the prediction, detection, and early warning of 
various types of hazardous or costly severe weather such as severe thunderstorms, tornadoes, tropical cy
clones, flash floods, and crippling winter storms. 

The research program includes ground-based measurements, aircraft field work, modeling studies and use of 
satellite data to determine the basic characteristics of severe storms and to develop a detection and pre
diction capability. A large number of storm occurrences observed by the SMS/GOES satellites have been re
corded at higher than normal 3- to 5- minute intervals providing a wealth of research data for researchers. 
Fine-scale cloud tracking to determine wind fields (convergence and divergence) in the vicinity of developing 
storms has been demonstrated. Advanced sensors for use in aircraft storm reconnaissance are being developed. 
Limited aircraft investigations of storm occurrence and damage .have been continued by the University of 
Chicago. Research investigations of water vapor transport, precipitation rates, cloud structure, and sur
face ~ind speeds as an aid in predicting the future movement of hurricanes are being pursued with encouraging 
results. 
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An advanced, atmospheric sounder for flight on GOES-D is und~r development along with the required ground 

equipment and data processing techniques for real time utilization of this data in severe storm situations. 
This VISSR Atmospheric Sounder (VAS) will provide vertical temperature and moisture profiles in the vicinity 
of severe storms at freQuent intervals during the storm's development. Such data could provide a major 
breakthrough for the eventual objective determination of more specific and precise severe storm forecasts. 

BASIS OF FY 1979 ESTIMATE: 

The Atmospheric and Oceanographic lnformation Processing System (AOIPS) at GSFC will continue to be used 
for very productive research into the extraction of storm severity indicators present in satellite data. 
Production of trial forecast aids will also be provided to severe storms forecasters for their evaluation. 
Additional indicators of storm severity will be sought and a real time storm model which shows great 
promise for further reducing the size of storm warning areas will be tested. 

Our field observations of severe storms will continue and several aircraft-borne instruments vital to 
increased understanding of severe local storms will be developed. The VAS sounder for GOES-D will be com
pleted and development of the VAS gr~und system and software will continue to support a 1980 launch and the 
VAS Demonstration Program. 

Global Weather Program Support 

Research and development for improvement of operational 
satellite systems . ........................................ . 

Advanced techniques in observing and forecasting .••••••.••••• 
Development of advanced flight experiments for research in 

weather and climate .•••••..•.•••.•••••.•••••.•....••••.••.• 
Spacelab payload definition studies •••••••••••••••••••••••••• 
Applications systems verification test .•••••••••••••••••••••• 

Total . ...................................•..••.......•..... 

1977 
Actual 

3,400 
2,378 

1,031 
100 
190 

7,099 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,500 
2,000 

100 

5.600 

3,500 
2,100 

100 

115 

5,815 

1979 
Budget 

Estimate 

3,300 
1,700 

100 

5,100 
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OBJECTIVES AND STATUS: 

The Global Weather Program includes research and development for the transfer of NASA-developed technology 
to the NOAA operational meteorological satellite system. This includes development of improved instruments, 
satellite subsystems, and improvements to the operational ground system hardware. Work will begin on the 
development of an ozone monitoring instrument for the TIROS-N series of NOAA operational enviro<tmental 
satellites. Design studies will be performed for advanced spacecraft, sensors and associated ground equip
ment, to meet the operational satellite data requirements of NOAA following the current TIROS-N series and 
geosynchronous operational systems. 

Through basic research of the physical processes of the atmosphere and boundary condition on multiple 
spatial and temporal scales, the Advanced Techniques in Observing and Forecasting Program provides for the 
development of advanced applications of satellite data. We are developing improved analytic and numerical 
models and new techniques for utilizing space-acquired data to produce improved weather forecasts. Emphasis 
is being placed on the physics of radiative transfer to develop improved weighting functions and algorithms 
for extracting key meteorological parameters. These results will be used to improve existing models and 
data utilization techniques and to refine future requirements. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

An Applications Systems Verification Test (ASVT) for a Frost/Freeze Prediction investigation was 
initiated as a joint effort with NOAA to demonstrate the utility of satellite data in providing tempera
ture measurements related to citrus fruit agriculture in Florida. 

BASIS OF FY 1979 ESTIMATE: 

During FY 1979, development of the five-channel Advanced Very High Resolution Radiometer will be completed 
and development of an operational capability to monitor the earth's ozone levels on a global scale will be 
initiated for flight on NOAA operational spacecraft. This instrument, the Solar Backscatter Ultraviolet 
(SBUV), will provide vertical ozone distributions on a global, daily basis. It will be a modified Nimbus 
SBUV-type instrument utilizing instrument and data techniques that have been developed and demonstrated 
on previous NASA programs. This development is being undertaken because monitoring the global ozone 
budget over an extended period is regarded as vital for understanding both its natural variability and 
its susceptibility to changes caused by man's activities. 

An instrument similar to the SBUV to be flown on TIROS-N will also be flown on Spacelab to directly com
pare the Earth's radiances measured from both platforms. Ground truth data will also be acquired to verify 
the inversion results. 

RD 7-49 



• • ·-------
System design studies will be performed on advanced instruments, spacecraft, and associated ground equip

ments for polar and geostationary setellite systems to meet NOAA requirements for the 1984-1993 time period. 

Development of advanced remote sensing techniques and studies of meteorological processes will continue 
in order to provide essential data for improving the accuracy of long-range weather forecasts. 

Follow-on Data Analysis and Operations (Weather and Climate) 

Nimbus follow-on operations .••••••.•••••••••••••••••••••••••• 
Data analysis . ...............•...............•..............• 

Total .•.................................................... 

OBJECTIVES AND STATUS: 

1977 
Actual 

1,600 

-

1.600 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,500 900 
1,000 1,000 

2.500 ~._9_QQ 

1979 
Budget 

Estimate 

1,000 

1,000 

In addition to providing for the continued operation of the Nimbus-5 and -6 spacecraft, this effort will 
provide for the analysis and data use investigations of atmospheric environmental data collected by rocket 
and satellite sensors for which experiment development and flight project support has been completed. Data 
which has been only initially analyzed can yield vital information when additional analyses and user in
vestigations are performed and additional corroborative data are collected. Urgent needs continue for these 
data which include, among others, global precipitation, soil moisture, and snow-and-ice-cover data from the 
microwave sensors of Nimbus-5; and important data on the earth's radiation budget from Nimhus-6. These data, 
when properly reduced to useful physical parameters and furnished to the scientific and data-user community 
in practical forms, are expected to be applied directly to specific national and global problems. Such 
problems include the trend of regional and world weather, severe storm analysis and prediction, and 
numerical forecast model improvements. 

The possible termination of Nimhus-5 and -6 operations will be reviewed at some time after the Nimbus-G 
spacecraft is launched because the Nimbus-G sensors are expected to provide enhanced data over that now 
being collected by Nimbus-5 and -6. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

Actual requirements for continued Nimbus-5 and -6 operations are lower than had been estimated earlier 
due to the reduction in the scope of follow-on activity support requirements. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funds will support the continuation of previously initiated scientific investigations of important 
meteorological processes using Nimbus-5 and -6 data and will enable some new data-use investigations to be 
undertaken. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

CLIMATE RESEARCH PROGRAM 

Earth radiation budget satellite system ••••••••••••••••••••••• 
Applications research and technology development ••••.••••••••• 

Total . ..................... o •••••••••••••••••••••••••••••••• 

OBJECTIVES.AND STATUS: 

1977 
Actual 

600 

600 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,500 2,500 

2.500 2.500 

• 
1979 

Budget 
Estimate 

8,000 
4,200 

12.200 

The major objectives of this program are to advance remote sensing from space as a means for measurements of 
important climate parameters and to apply these data to assist in the solution of the major scientific 
questions underlying the physical processes which control climate and climate change. The shorter term objec
tives are: to perform basic research to improve understanding of physical processes of climate change; to 
provide timely information from space-derived data in usable form on the current state of the climate system; 
to develop climate data sets from past and current satellites; to develop an Earth radiation budget satellite 
observing capability; and to define and perform preliminary design of future satellite systems. 

In recent years, a number of independent studies and review, principally by the National Science Foundation 
in 1974 and the National Academy of Sciences in 1975, have led to the recommendation of programs to assess and 
enhance our knowledge of climate processes, to evaluate man's impact on climate and vice versa, and to investi
gate the predictability of climate change and how it might be achieved. These concerns resulted in a sub
committee of the President's Domestic Council developing an outline for a U.S. climate program. Based on this 
outline, the Federal Coordinating Council for Science, Engineering and Technology (FCCSET) asked the Inter
departmental Committee on the Atmospheric Sciences (ICAS) to develop a u.s. climate program plan which would 
be a comprehensive multiagency approach to the problem. 

Congressional hearings were held on the need for a national climate program in 1976 and 1977 and strong 
support for such an action has emerged. NA~ is responsible for developing the space remote sensing capabili
ties required to support the national initiatives in climate research. NASA's role in the national climate 
research plan derives primarily from the need for a satellite-based global observing system and the associated 
data management. It should be noted that a multiplicity of observations will come from a variety of sources, 
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both national and international. A number of other research and development activities are related to this 
global observing system, including modeling to determine which parameters should be measured and with what 
accuracy and sampling frequency. 

Earth Radiation Budget Satellite 5ystem 

Spacecraft . .........•......................................••• 
Sensor •••••••••••••••.•••••••••••••••••••••••••••••••••••••••• 

Total . ............•...•....•.......•.......••.•.••••.••.•... 

OBJECTIVES AND STATUS: 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1979 
Budget 

Estimate 

4,600 
3,400 

8.000 

MOre solar energy is absorbed by some regions of the Earth than by others. At the same time, more thermal 
energy is radiated into space by some regions than others. This differential heating is the driving force 
that sets the atmospheric winds and ocean currents into motion so as to transfer heat from warmer areas to 
cooler areas. The excess in the amount of solar energy absorbed over the thermal energy radiated to space 
continually changes for any given region, depending en the time of year, degree of cloudiness, snow and ice 
cover, atmospheric dust and aerosols and properties and conditions of the surface. 

The objective of the Earth Radiation Budget Satellite System (ERBSS) is to measure the temporal and spatial 
variations in the radiation balance over the globe. General agreement exists within the scientific community 
that the Earth's radiation budget must be monitored from space if we are to gain basic insights as to reasons 
for climatic fluctuations. Studies of the ERBSS have established that required measurement accuracies can be 
achieved to support scientific objectives in the areas of climate diagnostics and parameterization of climate 
models. 

An experimental Earth radiation budget instrument has flown on the Nimbus satellite, and sampling studies 
based on this experiment have shown that adequate global coverage requires a multiple satellite system. TWo 
NOAA satellites of the TIROS-N series will be flown in sun-synchronous orbits equipped with identical Earth 
Radiation Budget instruments. One of the NOAA satellites will have a morning equatorial passage time, while 
the other will have a mid-afternoon passage time. Adequate mid-latitude and equatorial coverage requires an 
additional satellite. Therefore, a third set of instruments will be flown on a NASA spacecraft in a 56° in
clined orbit plane. Each equatorial region must be viewed at least once each month at each hour of the day 
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and the orbit altitudes and instrument view angles must be known to permit geographical location of the radio
meter footprints. Together, the three satellites will provide accurate measurements of the monthly average 
radiation balance with regional, zonal, and global resolutions. The planned launch dates are 1982-1983 for 
the NOAA satellites and 1982 for the NASA ERBS-A. The total cost estimate for the Earth Radiation Budget 
Satellite System is $70 to 85 million. This represents a planning estimate. 

The scientific objectives and measurement requirements have been developed by a joint NOAA/NASA team of 
scientists that included leading scientists from the University community and other non-Government organiza
tions. These requirements have been reviewed by a committee of the National Academy of Science. Detailed 
concept studies and engineering analyses have been completed that establish the feasibility of the Earth 
Radiation Budget Satellite System. 

BASIS OF FY 1979 ESTIMATE: 

The funding required for FY 1979 will provide for the following sensor procurement items: preparation of 
instrument specifications, award of contract, and initiation of development. The Request for Proposal pack
age will be prepared for the ERBS spacecraft and specifications will be determined for the spacecraft/Shuttle 
interfaces. In addition, design modifications of the NOAA spacecraft will be initiated to accommodate the 
instrument. 

Applications Research and Technology Development (Climate) 

Basic climate research .•....•................................. 
MOdeling and special studies •••••••••••••••.•••••••••••••••.•• 
Clirna.te data sets .............................•............... 
Spacelab payl9ad definition studies .•••••••••••••••••.•••••••• 

Total . ..................................................•... 

OBJECTIVES AND STATUS: 

1977 
Actual 

600 

600 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,000 2,500 

500 -
2.500 2.500 

1979 
Budget 

Estimate 

2,300 
1,000 

900 

4.200 

The objectives of the basic climate research is to improve the understanding of the physical processes of 
climate change and develop new sensing techniques for measuring climatic parameters. The basic research is 
necessary to determine what climate parameters need to be measured and to develop improved techniques for their 
measurement. 
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The objective of the Modeling and Special Studies activity is to obtain a better understanding of 

climatological processes and thereby identify measurement requirements. 

The objectives of the Climate Data Sets activity are to establish a usable climate data base from past and 
current NASA satellite data for use by the research community. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

In FY 1978, a decision was made to establish a distinct climate program in contrast to its previous 
designation as an element of the Weather and Climate program. Accordingly, $2,500 thousand of Weather 
and Climate program funding was allocated to this new discipline area. 

BASIS OF FY 1979 ESTIMATE: 

The planned NASA climate program for FY 1979 responds to the highest priority research needs outlined by 
the National Academy of Sciences in their review of the NASA climate plan. The effort will include the 
assembly of climate data sets from past and future NASA satellites, research on the key climatological proc
esses, and model development and diagnostic studies. 

The climate data sets will include appropriately formatted and catalogued historical records of key climate 
parameters, selected in consultation with the scientific community, and made generally available for research. 
Typical examples of such parameters are surface albedo, sea ice extent, sea surface temperature, and snow 
cover Research on climatological processes will consider such important areas as the air and sea interface, 
extended cloudiness and radiation budget, global precipitation, atmospheric aerosols, and the cryosphere. 
The scope of NASA climate model development will be defined through coordination with NOAA and NSF to insure a 
balanced interagency modeling effort. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

MATERIALS PROCESSING IN SPACE 

Space processing applications rocket project (SPAR) ••••••••••• 
Applications research and technology development •••••••••••••• 
Shuttle/Spacelab payload development ••••.•••••••.•••••••.••.•• 

Tota 1 • •••..•.•.••.••.•••••••••••••••..••••.••••••••••••••••• 

-- ·-·· -------

1977 
Actual 

2,900 
5,190 

8.090 

1978 1979 
Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

3,900 3,900 3,600 
5,000 5,000 4,400 
6,300 6 1 300 12 1400 

15.200 15.200 20.400 
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OBJECTIVES AND STATUS: 

Experiments on the Skylab and Apollo Soyuz Test Project (ASTP) missions and ground-based studies have 
studied the effects of special space flight conditions on materials processing and have shown that space pro
vides an environment for performing basic and applied materials research that cannot be performed on the 
ground and whose results provide a better understanding of both materials and preparative processes. The 
objective of the Materials Processing in Space program is to demonstrate this better understanding of mate
rials and their preparative processes through the use of the space environment and to make opportunities 
available for similar research to the materials scientific community. This combination will eventually result 
in space facilities for fabricating.products that cannot be produced on the ground and whose space fabrication 
will be ultimately economically justifiable. The basis of this program is to conduct ground-based materials 
processing research and technology development leading to mature flight investigations and eventually to some 
selected pilot space production demonstration. 

In FY 1979, Space Processing ground-based studies, investigations, and analyses of potential applications 
of space processing will be continued, and will include studies of new initiatives and commercialization of 
Materials Processing in Space interagency sponsored research, and soliciting of new experiments and investi
gators. The Space Processing Applic~tions Rocket (SPAR) project will offer a continuing opportunity to in
vestigate materials processes in space prior to the Shuttle era. The SPAR project will also provide payload 
apparatus for the Materials Experiment conducting precursor Shuttle experiments on an OFT mission. The pre
liminary design of space processing Shuttle payloads was initiated in FY 1977 in preparation for beginning the 
full scale payload development in FY 1978 which will be continued in FY 1979. These Shuttle payloads will 
provide for systematic materials research and development in the early years of Shuttle operations so as to 
make practical applications possible in the late 1980's. 

Space Processing Applications Rocket (SPAR) Project 

Space processing applications rocket (SPAR) project ••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

2,900 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,900 3,900 

1979 
Budget 

Estimate 

3,600 

The objective of the SPAR project is to perform applications materials processing flight and ground research, 
prior to the Shuttle era, using the 5 minutes of near weightlessness available during sounding rocket flights. 
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Investigations are proposed by materials scientists and recommended for flight or further investigation by 
the Space Processing ad hoc Advisory Subcommittee of the Applications Steering Committee (ASC) and selected 
by the ASC. The Materials Experiment Assembly (MEA) which is an element of the SPAR project, will perform 
selected investigations with SPAR payload hardware on the Shuttle during the longer period of weightlessness 
available on an OFT flight. 

Each SPAR and MEA payload is configured in response to user requirements and performs from 4 to 9 separate 
experiments. The individual payloads are fabricated using both experiment unique hardware and general purpose 
apparatus from the project inventory. The general purpose apparatus is designed to process from 1 to 3 ex
periments and has a life expectancy of approximately three missions. In these respects, the SPAR project has 
some similarity to the space processing activity planned for Shuttle. The MPS program is utilizing the SPAR 
flights to develop the scientific, engineering, and management extertise necessary to enter the Shuttle era 
with a mature and productive program. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, it is planned to fly 2 to 3 rocket flights with 4 to 9 experiments per flight. In addition, the 
fabrication and environmental test of the Materials Experiment Assembly will be completed and the assembly 
integrated on the flight pallet in preparation for an early OFT flight. 

Applications Research and Technology Development (Materials Processing) 

Ground~based investigations, analysis, and studies •••.•••••••• 
Spacelab payload definition and preliminary design •••••••••••• 

Tota 1 .............•..•....•..•••....•..•.......•.••••....•.• 

OBJECTIVES AND STATUS: 

1977 
Actual 

4,190 
1,000 

5.190 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

5,000 5,000 

5.000 5,000 

1979 
Budget 

Estimate 

4,400 

4.400 

The ground-based studies, investigations, and analyses provide the basic information needed to select 
future flight activities in the Space Processing program, to plan experiments, and to investigate the implica
tions of their results. The program includes technology development for future flight equipment and research 
and development work on materials and processes in metallurgy, crystal growth, fluids, electronic materials, 
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biological preparations, glass and ceramics. In addition, the experiment requirements used for preliminary 
definition of space processing Shuttle payloads have resulted from ground-based investigations. 

BASIS OF FY 1979 ESTIMATE: 

With the advent of full-scale experiment operations in the rocket project and the development activity for 
Shuttle payloads, supporting research studies and technology development on the ground will continue to be 
essential to the Space Processing program. Topics to be covered in the ground-based program will include: 
assessments of feasibility and definition of requirements for experiments in areas such as inorganic materials, 
biological preparations, ultrahigh vacuum applications, and containerless processing; definition &nd advanced 
technology development for flight experiments that have long lead times. 

Shuttle/Spacelab Payload Development 

Shuttle/Spacelab payload development •••••••••••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

6,300 6,300 

1979 
Budget 

Estimate 

12,400 

The Space Processing Shuttle Payloads project includes the design and development of a basic set of payload 
equipment for space processing experiment operations, and provisions for initial operations with this equip
ment through CY 1981. Included in the basic equipment inventory are processing facilities for fluids, 
electronic materials, glasses and metals. All of the equipment will be designed for repeated use and a long 
service lifetime, since materials research and development generally requires preparation of an extensive 
series of samples. 

Applied research in the near weightless environment of the Shuttle will be performed with investigations 
proposed by materials scientists and recommended for flight or further investigation by the Space Processing 
ad hoc Advisory Subcommittee of the Applications Steering Committee. These research experiments will be 
designed to show the feasibility of processing certain materials uniquely in the space environment. 

Currently, the Principal Investigators are being placed on contract, 
and fabrication of two major payload facilities and the integration of 
module and one for a Spacelab pallet flight, will be awarded in 1978. 
have also be initiated. 

and a separate contract for the design 
these payloads, one for a Spacelab 
Development studies for other payloads 
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BASIS OF FY 1979 ESTIMATE: 

During FY 1979, work will begin on the design and fabrication of the two major payloads which are the 
Multipurpose Fluids Experiment System for the Spacelab Module and the Multipurpose Furnace System on the 
Spacelab Pallet. There will also be some design work begun on the Acoustic Containerless Processing System, 
the Polymer Reactor, the Vapor Crystal Growth MOdule, and the Analytical Float Zone Crystal Growth MOdule. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SPACE COMMUNICATIONS 

Search and rescue m1ss1on ••.•.•....•...•........•....•..•....• 
Shuttle/Spacelab payload development ••••••••••••••••••••..••.• 
Technical consultation and support studies ••..••••••.••.•••••• 
Applications research and technology development •••••••••••••• 
Follow-on data analysis and operations •••••••••••••••••••••••• 
Cooperative applications satellite (CAS-C) •••.•••••••••••••••• 

To tal . .......•....•.•.•.•••.•.....••••..••....•••.........•. 

OBJECTIVES AND STATUS: 

1977 
Actual 

700 
2,550 
8,002 
3,700 

300 

15. 2_52 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

5,600 5,600 
2,200 1,000 
3,100 3,100 
7,600 7,700 
3,700 3,700 

100 100 

22.300 21.200 

• 

1979 
Budget 

Estimate 

8,000 
1,20C 
3,100 
5,200 
4,500 

22.000 

The objective of this program is to develop and demonstrate communications technology from which will emerge 
future commercial and public service systems. Efforts for FY 1979 include continued development of the Search 
and Rescue Satellite System, conducting the fifth year of experimentation using the Applications Technology 
Satellite-6 (ATS-6) and the third year of experimentation using the Cooperative Applications Satellite-C 
(CAS-C); special communications studies and experiments to support our statutorily-required technical consul
tation services; and continued development of an antenna experiment .for Shuttle/Spacelab flights. 

A growing national awareness of the role of improved communications services in meeting public needs stimula
tes NASA's efforts in space communications. These public needs include delivery of health care and educational 
services, rural or thin route communications, emergency communications in support of public safety, medical 
relie~ disaster warning and relief, search and rescue support, and other important state and local communica
tions. NASA has completed many studies, experiments and demonstrations of the use of advanced communications 
to deliver such services. The current program is focused on study and the development of the technology for 
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(1) delivery of necessary or desirable services, which are not available or feasible because of economic, 
technical, or geographical constraints; and (2) delivery of important existing services which can be performed 
more cost effectively via satellite or combined satellite/terrestrial systems. 

The anticipated growth of all satellite services will impose spectrum requirements far in excess of alloca
tions presently available. Frequency sharing has become a serious and inhibiting problem in bands below 
10 GHz. NASA's efforts in FY 1979 will concentrate on developing technology to relieve further overcrowding 
in widely used bands, and on a longer range interest devoted to developing technology to open higher, as yet 
unused, frequencies. It is clear that unless new allocations are obtained, new or modified frequency and 
orbit-sharing criteria and techniques developed and implemented, and technology applicable to the higher 
frequency bands developed, the growth of satellite services will be constrained. 

Although U.S. industry still holds a leadership position in world markets for communications satellites and 
related technologies, foreign competition is developing rapidly. In recent years, the Japanese government has 
invested significant funds to strengthen their industries' ability to compete in these markets. Similarly, in 
Europe, the European Space Agency's research and development effort in space communications is funded at a 
level of about $70 million per year. This is augmented by further government sponsored research and develop
ment in this field within individual countries. The product of this effort is evident in the growing level of 
foreign participation in the Intelsat program. As a consequence, NASA's effort in space communications research 
is focused on maintaining a U.S. position of leadership. 

The technology base is now being laid for possible satellite services that could be implemented in the 1980-
1990 period. These include: communications between small, inexpensive, fixed or highly mobile units; inter
active communications, both voice and video, to deliver education, health care or other public services; 
electronic mail transmission, disaster warning and relief, aeronautical and maritime communications and posi
tion location; and collection and distribution of data from thousands of surface data collection platforms. 
Providing these services by satellite should introduce economies of operation that will accelerate the transfer 
of the technology into the private sector. 

Studies will continue on the role of satellites in monitoring the new 200 nautical mile coastal zone for 
foreign fishing vessels and as an aid to traffic control of large cargo and tanker vessels. Joint experiments 
will continue with the U.S. Coast Guard to demonstrate satellite techniques to locate ships in the coastal 
zone. 

The Search and Rescue Mission projec~which will use satellites as an aid in detecting and locating distress 
beacons carried by general aviation aircraft and certain ships, will continue in FY 1979. We will begin de
velopment of a new distress emergency beacon transmitter designed specifically to operate with these satellites 
and capable of providing improved location accuracy and reliability. The Departments of Defense and Transporta
tion continue to provide the user guidance in this effort. The Soviet Union has expressed interest in 
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cooperating in this program and a Protocol document has been signed to permit further definition of the joint 
effort. We expect the USSR may contribute one or more satellites and ground stations to supplement the 
efforts planned by the u.s., Canada and France. 

In FY 1979, we will continue working with Federal departments, State governments and other public sector 
organizations to identify efficiencies and economies that can result from appropriate use of improved communi
cations. This is expected to result in definition of requirements that will lead directly to a new communica
tions service offerings by the communications carrier industry. NASA-sponsored developments will focus on the 
technology needed to make these new services economically acceptable. 

Search and Rescue Mission 

Search and rescue satellite system ••.••••••••••••••••••••••••• 

OBJECTIVES AND STATUS : 

1977 
Actual 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

5,600 5,600 

1979 
Budget 

Estimate 

8,000 

The objective of the Search and Resuce Mission is to demonstrate the feasibility of satellites to provide a 
significant improvement in the capability for search and rescue forces to detect and locate distress signals 
from general aviation aircraft and certain marine vessels during emergencies. Systems studies have been shown 
that satellites flying at an 850 kilometer altitude can detect the emergency beacons presently carried by air
craft and ships. Preliminary calculations indicate that the satellite can fix the position of these beacons to 
an accuracy of about 15-20 kilometers, and could position a proposed new beacon, with its stronger signal, to 
about 5 kilometers. 

The project is planned as an international cooperative effort that will include Canada, France, and possibly 
the Soviet Union. The U.S. will provide the spacecraft, launch vehicle, and the U.S. ground stations; the 
Canadians will provide the space telecommunications equipment and ground station in their country; and France 
will provide an onboard processor and receiver. In addition to NASA, the Departments of Defense and Transpor
tation are expected to participate in the program test and evaluation phase. 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funding is required to continue the design and development of the spacecraft to accommodate a 
transponder electronics package capable of receiving the aircraft and ship emergency signals, recording the 
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doppler signature and transmitting the data to a ground station for position location computation. Contracts 
will also be awarded for the spacecraft antenna, the improved emergency beacon, and required ground station 
developments. 

Shuttle/Spacelab Payload Development (Space Communications) 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Payload development •••.•.•.•.•.•....••..•..••.••••••.••••.•••• 700 2,200 1,000 1,200 

OBJECTIVES AND STATUS: 

The objective of the Spacelab Payload Development program is to develop promising communications and 
navigation payloads that can effectively utilize the unique capabilities of the Space Shuttle and Spacelab 
missions in the early 1980's. 

In FY 1979, development work will continue on an Adaptive Multibeam Phased Array (AMPA) Antenna that will 
provide a significant improvement in the radiated power that could be received by ground-based communications 
systems. This type of spaceborne antenna has direct application to education, health care delivery and postal 
services, and for service to small mobile terminals, such as might be used on trucks and autos, and data 
collection platforms. We expect to award a contract to develop the space antenna and supporting electronics 
in mid-1978. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The Electromagnetic Environment Experiment contained in our FY 1978 estimate was cancelled. in favor of 
greater concentration on the AMPA. 

BASIS OF FY 1979 ESTIMATE: 

The AMPA communications experiment is to be developed for an early Spacelab mission. Definition studies 
have been completed. In FY 1979 we will continue to fund development of the antenna structure and transponder 
modules, and begin development of ground equipment. 
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Technical Consultation and Support Studies 

Technical consultation and support studies •••••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

2,550 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,100 3,100 

• 
1979 

Budget 
Estimate 

3,100 

The objective of this program is to provide technical consultation and special studies for Government and 
other organizations in spacecraft and telecommunications technology. Studies and experiments being performed 
help provide technical and regulatory frameworks to allow growth of existing satellite services and provide 
for the inclusion of new satellite applications. The effort is grouped into three main categories: orbit and 
spectrum utilization; satellite systems support; and communications satellite application system studies. 

Orbit and spectrum utilization includes the development of techniques and strategies for standards and 
equipment design criteria, and the determination of the effects of propagation phenomena and manmade noise on 
performance, design, and orbit and spectrum utilization of space telecommunication systems. 

Satellite systems support includes design and flight readiness reviews and technical assessments on Intelsat 
and Domsat systems for the FCC and special studies on high priority FCC and NASA program office requests. 

Communications satellite application system studies are structured to meet, primarily, statutory and regula
tory requirements and to ensure compatibility of NASA flight programs with.other space and terrestrial 
services. 

These studies are an essential part of providing for an anticipated rapid growth in satellite services in 
the 1980's. This growth will impose requirements that will exceed the available radio frequency spectrum and 
orbital positions in the geostationary orbit. Extensive efforts to address the problems of growth in prepara
tion for the 1979 World Administrative Radio Conference (WARC) are being conducted by NASA. The Federal 
Communications Commission and the Department of State are coordinating U.S. positions for this Conference. The 
WARC establishes policies, technical parameters, standards, design criteria, and operational and administrative 
procedures on a regional and global basis for all space and terrestrial communications. 

Effort has also begun to prepare for a 1982 Region 2 (North, Central, and South America) Conference on 
Planning for Broadcast and Fixed Satellites operating in the 11 to 14 GHz frequency band. National service 
requirements and proposed planning approaches for this region are to be submitted to the International 
Telecommunications Union (ITU) by 1981. 
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BASIS FOR FY 1979 ESTIMATE: 

FY 1979 funds will be used to continue our efforts on the 1979 WARC preparations and to initiate efforts in 
support of the 1982 Region 2 Conference on Broadcast Satellites. 

Studies will also be performed by NASA to address such questions as: radio frequency interference between 
satellite systems; interference between satellite and terrestrial systems such as radio astronomy, mobile, and 
radio location services; satellite spacing, positioning and repositioning; transmitter power levels; spillover 
patterns of applications satellites; spectrum and orbit congestion; and the adverse effects of propagation 
phenomena. 

Applications Research and Technology Development (Space Communications) 

Advanced communications research •••••••••••••••••••••••••••••• 
Data rna.nagemen t . ...........••••................••...........•• 
Development of advanced flight experiments •••••••••••••••••••• 
Applications transfer and demonstration programs •••••••••.•••• 
Spacelab payload definition and preliminary design •••••••.•••• 

Total ...... ..........•...••....•..............••............ 

OBJECTIVES AND STATUS: 

1977 
Actual 

2,306 
3,695 

460 
790 
751 

8.002 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,900 4,300 
2,000 2,000 

300 300 
900 1,100 
500 -

7.600 7.70Q 

1979 
Budget 

Estimate 

2,300 
1,500 

300 
1,100 

5.200 

The Applications Research and Technology Development (ARTD) project consists of studies, definition and 
development programs, and experiments which provide new technology and technique concepts for services 
which would not be developed within the private sector because of high risk or high initial expense. This 
project will contribute to the development of U.S. satellite communications technology through an effort 
supporting advances in commercial applications. The common thrust of these developments is to lower the 
eventual cost of communications service to the user through technological advances in all parts of the communi
cations chain. Specifically, this project develops multibeam space antennas, ground component and signal 
processing technology and techniques--all toward a goal of smaller, cheaper, high performance functional 
systems designed particularly to benefit from economies of scale when produced in greater numbers. Since the 
lowering of user cost also requires an effective and efficient match with spacecraft capabilities, a large 
spaceborne antenna with multiple beams is being studied, designed, and breadboarded. 
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Technology objectives also include: more efficient use of the available electromagnetic spectrum; research 

for expansion into presently unused and uncluttered parts of the spectrum; solutions for radio interference 
problems; and generation of improvements in radio location technology for use in tracking in search and rescue. 
The spectrum effici~ncy and interference reduction improvements are being met by bandwidth compression tech
niques and new methods of forming antenna beams. Improved communications devices are being developed in the 
millimeter-wave bands. Progress is being made in low cost, highly reliable, efficient communications compo
nents to operate at allocated space frequencies. All developments are carefully studied for promise in 
commercial applications with high economic and public service value. 

The objective of the data management effort is to define needs for extension of current technology to 
accommodate increased volume, complexity, and the concurrent high rates of data, and to reduce origin-to
user transmission times. Users must also be provided with improved capabilities for rapidly storing and 
retrieving the required data products. An understanding of the current and near-term future technology 
exists and longer range technology needs are being analyzed. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

Funding was requested in FY 1978 for the Spacelab Payload Definition and Preliminary Design projects under 
the Space Communications program. Subsequently, this effort was merged with the Advanced Communications Re
search effort. The Applications Transfer and Demonstration program was increased for the 200-nm Coastal Zone 
LORAN-e demonstration. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, studies will continue on technology requirements for advanced communication capabilities of the 
1980's, particularly with concern to more powerful transmitters and large, deployable antennas in space which 
will enable ground user terminals of reduced size and cost. In the preparation for the use of new, efficient, 
multiple small user satellite communications, studies of systems concepts and the related commercial economics 
will continue to ascertain need for advanced development. 

A major portion of this effort will be on spaceborne antenna development, a key element in providing high 
received power for needed services to and from small earth terminals. Electronically steerable, shaped radio 
beams are being researched for they could enhance overall communications capability, permitting new system 
interconnections while reducing interference and errors. Small ground-based antennas and transceivers will 
continue in development, with an objective of low cost production to accelerate widespread use possibilities. 

A demonstration prototype of an adaptive compressor for television signals will be completed. It will 
provide opportunities to sharply reduce user cost of the satellite channel. With emphasis on the delivery of 
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public services via satellite, systems studies will be completed in FY 1979--addressing the user's functional 
requirements, technical requirements (including frequency and bandwidth), system trade-offs, cost effective
ness, and overall economics of a commercially-furnished system. 

To provide improved performance and efficiency, this project develops new minaturized, low cost data 
collection platform technology for collection of environmental data from remote unmanned terminals. 

In the Applications Transfer and Demonstration program, NASA will continue to support the public service 
communications project with the Public Service Satellite Consortium for the conduct of satellite communications 
experiments. In addition, at the request of the U.S. Coast Guard, we will conduct a demonstration to aid in 
locating fishing vessels in the 200-nm Coastal Zone; in this demonstration, participating ships will relay 
their received LORAN-e navigation signals through an existing geostationary satellite to a ground-based com
putation center. 

Future applications satellites are expected to have very high data rates and volumes over fifteen times 
greater than those of LANDSAT-! and -2, with stringent timeliness and accuracy requirements for delivered 
information products. In FY 1979, efforts will continue on modeling total data/information systems to assure 
adequate capability, to demonstrate data compressibility (elimination of unneeded data for more cost effective 
results), and to assure that advanced data technology is developed to system-ready status. 

Follow-on Data Analysis and Operations (Space Communications) 

Follow-on data analysis and operations •••••••••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

3,700 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,700 3,700 

1979 
Budget 

Estimate 

4,500 

The objective of this project is to provide the capability for a full spectrum of experimentation in the 
application of satellite communications. NASA has a number of experimental communications satellites in orbit, 
two of which have the unique capability of broadcasting high quality television into small, low cost terminals. 
Experiments conducted with these spacecraft both here and in India show that additional broadcast demonstra
tions are needed and in demand by the user community. Cooperative Applications Satellite-C (CAS-C), launched 
in January 1976, has 19 approved experiments, and the Applications Technology Satellite-6 (ATS-6) has 34 
approved proposals under review. Under the established procedures, the experimenter provides funding for 
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support of his experiment; NASA funds the continued operation of the satellites, provides experiment time on 
the spacecraft, and technical consultation to the experimenters as required. 

BASIS OF FY 19 7 9 E STIMA.TE : 

The FY 1979 funding will provide for continuing support of the ATS-1, -3, and -5, experimentation and support 
activities for the CAS-C and ATS-6 experiments programs. Some thirty separate experiments, and fifteen to 
twenty ATS-6 and CAS-e support activities are anticipated. By the start of FY 1979, the CAS-C experiments 
program will have already been underway for two years, and will continue into FY 1979 with the involvement of 
some twenty-five independent experiments. The fourth year of ATS-6 experiments, with an expected complement 
of some twenty to twenty-five exper~ments, will be continued into FY 1979. The ATS-6 fifth year experiments 
program will start early in the second quarter of FY 1979. 

In FY 1979, we will continue working with Federal departments, State governments and other public sector 
organizations to identify efficiencies and economies that can result from appropriate use of improved communi-. 
cations. This is expected to result in definition of requirements that will lead directly to new communica
tions service offerings by the communications carrier industry. NASA-sponsored developments will focus on 
the technology needed to make these new services economically acceptable. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

APPLICATIONS EXPLORER MISSIONS 

Heat capacity mapping m1ss1on ••••••••••••••••••••••••••••••••• 
Stratospheric aerosol and gas experiment ••.••••••.•••••••••••• 
Magnetic field satellite •••.••......•.•••.••••••••...•••..••.• 

Total •... ......•...•••.•.••.•..•..•....•.•.•....••.•..•..... 

Scout (Expendable launch vehicles program) •••••••••••••••••••• 

1977 
Actual 

1,700 
4,100 
3,200 

9.000 

(500) 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

600 600 
2,400 2,400 

10,200 10,500 

13.200 13.500 

(1,800) (3,300) 

1979 
Budget 

Estimate 

300 

3,900 

4.200 

(1,300) 
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OBJECTIVES AND STATUS: 

The Applications Explorer program makes use of small, relatively low cost spacecraft, each dedicated to a 
specific mission objective, thus enabling the design of the spacecraft and the orbital parameters to be optim
ized to meet each objective. Included in the present program are missions to collect thermal inertia data of 
the Earth's surface, to monitor stratospheric trace constituents, to acquire global scalar and vector magnetic 
field data of improved accuracy, and to measure the Earth's radiation budget globally for improved climate 
modeling. 

Applications Explorer spacecraft have been designed to fly a wide range of Scout launch orbits. Definition 
phase studies are in process to provide for a Shuttle launch capability of the AEM spacecraft. The system 
flexibility is such that a variety of earth observation instrument requirements can be accommodated without 
significant subsystem modification. 

The first mission, the Heat Capacity Mapping Mission (HCMM, AEM-A), is designed to collect remotely sensed 
data for the development of thermal inertia maps of the surface of the Earth. The predawn and early afternoon 
orbit was chosen so that surface temperatures near the maximum and minimum of the diurnal cycle can be measured 
using a thermal scanner. This data, when combined with ground truth information, will allow comparison of 
thermal inertia characteristics of various materials, which will lead to the identification of surface rock 
typesa Oil and gas exploration rely substantially on identification of reservoir rock and local structures 
which might provide a trap for petroleum. The routing or location of major civil works, such as highways and 
canals, are critically dependent upon rock type identification. The feasibility of obtaining soil moisture 
information will also be tested. This mois~ure information would be a valuable input to the agrometeorological 
models which are necessary to determine crop yield prediction. 

The second mission, the Stratospheric Aerosol and Gas Experiment (SAGE, AEM-B) to be flown on an Applications 
Explorer in 1979, is to develop a satellite monitoring technique to measure stratospheric aerosols and gases, 
map aerosol and ozone concentrations, and to investigate optical properties of aerosols and assess their 
effects on global climate. The presence and variations of aerosols and trace gases (e.g., ozone) in the atmos
phere can have a significant influence on climate change. An understanding of the effects of this contribution 
is dependent upon further development of global climate theory, and on measurements sufficient to define a 
global data base which describes the spatial and temporal variations of the aerosols and trace gases. The 
orbit for this mission will enable the instrument to map stratospheric aerosols in the temperate and tropical 
latitudes. A similar instrument, Stratospheric Aerosol Monitor (SAM II), to be flown on Nimbus-Gin the same 
time period will provide coverage of the polar regions. The combination of the two concurrent flights will 
provide the global system needed to obtain global distribution of stratospheric aerosols. An Application Ex
plorer Mission bus will carry the experiment via a Scout-F launch vehicle to a 600km near-circular orbit. 
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The AEM-B (SAGE) base module was completed during the first quarter of FY 1978, integrated with the 

instrument module engineering model and placed in storage. 

The protoflight instrument module fabrication is in process. Integration of the base and instrument modules 
will be started by the integration contractor during the third quarter of FY 1978. Launch is scheduled during 
the second quarter of FY 1979. 

The third mission, the Magnetic Field Satellite (Magsat, AEM-C), will measure the scalar magnetude and vector 
components of the Earth's magnetic field on a global scale and with greater accuracy than previously possible. 
These data are needed to generate a global magnetic field map of the Earth, to develop an accurate computer 
model of the Earth's main magnetic field for the 1980-1981 time period, and to explore the feasibility of using 
magnetic field data for resource exploration. To date, magnetic field data use is limited by incomplete global 
coverage, coarse resolution, and lack of timeliness. The mission will provide the coverage and accuracies 
essential to generation of new models and will account for large scale field changes which amount to as much as 
6 to 7 percent over a ten-year period. The u.s. Geological Survey will use the data to demonstrate the capa
bility of using space-acquired magnetic data to meet their national commitments for periodic updating of 
regional and global magnetic charts. One application of the magnetic anomaly maps is in the long-range planning 
of mineral and hydrocarbon exploration programs. Sound knowledge of broad regional geology and geophysics is 
essential to mineral exploration, and this data will aid in selection of the most promising areas for future 
exploration. Magsat will be launched into a low elliptical orbit of approximately 325km by 550km by a Scout 
launch vehicle in late 1979. The mission duration will be limited by orbital life of the spacecraft to about 
eight monthso 

BASIS OF FY 1979 ESTIMATE: 

FY 1979 funds will provide for analysis of the AEM-A (HCMM) flight mission data. With respect to Magsat, 
FY 1979 funds will be required for completion of the instrument module, for completion of spacecraft integra
tion and testing, and for prelaunch support. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS 

SUMMARY OF RESOURCES REQUIREMENTS 

Industrial applications ....................................... . 
Technology applications . ...................................... . 
Program control and evaluation ••••••••••••••••••••••••••••••••• 

To ta 1 • •..•..•.••..•.••.••.•..•..•.....•..••.••.•••.••..•..•.. 

Distribution of Program Amount by Installation: 

Johnson Space Center •••.••.••.•••••.•••••.•.••••••••••••••.•••• 
Kennedy Space Center .••.•••••.••.••.••••..••••.•••••.••.•.•••.• 
Marshall Space Flight Center ••••••••••••••••••••••••••••••••••• 
National Space Technology Laboratories ••••••••••••••••••••••••• 
Goddard Space Flight Center •••••••••••••••••••••••••••••••••••• 
Jet Propulsion Laboratory •••••••••••••••••••••••••••••••••••••• 
Wallops Flight Center .•..•••.••.•.••••.••••••••••.•.••.••.••.•. 
Ames Research Center .••••••••••.••••.••.•••••.•••••.•••••••.••• 
Dryden Flight Research Center .••••••••••••••••••••••••••••••••• 
Langley Research Center ••••••••••.•••••••••••••.••••••..•••••.• 
Lewis Research Center .•.•.• •••••••••·•••••••••••e•••••••••••••• 
Headquarters •..••.•........•.•..•.•..•.••••.•••.•..••.••.•..•.. 

To ta 1 • .•.••..•..•.........••..•••••..•••••..••.••.....•.•.... 

1977 
Actual 

3,445 
3,640 
1,015 

SL 100 

275 
10 

367 
10 

507 
444 

3 
735 
32 

680 
145 

4,892 

8-100 

• 

TECHNOLOGY UTILIZATION PROGRAM 

1978 1979 
Budget Current Budget 

Estimate Estimate Estimate 

3,445 3, 715 3, 715 
3,640 4,110 4,110 
1,015 1,275 h275 

R_lOO 9_100 9_100 

200 250 250 
50 100 100 

550 600 600 
30 100 100 

500 550 550 
450 500 500 

50 100 100 
750 800 800 

70 100 100 
700 750 750 
150 200 200 

4,600 5,050 ~050 

8-100 9_100 9-100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS TECHNOLOGY UTILIZATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

Technology Utilization Program objectives encompass the transfer of new knowledge and innovative technology 
resulting from NASA aeronautical and space R&D programs for application and use in industry, medicine and 
important public sector areas such as transportation, environment, urban development and public safety. 
Specific program objectives are: 

(1) To expedite and facilitate the application and use of new technology by shortening the time between genera
tion of advanced technologies and their use in the economy; 

(2) To encourage multiple secondary uses of NASA technology in industry, education and government where there 
is a wide spectrum of technological p~oblems and needs; and 

(3) To understand more fully the technology transfer process and its impact on the economy, and to manage and 
optimize the process in a systematic way. 

Aerospace technology is transferred to the public and private sectors of the Nation's economy through a 
variety of established mechanisms developed and managed under the NASA Technology Utilization Program. These 
mechanisms or project areas include: publications and announcements; Industrial Applications Centers; the 
Computer Software Management and Information Center (COSMIC); state technical assistance centers; applications 
teams; and, applications engineering projects. 

OBJECTIVES AND STATUS: 

During the past year, NASA's new Tech Brief journal for announcing available technology has generated more 
interest and awareness in the industrial community than at any time previously. The rapid growth and expansion 
of the Tech Brief Mailing List (over 1,200 new addresses per month) and over 100,000 journal related industrial 
inquiries received by NASA during 1977 is a positive reflection of this increased interest. 
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NASA Industrial Applications Center (lACs) and the Computer Software Management and Information Center (COSMIC) 

continued to increase the number of industrial clients and income during the past year. IAC industrial income 
for 1977 was $1.800 million compared to $1.275 million for the previous year--an increase of 41% and COSMIC 
income was up by 8% when compared with 1976. In addition, a cooperative projectwith theSmallBusinessAdministra
tion to provide lAC services to nearly 200 small businesses in Southern California has been highly successful 
and similar efforts patterned after the California experiment are planned in other regions of the u.s. in 
FY 1978 and FY 1979. 

Two pilot programs have been initiated to focus on the dissemination and application of aerospace technology 
in State and local communities. State Technical Assistance Centers (STACs) are now operational in Florida and 
Kentucky to seek out technical problems of particular concern to governments and industries in those states and 
to search for solutions based on available aerospace technologies. 

Nearly 60 active applications engineering projects for adapting existing aerospace technology to defined needs 
in the public sector were pursued last year. These projects are jointly funded by NASA and user agencies such 
as DOT, HEW, EPA and the Department of Commerce. Among the many projects are the portable firefighting module 
developed for the U.S. Coast Guard, a highly reliable water quality monitor for EPA, and a human tissue 
stimulator being developed in conjunction and consultation with Johns Hopkins University Medical Center (Pain 
Center) and National Institutes of Health. 

NASA recently completed a cost benefits evaluation study of the TU Program which was provided to the Congress 
on December 31, 1977. This report was a culmination of continued program evaluation efforts to assess qualita
tively and quantitatively the impact of NASA technology and its transfer activities on the U.S. economy. In 
addition, documented evidence of technology transfer (i.e., Spinoff) is continually recorded and disseminated 
to industry and the general public as a means of creating widespread awareness of program activities and 
available NASA technology transfer services. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

An additional $1,000,000 has been allocated for this program in FY 1978 consistent with the Congressional 
authorization action. As requested by the Congress, these funds are being used to: (a) conduct a cost benefit 
evaluation of the TU Program; (b) develop a plan, in consultation with other Federal agencies, for the 
broadening of NASA technology transfer activities to encompass new technology of other Government entities and 
integrate that technology into more comprehensive programs for dissemination and applications assistance; 
(c) further strengthen current technology transfer activities such as manufacturing productivity and biomedical 
rehabilitation; and, (d) provide moderate program adjustments to offset effects of inflation on the ongoing 
dissemination and transfer systems. 
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BASIS OF FY 1979 ESTIMATE: 

Industrial Applications 

In FY 1979, NASA plans to continue to improve its various information dissemination systems to serve the 
broad and diverse technical needs of u.s. industry. In particular, NASA will continue to pursue and strengthen 
those efforts directed toward improving industrial productivity and creating increased awareness in the small 
business community of available aerospace technologies. 

In addition, NASA will continue technical assistance activity to State and local needs through the two 
experimental State Technical Assistance Centers in Florida and Kentucky. These efforts will lead to greater 
understanding of intergovernmental opportunities for technology transfer as well as systematic and effective 
means for solution of technical problems at the State and local level. 

Technology Applications 

In FY 1979, NASA will continue joint funded applications engineering projects with public sector agencies to 
apply existing aerospace technology and capabilities to priority problems in health and medicine, public safety, 
transportation and the environment. Approximately $2 million of the FY 1979 funds requested for technology 
applications will be used for new efforts and continuation of multiyear projects such as the human tissue 
stimulator to reduce pain in patients with nerve and muscle problems. 

The balance of the funds requested for technology applications will support NASA's continuing activity of 
defining user needs in the public sector through the NASA Application Teams. 

Program Control and Evaluation 

In FY 1979, NASA plans to continue its assessment of benefits accruing from technology transfer. Particular 
attention will be focused on analyses and classification of technologies and uses as a means to develop 
cost effective program changes to enhance the transfer process through statistical prediction methods. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1979 ESTIMATES 

RESEARCH AND DEVELOPMENT PLAN FOR AERONAUTICS AND SPACE TECHNOLOGY 

Budget Plan 
1978 1979 

1977 Budget Current Budget 
Programs Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

Aeronautical research and technology •••••••••••••.•••••••••• 190,100 231,000 228,000 264,100 

Space research and technology •••••••.••••••••.••••.••.••.•• 82,000 97,700 97,700 108,300 

Energy technology applications •••••••••••••••.••••••••••••• 6,000 4,500 7,500 ~000 

Total . .................................................. . 278.100 333.200 333.200 375.400 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS.AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Research and technology base ••••••••.••••••••••••••••••••• 
System studies . .......................................... . 
Systems technology programs ••.•••••••••••••••••••••••••••• 
Experimental programs .. ................................•.• 

Total . ................................................. . 

Distribution of Program Amount by Installation: 

Johnson Space Center . .........................•••.••...... 
Marshall Space Flight Center ••••••••.•.••••••••••••••••.•• 
Jet Propulsion Laboratory ..•.•.•.••.....•.....••••...••..• 
Wallops Flight Center ..................................... 
Ames Research Center . ...............•...•............•.••. 
Dryden Flight Research Center •••••••••..•••••••••••••••••• 
Langley Research Center .••.••••••.•.•.••••• ." .•.•••.••••••• 
Lewis Research Center . .................................... 
Headquarters .............................................. 

Total . ................... · ............................... 

1977 
Actual 

90,706 
2,966 

60,838 
35,590 

190.100 

720 
762 

1,118 
490 

33,647 
19,268 
78,484 
52,650 

2,961 

_19_0.100 

-

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

100,915 98,660 
3,000 3,000 

77,835 75,090 
49,250 _1.h250 

231.000 228.000 

810 800 
950 850 

1,000 1,140 
500 788 

37,700 39,013 
14,250 13,684 
99,950 97,140 
72,350 71,920 

3,490 2,665 

231.000 228.000 

1979 
Budget 

Estimate 

109,200 
3,000 

85,645 
66,255 

264.100 

1,100 
1,100 
1,200 

500 
49,600 

9,100 
93,500 

104,900 
~100 

264.100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objectives of the Aeronautics program are to advance aeronautical technology to ensure safer, more eco
nomical, efficient and environmentally acceptable air transportation systems which are responsive to current 
and projected national needs; to maintain the strong competitive position of the United States in the inter
national aviation marketplace; and to support the military in maintaining the superiority of the Nation's 
military aircraft. 

The FY 1979 program supports these objectives by stressing the technology areas judged to be the most critical 
by special in-house and out-of-house assessments, industry, advisory groups, and other users of technology with
in and outside the Federal Government. Emphasis will be placed on improving aircraft energy efficient and per
formance; reducing noise and pollution; improving safety and terminal area operations; and advancing long-haul 
and short-haul air transportation concepts. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $3 million from the FY 1978 budget estimate for the Aeronautical Research and Technology pro
gram reflects the impact of Congressional action reducing funding for Vertical/Short Takeoff and Landing 
(V/STOL) research. Funding adjustments between elements within the Aeronautical Research and Technology pro
gram have been made in response to changing program requirements which have developed since the budget estimates. 
More detailed explanations of significant funding changes are provided under each individual program involved. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 activities are designed to maintain a strong research and technology base position in the tech
nology disciplines of aerodynamics, propulsion, avionics and flight controls, human-vehicle interaction, 
materials and structures. The strength of this generic research and technology base is essential to enhance 
the growth of new improved aeronautical products. The program also pr9vides focussed technology development 
activities for each of the major classes of aeronautical vehicles, i.e., Conventional Takeoff and Landing (CTOL) 
aircraft, rotorcraft, general aviation aircraft, V/STOL aircraft, supersonic cruise aircraft, and high perform
ance aircraft. 
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In the area of CTOL aircraft, aircraft energy efficiency technology efforts will continue with the goal of 

providing, by the. early 1980's, the technology advances that will lead to a major reduction in aircraft 
fuel requirements. The design, fabrication and testing of individual components for use in next generation 
high-bypass turbofan engines will continue in the energy efficient engine program. In the engine component 
improvement program, the development of components with improved performance retention characteristics will 
continue. In the energy efficient transport program, the wind tunnel test program will be completed on high 
aspect ratio supercritical wings, and efforts continued on advanced aerodynamics and active controls tech
nology. In the advanced turboprops program, the aerodynamic and acoustic tradeoffs will be established so 
that optimized models can be designed for testing. An additional phase of the laminar flow control technology 
program will be initiated in FY 1979 with emphasis on structural and suction systems and aerodynamic opti
mization,including flight testing of a glove supercritical laminar flow control airfoil section. Activities 
to evaluate the suitability of broad specification jet fuels for use in current and future commercial jet 
engines and aircraft fuel systems will be expanded. The safety effort will be maintained by continuing 
activities on the development of materials with improved fire resistance and low toxicity properties, on 
solving aircraft operational problems in the terminal area, and on human-vehicle technology as it relates to 
aviation safety. Work will also continue on reducing aircraft noise and on technology to reduce emissions 
from gas turbine engines during cruise. 

Rotorcraft technology activities will continue to address rotor aerodynamics, structures, avionics, flight 
dynamics, terminal operations, engines and drive systems, and rotor system design. Efforts will be initiated 
to verify analytical design methodology of advanced rotor systems through model and full-scale wind tunnel 
tests and flight tests utilizing the Rotor Systems Research Aircraft and the Tilt Rotor Research Aircraft. 

In the area of general aviation, the development of technology for increased aerodynamic efficiency, crash
worthiness, reduced noise and emissions, and advanced avionics systems with reduced complexity will continue. 

Vertical takeoff and landing technology efforts will emphasize broad-based technology for future military 
and civil aircraft applications. Short takeoff and landing (STOL) technology efforts will include completion 
of flight research on operating systems using the Augmentor-Wing Jet STOL Research Airplane and completion 
of proof-of-concept flight testing of the Quiet Short-Haul Research Aircraft {QSRA). Flight research and 
experiments will be conducted utilizing the QSRA to expand the certification criteria data base and to explore 
operating problems unique to STOL aircraft. 

In supersonic cruise research, emphasis will be placed on the interactions between the airframe and pro
pulsion system, long-life structural tests, wind tunnel evaluations, and the demonstration of advanced pro
pulsion components for fuel-efficient variable cycle engines with low noise and emissions. 
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In the area of high performance aircraft, efforts will continue on configuration aerodynamics, aeromechanical 

instability characteristics of advanced turbojet and turbofan engines, and two dimensional exhaust nozzles. 
Flight testing of highly maneuverable aircraft technology concepts will be initiated employing subscale re
motely piloted vehicles. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

Materials research and technology •••••.•••••••••••••••••.• 
Structures research and technology •••••.•••••••••••••••••• 
Propulsion environmental impact minimization research 

and technology . ........................................ . 
Propulsion components research and technology •••••••••.••• 
Air-breathing engine systems research and technology •••••• 
Avionics and flight control research and technology ••••••• 
Aircraft operations and safety research and technology •••• 
Fluid and flight dynamics research and technology ••••••••• 
Low-speed vehicle aerodynamics and flight dynamics 

research and technology .. .............................. . 
High-speed vehicle aerodynamics and flight dynamics 

research and technology ......•.•....................••.• 
Human-vehicle research and technology ••••••••••••••••••••• 

To ta 1 . •••••.•••.•.•.....•....•.•....••.•••..••...•.•..•. 

1977 
Actual 

5,920 
6,758 

8,872 
11,722 

7, 915 
3,080 
3,526 

14,070 

12,694 

11,091 
5,058 

90.706 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

6,400 
8, 715 

11,400 
11,300 
7,700 
4,200 
4,900 

14,500 

13,800 

12,500 
5,500 

100.915 

6,255 
8,740 

9,800 
11,755 
8,700 
4,000 
4,845 

14,540 

12,710 

11,965 
5,350 

98.660 

1979 
Budget 

Estimate 

7,300 
11,500 

10,300 
12,500 
8,800 
5,200 
5,500 

16,500 

13,000 

13,000 
5,600 

109.200 
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OBJECTIVES AND STATUS: 

• 
Materials Research and Technology 

1977 
Actual 

5,920 

1978 
Budget Current 

Estimate Estimate 
{Thousands of Dollars) 

6,400 6,255 

• 
1979 

Budget 
Estimate 

7,300 

The objectives are to develop advanced metal, ceramic, polymer and composite materials to improve the per
formance, safety, longevity and economy of U.S. aircraft. Areas of emphasis include high temperature engine 
materials, life prediction procedures, and lightweight structural materials having high specific strength 
and stiffness. 

New high temperature metals and ceramics have been evaluated and look promising for use as abradable seals 
and insulating coatings that can provide savings in fuel consumption. Recent advances in improving the pro
cessibility of polymer resins also promise cost savings in the manufacturing of composite materials and 
structures. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $145 thousand reflects part of the Congressionally directed V/STOL reduction. 

BASIS OF FY 1979 ESTIMATE: 

The work on high temperature materials will continue to seek new and improved materials to permit higher 
operating temperatures in gas turbines with resultant improvements in specific fuel consumption. During 
FY 1979, non-hotpressing, lower cost fabrication techniques will be developed in order to achieve 70 per
cent to 90 percent of the mechanical properties of hot pressed ceramics, such as silicon carbide and silicon 
nitride. A special emphasis on basic research in high temperature materials will be initiated to upgrade 
and expand our understanding of the behavior of such materials. 

Studies to understand fatigue and fracture behavior of metallic and composite structural materials in 
aggressive environments, such as hydrogen and high temperature, will be continued. In FY 1979, emphasis 
will be on developing methods by which the time-dependent degradation of graphite/epoxy composite materials 
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can be predicted quantitatively. A test method for rapid and inexpensive screening of high strength alloys 
for plane strain fracture toughness will be developed. 

The development of composite materials will continue to be the principal effort in developing lightweight 
structural materials with the emphasis on polymer matrix materials. In FY 1979, the capability to predict 
moisture absorption of polymer matrix composites within 20 percent will be developed. Flammability charac
teristics of polymer matrix structural composites will be assessed and adequate foreign object damage re
sistance for filament wound fan blades will be demonstrated. The effort in joining methods for composites 
will be increased to support the need for greater reliability of integrated composite structures. 

OBJECTIVES AND STATUS: 

Structures Research and Technology 

1977 
Actual 

6,758 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

8, 715 8,740 

1979 
Budget 

Estimate 

11,500 

The objectives of the Structures Research and Technology program are to provide advanced structures tech
nology that will result in significant improvements in the performance, safety, durability, and economy of 
commercial, military, and general aviation aircraft and helicopters. Major emphases are given to structural 
concepts using advanced materials, improved techniques for predicting structural loads and dynamic response, 
more effective and efficient design methods, increased reliability and durability of structures, and high 
temperature structures. 

Development of an advanced subsonic flutter computer-analysis program has been completed. A velocity aug
mentation system for full-scale crash tests of general aviation aircraft, which permits increasing the speed 
at impact from 60 to 90 mph, has been evaluated in a recent test. Increased foreign object damage resistance 
has been verified in single-blade whirl tests of improved composite fan blades for turbofan engines. 

BASIS OF FY 1979 ESTIMATE: 

In the area of advanced structures, effort·will focus in FY 1979 on investigating applications of composites 
in aircraft with increased emphasis on helicopters and on reduced costs by design and fabrication improvements. 
Flight service evaluation of composite secondary structural components on commercial and military aircraft will 
continue in FY 1979 to enhance the confidence for future designs. 
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In FY 1979, emphasis will be placed on understanding and prediction of the dynamic behavior of structures, 

including wings wi~h stores. Additional effort will be directed to studies of acoustic transmission through 
airframe structures and the dynamics and damping characteristics of turbine engines. Verification of design 
and prediction techniques will continue through wind tunnel tests and flight tests on vehicles such as B-1 
and the Firebee II remotely piloted research vehicle. 

Advancements in design methods in FY 1979 will address needs for new techniques such as interdisciplinary 
iteration logic, use of mini and micro processors, and exploitation of fourth generation computer hardware. 
Efforts relating to technology for crashworthy structures for light aircraft will be extended in FY 1979 
to provide concepts for energy absorbing seat and restraint systems, and advanced analysis methods for pre
dicting the airframe response in crash impacts. The development of the integrated program for aerospace 
vehicle design will be continued in this program in FY 1979 with emphasis on completing the first-level 
software program for evaluation by industry. Effort will also continue on a method for aeroelastic design 
of aircraft. 

Technology for improved reliability and durability of airframe and engine structures will continue. 
Efforts in FY 1979 will focus on fatigue, fracture, and durability of composite airframes and on the dura
bility of composite airframes and on the durability and foreign object damage resistance of turbine engine 
components. In addition to improving the understanding of environmental and other adverse effects, emphasis 
will be given to design and fabrication techniques to increase structural durability. 

Ongoing research on high temperature structures will be continued in FY 1979 to explore concepts for hyper
sonic aircraft. This activity will involve analytical studies and laboratory tests of structural components 
under typical loading and heating conditions. 

Propulsion Environmental Impact Minimization Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

8,872 11,400 9,800 10,300 

OBJECTIVES AND STATUS: 

The Propulsion Environmental Impact Minimization Research and Technology program's overall objective is to 
reduce noise and exhaust pollution from aircraft propulsion systems to environmentally acceptable levels in 
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ways that are economically and operationally sound. The technology resulting from this program will aid the 
aviation industry in developing new designs and provide technical information to the Government for use in the 
promulgation of noise and exhaust emission regulations. 

In the area of forward velocity effects on propulsion system noise, the rotating fan blades of a Pratt and 
Whitney JT15-D engine are being modified and instrumented in preparation for a series of tests to correlate 
static and flight test noise data. The results of tests in the clean combustor program indicate that emission 
levels were obtained that compare favprably with proposed FY 1979 Environmental Protection Agency standards. 

CHANGE FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $1.6 million reflects funds freed by the completion of the clean combustor effort and 
transferred to the Propulsion Components and Air-Breathing_Engine Systems Research and Technology programs 
to initiate an effort on computational fluid mechanics of rotational flow systems and to expand an effort 
on ejector nozzles and inlets for lift-fan engines, respectively. It also reflects a realignment of in
house support activities among the Research and Technology Base programs. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, research will be conducted to determine more accurately the phenomena in the generation of 
noise in jets, rotating machinery, combustors, propulsive-lift devices, and propellers. The understanding 
of these phenomena will be used in the development of advanced noise suppression techniques. Investigations 
will be performed to determine atmospheric absorption characteristics of propulsion noise. Advanced ana
lytical techniques will be developed for updating the aircraft noise prediction computer program. Experi
mental data will be gathered to validate the predictive capabilities of the program. One noise research 
area that will receive emphasis in FY 1979 is determining the effects of aircraft forward speed on pro
pulsion generated noise. A JT15-D jet engine will be attached to an OV-1 airplane to permit an assessment 
of flight effects on engine noise. Such tests will provide the understanding needed to extrapolate the 
static data of advanced concepts to flight conditions. 

In FY 1979, in the area of pollution reduction research will be conducted in the fundamentals of pol
lutant formation as well as advanced emission control techniques for combustor development. Efforts to 
derive advanced technology combustor concepts for reduced emissions in the landing and takeoff modes will 
be continued. Exhaust emission reduction efforts will explore combustor segments incorporating hot walls, 
recuperative liners and catalytic elements. The hydrogen enrichment of fuel concept will be investigated 
where fuel partial oxidation is used to generate the required hydrogen. For piston engine aircraft the 
potential of long-duration, multiple-spark ignition systems and more precise fuel control systems will 
be assessed to allow leaner operation for reduction of emissions. 
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Propulsion Components Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

11,722 11,300 11,755 12,500 

OBJECTIVES AND STATUS: 

The objectives of the aeronautical Propulsion Components Research and Technology program are to increase 
air-breathing aircraft engine efficiency and operating range, to reduce fuel consumption and weight, and to 
improve the reliability and durability of the many interactive components of the engine and installation. 
This program covers research on gas path components as well as mechanical components, fuels and propellers. 
This program provides the advanced technology which ultimately supports improved, more cost effective and 
energy efficient propulsion systems for all applications from small general aviation private aircraft to 
commercial transports and helicopters, as well as military aircraft of all types. 

In FY 1978, the propulsion components research and technology effort is marked by increasing emphasis on 
computational techniques. A three dimensional flow code development was begun which will permit more re
fined analyses of the flow in compressor exist stages where viscous flow effects are significant. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $455 thousand reflects funds freed by the completion of the clean combustor effort and 
transferred from the Propulsion Environmental Impact Minimization Research and Technology program to the 
Propulsion Components Research and Technology program to initiate an effort on computational fluid mechanics 
of rotational internal flow systems. It also reflects a realignment of in-house support activities among 
the Research and Technology Base programs. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, research on inlets will concentrate on development of analytical techniques which will 
accurately predict localized internal flow phenomena, including shock wave/boundary layer interactions in 
the presence of boundary layer bleed. Detailed small scale experimental investigations will be undertaken 
to verify these fundamental internal flow processes. In nozzle research, an analytical method for studying 
nozzle flow interactions will be completed and documented. The potential of promising low aspect ratio, 
cooled, nonaxisymmetric nozzle concepts will be demonstrated. 
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Fan and compressor research in FY 1979 will stress achievement of high pressure ratio per stage consistent 

with high efficiency. rbis research covers both large axial flow compressors and small centrifugal compres
sors. Since virtually all jet engines are equipped with cooled turbine stages, during FY 1979 research will 
be directed to more efficient means of cooling, e.g., film cooling, as well as on use of thermal barrier 
coatings in combination with film cooling. A strong effort on improving computational techniques in this 
area will continue. 

In keeping up with the trend towards higher temperatures and pressures in advanced engines, combustor 
research in FY 1979 will include experiments on high temperature, high pressure combustor concepts. Work 
will continue on improving performance of small engine combustors. 

The fuels technology effort is closely related to combustor research through the evaluation of the com
bustion qualities of alternative fuels derived from coal or shale, as well as the evaluation of broad 
specification fuels. The fuels technology activity in FY 1979 will continue to explore problems such as 
soot formation, flame luminosity, high freezing point, and thermal instability. Also, the problems of 
compatibility of alternative fuels with fuel system components will continue. 

In FY 1979, mechanical components research activity will primarily support helicopter power transfer 
systems improvements, e.g., improve gearing, seals, bearings, lubricants and high speed power transmission 
shafting. Much of the work in this area stems from the Army/NASA agreement for joint participation in 
aeronautical technology. 

Propulsion instrumentation research results are seldom visible as a primary piece of hardware such as a 
turbine or compressor. Yet advanced technology components would hardly be possible without the support 
of advanced test and diagnostic instrumentation. In FY 1979, this research area will concentrate on keeping 
pace with requirements for rapid measurement of high temperatures and pressures; sensing of clearances 
between engine housing and rapidly rotating compressor or turbine blading; and sensing the onset of de
structive blade vibrations. 

In FY 1979, the low speed propeller technology effort will continue to advance low speed propeller tech
nology for general aviation aircraft. Research in this area, dormant for many years, applies improved aero
dynamics and materials technology to the achievement of lighter weight, quieter more efficient small aircraft 
propellers. 

RD 9-10 



• ____ _. ··-
Air-Breathing Engine Systems Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

7,915 7,700 8,700 8,800 

OBJECTIVES AND STATUS: 

The objective of the Air-Breathing Engine Systems Research and Technology program is to develop the tech
nology for reducing both the costs and time required for new engine development programs through improved 
engine systems design and analysis techniques, and the assessment of potential new system concepts. 

Investigations of the aeromechanical instability (flutter) in fan stages utilizing the FlOO engine and 
in a core compressor utilizing the J85-21 engine will be completed in FY 1978. Steady state and transient 
data obtained during these investigations are substantially increasing the available information relative 
to this phenomena in modern turbojet and turbofan engines. Advanced multivariable control techniques are 
being demonstrated using the FlOO engine as a representative modern engine. Variables such as flows, 
pressures, temperatures and component geometries are being simultaneously controlled by use of these multi
variable techniques and the basic facility computer system. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $1 million reflects funds freed by the completion of the clean combustor effort and trans
ferred from the Propulsion Environmental Impact Minimization Research and Technology program to the Air
Breathing Engine Systems Research and Technology program to expand an effort on ejector nozzles and inlets 
for lift-fan engines. It also reflects a realignment of inhouse support activities among the Research and 
Technology Base programs. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, research on propulsion control systems will define the methodology needed to simulate overall 
performance of advanced aircraft/inlet/turbofan engine systems and investigate advanced control hardware 
concepts such as sensors, signal transmission devices and actuators needed for advanced controls applications. 
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Experimental and analytical efforts will be continued in FY 1979 to seek understanding and solutions for the 

dynamic interaction problems encountered when engine components are combined to form an engine system. Parti
cular emphasis will be placed on the effects of distortion and other environmental factors on overall system 
stability and performance. A small turboshaft engine will be introduced into the program to initiate research 
peculiar to small engines and helicopter applications. 

In FY 1979, an expanded analytical and experimental data base will be developed for lightweight, short and 
thin inlets applicable to V/STOL propulsion systems. Dynamic interactions between the propulsion system and 
advanced flight control concepts will also be investigated. 

Hypersonic propulsion research will continue in FY 1979 with experimental investigation of a complete sub
scale scramjet module at Mach numbers of 4 and 7, and the design of a feasible hypersonic propulsion system 
will be initiated. 

Refined analyses of advanced technology general aviation turbine engines will be performed in FY 1979, 
building on results of studies completed in FY 1978. Advanced reciprocating and intermittent combustion 
engine research will focus on studies of problems associated with achieving a capability for general aviation 
aircraft to use a variety of fuels as well as mixtures of those fuels, thereby broadening the availability 
of fuel for general aviation aircraft. 

Avionics and Flight Control Research and Technology 

OBJECTIVES AND STATUS: 

1977 
Actual 

3,080 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

4,200 4,000 

1979 
Budget 

Estimate 

5,200 

The Avionics and Flight Control Research and Technology program supports the development of advanced 
electronics for applications to both civil and military aviation. Major efforts are directed toward en
hancing safety and efficiency while reducing costs through innovative developments in the areas of communi
cation, guidance, navigation, control, and displays. 

The results of precursory studies of satellite navigation systems and automatic pilot advisory systems 
support the development of the respective systems. Recent improvements in aeroelastic/control analysis 
will enable the synthesis of more integrated system designs. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $200 thousand is part of the Congressionally directed V/STOL reduction. 

BASIS FOR FY 1979 ESTIMATE: 

Efforts in the area of digital operations will provide technology for precise navigation and guidance, and 
automated digital data links which are cost effective for civil aviation applications. In FY 1979, final 
specifications will be completed for an automated pilot advisory system for use at uncontrolled airports. 
As part of the development of a low cost civil navigation system based on the Department of Defense Global 
Positioning System, studies of data format effects on systems costs will be concluded and system design 
criteria and technology requirements will be identified. 

· Advanced display generation and digital processing technology will be applied to cockpit display and flight 
management systems designs to reduce crew workload, improve safety and enhance aircraft management efficiency. 
In FY 1979, cockpit display requirements will be determined and incorporated into an experimental design for 
evaluation. 

An integrated design of currently independent control functions is being undertaken to enhance the effi
ciency and economics of future aircraft. In FY 1979, assessments of integrated flight control concepts 
will be conducted and development of a fault-tolerant computer-reliability assessment model will be com
pleted. 

Aircraft Operations and Safety Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

3,526 4,900 4,845 5,500 

OBJECTIVES AND STATUS: 

The objective of the Aircraft Operations and Safety Research and Technology program is to provide tech
nology which can be used to solve a wide variety of aeronautical safety and safety-related operational 
problems. 
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Runway controllability flight research was initiated in 1977 using a special crosswind research landing gear 

mounted on a small twin-engine commuter-type airplane. This program is providing much needed data relative to 
crosswind handling qualities and runway performance limits-with a tricycle landing gear. Safe controlled 
landings have been made with a 90-degree crosswind component of up to one-half the airplane stall speed. NASA 
Reference Publication 1008 "Lightning Protection of Aircraft," was issued in October 1977. This book presents 
under one cover the current state of knowledge concerning the potential lightning effects on aircraft and the 
means that are available to designers and operators to protect against these effects. 

BASIS OF FY 1979 ESTIMATE: 

In the area of expanding our knowledge of basic atmospheric processes, improvement of our understanding of 
natural atmospheric behavior as it affects the safe and efficient operation of aircraft is a long-term pro
cess. FY 1979 research will continue the process of functionally defining atmospheric phenomena in a way 
that will facilitate a practical use of results by aircraft designers and operators, and meteorological 
forecasters. Characterization of wind shear, low altitude gust gradients, warm fog processes and severe 
storm dynamics will be emphasized. 

Fluid and Flight Dynamics Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

14,070 14,500 14,540 16,500 

OBJECTIVES AND STATUS: 

The objective of this program is to advance understanding of aerodynamic phenomena and improve predictive 
capability to permit increased performance optimization of advanced aircraft during early design stages. 

Some significant accomplishments were made in computational fluid dynamics, among which are the develop
ment of a three-dimensional transonic inviscid wing/fuselage code, improvements in modeling turbulent 
separation in transon~c flow, and a demonstration of the capability to predict the unsteady flow separation 
pattern which often occurs near the aft end of an airfoil in transonic flow. In the experimental methods 
area, the Langley 0.3-meter Transonic Cryogenic Tunnel was operated with a new two-dimensional test section 
which will permit advanced airfoil development at Reynolds number conditions equivalent to those encountered 
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on full scale aircraft. In the flight dynamics area, the construction of the rotary balance has been completed 
and it will soon be used in high Reynolds number wind tunnel tests to determine the stall/spin characteristics 
of highly maneuverable aircraft. 

BASIS OF FY 1979 ESTIMATE: 

A major effort in the area of computational fluid dynamics will continue in FY 1979, which addresses the 
entire speed range with increasing emphasis to be placed on complex 3-D flow fields with significant viscous/ 
separated flow effects. Both steady and unsteady flow will be considered. Wing/body computational codes will 
continue to be developed with increased emphasis on the viscous effects, particularly at the wing/fuselage 
juncture and at the wing tip. Separated vortex flows will continue to be studied via close coupled theo
retical and experimental investigations in an attempt to develop reliable design procedures. Work will con
tinue in developing more efficient ways of analytically specifying the vehicle geometry for both linear and 
nonlinear aerodynamic computational codes, and on the development of computational techniques which reduce 
computer costs. Turbulence and mean flow measurements will be coordinated with computational codes for flows 
involving strong viscous/inviscid interaction. Higher-order turbulence models will be incorporated into.some 
computational codes. Studies will be completed in FY 1979 on an advanced computer for aerodynamic simulations. 
In these studies, the architecture of the processor will be optimized for aerodynamic calculations; however, 
performance estimates will also be made for other fluid dynamic applications such as weather/climate 
computations. 

In the FY 1979 airfoil development effort, characteristics of the second family of supercritical airfoils 
will be experimentally established with emphasis on high Reynolds number tests. These airfoils vary in 
thickness ratio from about 3 percent for propeller technology to 30 percent for freighter technology. The 
medium speed family of general aviation airfoils will be completed via wind tunnel and flight testing with 
the inclusion of high lift devices and designs to given extended regions of natural laminar flow. Experiments 
will be conducted to establish a family of rotorcraft airfoils including measurements of dynamic stall. Theo
retical work will continue to provide airfoil analysis and design methods for both single airfoils and high
lift systems including the effects of massive separation, wakes, and transonic shock/boundary layer inter
action. 

Several new concepts for aerodynamic drag reduction will be investigated in FY 1979 with both theoretical 
and experimental techniques. Low-speed flow over stationary walls with small-scale oscillatory longitudinal 
or transverse curvature will be measured to determine if a net drag reduction can be obtained, and low-speed 
experiments will be conducted to explore the possibility of using longitudinal slots for relaminarizing 
turbulent boundary layers. In the area of airframe noise, approximate theoretical models will be established 
on the basis of previous measurements made on individual sources of noise such as flaps, struts, and landing 
gear. 
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In FY 1979, work will continue on the development of instrumentation, test techniques, model design criteria 

for cryogenic tunnels, and improvements in tunnel operating efficiency to reduce nitrogen consumption. Mag
netic balance development will place emphasis on combining the technology developed for attitude control of 
models and the technology of super-conducting coils into a single advanced model suspension system. 

In the area of flight dynamics, in FY 1979 stall/spin research will continue with emphasis on the avoid
ance of spin susceptibility through advanced control systems. Wind tunnel tests will be made also on various 
forebody designs to better understand the sensitivity of the stall/post-stall stability to configuration 
design. Additional model tests to determine the stall/spin characteristics of military and general aviation 
aircraft will be conducted in a spin tunnel and with radio-controlled models. 

Low-Speed Vehicle Aerodynamics and Fiight Dynamics Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

12,694 13,800 12,710 13,000 

OBJECTIVES AND STATUS: 

The objective of this program is to provide advanced technology to improve the integrated aerodynamic 
performance, noise, stability, control, and flight dynamics of general aviation aircraft, advanced rotor
craft, advanced vertical and short takeoff and landing (V/STOL) aircraft, and heavy-lift, short-haul 
aircraft. 

Results of flight studies of the stall-spin characteristics of four low-wing general aviation aircraft 
correlated well with results previously obtained in small-scale spin tunnel and radio controlled model tests. 
Flight tests of a helicopter rotor blade having a modified, ogee, tip shape showed a 20-percent reduction in 
cruise power requirements and a 7-decibel reduction in rotor "slap" noise. Initial ground-based simulations 
were completed of problems of V/STOL aircraft in all-weather conditions to and from relatively small ships. 
Results indicated the capability of advanced flight control and pilot display systems to produce satisfactory 
handling qualities throughout the V/STOL flight envelope for the generalized liit/cruise fan aircraft con
figuration studied. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $1.09 million reflects part of the Congressionally directed V/STOL reduction; the transfer 
into the program of certain computational aerodynamic applications work from the High Speed Vehicle Aero
dynamics and Flight Dynamics Research and Technology program; and the realignment of in-house support 
activities among the Research and Technology Base programs. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, in the area general aviation, a design handbook will be provided on drag associated with cooling 
of the propulsion system, to enable improved overall aircraft performance. Further wind tunnel and flight 
tests will be carried out on aircraft configurations having the potential for practical stall immunity and 
means for spin avoidance. 

The rotorcraft research program in FY 1979 will include wind tunnel model studies of rotor-hub-pylon fuse
lage drag to evaluate and extend drag prediction techniques and develop low-drag configurations. Effort will 
also be directed at formulation of engineering methods leading to preparation of rotor acoustic design charts 
for special commercial and military applications and to validation of methods of predicting helicopter fly
over noise exposure. Wind tunnel tests will begin on a large-scale research rotor, incorporating blades with 
the latest concepts of airfoils, camber, and twist, providing a tool to evaluate helicopter aeromechanical 
prediction methods. 

In FY 1979, in the area of advanced V/STOL aircraft, tests of powered small and large-scale wind tunnel 
models will be continued to investigate the low speed and cruise performance of advanced supersonic jet 
VTOL fighter/attack aircraft configurations. Piloted ground-based simulation studies will be continued 
to evaluate various advanced cockpit controllers mechanized to permit safe, accurate, VTOL terminal area 
operations. Limited studies to evaluate improved STOL high-lift systems will be continued. 

Emphasis in the heavy-lift/short-haul aircraft area in FY 1979 will be given to ground-based simulation 
tests to derive control laws and assess precision hover performance for hybrid rotor/airship concepts. More 
limited studies of other heavy-lift concepts will also be initiated. 
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High-Speed Vehicle Aerodynamics and Flight Dynamics Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

11,091 12,500 11,965 13,000 

OBJECTIVES AND STATUS: 

The objective of this program is to generate aerodynamic technology advancements needed to achieve economic, 
safe, and reliable high-speed civil aircraft and to establish and maintain technological superiority in mil
itary vehicles and systems. 

A thorough study of realistic advantages of two-dimensional nozzles was completed on the F-15 aircraft 
configuration, revealing that drag reduction, cooling scheme simplicity, and lower weight are possible. 
Some of the drag advantages indicated in early wind tunnel tests were not achieved, but the reduced need 
for cooling improved thrusting performance more than enough to compensate. Additional advantages in 
maneuvering and total operation were identified through use of nozzle reversing and vectoring. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $535 thousand reflects the transfer of certain computational aerodynamics applications work 
to the Fluid and Flight Dynamics and the Low Speed Vehicle Aerodynamics and Flight Dynamics Research and Tech
nology programs, and the realignment of in-house support activities among the Research and Technology Base 
programs. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, the medium and long haul cruise aircraft aerodynamics effort will emphasize continued analyses 
and wind tunnel tests of span loader configurations. Work will be oriented toward the incorporation of 
thick airfoils and other innovative aerodynamic concepts. 

The combat vehicle and missile aerodynamics activities will continue to explore selected promising concepts 
such as noncircular two-dimensional nozzles. In FY 1979, a low aspect ratio nozzle will be fabricated for 
large-scale testing on a J-85 jet engine. Tests of this nozzle will generate experimental data permitting 
correlation with small-scale model results and thus advancing the general predictive capability for these 
special nozzle configurations. 
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The hypersonic aircraft aerodynamics effort in FY 1979 will be oriented toward establishing a valid aero

thermodynamic data base for future concepts. The program will include selected hypersonic wind tunnel tests 
to expand the experimental data on basic hypersonic fluid dynamic flow phenomena. 

A broad range of aircraft and missile configurations will be tested in wind tunnels and evaluated in ground
based simulators in FY 1979 as part of interagency and industrial assistance activities. As required, joint 
activities with other Government agencies will be conducted to insure continued superiority of new military 
air vehicles. 

In FY 1979, activities in the remotely piloted research aircraft technology area will concentrate on the 
development of capabilities for extending this testing technology to supersonic speeds. In addition, con
ceptual investigations will be performed to determine the optimum interfaces between airborne and ground 
computations for fly-by-wire control systems. 

OBJECTIVES AND STATUS: 

Human-Vehicle Research and Technology 

1977 
Actual 

5,058 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

5,500 5,350 

1979 
Budget 

Estimate 

5,600 

Provide a research and technology base for solutions to the human factors influencing the growth, effi
ciency, or safety of air transportation. The program has three major areas of emphasis: flight management, 
flight simulation technology, and human response to noise. 

During FY 197R a number of research studies are being conducted within the major areas. Key among these 
are investigations to assess conceptual models used to project human and community response to aircraft 
noise exposure. Also concepts are being investigated that would lead to substantial reductions of aircraft 
interior noise levels. Several joint programs with the Federal Aviation Administration are underway to 
enhance aircrew performance and alleviate the potential for human error. Among these are part- and full
mission simulation studies to assess the potential benefits of cockpit displayed traffic information. 
Studies are underway to enhance the effectiveness of simulators used in pilot training. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $150 thousand reflects part of the Congressionally directed V/STOL reduction. 

BASIS OF FY 1979 ESTIMATE: 

In the flight management area in FY 1979, studies will be conducted to enhance aircrew performance in future 
air transport systems, in a joint program with the Federal Aviation Administration. The occulometer and time
line analysis techniques will be evaluated as to their utility as objective methods for assessing crew per
formance. Studies to demonstrate the validity of alternative concepts for aircraft warning systems such as 
voice warning will continue. Research investigations dealing with advanced cockpit displays needed for flight 
management in the air traffic environment of the 1980's and 1990's will continue. Investigations will be con
ducted to define proper pilot and controller roles in an automated air transportation environment. 

Flight simulation technology efforts to advance real-time simulation techniques and to improve simulator 
fidelity will continue in FY 1979. Validated human-machine system models will be used to evaluate simulator 
performance. Techniques for generating realistic degraded visual environments (rain, snow, and fog) will be 
investigated. 

In FY 1979, the human response to noise research effort will be extended to assess the utility of com
munity· response models. Work will continue to improve the utility of noise exposure descriptors by taking 
into account the influence of ambient levels, low frequency components, vibration and multiple noise 
exposure on annoyance and acceptability. Promising concepts for the attenuation of structure-borne noise 
transmission will be evaluated. The effects of noise on cockpit communications will be investigated. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SYSTEM STUDIES 

1977 
Actual 

2,966 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,000 3,000 

1979 
Budget 

Estimate 

3,000 
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OBJECTIVES AND STATUS: 

System studies are conducted primarily as a means of identifying the needs for, and assessing the impact of, 
technology advances. The objectives of aeronautics system studies are to determine the feasiblity, technology 
requirements, costs, benefits and impacts of advanced civil and military aeronautical systems through mission, 
system and conceptual design studies. The studies integrate the mutual effects of technology and a wide range 
of related factors. 

Significant recent results include the identification of technology applications to reduce the acquisition 
and operating cost of small transport aircraft, and the attainment of an improved understanding of the potential 
impact of technology on expansion of the air cargo market. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, studies of civil air transportation systems will emphasize the use of advanced technology for 
the reduction of operating and acquisition cost of transport aircraft and for the enhancement of airborne 
systems dedicated to cargo movement. Specific studies will address applications of long-haul air cargo ve
hicles, small transports for low-density short-haul and commuter use, and future total transportation systems. 

Studies of future military aviation systems in FY 1979 will be responsive to expressed interests of the 
military services, with emphasis on vertical takeoff and landing (Navy) and cruise missiles (Air Force). 

Studies in FY 1979 of utility aviation systems will emphasize the impact of advanced technology in heli
copters and heavy-lift airships and the feasibility of high altitude powered platforms for uses such as 
regional communications. 

In FY 1979, systems analysis methodology and support activities will continue to emphasize air transporta
tion demand, comparisons and integration with other modes, and the understanding of technology transfer pro
cesses in the aviation industry. 

Studies of general aviation systems in FY 1979 will explore the aeronautical technology needs and opportu
nities in future general aviation aircraft and propulsion. 
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• • BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SYSTEMS TECHNOLOGY PROGRAMS 

Materials and structures systems technology •••••.•••••••••• 
Propulsion systems technology •••.•.••.•••.•••••.•••.•••.••• 
Avionics and flight control systems technology ••••••••••••• 
Aircraft operating systems technology .••••••.•••••••••••••• 
Aerodynamic vehicle systems technology ••••••••••••••••••••• 
Human-vehicle systems technology ..•••.••••..•••••.••••••••• 
Advanced civil aircraft systems technology •••••••••••••.••• 
High-performance aircraft systems technology .•••••••••••••• 
Rotorcraft systems technology ••••••••••••••••.••••••••••••• 

Total .................•....•.....•................. • · • • · • 

1977 
Actual 

5,250 
14,120 

2,550 
7,645 
8,238 

525 
13,740 
8,633 

137 

60.838 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

7,595 7,020 
22,150 22,150 

1,730 1,730 
6,600 6,600 
4,360 4,360 

800 800 
22,700 21,700 
9,000 9,000 
2,900 1,730 

77.8_35 75.090 

Materials and Structures Systems Technology 

5,250 7,595 7,020 

OBJECTIVES AND STATUS: 

• 
1979 

Budget 
Estimate 

4,500 
28,400 

2,400 
9,300 
5,600 

800 
20,400 

9,000 
5,245 

85.645 

4,500 

The objective of this program is to apply technology from the Research and Technology Base program in 
particular areas to verify technical readiness for design applications of advanced materials and structures 
developments. 

In the Materials for Advanced Turbine Engines (MATE) program, a powder metallurgy turbine disk completed 
the 150-hour Federal Aviation Administration qualification test. Abradable shroud coatings are currently 
being tested in a small gas turbine. Analytical methods have been developed in the Aeroelasticity of Turbine 
Engines (ATE) program to predict the aerodynamic flow conditions through fan and compressor stages. These 
are being incorporated in a flutter prediction program. In the Fire Resistant Materials Engineering (FIREMEN) 
program, the materials development effort is being completed in FY 1978 with emphasis shifting to design and 
testing of experimental systems. 

In the Integrated Program for Aerospace Vehicle Design (!PAD), the preliminary design of the software system 
is nearing completion. The complex requirements for the system are being evaluated and prioritized with in
puts from an industry advisory group to insure that the computer program will satisfy all the important system 
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design needs. The current effort is leading to release of a first level IPAD. Since development of the 
ultimate program will depend upon evaluation of the first level, the IPAD effort will be continued in the 
Structures Research and Technology Base in FY 1979. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The FY 1978 decrease of $575 thousand primarily reflects a realignment of funds to support the Tilt Rotor 
Research Aircraft Experimental program to partially offset unanticipated requirements. 

BASIS OF FY 1979 ESTIMATE: 

The MATE program involves identifying promising available high temperature materials for scale-up engineer
ing data acquisition followed by engine testing for the purpose of improving the performance of the next 
generation of aircraft gas turbines. During FY 1979, the emphasis will be on demonstrating an advanced powder 
metallurgy fabrication process that has the potential for significantly reducing the cost of manufacturing 
large compressor disks and turbine shafts. Simultaneously, engineering data will be obtained on two alloys -
single crystal turbine blade alloy and a promising directionally solidified turbine blade alloy. 

The ATE program is a joint Air Force/NASA activity to improve the understanding of and prediction capa
bility for aeroelastic instability phenomena in turbine fan stages. The FY 1979 effort includes completion 
of a NASTRAN flutter analysis capability development, experimental fan flutter tests, cascade and spin rig 
testing, and initiation of analysis and experiment correlation studies. 

The FIREMEN program was initiated in FY 1976 to accelerate development of fire-resistant, low-toxicity 
materials for use by airframe manufacturers and airlines. During FY 1979, development and testing of fire
resistant assemblies of cabin interior material systems will be emphasized. Typical internal and external 
fire sources will be defined in terms of heat rates and duration. Efforts will continue, in accordance 
with the NASA-FAA Memorandum of Understanding, to seek correlation of flammability, smoke, and toxic gas 
tests performed at several Government and industry aircraft fire test facilities in order to reduce dupli
cative effort. Increased emphasis will be placed upon analytical modeling of fire situations and developing 
better predictive methods to reduce test costs and complexity. 

RD 9-23 



• 

OBJECTIVES AND STATUS: 

• 
Propulsion Systems Technology 

1977 
Actual 

14,120 

• 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 
(Thousands of Dollars) 

22,150 22,150 28,400 

The objective of the Aeronautical Propulsion Systems Technology program is to achieve increased performance 
and efficiency of the complete propulsion system through integration of advanced propulsion components. 

In the Quiet, Clean General Aviation Turbofan program, engine detailed designs have been completed with 
engine fabrication and assembly begun. 

In the Advanced Turboprop program, experimental wind tunnel propeller model tests have confirmed the 
feasibility of achieving the required high aerodynamic performance necessary to make an advanced turboprop
powered aircraft competitive with turbofan-powered aircraft. 

BASIS OF FY 1979 ESTIMATE: 

The Quiet, Clean General Aviation Turbofan program, begun in FY 1978, will conclude in FY 1979 with the 
delivery of the engine/nacelle packages to the Lewis Research Center. An extensive program of acoustic and 
performance testing and evaluation will be conducted in the Research and Technology Base. 

The Helicopter Transmission Systems Technology program, initiated in FY 1978, will provide a systems 
evaluation of many advanced technology components which have been under investigation separately for a 
number of years. An advance technology gear-type transmission and a traction drive transmission, both 
designed in FY 1978, will be built and assembled in FY 1979 preparatory to extensive parametric testing. 
A standard current technology helicopter transmission will undergo tests in FY 1979 to provide baseline 
reference data. 

The Broad Specification Fuels Technology program, starting in FY 1979, will demonstrate the compatibility 
of broad specification fuels (defined and characterized in the Research and Technology Base program) for 
operation in current and next generation commercial jet engines. The FY 1979 work will concentrate on design 
and evaluation of combustor concepts suitable for both broad specification fuels, as well as present day 
commercial jet fuels. 
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The Variable Cycle Engine (VCE) Components program will evaluate advanced technology components which offer 
significant performance benefits combined with reduced noise and pollution characteristics. During FY 1979, 
VCE efforts will be focused on a variable flow multistage fan, advanced duct burner configurations and 
coannular/annular plug nozzle concepts. Testing of these advanced VCE components in practical systems re
presentative of candidate propulsion systems will focus on demonstrations of acceptable component interactions 
and compatibility, aero/acoustic performance and emission characteristics. 

During FY 1978, detailed technical and economic feasibility studies of potential performance improvement 
candidate designs were initiated under the Engine Component Improvement program. The studies of all of the 
candidates will be completed in FY 1979, and the most promising concepts will be selected for development. 
Component rig and engine ground tests will be conducted to evaluate the selected design concepts which can 
be promptly introduced into production engines to reduce fuel consumption on the order of 5 percent in cur
rent commercial transports. Development work will continue in the area of engine diagnostics to identify 
the causes of engine deterioration and for the evaluation of methods to reduce degradation with time. 

In FY 1979, the Advanced Turboprop program will include design, development, and test efforts in the areas 
of propeller aerodynamics, acoustics, and-structures, and propeller/airframe acoustic and aerodynamic in
tegration. Analytical evaluations will be made of potential aircraft, engine, and propeller drive system 
mechanical components. 

Research will continue in the reduction of aircraft gas turbine engine emissions for operation in the 
cruise mode. In FY 1979, the Stratospheric Cruise Emission Reduction Program will be involved in the 
assessment of the combustor concepts to ascertain which designs show potential for achieving program goals. 
The main objective of these advanced technology combustors is to achieve extremely low emissions of oxides 
of nitrogen at cruise conditions by attaining complete evaporation of the fuel and complete mixing of fuel 
and air prior to combustion, taking care to avoid autoignition, flashback, and adverse effects on overall 
engine operation. 

Avionics and Flight Control Systems Technology 

1977 
Actual 

2,550 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,730 1,730 

1979 
Budget 

Estimate 

2,400 
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OBJECTIVES AND STATUS: 

The objective of this program is to apply the fundamental knowledge gained in the Research and Technology 
Base to demonstrate the technical readiness and to promote the transfer of advanced avionic systems technology 
to the aircraft industry through experimental testing and verification in a realistic environment. 

In the Digital Fly-by-Wire program, flight evaluation of an advanced active control law has been completed 
and current emphasis is on control laws permitting system adaptation to changes in flight conditions. In 
the General Aviation Advanced Avionics Systems program, preliminary system designs for general aviation have 
been completed and evaluation of final system design proposals are underway for a contractual award in April 
1978. 

BASIS OF FY 1979 ESTIMATE: 

The Digital Fly-by-Wire activity provides for development and evaluation of an all electronic, redundant 
aircraft flight control system with both shuttle software concepts and advanced transport control laws in a 
representative flight environment. The principal emphasis is on reduced weight and fuel consumption, and 
on improved performance and operational flexibility. In FY 1979, the effort will be concluded with the final 
flight demonstrations and verification of advanced transport control laws. 

The General Aviation Advanced Avionics Systems program is aimed at providing a totally integrated, advanced, 
low cost avionics system to enhance the safety, reliability, and utility of future general aviation aircraft. 
During FY 1979, the final system design and an associated cost-benefit analysis will be completed and fabri
cation of an engineering system will be initiated. 

Aircraft Qperating Systems Technology 

1977 
Actual 

7,645 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

6,600 6,600 

1979 
Budget 

Estimate 

9,300 
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OBJECTIVES AND STATUS: 

This program encompasses the systematic use on all classes of transport aircraft of the knowledge and under
standing gained from research directed towards improvements in terminal area capacity and efficiency, approach 
and landing capability in adverse weather, reduction of noise impact through operational procedures, and fuel 
efficient operations. 

At the request of the Federal Aviation Administration (FAA), a uniquely equipped B-737 aircraft has recently 
demonstrated the capability, maturity, and integrity of the U.S. Microwave Landing System (MLS) to represent
atives of the International Civil Aviation Organization (ICAO) at several airports. In another program, a 
CH-47 helicopter was used to demonstrate the capability of performing automatic, steeply inclined, decelerating 
approaches, and touchdown. Both aircraft use new digital technology such as high speed programable computers 
to perform multisystem tasks, electronic displays, digital data-links, fly-by-wire concepts and automatic 
flight control systems. 

BASIS FOR FY 1979 ESTIMATE: 

In the area of system technology studies, joint effort with the FAA continues in the development of gener
alized capabilities to analyze the functions and safety of hardware and software designs of representative 
digital systems in aircraft, and in the application of low cost avionics technology to combined MLS/Precision 
Distance Measuring Equipment airborne avionics for general aviation use. 

In coordination with FAA, the Terminal Configured Vehicle Systems Program continues efforts to identify 
and validate flight management technology that will benefit conventional takeoff-and-landing aircraft terminal 
area operations. Emphasis in FY 1979 will be on improved four-dimensional automatic control for MLS utili
zation on complex approach paths, and investigations of the capacity, efficiency, and safety potential of 
cockpit display of traffic information (CDTI) concepts with elements of an advanced air traffic control 
system. 

In a joint effort with the Army and FAA, the Rotorcraft Operating Systems program utilizes analytical 
studies, piloted simulations, and flight experiments with advanced avionics systems to develop system 
concepts, design criteria, and operational procedures for helicopters and other rotorcraft operating 
into a wide variety of landing sites under adverse weather and visibility. In FY 1979 emphasis will be 
placed on improving the capability of helicopters to operate in low visibility weather from offshore oil 
rigs through the use of airborne weather/mapping radar coupled with an appropriate area navigation system. 
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OBJECTIVES AND STATUS: 

• 
Aerodynamic Vehicle Systems Technology 

1977 
Actual 

8,238 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

4,360 4,360 

• 
1979 

Budget 
Estimate 

5,600 

The objective of this program is to provide assessments of the potential application of improved aero
dynamic concepts to existing or future aerodynamic vehicle systems and to demonstrate in flight selected 
concepts that show particular promise for improving aircraft performance, efficiency, safety, utility and 
operating effectiveness. 

The feasibility of the goal to reduce the safe take-off and landing separation distance between aircraft 
in the presence of trailing wake vortices to three miles or less has been indicated by coordinated labora
tory and flight investigations conducted under the Wake Vortex Minimization program. 

In the Laminar Flow Control (LFC) program, the preliminary configuration definition of an LFC transport, 
flight tests for wing leading edge contamination, and suction and slot definition for a baseline wing have 
been completed. The LFC Phase I program will be completed at the end of FY 1978, including selection of 
LFC system concepts, evaluation of airfoil suction requirements, and LFC subsystem recommendations. 

The Propulsion/Airframe Interactions program will be completed at the end of FY 1978 following activities 
correlating the F-15 aircraft wind tunnel model performance data to full-scale aircraft data. Aircraft 
performance predictions are to be presented at a joint NASA/Air Force/Navy conference in early FY 1979. 

BASIS OF FY 1979 ESTIMATE: 

Systems technology studies in FY 1979 will investigate configurations which integrate the technologies 
identified in previous work into complete rotor systems for alleviation of key problem areas for civil 
helicopters. These problem areas, which include vibration, noise, safety, maintenance, and gust response, 
are limiting the full potential application of rotorcraft. 
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In the Wake Vortex Minimization program, the effort in FY 1979 will include continued fundamental studies 

to determine aerodynamic design factors that influence the formation and destructive interference of multiple 
vortex systems. A generalized wind tunnel model will be used to relate wing geometry to the near field vortex 
system and to provide input data to computational techniques which will be used to provide aircraft designs 
optimized for minimum wake vortex effects. Selected flight validation tests will be made of alleviation 
techniques, including measurements in ground effect. 

In the Laminar Flow Control (LFC) program, the second phase of the program will be initiated which will 
continue the effort to develop the technology for a practicable, reliable, easily maintainable LFC system. 
In FY 1979, technology development will be continued with added focus on major LFC elements, evaluation 
of LFC systems concepts and resolution of specific issues. Major activities will include initiation of 
work leading to the detailed design and testing of an LFC wing box, cover panel and related ducting, and 
the design of an LFC compatible supercritical airfoil section for flight test evaluation. This program 
is one of the elements of the aircraft energy efficiency technology effort. 

OBJECTIVES AND STATUS: 

Human-Vehicle Systems Technology 

1977 
Actual 

525 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

800 800 

1979 
Budget 

Estimate 

800 

The objective of this program is to reduce the incidence of aviation incidents and accidents attributable 
to human error and investigate techniques and operational procedures that will ensure optimum performance 
in multicrew member aircraft; and to continue to operate an Aviation Safety Reporting System (ASRS) at 
the request of the Federal Aviation Administration. 

In FY 1978 investigations are underway to identify information transfer deficiencies between air and 
ground personnel. Analytical and experimental methods for assessing the safety contribution of new 
procedures and systems and the effectiveness of full mission simulation as a training technique are under 
investigation. A computer-based data management system is on-line to aid in the analysis of safety reports. 
Special emphasis is being placed on analysis of factors contributing to air crew and controller error. 
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BASIS OF FY 1979 ESTIMATE: 

In FY 1979 full mission simulation studies will be conducted examining solutions to information transfer 
and decision-making problems encountered during complex flight phases. The Aviation Safety Reporting System 
will continue to be operated and new research investigations, based on problems identified from ASRS data, 
will be initiated. 

Advanced Civil Aircraft Systems Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

13,740 22,700 21,700 20,400 

OBJECTIVES AND STATUS: 

The objective of this program is to provide a technology base for the design and operation of advanced 
transport and special purpose civil aircraft using promising technologies generated in the Research and 
Technology Base program and to exploit military-developed aircraft and technologies for civil applications. 

The YF-12 Flight Experiments program will be terminated at the end of FY 1978 to allow for the planned 
initiation of additional control system research of more advanced aircraft, such as the F-15. Concluding 
efforts in the YF-12 program for FY 1978 include flight demonstrations to assess the cooperative control 
system and operational investigations to achieve performance optimization. 

In the Energy Efficient Transport (EET) program, flight tests have been completed of the L-1011 with 
active controls to establish the feasibility of using the outboard ailerons for wing load alleviation. 
A comprehensive series of wind tunnel tests has been completed for high aspect-ratio supercritical wings 
with variations in thickness, camber, twist, aspect-ratio and sweep; and engineering model development 
for fault-tolerant computer concepts has been initiated. Work is continuing on a variety of advanced 
aerodynamic and active control concepts for advanced transport aircraft application. 

In the Quiet Propulsive-Lift Technology Experiments program, experiments have been tentatively defined 
and prioritized for implementation utilizing the NASA Quiet Short Haul Research Aircraft. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $1 million is a part of the Congressionally directed V/STOL reduction. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, systems technology studies will investigate possible improvements to the efficiency, environ
mental impact and operations of advanced civil aircraft for passenger and cargo transportation. The program 
will emphasize the benefits that large cargo aircraft, methane-fueled transports and new low cost manufacturing 
technology can have on future transportation systems. Studies will be conducted to investigate applications 
of advanced technology in such a way as to decrease initial acquisition and recurring operating costs while 
maintaining safety, maintainability and environmental compatibility. Where necessary, baseline data will be 
generated by analytical and experimental means. 

In the Energy Efficient Transport (EET) program, work will continue to develop, refine and evaluate ad
vanced aerodynamic and active control technologies for near term application to derivative and new sub
sonic transport aircraft. In FY 1979, the major efforts will concentrate on the achievement of reliable, 
maintainable and cost-effective implementation of active control systems and the determination of the full 
benefits possible when active control technology is applied in the early design stage. In addition, the 
program will emphasize in FY 1979 the establishment of a design data base for high aspect ratio super
critical wings, the investigation of high-lift aerodynamic configurations for advanced transports, the 
evaluation of performance benefits achievable by incorporating winglets and wing tip extensions to wide
body transports, and the determination of outboard aileron effectiveness on wide-body transports for wing 
load alleviation. This program is one of the elements of the aircraft energy efficiency technology effort. 

The Quiet, Propulsive-Lift Technology Experiments program incorporates activities previously in the 
Advanced Medium STOL Transport Performance and Operating Systems program and the STOL Operating Systems 
program, and utilizes the Quiet, Short-Haul Research Aircraft as a testbed. The program will continue 
efforts on the development and evaluation of advanced powered-lift systems applicable to potential future 
civil short-haul transports. In FY 1979, the Quiet Short-Haul Research Airplane will be used as a flight 
test facility to initiate experiments to evaluate and demonstrate operations of a quiet powered-lift 
aircraft, to extend systems experiments including tests for efficient all-weather terminal area operations, 
and to expand the certification criteria data base. 
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High-Performance Aircraft Systems Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

8,633 9,000 9,000 9,000 

OBJECTIVES AND STATUS: 

The objective of this program is to perform the research, including wind tunnel, ground-based simulator, 
and flight tests, required to generate engineering and design data applicable to advanced high performance 
aircraft for civil and military applications. 

NASA participation in the Navy Type A V/STOL aircraft program has been coordinated by a Memorandum of 
Agreement between the two agencies executed in October 1977 and calling NASA technology support to begin in 
FY 1978. The Supersonic Cruise Technology program results indicate that advanced aerodynamic, structures 
and propulsion technologies offer the potential of reduced fuel consumption, long range supersonic flight 
with acceptable terminal area noise. 

BASIS OF FY 1979 ESTIMATE: 

The NASA/Navy Type A V/STOL Aircraft Technology program provides technology support to the Navy related 
to this subsonic multimission shipboard aircraft. NASA will provide, in FY 1979, V/STOL technology support 
to the Navy which will include specific near term studies of the effect of asymmetric decks in V/STOL 
operations and definition of control system and handli~g qualities criteria, test data to support Navy 
evaluation of contractor configurations, and wind tunnel tests of contractor-furnished models to assist the 
Type A prototype development. 

NASA will continue to refine and optimize different design configurations in the Supersonic Cruise Research 
program during FY 1979 and will explore improved aerodynamic planforms by extensive subsonic, transonic and 
supersonic wind tunnel tests. Investigations will be performed to determine the application of titanium 
superplastic forming and diffusion bonding techniques to large airframe components to achieve weight and 
manufacturing cost reductions. Flutter analyses, propulsion systemVairframe integration activities and 
electronic control technology investigations will be continued. 
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OBJECTIVES AND STATUS: 

• 
Rotorcraft Systems Technology 

1977 
Actual 

137 

--~---1~9~7~8 ________ _ 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,900 1,730 

• 
1979 

Budget 
Estimate 

5,245 

The objective of this technology program is to conduct broad-based research on promising rotorcraft systems 
for use in future civil·and military applications. The major areas of concern are rotorcraft atructural 
systems; propulsion; guidance, control and navigation; advanced rotor system concepts; and advanced concepts 
for vibration and noise reduction. The program involves coordinated research efforts in analysis, model 
testing, simulation, large-scale wind tunnel testing and flight testing of rotorcraft and subsystems. A 
key element in the program is the verification of analytical design methods by ground-based and in-flight 
experiments. 

The Advancing Blade Concept (ABC) rotorcraft is being tested in a joint Army/Navy/NASA program under the 
Advanced Rotor Systems Technology program. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The reduction of $1,170 thousand primarily reflects the transfer of funds to meet additional requirements 
in support of the Tilt Rotor Research Aircraft Experimental program. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 Advanced Rotor Systems Technology program will support NASA flight tests of the RSRA, wind 
tunnel investigations of rotor models of opportunity and more detailed investigations in areas where 
previous rotor studies have identified performance deficiencies that can be improved by technology improve
ments. The second RSRA will be delivered to NASA early in FY 1979. Under this program, NASA and the Army 
will continue operations which began with the first RSRA in FY 1978. The initial portion of the RSRA 
flight program is devoted to developing testing techniques with these versatile vehicles. This testing 
will be done on the delivered, baseline, S-61 rotor system and will provide important data on stability 
and control, and maneuvering capability. One specific system on which extensive further ground tests 
will be made is the ABC. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

EXPERIMENTAL PROGRAMS 

Energy efficient engine ....•.....•.•.....••...............• 
Highly maneuverable aircraft technology •••••••••••••••••••• 
Composite primary aircraft structures ••••••••••••••••••••.• 
Quiet, clean, short-haul experimental engine ••••••••••••••• 
Tilt rotor research aircraft •..•••••.•••••.•••••••••••••••• 
Rotor systems research aircraft •••..••••..•••.•.••••••••.•. 
Quiet propulsive-lift technology ••••••••••••••••.•••••••••• 

Total . ................................................... . 

1977 
Actual 

6,440 
6,700 

14,890 
3,250 
. 800 
1,800 
l,l.!Q_ 

35 .59_0 

Energy Efficient Engine 

6,440 

OBJECTIVES AND STATUS: 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

18,500 18,500 
2,800 1,600 

25,150 25,150 
600 600 
300 2,300 

1,900 3,100 

49.250 51.250 

18,500 18,500 

• 
1979 

Budget 
Estimate 

43,150 
1,500 

20,000 
105 
500 

1,000 

66.255 

43,150 

The Energy Efficient Engine (E3) program is directed toward the development and demonstration of the 
technology base for achieving significant reductions in both engine specific fuel consumption and direct 
operating cost as compared to current high bypass ratio turbofan engines. 

Under the E3 Preliminary Design and Integration Study contracts awarded to the General Electric Company 
(GE) and Pratt and Whitney Aircraft of the United Technologies Corporation (P&WA), detailed engine/airframe 
integration evaluations and the initial preliminary design of E3 have been completed. A parallel component 
development and integration effort conducted by the two contractors is to follow the studies. A solicitation 
for this effort was issued in August 1977. GE and P&WA submitted proposals that are currently undergoing 
final evaluation. 
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BASIS OF FY 1979 ESTIMATE: 

Detailed aerodynamic and mechanical design, subcomponent rig testing, and fabrication of all the core and 
integrated core/low spool components will be the dominant activities during FY 1979. Core components will 
be fabricated and rig tested at full scale to demonstrate performance. The core system will be designed, 
fabricated, assembled, and tested. Modifications to the core will be made by incorporating new technology 
from the ongoing component development work. All technologies will be integrated and demonstrated in a 
core/low spool system test. 

OBJECTIVES AND STATUS: 

Highly Maneuverable Aircraft Technology 

1977 
Actual 

6,700 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,800 1,600 

1979 
Budget 

Estimate 

1,500 

Th~ objective of this joint effort with the Air Force is to provide low-cost flight research vehicles to 
promote and stimulate the application of new high-risk (laboratory) technology for the design of future 
vehicles. The program will provide two unmanned, subscale, remotely piloted low-cost flight research ve
hicles which will be extensively flight tested. The flight test program will concentrate on the key new 
technologies incorporated into the High Maneuvering Aircraft Technology (HiMAT) design, advanced airfoils 
with close coupled canards, and aeroelastic tailoring. 

Currently, fabrication of the detail parts for the vehicles is nearly complete. Assembly of Vehicle #1 
is proceeding on schedule with delivery anticipated in March 1978. The second vehicle assembly is on 
schedule and is approximately 70 percent complete. The first airborne test of Vehicle #1 is planned for 
FY 1979. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decreased requirement resulted from a rephasing of effort on this project and the Quiet Propulsive Lift 
Technology project. Funding was increased on this project toward the end of FY 1977, with a consequent de
creased requirement in FY 1978. Equal offsetting adjustments were made to the Quiet Propulsive Lift Tech
nology project. 
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BASIS OF FY 1979 ESTIMATE: 

The initial flight tests to verify the performance advancements expected from the new technologies incorpo
rated in the HiMAT vehicle will be conducted and reported upon in FY 1979. Approximately eight flights are 
planned to explore the performance envelope of the HiMAT vehicles. 

OBJECTIVES AND STATUS: 

Composite Primary Aircraft Structures 

1977 
Actual 

14,890 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

25,150 25,150 

1979 
Budget 

Estimate 

20,000 

The objective of the Composite Primary Aircraft Structures program is to develop the technology needed to 
assure early use of advanced composite materials in future transport aircraft. The weight savings objective 
for composite materials is to provide a 10-15 percent fuel savings as part of the aircraft energy efficiency 
technology efforts. The cost economy and long term reliability and maintainability of composites will be 
demonstrated by designing, fabricating, testing, certificating and installing composite components on 
scheduled airline aircraft. 

Each of the six elements of the component efforts (DC-10 rudder segment and vertical fin, L-1011 aileron 
and vertical fin, B727 elevator, and B737 horizontal stabilizer) is in the design and development phase. 
The first ten DC-10 rudder segments are either in flight or awaiting installation. Emphasis on the 
second component, the L-1011 vertical fin, is concentrating on cost effective design and subcomponent 
verification testing. The remaining four components are in design with early element testing to confirm 
local details. The wing design studies have commenced to establish design and development concepts, suit
able demonstration hardware, component definition, and flight requirements. 

BASIS OF FY 1979 ESTIMATE: 

All six component programs will continue during FY 1979. The DC-10 rudder will complete its process de
monstration phase. The remaining five components will continue on the steps toward design verification and 
certification. The B727 elevator will be in full scale structural test and the remaining components will be 
in subscale test and design verification. 
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Quiet, Clean, Short-Haul Experimental Engine 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
{Thousands of Dollars) 

3,250 600 600 105 

OBJECTIVES AND STATUS: 

The objective of the Quiet, Clean, Short-Haul Experimental Engine (QCSEE) program is to consolidate and 
demonstrate the technology needed for very quiet, clean and efficent propulsion systems for economically 
viable and environmentally acceptable powered-lift,short-haul aircraft. The QCSEE program includes the 
design, fabrication and testing of two experimental turbofan propulsion systems, suitable for "under-the 
wing" and "over-the-wing" externally blown-flap powered-lift aircraft installations. 

The "over-the-wing" propulsion system test program at the General Electric Company test facility was 
completed in June 1977. This test program demonstrated structural integrity and verified achievement of 
all major performance goals. The projected takeoff noise level at the 500-foot sideline distance for a 
four-engine aircraft with a thrust level of 90,000 pounds would be about 22 EPNdB below the Federal 
Aviation Administration limit. In terms of noise contour area (footprint), the "over-the-wing" powered 
aircraft would have a projected area only 1/38 that of the standard Boeing 727 aircraft. A similar test 
program is in process on the "under-the-wing" propulsion system. 

BASIS OF FY 1979 ESTIMATE: 

Following completion of contractor tests and delivery to NASA, both propulsion systems will be placed 
on test with appropriate wing/flap sections. These in-house test programs will verify system acoustic 
and aerodynamic characteristics. The contractor will provide continuing engineering support during these 
NASA tests which will be completed during the first quarter of FY 1979. 
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OBJECTIVES AND STATUS: 

--·--- ·-----
Tilt Rotor Research Aircraft 

1977 
Actual 

800 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

300 2,300 

1979 
Budget 

Estimate 

500 

The objective of the joint Army/NASA Tilt Rotor Research Aircraft (TRRA) program is to design, fabricate 
and flight test two research aircraft and to perform a proof-of-concept flight program to verify tilt rotor 
technology for application to the design and operation of civil and military aircraft. One cf the primary 
objectives is to verify rotor/pylon/wing aeroelastic stability over the entire operational envelope. This 
program is based on a series of research and technology activities which began with the XV-3 tilt rotor 
flight tests in the 1950's. 

The two XV-15 tilt rotor aircraft are undergoing tests at Bell Helicopter Textron. One aircraft has 
completed a brief hover and low-speed flight test phase and is being prepared for shipment to Ames Research 
Center for wind tunnel testing. The second aircraft is unaergoing integrated systems testing in preparation 
for initial flight tests at the contractor's facility. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $2 million is required to accommodate technical problems in the transmission system, the 
flight control system and in the fabrication of the rotor blades. 

BASIS OF FY 1979 ESTIMATES: 

The two aircraft in the joint Army/NASA Tilt Rotor Research Aircraft program will be delivered to the 
Government in FY 1978. The Government proof-of-concept flight program will begin in the first quarter of 
FY 1979 and will continue throughout the fiscal year. The flight testing will be conducted by a joint 
Army/NASA Project team. Subsequent to the Government flight tests, the TRRA will be utilized as a facility 
for advanced technology flight tests. 
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OBJECTIVES AND STATUS: 

• 
Rotor Systems Research Aircraft 

1977 
Actual 

1,800 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

• 
1979 

Budget 
Estimate 

The objective of the joint Army/NASA Rotor Systems Research Aircraft (RSRA) program is to design, fabricate, 
and flight qualify two research aircraft that are designed for flight testing advanced rotor systems. The 
extensively instrumented research vehicles can be flown in the pure helicopter configuration or in the com
pound helicopter configuration with a wing and auxiliary thrust engines. The vehicles provide a very 
versitile flight research capability that can also be used for verification of advanced analytical pre
diction methods in the areas of helicopter structures, dynamics, aerodynamics, acoustics and flight dynamics 
and control. 

The two vehicles are undergoing flight qualification tests by the contractor, Sikorsky Aircraft, and will 
be delivered to the Government CY 1978. The first aircraft in mid-year and the second aircraft in late 
FY 1979. This action completes the RSRA vehicle development program. Subsequent to Government flight tests, 
the aircraft are to serve as laboratory flight research vehicles for the Advanced Rotor Systems Technology 
program. 

Quiet Propulsive Lift Technology 

1, 710 1,900 3,100 1,000 

OBJECTIVES AND STATUS: 

The objective of the program is to generate and verify a design and certification technology data base 
for efficient, quiet, short-haul transports with short takeoff and landing capabilities. Propulsive lift 
offers the most effective means of accomplishing this objective and offers potential for airport congestion 
relief, community noise reduction and operational improvements for civil and military transports. Research 
includes experiments in aerody~amics, propulsion, handling qualities, noise, flight control systems, infor
mation displays and operations. 
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The Boeing Commercial Airplane Company completed the design of the Quiet Short-Haul Research Aircraft in 

August 1977 and aircraft fabrication and assembly are scheduled to be completed in February 1978. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $1.2 million reflects rephasing of effort between years in conjunction with the Highly 
Maneuverable Aircraft Technology Experimental program. The total project funding has not been changed. 

BASIS OF FY 1979 ESTIMATE: 

The Quiet Short-Haul Research Aircraft (QSRA) is being developed to obtain, in a flight research environ
ment, quiet propulsive-lift design and operational technology data for design and certification criteria 
applicable to future quiet short-haul transport aircraft developments. During FY 1978, vehicle assembly, 
ground tests, contractor flight substantiation and aircraft delivery to NASA for initiation of the flight 
test program will take place. In FY 1979, the proof-of-concept flight test program will be completed and 
will mark the end of this program. The unique QSRA research facility will then be available for use in 
the Quiet Propulsive-Lift Technology Experiments program under the Advanced Civil Aircraft Systems Tech
nology program. The Air Force, Federal Aviation Administration, and industry will participate with NASA 
in the flight research and experiments program. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

Research and technology base .•.•.•••...•••••••.••••••••••.•• 
System studies . ............................................ . 
System technology programs .••••••••••••••••••••••••••••••••. 
Experimental programs ..•. ..............•.................... 
Low cost systems program••••••••••••••••••••••••••o••••••••• 

Total . .............................................•...... 

Distribution of Program Amount by Installation: 

Johnson Space Center ..........................•............. 
Marshall Space Flight Center ••••••••••••••••••••••••.••••••• 
Goddard Space Flight Center ••••••••••••••••••••••.•••••••••• 
Jet Propulsion Laboratory ...•••.....••••....••..•......•..•. 
Ames Research Center . ..•.................................... 
Dryden Flight Research Center ••••••••••••••••••••••••••.•••• 
Langley Research Center ..•........••...••...••.••......•.•.• 
Lewis Research Center ...•......••....•.•....••..•..•.•.•.•.. 
Headquarters . .............................................. . 

To ta 1 ..•.................................................. 

1977 
Actual 

60,610 
2,000 
3,080 
8,010 
8,300 

82.000 

1,381 
4,395 
4,443 

21,626 
7,858 

19,558 
18,475 
4,264 

82.000 

__. 

SPACE RESEARCH AND TECHNOLOGY PROGRAM 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

65,900 65,900 
2,000 2,000 
5,800 5,800 

15,000 15,000 
9,000 9,000 

97.700 97.700 

2,040 3,665 
4,870 6,920 
7,000 5,.846 

19,500 22' 721 
9,200 8,644 

200 40 
28,400 24,988 
23,400 20,714 

3,090 4,162 

97.700 97.700 

1979 
Budget 

Estimate 

71,700 
2,000 
7,900 

17,700 
_1.,000 

108.3DO 

5,300 
7,500 
8,800 

23,300 
9,700 

22,700 
26,600 

--.lt.a400 

108.300 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF AERONAUTICS' AND SPACE TECHNOLOGY SPACE RESEARCH AND TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATIQN: 

The objectives of the Space Research and Technology program are to provide a technology base which will ad
equately support current and future space activities, and to provide approaches for further reducing the costs 
of these activities. 

The FY 1979 program supports these objectives by stressing the technology areas judged to be most critical 
by advisory groups, a special in-house assessment, and in-house users of the technology. The program is 
designed to develop the technology needed to enhance planned missions and to enable future missions which are 
beyond current capabilities, with emphasis on increasing performance and reducing cost and risk in the areas 
of information systems, spacecraft systems, power systems ~nd transportation systems. When required, the 
program demonstrates the readiness of new technology to assure its acceptance for utilization on planned 
missions. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, a strong research and technology effort will be maintained in the disciplinary areas of mate
rials, structures, sensing and detection, guidance and control, data reduction and distribution, chemical and 
electric propulsion, energy systems and aerothermodynamics to meet the needs of current and future space 
activities. Systems Studies will be pursued to investigate future space mission alternatives and to identify 
and evaluate the technology requirements of future missions. 

Systems Technology efforts will emphasize extending the temperature limits for composite materials to allow 
their use on advanced space transportation systems; providing advanced technology in materials, structures, 
assembly, and controls for potential future large space systems; increasing the throughput capability of 
present information systems from data acquisition to information ~xtraction while reducing costs to meet 
information requirements anticipated in the 1980's; and the demonstration of the technology readiness of 
an advanced planetary orbiter spacecraft propulsion system which utilizes high performance space-storable 
fluorine-hydrazine propellants. 
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In the Experimental programs, under the Space Technology Shuttle/Spacelab Payloads program, thirty-five 

experiments will be integrated with the Long Duration Exposure Facility (LDEF) and the LDEF will be delivered 
to the Kennedy Space Center for integration with the Shuttle. The development and integration of experiments 
to be flown on early Shuttle and Spacelab missions will be continued. The development and integration of 
experiments which will utilize the Shuttle orbiter as a research vehicle to conduct multidisciplinary re
search will also continue. In the Low Cost Systems area, efforts will continue to develop and improve various 
standard spacecraft components. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

Materials research and technology •.••••••••••••••••••••••••••• 
Structures research and technology •••••••••••••••••••••••••••• 
Sensing and detection research and technology ••••••••••••••••• 
Guidance and control research and technology •••••••••••••••••• 
Data reduction and distribution research and technology ••••••• 
Chemical propulsion research and technology ••••••••••••.•••••• 
Electric propulsion research and technology ••••••••••••••••••• 
Space energy systems research and technology •••••••••••••••••• 
Nuclear energy research and technology •••••••••••••••••••••••• 
High power lasers and energetics research and technology •••••• 
Entry research and technology ••••••••••••••••••••••••••.•••••• 

Total . ............................•..........•.............. 

1977 
Actual 

7,236 
5,759 
4,317 
3,238 
5,441 
6,837 
6,309 
8,614 
1,083 
5,733 
6,043 

60.610 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

7,200 
6,100 
4,500 
3,500 
6,200 
8,100 
6,300 
9,600 
1,500 
6,600 
6,300 

65.900 

7,190 
6,095 
4,475 
3,495 
6,520 
8,075 
6,300 
9,585 
1,280 
6,560 
6,325 

65.900 

1979 
Budget 

Estimate 

7,500 
7,200 
4,950 
3,850 
8,300 
9,200 
7,000 

11,200 

6,700 
5,800 

71.700 
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Materials Research and Technology 

1978 
Budget Current 1977 

Actual Estimate Estimate 

1979 
Budget 

Estimate 
(Thousands of Dollars) 

7,236 7,200 7,190 7,500 

OBJECTIVES AND STATUS: 

The objective is to provide advanced materials technology for the development of efficient, low cost struc~ 
tural materials, lubricants, seals, and thermal protection materials for future potential advanced space 
transportation systems, large area space structures, orbiting spacecraft and planetary probes. 

Preliminary studies on the effect of vacuum on the superalloys over long periods of time indicate a de
gradation in strength at high temperatures. A new high power arc tunnel is currently undergoing final tests 
and willJbe used to evaluate proposed heat shield materials for planetary entry probes. 

BASIS OF FY 1979 ESTIMATE: 

Basic research activities in FY 1979 will include investigations of metal surface/environment 
corrosion mechanisms, fiber/matrix interfaces, and predicting lifetime in elastomeric ·systems. 
tiveness of fiber coatings in preventing Boron-Aluminum reaction during thermal cycling will be 
Performance and reliability criteria for elastomeric systems will be developed. 

interactions, 
The effec
determined. 

In FY 1979 increased attention will be given to the effect of vacuum on superalloys for space power systems, 
radiation resistant composites for large space structures, and bearings, seals and lubricants for space trans
portation systems. A l,000°F graphite/glass composite having 30-percent higher specific strength and stiffness 
than titanium composites will be demonstrated. Theoretical and experimental techniques will be used to study 
the chemistry of gases formed during refining of nonterrestrial materials with emphasis on decomposition by 
chemical and electrical means to yield free oxygen. The compatibility of various high temperature materials 
with several heat transfer fluids will also be investigated for application to space power heat pipes. 

Thermal protection concepts and materials are developed so that effective heat shields can be designed to 
protect earth and planetary entry vehicles and probes. In FY 1979 emphasis will be on the development and 
verification of the heat shield material and design for the Jupiter Orbiter Probe Mission. 
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OBJECTIVES AND STATUS: 

·-----· 
Structures Research and Technology 

1977 
Actual 

5,759 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

6,100 6,095 

·-
1979 

Budget 
Estimate 

7,200 

The objectives of this program are to provide advanced structures technology which will permit the design 
of future space systems with significant improvements in performance, durability, and economy and to enable 
the development of new space systems with requirements well beyond the current state of technology. 

Technology development for design and fabrication of lightweight composite pressure vessels has been com
pleted, and the results of this activity are being furnished to potential users. The completion of improve
ments to the NASA Structural Analysis program (NASTRAN) is being expedited in FY 1978 to allow future NASTRAN 
activities to be limited to routine maintenance. Laboratory tests of a 1/8-scale dynamic model of the Space 
Shuttle have been completed, and the results are being applied in dynamic developments and tests by the 
Shuttle project. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, increased emphasis will be placed on investigating new concepts for large deployable and 
erectable space structures using advanced composites and other advanced materials. 

In the area of design methods, the effort in FY 1979 will deal primarily with developing new analysis tech
niques for predicting structural behavior for conditions involving large deflections and rotations. 

In the dynamics area, major emphasis will be given in FY 1979 to developing and validating advanced analyt
ical and test methods for predicting and verifying dynamic and acoustic environments and response of payloads 
during launch and space operations. Methods for predicting the dynamic behavior of large space structures 
and control/structures interactions will also be investigated. 

Efforts in FY 1979 on high temperature structures for future space transportation systems will emphasize ap
proaches to provide increased operational life and reduced maintenance costs together with significant weight 
savings. Advanced structural concepts will be developed and evaluated in high temperature laboratory and 
wind tunnel tests. 
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Sensing and Detection Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

4,317 4,500 4,475 4,950 

OBJECTIVES AND STATUS: 

The objective of the Sensing and Detection Research and Technology program is to provide advanced concepts, 
components and technologies to improve the data acquisition capabilities of future planetary and earth-orbiting 
spacecraft and to ensure their long-term operability. 

Testing of an ultrasensitive charge-coupled device (CCD) camera for astronomical telescope imaging appli
cations has demonstrated a major application potential. Images of several planets and both galactic and ex
tragalactic objects were obtained using a 400 x 400-element CCD sensor. The high quantum efficiency and 
relatively low noise of the device, along with its high photometric and geometric stability will be ex
ploited for additional astronomical applications. 

BASIS OF FY 1979 ESTIMATE: 

New technologies are being investigated to improve the efficiency of both terrestrial and extraterrestrial 
sensing systems. In FY 1979, the spectral range of astronomical imagers will be extended to the ultraviolet 
part of the spectrum. Linear arrays of charge-coupled devices (CCD's) will be developed to measure radiation 
in the near infrared (I.R.) spectral region. For the far I.R., semiconductor devices will be developed and 
evaluated for measuring remote star fields. Two-dimensional arrays of solid state sensors will be developed 
for space-based spectroscopic measurements. 

Lasers and electro-optic systems are being developed for acquiring specific data related to terrestrial and 
atmospheric properties. In FY 1979, solid-state laser diodes will be developed for the 5-12 micron region 
and their operational reliability evalulated as space-based atmospheric sensors. For measuring small changes 
in the Earth's crustal motion, a high pulse rate, high-energy-per-pulse lasing system will be developed to 
accomplish accurate ranging from a low orbit space platform to passive ground based targets. 
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Microwave components, techniques, and systems are being developed to permit effective integration of many 
sensor functions on one platform and to optimize the measurement output per sensing dollar. In FY 1979, 
linear arrays of small radiometers will be developed to achieve ground resolutions down to one kilometer. 
Submillimeter wave components will be integrated into systems for monitoring of stratospheric gases. 
Millimeter wave components will be developed for measuring Earth's environmental parameters, such as water 
vapor, temperature, precipitation and wind speed. 

To ensure the reliable operation of sensor components and associated systems, failure mechanisms are being 
investigated in order to determine the causes of breakdown and to formulate guidelines for minimizing failures. 
In FY 1979, emphasis will be placed on chemical and electrical evaluations of metal-oxide semiconductor 
structures and semiconductor-on-sapphire structures. 

Guidance and Control Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

3,238 3,500 3,495 3,850 

OBJECTIVES AND STATUS: 

The purpose of this program is to develop components and techniques which will lower the life cycle costs 
and improve the performance of spacecraft attitude control systems, provide precise pointing of experiments, 
improve the accuracy of space navigation, and permit autonomous operation of spacecraft, robot vehicles and 
experiments in space. 

I 

During FY 1977 the redundant laser gyro inertial measuring unit hardware was completed, and tests and check
out begun; the Annular Suspension and Pointing System design was completed and fabrication begun; the Phase 
1 planetary rover breadboard tests were successfully accomplished and replicated many times to demonstrate 
its basic capability. In the space navigation area, nearly-simultaneous radio ranging of Viking orbiters 
at Mars, from two widely separated ground tracking stations, demonstrated better than five meter range 
accuracies for this technique. 
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BASIS OF FY 1979 ESTIMATE: 

Precision pointing and control research emphasizes new concepts and components which promise reduced costs 
and increased mission capability. In FY 1979, development of concepts and technologies needed for control of 
large flexible space structures will be emphasized. Development will begin on the design of an engineering 
model of a fiber optics rotation sensor with no moving parts that promises to provide long life, high 
sensitivity and low cost. A precision experiment pointing and tracking system design for planetary appli
cations will be completed. An advanced magnetically suspended Annular Momentum Control Device for space
craft attitude control will be designed and tested. 

Onboard navigation techniques are being developed to reduce costs and increase the scientific return for 
both earth orbital and planetary missions. In FY 1979, techniques will be developed for autonomous on-orbit 
navigation and attitude processing for near-earth satellites, for the purpose of improving accuracy and 
reducing the costs of satellite navigation and control, and providing the ancillary data necessary to convert 
raw data to user-oriented information in real time •. Simulation will be conducted of an advanced onboard 
landmark tracker for earth orbital use. For planetary and deep space applications, development software will 
be completed for an autonomous guidance and navigation system, based upon onboard optical measurements. 

During FY 1979, work will be expanded in developing techniques for applying machine intelligence to NASA's 
space program to reduce costs and increase productivity. Development will begin on automatically analyzing, 
classifying, cataloging and retrieving spacecraft planetary images. Laboratory demonstrations will be con
ducted using robotic tool technology for assembling large space structures. Techniques for semiautonomous 
mission operations using "high level" ground commands instead of detailed step-by-step program instructions 
to the spacecraft, will be demonstrated in the laboratory. University studies on developing new robotic 
and machine intelligence techniques will be continued in FY 1979. 

Data Reduction and Distribution Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

5,441 6,200 6,520 8,300 
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OBJECTIVES AND STATUS: 

The objective of the Space Data Reduction and Distribution Research and Technology program is to provide, 
through research, design and experimental tests, the components and techniques needed for the processing, 
reduction and transmission of data on a real time basis at reduced cost for the experimental, scientific 
and operational space missions of the future. The thrust is to enable more efficient and timely transfer 
of useful data from the sensor to the user, extraction of information by the user, and exchange of in
formation between the users. 

Charge-coupled devices (CCD's) have been developed and successfully demonstrated as the basic building 
blocks for performing computational and analytical functions in onboard processing systems, such as, the 
synthetic aperture radar data processor and the multispectral data processor. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $320 thousand reflects higher than anticipated costs of services in support of the in
house Data Reduction and Distribution Research and Technology program efforts, as well as the balancing 
of program funding among the other disciplines within the Research and Technology Base. 

BASIS OF FY 1979 ESTIMATE: 

In adaptive data handling, efforts will be initiated on the design and brassboard fabrication of reliable, 
high speed, large capacity computational and data handling systems for spacecraft use. In FY 1979, a brass
board of the digital data module, which is basically a distributed processor with multimission capability, 
will be fabricated and tested. 

Onboard data processing activities will focus on stand-alone, small lightweight, real time, programmable 
processors for data manipulation and correlation of imagery data. In FY 1979, a ground-based radar data 
processor, which has the potential to significantly reduce data rates and costs will be demonstrated. 
Preliminary testing will begin on a multispectral data processor, i.e., a compact programmable real time 
processor capable of performing image classifications in minutes instead of hours. 

Solid state device technology efforts will address advanced electronic devices and components at low 
cost for efficient high-rate data information handling. In FY 1979, a high speed distributed feedback 
laser for use in an integrated optics data processor, which will significantly, reduce processing time, 
will be demonstrated. 
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High speed data transfer activities will provide design data and techniques which will permit the distribution 
of processed data for the user community from space and/or ground-based links in an efficient and economical 
manner. In FY 1979, work will start on the development of a family of 43 and 83 Gigahertz (GHz) traveling wave 
tube for space communications which will operate in the uncrowded portion of the electromagnetic spectrum. 
Tests will be performed on a S/K-band planar antenna which will provide a high-data-rate link for user space
craft and with the tracking and data relay satellite. Work will also start on an X-band transponder, which 
is the key element in a unified X-band system that will provide a significant performance advantage at lower 
cost than the existing S/X tracking network links. 

High capacity data storage and display investigations will concentrate on high density, multidimensional, 
interactive storage, retrieval, tran$mission, and display systems. In FY 1979, a demonstration will be per
formed of a fiber optical link which shows promise for major increases in information capacity over the 
common coaxial cable. 

High density circuit technology activities will increase the capacity and lifetime of large scale integrated 
circuits while reducing costs. In FY 1979, an assessment will be completed on plastic encapsulated circuits 
for spece flight equipment, which promise a significant savings in parts cost. 

Chemical Propulsion Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

6,837 8,100 8,075 9,200 

OBJECTIVES AND STATUS: 

The objective of this program is to advance the technology of high thrust chemical propulsion systems in 
order to significantly reduce the development, production and operations costs and to improve the performance 
capability of future space transportation vehicles and long-life spacecraft systems. 

Significant progress has been made during the past year with the successful testing of a 400-to-1 area ratio 
oxygen-hydrogen combustion chamber and nozzle assembly, applicable to orbit transfer vehicles. These tests 
established the highest known performance with oxygen-hydrogen propellants in the free world. 
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BASIS OF FY 1979 ESTIMATE: 

Advanced high performance reusable chemical propulsion efforts will provide the technology for future low 
cost space transportation systems including small orbital transfer vehicles and advanced earth-to-orbit 
vehicles. Technology for small oxygen-hydrogen systems is currently focussed on defining and demonstrating 
techniques for greatly simplified engine servicing as well as demonstrating long service life. In FY 1979, 
engine testing will be continued to evaluate simplified servicing techniques and to demonstrate long service 
life. Efforts on both high density fuel engines and dual fuel engines for advanced earth-to-orbit vehicles 
will continue in the areas of simplified servicing techniques and component designs for long service life; 
combustion; heat transfer and cooling for both bipropellant and tripropellant (dual fuel) modes of operation; 
and expansion nozzle configurations designed to maximize specific impulse over a variety of engine operating 
conditions and altitudes. 

Long-life spacecraft propulsion technology activities are directed toward systems designed to operate re
liably over long periods of time, up to 10 years in space, without benefit of repair or refurbishment. 
These include planetary retro, deorbit, atmospheric, landing, and launch propulsion systems and spacecraft 
auxiliary propulsion. In FY 1979, components developed under this program will be delivered for assembly 
into a complete space storable flourine-hydrazine planetary retro propulsion system under the Propulsion 
and Power System Technology program. Work will also continue in the areas of high performance, heat 
sterilizable solid propellants for planetary deorbit and surface-to-orbit launch systems; and detonation 
propulsion for operation in dense planetary atmospheres. 

Basic research will be continued to expand understanding of the chemical and physical processes that 
occur in rocket propulsion systems. The search for advanced concepts that will provide a new level of 
capability beyond that of conventional chemical propulsion systems will also continue. In FY 1979, the 
efforts will include combustion studies, exhaust plume definition and effects, performance prediction 
techniques, solid propellant polymers and viscoelastic properties, behavior of fluids in a low gravity 
environment, and laser propulsion feasibility studies. 

Electric Propulsion Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of dollars) 

6,309 6,300 6,300 7,000 
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OBJECTIVES AND STATUS: 

The objective of this program is to provide the research and technology for the low thrust, high specific 
impulse electric propulsion systems needed for advanced capabilities in near-earth and planetary missions. 

In the Electric Propulsion Research and Technology program design and fabrication efforts for a building 
block primary propulsion thrust model are on schedule. In addition, contracts have been placed for 
auxiliary thruster flight test hardware. 

BASIS OF FY 1979 ESTIMATE: 

In the auxiliary electric propulsion area, the 20,000-hour, 5,000-cycle endurance test of a one millipound 
thrust system will continue during FY 1979. This engineering model thruster and power processor is similar 
to a thrust system that is currently planned to be flight tested in FY 1981 on a Shuttle-launched Air Force 
Space Test Program satellite as part of the Space Technology Shuttle/Spacelab Payloads program. A validation 
of the auxiliary thruster design limits and performance margins, which was initiated in 1978, will be com
pleted in 1979. 

Resources in the primary electric propulsion program are directed toward ~ multiple thruster mission pro
file life test and completing an endurance test of the engineering model thruster/functional model power 
processor. The mission profile test will document the thrust system performance over characteristic 
regimes of solar intensity, temperature, and operating levels. It will also verify the simultaneous 
operation of multiple thruster/power processor systems. During FY 1979, the technology for extending 
thruster performance to higher power levels will be explored by testing an ion thruster that has been 
retrofitted with a high voltage isolator. Critical power processor components will also be undergoing 
development tests at high power and voltage levels. 

A continuing basic technology effort supports the auxiliary and primary electric propulsion efforts by 
providing a better understanding of the physical processes that limit life and efficiency. In FY 1979, 
studies will be conducted to evaluate the potential of advanced propulsion concepts such as the Mass 
Driver and the Magnetoplasmadynamic Accelerator. A research effort continues on the potential biomedical 
and industrial applications of ion beam technology. 
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Space Energy Systems Research and Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of- Dollars) 

8,614 9,600 9,585 11,200 

OBJECTIVES AND STATUS: 

The objective of this program is to provide the technology basis for future space power systems needed for 
use in near earth space in the exploration of the solar system. 

Significant progress has been made in photovoltaic technology with the laboratory demonstration of a 1,300 
watt per kilogram solar cell which is three times the performance previously achieved. Critical components 
for the 2,000 watt Brayton Isotope Power System were completed and delivered to the Department of Energy for 
ground demonstration testing. 

BASIS OF FY 1979 ESTIMATE: 

The area of photovoltaics will emphasize high power density and low cost solar cells and blankets. High 
efficiency (12 percent or greater), thin solar cells and thin radiation resistant encapsulants will be in
vestigated to improve power density by a factor of 5 to 10 over current systems. Pilot pr~duction of low 
cost solar cells with wraparound contacts, as well as evaluation of automated solar cell blanket fabrication, 
will be carried out during FY 1979 with the objective of reducing photovoltaic system cost. 

Advanced battery and fuel cell technology efforts in 1979 will be directed toward improving the energy 
density, life and cost of chemical energy storage systems. The advanced high energy density/long life 
nickel cadmium battery effort will focus on evaluation of new cases, separators, and electrodes as well 
as design variables with the objective of nearly doubling available life or energy density of sealed space 
batteries by FY 1981. A high capacity (100 ampere-hour or greater) battery cell aimed at a significant 
reduction in the number of batteries and their cost for high power space applications will be investigated. 
During FY 1979, a high efficiency, high temperature, long life hydrogen/oxygen fuel cell/water electrolyzer 
research activity will be initiated as an alternative to batteries for high capacity space energy storage 
applications. With this system, water is disassociated into hydrogen and oxygen to store energy which is 
recovered upon recombination in the fuel cell. 
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Work on thermal-to-electric energy conversion technology will emphasize high efficiency, long life Brayton 

thermoelectric and thermionic conversion. During FY 1979, new thermoelectric and thermionic converters with 
promise of 15 percent or greater conversion efficiency will be evaluated, and the 10-kilowatt Brayton rotating 
unit will continue on life test toward its 50,000-hour objective which is expected to be met in FY 1980. 

Research aimed at advancing our understanding of the interaction of the space plasma environment with high 
voltage systems and at assessing spacecraft charging will continue. In FY 1979, for example, an analytical 
model of the interaction between the geomagnetic substorm environment and spacecraft surfaces will be com
pleted. 

In the area of power systems management and distribution, terrestrial and aircraft p.ower components will 
continue to be evaluated during FY 1979 for low cost, high power (1-3 kilowatt) space experiment power appli
cations. In addition, power components needed to enable future high power systems will be developed and 
evaluated as will techniques for automated power system management. A near term target is to complete 
demonstration of automated management of planetary solar array/battery systems by FY 1980. 

OBJECTIVES AND STATUS: 

Nuclear Energy Research and Technology 

1977 
Actual 

1,083 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

1,500 1,280 

1979 
Budget 

Estimate 

The Nuclear Energy Research and Technology program will be concluded in FY 1978. In prior fiscal years, 
gaseous fuel reactors have been the subject of research and engineering investigations into the feasibility 
of advanced concepts for space nuclear power and propulsion. The major focus of this research has been a 
series of proof-of-principle experiments conducted for NASA by the Los Alamos Scientific Laboratory. The 
funding provided in FY 1978 will carry this series to a logical conclusion through the accomplishment of 
goals established at the start of the program. If these tests are successful, this research effort on 
gaseous fuel reactors will have proven the essential capability of the concept to produce power in a con
figuration that could be scaled to high performance levels. 
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CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $220 thousand primarily reflects lower than anticipated costs of services in support of the 
in-house Nuclear Energy Research and Technology program efforts. 

High Power Lasers and Energetics Research and Technology 

1978 1979 
1977 Budgel Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

5,733 6,600 6,560 6,700 

OBJECTIVES AND STATUS: 

The High Power Lasers and Energetics Research and Technology program provides through basic research and 
experimental engineering, major technology advances in the generation, conversion, and transmission of energy 
for future capabilities in space. It also supports research on cryogenic systems required to operate sensors 
and other equipment in space. 

Recent progress in research on high power lasers and energetics includes the first test of a continuously 
operating nuclear pumped laser, the conversion of laser radiation into power for the first time by a thermo
electronic laser energy converter, the completion of investigations on a carbon-monoxide laser with a 
pulser-sustainer electric discharge, and regular operation for basic research of a closed cycle higr. power 
carbon dioxide laser. In this latter experiment, data on chemical changes in laser constituents were 
gathered to shed new light on long-duration performance characteristics. Research on metallic hydrogen 
resulted in the achievement of the highest known pressures of 1.4 megabars in statically-loaded presses. 
Finally, tests of a fiberoptic interferometer were a success and demonstrated the feasibility of this 
concept for a novel, advanced gyroscope. 

BASIS OF FY 1979 ESTIMATE: 

In FY 1979, magnetics and cryophysics research will concentrate on means to extend operating durations of 
coolers for space missions involving both mechanical devices and super-fluid helium, and on atomic and 
metallic hydrogen as potentially new concepts for energy storage. 
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In fundamental photonics, basic research is concentrated in FY 1979 on the emission and absorption of radi

ation from all states of matter in support of power generation, propulsion, lasers, space environment, and 
atmospheric physics. Areas of emphasis are the direct conversion of fission fragment energy into coherent 
light, the coupling of electron beams with laser beams, and the chemistry and physics of high power laser 
beams in remote sensing of terrestrial and planetary atmospheres and surfaces. A recent highlight has been 
the demonstration of a continuously operating laser energized directly with nuclear energy. 

In FY 1979, in high power laser systems research, the study of a repetitiously pulsed copper vapor laser 
will be expanded. In addition, the areas of laser optics, beam transmission both in space and from earth 
to space, and the conversion of laser energy to electrical energy or directly to propulsive forces, will be 
continued. 

OBJECTIVES AND STATUS: 

Entry Research and Technology 

1977 
Actual 

6,043 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

6,300 6,325 

1979 
Budget 

Estimate 

5,800 

The objective of this program is to improve the understanding of the aerothermodynamic, gasdyt1amic and 
flight mechanic problems of spacecraft designed for earth orbital missions and planetary exploration. This 
knowledge will be used to improve the safety, reliability and efficiency of these spacecraft. 

Aerodynamic characteristics of Orbiter 101 have been obtained, including the definition of stability and 
control at "fine cut" control surface deflection intervals. Real time simulation of the orbiter entry 
guidance and control system have utilized the "fine cut" data to analyze the impact of aerodynamic un
certainities on orbiter entry control capability, and the impact of atmospheric disturbances during entry. 

BASIS OF FY 1979 ESTIMATE: 

In the area of advanced earth orbital transportation aerothermodynamics, the objective is the development 
of a fundamental understanding of phenomena and approaches to future vehicle design which improve safety, 
reliability, versatility, performance, and cost with maximum payload for a variety of potential space 
missions. In FY 1979, emphasis will be placed on development of theory, advanced computational methods, 
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and computer codes for predicting vehicle flow fields and performance; development of improved ground-based 
experimental techniques, instrumentation and simulation capability; advanced vehicle design integration 
capability; and the development of an aerothermodynamic data base from ground facility and flight investi
gation to support future vehicle development requirements. 

The planetary probe technology effort provides the aerothermodynamic technology base which supports the 
planned and approved NASA scientific missions to study the atmospheres of Mars, Venus, the outer planets 
and certain of their satellites. This technology base supports the aerothermodynamic design, development, 
and verification of planetary probe configurations and provides the flight mechanics data in support of the 
atmospheric reconstruction experiments. In FY 1979, theoretical and experimental efforts in the areas of 
shock layer radiation, ablation product radiation and absorption, highly blown shock layer, probe flight 
mechanics, mass loss and shape change will be pursued to develop a sufficient data base to minimize plane
tary mission costs, to maximize the scientific returns, and to insure a high probability of mission success. 

The Space Shuttle aerothermodynamic effort in FY 1979 will provide support in the form of ground-based 
facility testing and analysis of test results. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SYSTEM STUDIES 

OBJECTIVES AND STATUS: 

1977 
Actual 

2,000 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

2,000 2,000 

1979 
Budget 

Estimate 

2,000 

The objectives of Systems Studies are to identify and evaluate the technology requirements of advanced 
system candidates, to investigate future space mission alternatives, assess the effects of technology ad
vances, and to provide a data base to support technology program selection and program planning. 

Studies will continue to examine: the development of future program technology needs; subsequent deter
mination of detailed technology requirements; alternative solutions for satisfying needs and requirements; 
and the process of ordering and prioritizing these options. 
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During FY 1978, studies will be completed identifying: technology requirements for a space-based radio 

astronomy antenna and a space-based mission for detecting extrasolar planetary systems; readiness of radar 
technology for the Venus Orbiting Imaging Radar and potential ocean condition monitoring missions; and new 
concepts for advanced earth resources missions. Studies have been initiated to identify research relevant 
to the potential utilization of nonterrestrial resources for space applications. A major study program has 
been structured to examine a future concept of global service platforms, primarily in geosynchronous orbit, 
to meet the total information collection and transfer needs of the 1990's. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 program will continue to develop' the space technology themes of exploration, applications, 
utilization and transportation. 

A continuing emphasis will be applied to the applications theme. The multicenter activity having selected 
a nominal baseline for the advanced global services concept will continue to develop configurations and to 
conduct parametric trade studies of system options. Applications theme studies dealing with readiness or 
advanced concepts will be continued and/or initiated as required on a priority basis. 

The exploration technologies study programs will seek to develop a cohesive theme such as those already 
developed in applications and space transportation. 

Transportation studies will focus on orbital transfer technology issues and will formulate specific re
commendations for technology programs to respond to total transportation system needs and opportunities. 

Utilization of space studies initiated in FY 1978 will continue to examine the nonterrestrial materials 
option in the construction of future large space systems. The primary thrust will be towards evolving 
credible concepts for mining, processing and fabricating spacecraft equipments, and for providing a better 
quantitative understanding of the scale at which a program of this nature becomes economically feasible. 

Advanced concept development studies are intended to continue serving as a basis for modeling future 
technology needs and requirements. 

Technology-specific studies will continue to catalogue and rank available, planned and forecast technology 
from sources both within and external to the NASA. Continuing studies of technology seek to rank options 
and to develop strategies for the attainment of long-range goals through application to near-term missions. 
Special study emphasis will be given to key technology issues, such as, automation, large space systems, 
cryogenic systems, reusable propulsion, end-to-end data management and kilowatt/megawatt power sources for 
the purpose of defining future program options. 
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BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SYSTEMS TECHNOLOGY PROGRAMS 

Electronic systems technology •••••••••••••••••••••••••••••••• 
Materials and structures systems technology •••••••••••••••••• 
Propulsion and power systems technology •••••••••••••••••••••• 

Total ..•................•..•..............................• 

1977 
Actual 

870 
1,510 

700 

3.080 

Electronic Systems Technology 

870 

OBJECTIVES AND STATUS: 

1978 
· Budget Current 
Estimate Estimate 
(Thousands of Dollars) 

1,000 
4,000 

800 

5.800 

1,000 

1,000 
4,000 

800 

5.800 

1,000 

~-

1979 
Budget 

Estimate 

3,200 
3,800 

900 

~ 

3,200 

The objective of this program is to integrate advanced electronic devices or system concepts with appro
priate supporting technology and demonstrate improved performance, increased reliability and reductions in 
cost of space electronics and data handling systems. 

A Multipurpose User-Oriented Software Technology (MUST) program was initiated in FY 1977. Engineering 
models of software generstion and support tools which can be used to reduce software acquisition costs are 
being developed. In FY 1978, the first version of a compiler writing system, capable of converting soft
ware programs written in the HAL/S higher order language to machine code for a GE 701 computer, will be 
completed and demonstrated. The MUST program will be terminated in FY 1978 and the remaining tasks re
quired to accomplish the objectives of the NASA End-to-End Data Systems program will be continued as part 
of that program. Development of a Solid State Data Storage System has been a significant part of this 
systems technology effort in prior years. A 107 bit engineering model will be completed and tested in 
FY 1978. This system provides highly reliable, high density data storage capabilities for aerospace 
applications and serves as the design base to provide a low cost 107 bit standard data recorder for future 
space missions. 

RD 10-19 



• • • 
BASIS OF FY 1979 ESTIMATE: 

Phase IIA of the NASA End-to-End Data System (NEEDS) program will be initiated in FY 1979. Phase I of the 
program, funded in the Research and Technology Base and jointly supported by five NASA program offices, fo
cusses on the development of critical component technology and techniques to meet the high data-rate pro
cessing demands of future space missions. The NEEDS Phase IIA efforts extend this activity by incorporating 
these component and technique developments into the total sensing, data reducing, and data distributing process 
by demonstrating engineering subsystem and system breadboards to validate the resulting increase in throughput 
capability over current systems which should result in a significant increase in space derived information 
to the user at reduced cost. During FY 1979, NEEDS activities will begin the development and breadboard 
evaluation of subsystems which can perform onboard computational functions and data preprocessing, efficient 
software development, near-real-time image-data processing, large data storage, and fast access to and 
retrieval of stored data. Subsequent efforts will integrate these subsystems into a systems breadboard 
which will be validated in representative data management applications. 

Materials and Structures Systems Technology 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

1,510 4,000 4,000 3,800 

OBJECTIVES AND STATUS: 

The objectives of this program are to expand the materials and structures technologies developed in the 
Research and Technology Base programs and to verify their validity by extensive tests of large scale systems 
to facilitate early utilization in space systems design. 

In the Composites for Advanced Space Transportation Systems (CASTS) program, three polyimide matrix systems 
have been selected, and fabrication technology developments have been initiated under contract for the three 
materials. Cooperative studies with the Air Force Materials Laboratory are underway to investigate a fourth 
material. High temperature adhesives are being evaluated for this 600-degree Fahrenheit application. 
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BASIS OF FY 1979 ESTIMATE: 

In the CASTS program during FY 1979, efforts will continue on the evaluation of graphite/ployimide panels 
to determine strength and life at 600 degrees Fahrenheit, fabrication technology developments will be com
pleted, and suitable adhesives will be established for bonding structural elements and thermal protection 
systems. 

The Large Space Systems Technology program to be initiated in FY 1979 will provide verified technology 
for future desig~ of large space systems. It will extend developments in the Research and Technology Base 
program in structures, materials, assembly, and controls. During FY 1979, emphasis will be given to 
concepts for deployable and erectable reflectors and-platforms, for control systems, and systems require
ments definition. 

OBJECTIVES AND STATUS: 

Propulsion and Power Systems Technology 

1977 
Actual 

700 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

800 800 

1979 
Budget 

Estimate 

900 

The objective of this program is to demonstrate technology readiness of advanced space propulsion and 
power systems by conducting tests of complete systems assembled from advanced technology components already 
demonstrated under the Research and Technology Base program. The system level tests are designed to evaluate 
component interactions and to demonstrate overall system performance and operation, under both transient and 
steady state operating conditions. 

The program to advanced the technology of high energy, space-storable propulsion systems has progressed 
on schedule, with all major procurements underway, including that for the 800-pound-thrust.main engine. 

BASIS OF FY 1979 ESTIMATE: 

The goal of the Long Life Chemical Propulsion Systems program is to design, fabricate, assemble and test 
a near £lightweight advanced planetary orbiter spacecraft propulsion system, utilizing high performance 
space storable fluorine-hydrazine propellants under simulated space vacuum conditions by FY 1980. The 
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objective is to demonstrate overall propulsion system performance and operation, and establish handling, 
safety and launch operation procedures. In FY 1979, all component and subsystem design verification 
testing efforts will be completed and final component procurements initiated. A verification test of the 
£lightweight hydrazine-flourine thrust chamber assembly will be conducted. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

EXPERIMENTAL PROGRAMS 

Space Technology Shuttle/Spacelab payloads .••••••••••••••••• 

OBJECTIVES AND STATUS: 

1977 
Actual 

8,010 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

15,000 15,000 

1979 
Budget 

Estimate 

17,700 

The objective of this program is to· provide the capability to extend research and technology programs into 
space when that unique environment is essential to the logical progress of a program, when an in-space test 
is cost effective, when a space demonstration will accelerate the utilization of advanced technology, or 
when there exists the opportunity to exploit the routine operation of a space system for research. The 
program provides for the definition, development, and management of experiments, payloads, and facilities 
which capitalize on the capabilities of the Shuttle, the Spacelab, and free-flying satellites. 

BASIS OF FY 1979 ESTIMATE: 

The program contains four major elements: the Long Duration Exposure Facility (LDEF), Spacelab Payloads, 
Oriber Experiments, and Free-Flying Payloads, and two supporting elements: payload definition and mission 
management. 

In FY 1979, the LDEF, the passive, free-flying satellite designed to accommodate a large number of 
exposure type experiments, will be delivered to the Kennedy Space Center for integration with the Shuttle 
in FY 1979. LDEF is to be deployed and retrieved by the Shuttle. Thirty-five experiments involving 
seventy investigators will be integrated with the LDEF prior to delivery to the launch site. These 
experiments were selected as extensions of the Office of Aeronautics and Space Technology (OAST) research 
and technology programs and from proposals submitted in response to the first LDEF Announcement of Oppor
tunity. Flight operations procedures will be finalized. 
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In FY 1979, fifteen experiment efforts will be supported in the Spacelab Payloads program. The contamination 

monitor will be integrated with the Shuttle instrumentation pallet for Orbital Flight Test (OFT)-1. Exper
iments to determine the capability to optically discriminate between earth features and to verify the in-space 
performance of a heat pipe system will be integrated with the test flight pallets. A large structure, 
(advanced solar array) will be delivered to the pallet integration site. The OAST payloads for 
Spacelab 1 (a spherical fluid flow experiment, and a tribology test package) and Spacelab 2 (superfluid) 
helium experiments, and advanced accelerometer calibration test) will undergo final tests prior to delivery 
to the integration site. Other efforts under development in FY 1979, including the drop dynamics module 
(now planned for Spacelab 3), a propulsion test facility, and a facility to study combustion phenomenon, will 
progress toward subsequent mission integration dates. The development of additional payloads for future 
missions will be continued. 

The Orbiter experiments program uses the Orbiter as an advanced research vehicle to conduct aerothermodynamic 
and sensor type investigations and includes experiments designed to obtain data sufficiently early so as to be 
able to impact the design of the next generation vehicles. A windward temperature determination experiment 
will be integrated into the C 141 telescope facility in preparation for initial measurements commencing with 
OFT-3 entry. A leeside temperature determination experiment will be developed for preliminary testing, and 
the engineering and integration to affect the modification to the Orbiter necessary to accommodate the 
experiment will continue. Other experiments to provide research quality aerodynamic parameters; to determine 
the future designs of in-flight control system; and to measure the Orbiter cargo bay environment will pro
gress to flight ready dates consistent with post-OFT missions. 

In FY 1979, in the Free- Flying Payload program, an ion engine will undergo final tests in preparation for 
a mid CY 1980 delivery for demonstration on the USAF "Teal Ruby" satellite. 

New potential payload efforts will be studied in FY 1979 to determine their technical and programmatic 
requirements. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

LOW COST SYSTEMS PROGRAM 

Low Cost Systems Program •••••••••••••••••••••••••••••••••••••• 

1977 
Actual 

8,300 

1978 
Budget 

Estimate 
(Thousands 

9,000 

Current 
Estimate 

of Dollars) 

9,000 

1979 
Budget 

Estimate 

9,000 
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OBJECTIVES AND STATUS: 

The Low Cost Syste~ programwas established to implement approaches for further reducing the costs of space 
ptojects through the standardization of components and subsystems, and improvement of business and program 
practices. 

These objectives are being accomplished in three functional areas: standard equipment, payloads, and 
business/program practices. Within the standard equipment area, standards are being developed in five disci
plines: (1) electrical power; (2) communications and data handling; (3) auxiliary propulsion; (4) stabiliza
tion, guidance and control; and (5) ground support equipment. Those items which would meet the requirements 
of multiple users are identified by agencywide panels which define the requirements and interfaces of suitable 
hardware. The development and use of components, subsystems, systems and/or software are then coordinated with 
the program offices and NASA Centers. Generally, equipment is developed by the first using project. The Low 
Cost Systems Office is then responsible for modifying the equipment to make it fit the needs of a variety of 
users. 

Standardization within payloads (experiment packages) for both automated spacecraft and Spacelab missions is 
primarily focused on modularization within spacecraft payload interface support equipment for functions such as 
electrical power, command and data handling, and general purpose sensors. 

Business/program practices activities involve the review and evaluation of the techniques associated with the 
major cost elements of hardware development, hardware integration and project operations. In addition, agency 
practices in the procurement process, automatic data processing, contract execution and support activities are 
analyzed. 

Through FY 1977, 28 components have been declared as standard items for use on NASA missions. Seven of these 
standards have been developed and are available to flight projects. These standards include items such as tape 
recorders, flight computers, transponders, igniters, batteries, power regulators, thrusters, test sets, star 
trackers, reaction wheels, inertial reference units, data handling and command components, cameras, and articu
lation systems. During the past year, the business/program practices activity has developed a standard equip
ment acquisition and logistics policy, developed a specification index, developed Shuttle era payload policies, 
and participated in a business ADP system development. 

BASIS OF F'i 1979 ESTIM!\TE: 

The FY 1979 requirement is to complete the development of ten standards, continue the development of seven 
other standards,and initiate the development of one additional high priority standard. In addition, support 
will be provided for the continuation of the business/program practices activity. During FY 1979, greater 
emphasis will be placed on the assessment of Shuttle payioad commonality. Definition of the common elements 
and interfaces is essential early in the design plan in order to initiate an effective standard development. 
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RESEARCH AND DEVELOPMEN'£ 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

Energy Technology Applications •••••••••••••••••••••••••••••••• 

Distribution of Program Amount by Installation: 

Johnson Space Center .••••••••••••••••••••.•••••••••••••••.•••• 
Marshall Space Flight Center •••••••••••••••••••••••••••••••••• 
Goddard Space Flight Center ••••••••••••••••••••••••••••••••••• 
Jet Propulsion Laboratory ••••••••..•••••••••.••••••.•••••.•••. 
Ames Research Center •••••••••••...•••.•••••••.••••.••••.•••••• 
Lewis Research Center •••..••••.•...•..•.•.••••.••.••••...•.••• 
Headquarters . ....•..•....••••...••.......•..••..•..•...•.•...• 

Total • ......•.......•.•...••.•..•••...•..•••.•••••••••...•.. 

1977 
Actual 

6.000 

900 
1,092 

88 
1,596 

136 
1,443 

745 

6.000 

----· 

ENERGY TECHNOLOGY APPLICATIONS 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

4.500 7.500 

500 875 
600 1,150 

800 1,475 
100 100 

2,500 1,600 
--- 1..&300 

4.500 7.500 

1979 
Budget 

Estimate 

3.000 

1,400 

1,600 

3.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY ENERGY TECHNOLOGY APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objective of this program is to apply the technology developed by NASA, in the course of its ongoing 
aeronautics and space research and de~elopment work, to make significant contributions to the solution of 
energy problems on Earth. The two primary thrusts are Energy Technology and Energy from Space. The Energy 
Technology activity is designed specifically to use NASA technologies, experience, and facilities to support 
the energy program needs of the Department of Energy and other Government agencies. The Energy from Space 
activity consists of studies designed to assess the potential benefits and practicability of collecting energy 
in space and transmitting it for use on Earth. The principal study, Satellite Power Systems, is a joint effort 
with the Department of Energy. 

In FY 1977, NASA's energy-related reimbursable efforts for the Department of Energy totaled approximately 
$100 million. The Department of Energy has assigned to NASA project responsibilities roles in Wind Energy 
Systems, Heat Engine Technology, Electric and Hybrid Vehicle -Systems, Low-Cost Silicon Solar Arrays, Photo
voltaic Tests and Applications, Solar Heating and Cooling, Energy Storage, Solar Thermal Electric Systems, 
and Advanced Cogeneration Technology. The Department of Energy and NASA Satellite Power Systems Concept, 
Development, and Evaluation Program Plan has been approved by the Administration. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

NASA requested $1.0 million of FY 1978 funds to complete an initial technical Satellite Power Systems 
definition activity. Subsequent Congressional action on the Agency's FY 1978 budget request provided $4.0 
million for Satellite Power Systems Program Definition. In FY 1978, these funds are being used to proceed 
with the joint study effort being conducted by NASA and the Department of Energy. 

In FY 1979 and the following years, the Department of Energy is to budget for both the NASA and the 
Department of Energy parts of the joint study. 

BASIS OF FY 1979 ESTIMATE: 

During FY 1979, NASA's Energy Technology efforts will continue to focus on those areas of emphasis showing 
the most potential for technology advancement. Ongoing efforts will be continued and technology advancement 
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plans will be developed for new concepts in energy conversion techniques. Examples include Stirling and Gas 
Turbine engines, energy conversion processes, including energy storage, and related materials and combustion 
investigations. The primary emphasis in Energy from Space in FY 1979 will be to complete the selection of 
the preferred concept(s) of a Solar Power System, using funds provided by the Department of Energy consistent 
with the joint study plan. 

RD 11-3 





• • 
RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRACKING AND DATA SYSTEMS 

SUMMARY OF RESOURCES REQUIREMENTS 

Operations .... ..........•..•............ o a o •••• o ••••••••• 

Systems implementation ................................ ··· 
Advanced sys terns . ...•.•..• • ••••••••.••••.••••• • · • • • • • • • • • 

Total . •........•.........•..••........................• 

Distribution of Program Amounts by Installation: 

Goddard Space Flight Center •••••••••••••••••••••••••••••• 
Jet Propulsion Laboratory •••••••••••••••••••••.••••.••••• 
Wallops Flight Center ................................... . 
Dryden Flight Research Center •.•••••••••••••••••••••••••• 
Headquarters ..... ......••...........•...........••..••... 

Total . ................................................ . 

1977 
Actual 

203,600 
42,700 
8, 700 

255.000 

178,998 
54,923 
4,835 
3,046 

13,198 

255.000 

• 

TRACKING AND DATA ACQUISITION PROGRAM 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

229,900 
42,500 

9,300 

281.7_00 

199,700 
57,200 
5,200 
3,300 

16,300 

281.700 

228,600 
40,400 

9,300 

278.300 

197,700 
58,100 
5,200 
3,300 

14,000 

278.300 

1979 
Budget 

Estimate 

254,200 
41,300 

_..2..&900 

305.400 

220,700 
63,600 

5,600 
3,500 

12,000 

305.400 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 ESTIMATES 

OFFICE OF SPACE TRACKING AND DA~ SYSTEMS TRACKING AND DATA ACQUISITION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

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

Support is provided for: sounding rockets, research aircraft, earth orbital and suborbital missions, for 
lunar and planetary spacecraft, and for deep space probes, as depicted in Figure 1. It also includes the support 
of all phases of the Space Shuttle program, from the recently completed Approach and Landing Tests to the up
coming Orbital Flight Tests, and the Space Transportation System operational flights. 

The various types of support provided include: (a} tracking to determine the position and trajectory of 
vehicles in space; (b) acquisition of scientific and earth applications data fromonboard experiments and 
sensors; (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 acqui
sition of biomedical data on their physical condition; (f) communication of information between the various 
ground facilities and central control centers; and (g) processing of data acquired from the launch vehicles 
and spacecraft. Such support is essential for achieving the scientific objectives 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 Shuttle missions, to insure the safety of the crew. 

Tracking and acquisition of data from the space flight projects is accomplished by a worldwide network of NASA 
ground stations and one instrumentation ship, supplemented as required by instrumented aircraft. These facili
ties are interconnected by ground communications lines, undersea cables, and communications satellite circuits 
which are leased from communications carriers, both domestic and foreign. This interconnection provides the 
communications capability needed between spacecraft in space and the control centers in the United States from 
which the flights are directed. 

To meet the support requirements levied by the wide variety and large number of flight projects, NASA has 
established two types of facilities to meet the needs of the two basic classes of NASA flight missions. These 
are the Spaceflight Tracking and Data Network (STDN), which supports earth orbital scientific and applications 
programs, and the Deep Space Network (DSN), which supports planetary and interplanetary flight missions. 
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Computation facilities also are provided to process into meaningful form the large amounts of scientific, 

applications and engineering data which are collected from flight projects. In addition, instrumentation facili
ties are provided for support of sounding rocket launChings and flight testing of aeronautical research aircraft. 

The Research and Development appropriation provides funds for: (a) the operation and maintenance of the world
wide facilities; (b) the engineering and procurement of equipment to sustain and modify the network systems to 
support continuing, new, and changing flight project requirements; and (c) the development of advanced tracking 
and data acquisition systems and the investigation of advanced tracking and data acquisition techniques. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The current estimate for FY 1978 ~s $3.4 million below the budget estimate. Of this amount, $2 million re
flects the impact of the Congressional reduction in the Tracking and Data Acquisition budget request for FY 
1978. The Congressional reduction resulted in placing the USNS Vanguard in wet storage. The remaining $1.4 
million was reprogrammed from Research and Development to Construction of Facilities to provide for time
critical upgrading of the network control center at the Goddard Space Flight Center in support of Shuttle/ 
Spacelab and Tracking and Data Relay Satellite System requirements. Changes to the mission control center com
plex at the Goddard Space Flight Center were deferred from FY 1978 to meet these requirements. The Congress 
was notified of this reprogramming action consistent with the Section 3 provisions of the NASA Authorization 
Act, 1978. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

OPERATIONS 

The FY 1979 funding requirements are based upon a continuing support workload for an average of approximately 
60 automated earth-orbiting and planetary missions. The operations funding will also provide for the pre
launch support activity required for upcoming approved missions. The increase in the FY 1979 funding request 
for Operations is due to two factors: (1) continuing cost escalation in all areas of Operations; and (2) support 
of the upcoming Shuttle Orbital Flight Tests requiring additional activity in the Spaceflight Tracking and Data 
Network and a significant increase in the number of wideband communications circuits to transmit the high volume 
of data between the Shuttle and the ground control facilities. 
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Spaceflight tracking and data network ••••••••••••••••••••• 
Deep space network . ••.•....•..••.•.•......•..•.•••...••... 
Aeronautics and sounding rocket support ••••••••••••••••••• 
Conmunica tions . ••..............•..........•.....•••.•..•.. 
Data processing . ........•.........................•....•.. 

Total . ........•.....•.•.•.......•.......•.•.......•..... 

1977 
Actual 

105,326 
41,500 
4,334 

26,584 
25,856 

203.600 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

122,300 119,900 
46,800 46,800 

4,600 4,600 
28,300 28,300 
27,900 29,000 

229.900 228.600 

Spaceflight Tracking and ~ta Network Operations 

105,326 122,300 119,900 

OBJECTIVES AND STATUS: 

•• 
1979 

Budget 
Estimate 

129,900 
49,800 
4,900 

37,900 
_1L700 

254.200 

129,900 

The primary function of the Spaceflight Tracking and Data Network is to support all NASA earth orbital space 
flight missions, including the Space ~nuttle. The majority of these missions have near-earth orbits; however, 
the network also supports missions through lunar distances. In addition, the network provides launch support 
to NASA's automated planetary missions, as well as the spaceflight missions of other nations, commercial firms, 
the Department of Defense, and other U.S. Government agencies. Accordingly, the network must be responsive to 
the requirements of a large number and wide variety of flight projects from launch through completion of the 
flight project objectives. In many instances, the period of network support required by the flight projects 
continues for several years. 

The Spaceflight Tracking and Data Network presently consists of thirteen geographically dispersed land 
stations, one instrumented ship, and a network control center and mission control center complex located at the 
Goddard Space Flight Center, Greenbelt, Maryland. 

These global facilities have the capability to electronically track the spacecraft, send commands for space
craft and experiment control purposes, receive engineering and scientific data from the spacecraft, and in the 
case of the astronauts, ·maintain voice communications for crew safety and other project related purposes. In 
addition, the network is supplemented by laser tracking systems to meet the extremely precise tracking needs of 
NASA's Earth and Ocean Dynamics Programs. 
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The thirteen land stations are located at Fairbanks, Alaska; Goldstone, California; Merritt Island, Florida; 

Kauai, Hawaii; Rosman, North Carolina; Guam; Ascension Island; Canberra, Australia; Bermuda; Santiago, Chile; 
Quito, Ecuador; Winkfield, England; and Madrid, Spain. A transportable station is located at NASA's Dryden 
Flight Research Center, Edwards, California, for support of the Shuttle program. An engineering test and net
work system training facility at the Goddard Space Flight Center is also maintained and operated as part of the 
Spaceflight Tracking and Data Network. 

The Spaceflight Tracking and Data Network is currently providing support for an average of nearly 50 automated 
applications and space science spacecraft. Examples of the more significant missions being supported include 
the Earth Resources Technology Satellites (Landsats 1 and 2), four Applications Technology Satellites (ATS 1, 
3, 5, and 6), two Interplanetary MOnitoring Platform Satellites (IMP 7 and 8), the Orbiting Solar Observatory 
(OS0-8), Orbiting Astronomical Observatory (OA0-3), Atmosphere Explorers (AE 3 and 5), Nimbus 5 and 6, Geo
dynamics Experimental Ocean Satellite (GEOS-3), and the International Sun Earth Explorers (ISEE 1 and 2). 

Upcoming missions to be supported by the network include the International Ultraviolet Explorer, the Heat 
Capacity Mapping Mission, Landsat-C, Space Shuttle Orbital Flight Tests, and Seasat. The overall spacecraft 
support workload of the Spaceflight Tracking and Data Network is projected to average approximately 50 space
craft during FY 1979. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $2.4 million resulted from the $2 million Congressional reduction in the FY 1978 funding 
requirements for Tracking and Data Acquisition and a $400 thousand adjustment to cover increased costs in other 
operational areas. The USNS Vanguard was placed in wet storage to accommodate the reduction. 

BASIS FOR THE FY 1979 ESTIMATE: 

The FY 1979 funding requirements for the Spaceflight Tracking and Data Network operations provide for the 
maintenance and operation of the network and control center facilities, as well as the related logistics, net
work planning, scheduling, documentation, and computer programming costs associated with the around-the-clock 
operation of the network. The projected increase from FY 1978 to FY 1979 is due largely to continuing world
wide inflation and requirements of the Shuttle Orbital Flight Tests. Additional network costs for Shuttle 
support are projected in FY 1979 along with minor increases in the mission control center complex at GSFC for 
support of upcoming spacecraft missions. 
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Deep Space Network Operations 

OBJECTIVES AND STATUS: 

1977 
Actual 

41,500 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

46,800 46,800 

-· 
1979 

Budget 
Estimate 

49,800 

The primary function of the Deep Space Network is to support planetary and interplanetary space flight 
missions. The Deep Space Network provides the vital two-way communication link by which the distance space
craft are controlled and scientific data are acquired. As the planetary missions become more complex and flight 
distances continue to increase, this network requires systems, software programs, and operational techniques 
that push the state of the art in telecommunications. 

The Deep Space Network stations are located at Goldstone, California; Canberra, Australia; and Madrid, Spain. 
The stations consist of one 64-meter and two 26-meter diameter antennas at each location. Figure 2 is a view 
of the station complex at Canberra, Australia. These locations are approximately 1200 apart in longitude and 
permit continuous viewing of the planetary spacecraft. A centralized control center for the network is located 
at the Jet Propulsion Laboratory in Pasadena, California. 

The current workload in the Deep Space Network consists of the six ongoing Pioneer spacecraft (Pioneer 6-11), 
the four Viking spacecraft, (two orbiters and two landers), the two Helios missions, and the two Voyager 
spacecraft. Support of these missions will continue during FY 1979. 

Of the Pioneer spacecraft, Pioneer 10 is already over 2.1 billion kilometers from earth and is proceeding on 
a path that will take it beyond the solar system. Pioneer 10 continues to be the most distant human-made 
object ever communicated with and each time data is received, a new communications record is established. The 
Pioneer 11 spacecraft, some 900 million kilometers from earth, is also being tracked during its journey to the 
planet Saturn which it is scheduled to fly by during the third quarter of 1979. The Pioneer 6-9 spacecraft are 
provided support for coverage of special events such as solar conjunction. The two Helios m!ssions are continu
ing their orbit about the Sun as they gather data on the solar plasma. The four Viking spacecraft are now in an 
extended mission phase. 

Taking advantage of a rare alignment of the outer planets Jupiter and Saturn, two Mariner-class spacecraft, 
Voyager 1 and 2, were launched in 1977 and preparations are underway in the Deep Space Network to provide the 
necessary support for the Jupiter encounter phase. These support preparations require thorough and complex 
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planning, since the implementation and operations for the Voyager must be carried out at the same time that the 
network must support the extensive ongoing workload described above. Also, as is typical of planetary missions, 
the two Voyager spacecraft will require support for several years during their flight to Jupiter and Saturn. 

The Deep Space Network facilities are also used for ground-based measurements in support of experiments in 
planetary radar mapping and in the field of radio astronomy. The extrasensitive network antennas are being 
used in an attempt to learn more about the mysterious pulsar high energy sources and other interstellar phenomena. 
During FY 1979, support of these radio astronomy experiments will continue on a noninterference basis to the 
planetary flight missions. 

In addition to the Voyager 1977 missions, the upcoming Deep Space Network workload also includes preparation 
for support of the two Pioneer Venus ~issions, scheduled for launch in the second half of FY 1978. The Pioneer 
Venus mission will consist of an orbiting s?acecraft around Venus and a second spacecraft carrying four separate 
probes which will descend into the Venusian atmosphere to collect data. These missions will require intensive, 
support during the planetary encounter phase, particularly as the probes penetrate the Venusian atmosphere. 

BAStS OF FY 1979 ESTIMATE: 

Deep Space Network Operations funds provide for the contractor maintenance and operation of the network 
facilities and logistics, scheduling, ·documentation,- and engineering costs associated with the operation of the 
network. The FY 1979 funding requirements are based upon the ongoing workload, including the Pioneer 6 through 
11 spacecraft, the Viking and Helios extended missions, the Voyager missions, and two Pioneer Venus missions to 
be launched in 1978. This intensive workload, along with the impact of continuing escalation, is the basis for 
the increased funding level in FY 1979. The engineering effort for the Jupiter Orbiter Probe, which was in
itiated in FY 1978, will also increase in FY 1979. 

In addition, funds are included for initiation of efforts required to support the proposed Solar Polar Mission 
and the Search for Extraterrestrial Intelligence research activities. 

Aeronautics and Sounding Rocket Support Operations 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

4,334 4,600 4,600 4,900 
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OBJECTIVES AND STATUS: 

Instrumentation systems are maintained and operated for the sounding rocket, balloon, small satellite, and 
aeronautical programs conducted by the Wallops Flight Center and the aeronautical flight research programs of 
the Dryden Flight Research Center. These instrumentation systems include general purpose tracking, telemetry, 
data handling, and communications systems, as well as special purpose optical equipment. 

The sounding rocket program continues to be very active, with over three hundred launches last year, ranging 
from the smaller meteorological rockets to the larger Scout rockets. The majority of these sounding rocket 
launches are conducted at the Wallops Flight Center. This workload is expected to remain at approximately the 
same level in FY 1979. In addition to the continuing sounding rocket, balloon and aeronautical program activi
ties, Wallops will provide specialized tracking, evaluation, and calibration services for the launch phases of 
the Shuttle Orbital Flight Tests. 

The Dryden Flight Research Center (DFRC) operates the Aerodynamic Test Range, consisting of facilities at 
DFRC and an uprange site at Ely, Nevada. These facilities are composed of precision radar tracking, telemetry, 
and communications equipments, which are used to monitor and control high performance aircraft·research and de
velopment programs of both NASA and the Air Force. Various aircraft research and technology projects are 
supported by the Aerodynamic Test Range. Aircraft flown in these flights include the F-111, F-104, F-15, and 
the 747 Shuttle carrier. Tracking and data acquisition of the Shuttle Approach and Landing Tests was provided 
in FY 1977 and FY. 1978. Similar but increased support of the Shuttle Orbital Flight Tests is planned at the 
Dryden Flight Research Center for FY 1979. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements support the sounding rocket launches and the Aerodynamic Test Range 
activities. The request also includes the anticipated effect of escalation and the necessary resources to 
support the initial Shuttle Orbital Flight Test landings at the Dryden Flight Research Center. 

Communications Operations 

1977 
Actual 

2b,584 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

28,300 28,300 

1979 
Budget 

Estimate 

37,900 
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OBJECTIVES AND STATUS: 

NASA's global communications network (NASCOM) interconnects by means of leased voice and data circuits the 
tracking and data acquisition facilities which support all flight projects. NASCOM also links together such 
facilities as launch areas, test sites, and mission control centers. The Goddard Space Flight Center operates 
the NASCOM and serves as its major switching control point. In the interest of economy, reliability, and full 
utilization of trunk circuitry, subswitching centers have been established at key domestic and overseas 
locations. Figure 3 is a pictorial representation of the NASCOM. 

To an increasing extent, the NASA flight projects are requiring the transfer of higher data rates between the 
mission control centers and the tracking sites because of the need for real time control of spacecraft and on
board experiments. In addition, there is a requirement to provide increasing amounts of experiment data more 
quickly to the users for analysis. 

In order to meet high data transfer rate requirements, NASA has begun utilizing digital techniques in pro
viding communications support. The availability of this new technology allows for a greater amount of data to 
be sent over typical communication circuits. Also, circuits with increasingly wider bandwidths are becoming 
available from the common carriers at reasonable costs. Consequently, the technique of sending data directly 
from a spacecraft, through a tracking station without manipulation, to a mission or project control center has 
become economically attractive. This approach, referred to in the communications field as a '~ent pipe" mode, 
simplifies the data handling systems at the tracking stations, thereby minimizing the operation and maintenance 
activities at those locations. As a result, the trend toward the direct transfer of data from the spacecraft 
to the control center via high data rate communications links is expected to continue. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements for communications operations will provide for the circuits and services 
required to operate and maintain the NASCOM. International communications satellites will permit the completion 
of digital wideband service to all overseas tracking stations. This service will provide for the near real time 
transfer of data for all ongoing flight programs. 

The major reason for the increased requirements in FY 1979 is due to the support requirements for the Shuttle 
Orbital Flight Tests and Voyager missions. These projects will require additional wideband communications 
circuits throughout virtually the entire network of stations. Wideband service for Landsat-C will also be 
initiated at the start of the fiscal year to reduce the time between acquisition of earth resources information 
and its delivery to the users of the data. 

The operation of the switching centers and technical control facilities are a continuing function assuring 
high reliability and efficiency in the use of the various types of communications services available to NASCOM 
from the common carriers. Funds are included in the FY 1979 request to cover the cost escalation associated 
with the operation and maintenance of these facilities. 
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OBJECTIVES AND STATUS: 

• 
Data Processing Operations 

1977 
Actual 

25,856 

• 
1978 1979 

Budget Current Budget 
Estimate Estimate Estimate 

(Thousands of Dollars) 

27,900 29,000 31,700 

Information received in the form of tracking and telemetry data from the various spacecraft must be processed 
into a usable form for the day-to-day spacecraft operations and for analyzing the experiment data acquired by 
the spacecraft. This data processing function is performed for a wide variety of programs, which range from 
the small Explorer satellites to large and complex Solar Astronomical Observatories and the Landsat Earth 
Resources Technology Satellites. 

Tracking data are processed to provide orbital elements which are used to compute spacecraft positions. 
These functions are essential for the real time control of spacecraft, for determining when the spacecraft will 
be passing over the stations so data can be acquired, and for providing precise information that can be used by 
the scientific experimenters to determine where in the trajectory of the spacecraft the scientific measurements 
were made. Telemetry data must be processed to: (a) separate the information obtained from various scientific 
experiments aboard the spacecraft; (b) consolidate information from each experiment; (c) determine spacecraft 
attitude; and (d) correlate these measurements with the position data. Processed data are the primary product 
of the spacecraft missions, and it is through reductions and analyses of these data by the experimenters that 
the planned objectives are achieved. 

In addition to the actual processing of the data, the upcoming projects require extensive premission orbit 
studies, including spacecraft position and attitude predictions. Studies are also required to develop opera
tional sequences and procedures to be used during the actual mission operations of these complex spacecraft. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The increase of $1.1 million in the FY 1978 funding level resulted from extension of support for the GEOS-C 
mission and greater than expected cost escalation in the operations and programming contracts due to legally 
required wage, salary, and fringe benefit redeterminations. 
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BASIS OF FY 1979 ESTIMATE: 

The FY 1979 budget requirements include funds to process data from currently orbiting satellites, as well as 
data from the satellites scheduled to be launched during the period. The scientific requirements for the acqui
sition and processing of data from the older satellites are under continuing review, and support for older 
missions is terminated or curtailed as mission objectives are achieved or when the experiment data is no longer 
useful. These support adjustments are making possible the support of new satellites without major increases in 
the data processing capability. As in other areas of operations, escalation is a significant factor con
tributing to the increased funding level requested for FY 1979 over FY 1978. 

Software procurement activities have been initiated for support of upcoming space science and applications 
spacecraft such as the Solar Maximum Mission and the Magnetic Field Satellite and Dynamic Explorers, as well as 
Spacelab. The activities cover spacecraft orbit and attitude control and related data processing requirements 
which require additional funding for FY 1979. 

The Image Data Processing Facility, initially established for the support of the first Earth Resources 
Technology Satellite (Landsat-1) to handle imagery data, now also supports the second Landsat spacecraft, which 
was launched in January 1975. Landsat-C, scheduled for launch in the second quarter of FY 1978, will.be 
supported with a new all digital system using computer compatible tapes to reduce the time required to provide 
data to users. The operational requirement for this facility is expected to continue through the next several 
years for support of the currently approved earth resources programs, Nimhus-G, Synchronous Meteorological 
Satellite, and the Solar Maximum Mission. Funding for the operation of this facility is included in the FY 1979 
request. 

The FY 1979 funding requirements provide for the operation of the telemetry processing facility. This 
facility, which has handled the conventional, nonimagery data, will be reconfigured in FY 1978 when the Tele
metry On-Line Processing System (TELOPS) is phased in. This reconfiguration will result in the change from a 
tape-oriented process to an automated on-line electronic mass storage system. TELOPS will receive satellitJ 
data in digital form from the tracking stations via NASCOM communication lines and will be able to store up to 
six months of telemetry data on-line, thus eliminating most of the tape and tape handling operations within the 
present data processing facility. 

BASIS OF FY 1979 FUNDING REQUIREMENTS: 

SYSTEMS IMPLEMENTATION 

The objectives of the NASA tracking and data systems implementation program are to maintain the existing 
ground support capability at a high level of proficiency and reliability in order to meet the aggregate support 
needs of the many and varied space missions, and to provide augmentation to this capability, as necessary, to 
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meet the special requirements of individual flight projects. These ground support systems consist of the 
tracking and communications networks, control centers, data processing facilities and aeronautics and sounding 
rocket instrumentation. 

The system implementation program encompasses the engineering, design and procurement of the necessary 
equipment, subsystems, and systems in response to the requirements of the various flight missions and other 
research projects. It also includes related documentation and development of initial computer programs, the 
provisioning of large module spares, and associated services such as acceptance testing, integration and 
checkout of subsystems and systems. 

The majority of the FY 1979 funding requested is needed to maintain the required level of operational pro
ficiency and reliability of network systems through the replacement of obsolete and wornout equipment. MOdi
fication and augmentation of existing systems are also necessary to maintain compatibility with changes in 
associated onboard spacecraft communications systems and to improve the utilization and efficiency of network 
systems. 

In addition, FY 1979 funds are also required to continue the implementation of new capabilities for upcoming 
approved missions, including the Jupiter Orbiter Probe, Shuttle, and Spacelab programs. Funds are also required 
for augmenting the data processing and control center facilities to handle the higher data rates associated with 
the increasing availability of wideband communication circuits for transmitting data from the stations to the 
control centers; i.e., the ''bent pipe" approach. 

Spaceflight tracking and data network ••••••••.••.•••••••.• 
Deep space network • ...........•..........................• 
Aeronautics and sounding rocket support ••••••••.•••••••••• 
Communications ...........•...•.........•....••.•.•.....•.• 
Data processing • ........•...•....................•..••...• 

Total . .........................•................•..•.... 

1977 
Actual 

19,000 
13,940 

2,846 
4,014 
2,900 

42.700 

1978 1979 
Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

20,000 18,600 13,000 
12,700 12,000 14,800 
3,000 3,000 3,500 
3,500 3,500 5,100 
3,300 3,300 4,900 

42.500 40.400 41.300 
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Spaceflight Tracking and Data Network Systems Implementation 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

19,000 20,000 18,600 13,000 

OBJECTIVES AND STATUS: 

The Spaceflight Tracking and Data Network Systems Implementation program encompasses the procurement and 
implementation of systems and services necessary to sustain an effective capability for reliable support of 
ongoing scientific and applications satellite missions, to assure network capabilities for efficient tracking, 
command, and data acquisition support for all NASA manned and unmanned earth orbital missions, and to meet new 
support requirements for spacecraft to be launched in the near future. Implementation of these capabilities is 
necessary to enable command and control operations and data gathering activities which are vital to the success 
of NASA's spaceflight missions. 

Employing systems implemented in past years, the network is currently supporting many missions with highly 
complex requirements for tracking, data acquisition, and command. Among these are the International Sun-Earth 
Explorers (ISEE land2), the High Energy Astroohvsical Observatory (HEA0-1), Landsat 1 and 2, the Laser Geo
dynamic Satellite (LAGEOS), and Nimbus-6. Network and control center systems are in the final stages of im
plementation for the upcoming new missions such as the Space Shuttle Orbital Flight Tests, Landsat-C, Seasat, 
and Nimbus-G. Plans and procurements are also underway to meet support requirements for future missions such 
as the Space Shuttle operational flights, Spacelab, and the Space Telescope. 

CHANGES FROM FY 1978 ESTIMATE: 

The downward adjustment of $1.4 million resulted from the deferral of planned changes to the mission control 
center complex at the Goddard Space Flight Center (GSFC). This deferral was necessitated by a reprogramming 
action from R&D to CoF to provide for a time critical update of the network control center at GSFC in support 
of the Shuttle/Spacelab and Tracking and Data Relay Satellite System requirements. 

BASIS OF FY 1979 ESTIMATE: 

Equipment modifications are required in the network and control centers in FY 1979 to maintain the required 
level of proficiency for support of a diverse and demanding workload and to assure the reliability of the net
work systems. Accordingly, funds are required for replacement of worn out systems with more reliable units, 
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for equipment modifications to correct operational deficiencies, and for equipment to be used in operational 
control of the network. The funds requested also provide for procurement of subsystem spares, for the pro
vision and modification of test equipment, and for minor equipment modifications resulting from changes in 
support requirements from one mission to the next. 

The operational flights of the Space Transportation System (STS) will empl~y the Tracking and Data Relay 
Satellite System (TDRSS) for orbital tracking and command and for data, television, and voice communications. 
In the course of preparing for the earlier Orbital Flight Tests which will be supported by the existing ground 
network, special digital voice systems were installed in the tracking stations and a comprehensive capability 
for prelaunch testing of Shuttle and payload compatibility with TDRSS is being installed at the Merritt Island, 
Florida, network station. These systems will also be used for support of STS flights to be launched from the 
Kennedy Space Center. Funds are requested in FY 1979 for systems to monitor the quality of STS digital voice 
communications at the TDRSS ground station at White Sands, New Mexico. Funds are also included for the initial 
procurement of long lead time equipment for a compatibility test van to be used for prelaunch TDRSS compatibility 
testing. 

In addition, funds are requested to complete provision of a bilateration tracking system to obtain precise 
position information on the TDRSS. Precise position of the TDRSS spacecraft is necessary in order to calculate 
precise orbits of the spacecraft being tracked by TDRSS. Data from the bilateration tracking system will be 
processed by the Goddard Space Flight Center employing existing orbit computation capabilities to yield pre
cision orbits for TDRSS supported spacecraft in the same ~nner as orbits are presently calculated using data 
obtained by the network ·ground stations. 

In FY 1979, activities will be initiated on a new control center for the Space Telescope. Long lead time 
items will be purchased to ensure that the facility will be ready approximately two years before launch. This 
will permit the control center to assist in long term mission planning, as well as the integration and checkout 
of the spacecraft. 

To meet the mission control workload in the 1980's, a new approach to control center design will be initiated 
in FY 1979. This approach will involve techniques for rapid configuration of control center equipment to meet 
the requirements of a particular mission. The overall objective of the new design is to permit the sharing of 
resources to improve equipment utilization and to decrease the number of software and operations personnel. 
This is the effort deferred from FY 1978 which was discussed above. 

The telemetry input processing program will be completed so that all the control centers will be able to 
accommodate high data rates from spacecraft via the wide bandwidth ''bent pipe" communications circuits. Funds 
are also included to complete the program to replace obsolete computers in the Multisatellite and ~0/HEAO 
control centers. 
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Deep Space Network Systems Implementation 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

13,940 12,700 12,000 14,800 

OBJECTIVES AND STATUS: 

The Deep Space Network is responsible for recovering science data from and providing the capability for 
remote operation of planetary and interplanetary spacecraft. The equipment and facilities required to accom
plish this are highly specialized and include Deep Space Stations with their 64-meter or 26-meter antennas, 
ultrasensitive receivers and high power transmitters. Advanced data handling systems are also required both 
at the stations and in the network control center. 

The Deep Space Network Systems Implementation program provides for procurement of the systems and related 
services to be used in this network to ~ssure that its capabilities keep pace with ongoing and upcoming approved 
planetary mission support requirements. It also provides for the replacement of obsolete equipment in order to 
improve the performance, reliability, and maintainability of t~e network. The technologically advanced equip
ment and techniques provided by this program are a major reason for improvements in spacecraft navigation 
accuracy, for the conduct of increasingly complex experiments and for the ability to receive increasing amounts 
of scientific information from planetary spacecraft at greater distance~ from Earth. The need for dedicated 
network support during ~ny time-critical mission events combined with the increasing communication distances 
and greater ground navigation precision requires a continuing effort to extend network capabilities, performance, 
and reliability. 

During FY 1979 the network will be heavily engaged in supporting the unprecedented number of multiple 
planetary encounters of Jupiter, Venus, and Saturn by Voyager and Pioneer spacecraft. At the same time, long 
lead time modifications will be underway preparing for the even more complex and difficult support for the 
follow-on phases of the Voyager-Saturn encounters, the launch and cruise phase of the Jupiter Orbiter Probe 
mission, the dual spacecraft NASA-European Space Agency Solar Polar Mission, and support for the Search for 
Extraterrestrial Intelligence (SET!) research efforts. 

CHANGES FROM FY 1978 BUDGET ESTIMATE: 

The decrease of $700 thousand from the FY 1978 budget estimate resulted in the deferral of replacements for 
some aging computer equipment. 
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BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements will be used to complete modifications at ground stations needed to recover 
the imaging science data during the Saturn encounter by the dual Voyager spacecraft. Special microwave and 
arraying capabilities will be used to achieve the highest possible telemetry data rate over the long Saturn
to-Earth telecommunication distance. To enable the relatively close flyby of the satellites of Jupiter by the 
Voyager spacecraft, a navigation technique utilizing two-station tracking will also be required and funds are 
included for the necessary station modifications. Special microwave changes are also planned at the 64-meter 
station in Spain to support a radio science Saturn ring experiment in 1980. 

As part of a phased program initiated in 1976, the Deep Space Network's 26-meter antennas are being augmented 
with a X-band reception capability. FY 1979 funds will be used to continue this activity. To achieve this 
capabilit~ modification of microwave, reflector, receiver, and other antenna components are planned at two 
overseas locations. The higher performance X-band capability is required initially to support the Voyager 
Saturn encounter and subsequent cruise navigation phase of the mission. It will also be a vital telecommuni
cation capability for the long duration Jupiter Orbiter Probe and Solar Polar missions. 

To meet increased ground-based navigation accuracy requirements of the JOP mission, additional improvements 
will be initiated in FY 1979. Planned multiple Jupiter satellite flyby trajectory maneuvers within the limited 
spacecraft propellant fuel capacity requires significant increases in the DSN tracking precision capability. 
Augmentations consist of extending the performance of the radio navigation system to allow tracking of the 
spacecraft position against accurately determined radio star background sources. Data processing and microwave 
calibration equipment modifications will be needed to achieve the improved performance. 

In order to support the search for radio signals of extraterrestrial intelligence (SET!), ~Ddification of two 
receiver systems will be required. One system will be modified for a general sky search and the second will be 
modified to conduct special radio spectrum analysis. Initial modifications planned in FY 1979 include elements 
of the microwave and receiver equipment and long lead time development of spectrum analyzer data handling 
equipment. 

The replacement of obsolete data handling computers which was delayed from the FY 1978 budget will be 
initiated in FY 1979. The computers presently in the network were originally installed in 1964 and new replace
ment components are no longer available. FY 1979 funds are also required to maintain the high level of re
liability required to support critical one-time mission events. This can only be accomplished through a con
tinuing program of spares provisioning, maintenance support and minor equipment modifications to improve 
reliability, upgrade equipment performance and for the interfacing of existing equipment with new systems 
being added in the network. 
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Aeronautics and Sounding Rocket Support Systems Implementation 

1978 1979 
1977 Budget Current Budget 

Actual Estimate Estimate Estimate -- (Thousands of Dollars) 

2,846 3,000 3,000 3,500 

OBJECTIVES AND STATUS: 

The aeronautics, balloon, and sounding rocket programs are supported at the Wallops Flight Center in 
Virginia and the Dryden Flight Research Center in California. 

The aeronautics program support at Wallops consists of model and/or instrumentation drop tests utilizing 
helicopter or fixed-wing aircraft, aircraft noise abatement projects, slow speed landing techniques for jet 
aircraft, antiskid tests on grooved runways, vertical/short takeoff and landing (V/STOL), terminal area re
search, microwave landing system development tests, collision avoidance programs and remote (airborne) sensing 
developments in support of the earth resources programs. 

The sounding rocket programs supported at Wallops cover all of the atmospheric and space disciplines in which 
research is undertaken, utilizing a family of launch vehicles varying in size and power from the small meteoro
logical rockets to the 72-foot Scout with orbital capability. More than 300 sounding rockets are launched 
annually from Wallops Island and remote sites around the world, carrying experiments in the fields of Aeronomy, 
Energetic Particles, Ionospheric Physics, Meteorology, and Solar Physics. Of particular interest is the current 
effort to measure the effect of aerosols on the protective layer of ozone in the upper atmosphere which filters 
out harmful solar radiation. 

To provide instrumentation support to these programs, fixed and mobile ground support equipments are provided 
by Wallops. To maintain these equipments, spare and replacement parts are required, as well as some non
recoverable flight hardware such as onboard antennas and transponders. To meet specific test requirements, 
modifications and augmentations of selected telemetry, co~unications, tracking, command, and data handling 
systems are required. In addition, the mobile equipment must be periodically refurbished and modified to meet 
remote site requirements such as the ongoing meteorological program in cooperation with several nations, 
including Argentina, Brazil, and Spain. 

The aeronautical research and technology programs supported by the Dryden Flight Research Center (DFRC) 
consist of high altitude and terminal area tests involving high performance aircraft such as the F-111, F-15, 
747 Shuttle carrier aircraft, and various other aircraft and helicopters. Dryden Flight Research Center was 
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responsible for the Approach and Landing Tests for the Shuttle Orbiter in FY 1977 and FY 1978 and will support 
the Orbital Flight Tests beginning in FY 1979. The ground support equipment is located on the Aerodynamics 
Test Range, which consists of stations at the Dryden Flight Research Center and Ely, Nevada, as illustrated on 
Figure 4. High precision radar, telemetry data handling, and associated timing, communications and command 
systems are maintained and modified to meet the changing requirements of the approved flight projects. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements will provide the sustaining equipment and modifications to support the 
sounding rocket and aeronautics program described above. 

OBJECTIVES AND STATUS: 

Communications Systems Implementation 

1977 
Actual 

4,014 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,500 3,500 

1979 
Budget 

Estimate 

5,100 

The objective of the Communications System Implementation program is to provide the necessary capability in 
NASA 1 s global communications network (NASCOM) to meet new program support requirements, to increase the effi
ciency of the network, and to sustain NASCOM at a high level of reliability in the transmission of data. 

NASCOM interconnects the tracking and data acquisition facilities which support all flight projects. NASCOM 
also links together such facilities as launch areas, test sites, and mission control centers. 

BASIS OF FY 1979 ESTIMATE: 

The major modification included in the FY 1979 budget request is for the extension of the high data rate 
transmission system, to be used initially for Shuttle, which will tie together the Goddard Space Flight Center 
and the Johnson Space Center with the White Sands TDRSS ground terminal. This modification will also include a 
performance monitoring and remote control capability at the Goddard Space Flight Center and will provide for 
automatic switching of data coming into the system. 

Also included in the FY 1979 budget request are funds for a continuing effort to improve the data transmission 
and performance monitoring capabilities of the NASCOM as the use of digital techniques expand to handle the 
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higher data rates of the flight projects. The use of the digital mode requires specialized and automated 
equipment to transmit the data over the leased communications circuits. 

With the use of digital techniques, it becomes increasingly cost effective to use wideband circuits in NASCOM 
to ·~ent pipe" data from the stations to the control centers. Wideband terminal and interface equipment will 
continue to be procured in FY 1979 as the common carriers make available a greater variety of wideband communi
cations services at an economical price. 

To maintain system reliability, a continuing program to procure replacement parts, spares, test and monitoring 
equipment is necessary. Funds for this purpose are included in the FY 1979 request. 

OBJECTIVES AND STATUS: 

Data. Processing $ystems Implementation 

1977 
Actual 

2,900 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

3,300 3,300 

1979 
Budget 

Estimate 

4,900 

The Data Processing Systems Implementation program provides for the procurement of equipment and related 
services to sustain the large computer complexes at the Goddard Space Flight Center (GSFC) which support both 
the operational and payload requirements of space missions. To meet operational requirements these computer 
complexes with sophisticated software programs are used to determine spacecraft attitude and orbit, to gener
ate commands to the spacecraft and to provide the status of onboard subsystems. In support of spacecraft 
payloads, the computer systems process the data from science and applications experiments for subsequent 
transfer to the experimenters. 

Several significant activities in this program are underway at GSFC. The Telemetry On-Line Processing 
System (TELOPS} is now installed at GSFC and will become operational during FY 1978. Also during the year, 
conversion of the Image Processing Facility to a digital system will be completed, providing higher resolution 
and greater accuracy, as well as economies, in the handling of imagery data from the Landsat-C, Nimbus-G, and 
Heat Capacity Mapping Missions. 

BASIS OF FY 1979 ESTIMATE: 

The FY 1979 funding requirements will provide for procurement of a replacement computer as part of a program 
to upgrade the data handling capability at GSFC. This capability is required to accommodate tracking data from 
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the new laser systems as well as from the Spaceflight Tracking and Data Network ground stations. This system 
will provide tracking data for real time orbit determination as well as for computing post flight definitive 
orbits. Funds are also required to complete the systems necessary to handle and identify data from multiple 
NASCOMwideband transmissions. 

In the sustaining program, there is a continuing requirement to maintain adequate supplies of spare parts for 
new equipment under procurement and for the replacement of worn parts. Electronic items are also required for 
equipment testing, modification, and minor fabrication. 

OBJECTIVES AND STATUS: 

Advanced Systems 

1977 
Actual 

8,700 

1978 
Budget Current 

Estimate Estimate 
(Thousands of Dollars) 

9,300 9,300 

1979 
Budget 

Estimate 

9,900 

The objectives of the Tracking and Data Acquisition Advanced Systems program are to accomplish studies and 
systems developments which provide a sound basis for cost-effective support of the total mix of spaceflight 
missions. These studies and developments focus on new and improved network and data processing capabilities 
to meet upcoming mission requirements. Included are such efforts as optimizing space-to-ground data links and 
the development of techniques for planning economical and reliable operational support. 

BASIS OF FY 1979 ESTIMATE: 

Some of the recent significant accomplishments in Advanced Systems which are illustrative of efforts planned 
for FY 1979 include the development of new methods and instrumentation for tracking planetary mission. One 
innovative approach has already demonstrated a factor of 7 improvement in tracking accuracy for the Viking 2 
Mars encounter phase. In this case, the approach to Mars was computed relative to another spacecraft orbiting 
that planet. A second method which appears feasible and will be investigated further is keyed to meet the 
highly precise mission navigation requirements for the Saturn encounter phase of Voyager 1 and for JPO. The 
improved precision will be obtained through measurement of angular position differences between spacecraft and 
a set of quasar star directions. New and improved tracking techniques such as these are vital for missions to 
the outer planets as tracking distances extend from hundreds of millions to billions of kilometers from Earth. 

Many advances were made in space telecommunications since the mid-1960's when Mariner IV returned 3 pictures 
a day from Mars at a distance of 220 million kilometers from Earth. During the recent flight of Pioneer 11 to 
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Jupiter, picture information was transmitted at more than 250 times the data rate and at over 3 times the 
distance of Mariner IV. This resulted in six times as many pictures to be returned each day with over 12 
times the information content in each picture. To achieve such improvements the Advanced Systems program 
has developed technology over the past fifteen years, which on the average, has enabled an order of magnitude 
improvement every 2 or 3 years in Deep Space telecommunications. This was done with advances in antenna 
performance, receiver sensitivity, systems operating frequency, data coding and other directly related factors. 
A continuation of these improvements is necessary to accommodate a Voyager flyby of Uranus and for the JOP 
missions. JOP, for example, requires over 50 times the data rate that Pioneer 11 provided at the same 
distance. 

Advances have also been made in the processing of the large volumes of data received from earth orbiting 
spacecraft through the evolutionary development of more efficient and economical data processing systems. 
Based on earlier developments in this program, a real time online computer system has been completed and will 
largely replace current magnetic tape handling operations. Promising developments will continue to be pursued 
to provide the capability to handle future increases in data rates and volumes. For example, experimental 
techniques using fiber optics communications will be evaluated for the intersite linking of data systems and 
for the distribution of data. Fiber optics are expected to provide major increases in data distribution 
capability at greatly reduced cost. 
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NATIONAL AERONAUTICS AND SPACE ADrUNISTRATION 

FISCAL YEAR 1979 

GENERAL STATEMENT 

Supplemental Appropriation for Space Shuttle Program 

A Supplemental Appropriation of $185.0 million is requested to provide the 
additional funding required for the Space Shuttle program. The Space Shuttle is 
the key element of a versatile, economical space transportation system that will 
provide a wide variety of national and international users with round trip access 
to space beginning in the 1980's. This Supplemental Appropriation, when added to 
the $1,443.3 million appropriated for FY 1979 would provide a total of $1,628.3 
million for the Space Shuttle program within the Research and Develop~ent Appro
priation. 

The need for the additional funds results from technical problems encountered in 
development, manufacturing and testing of Space Shuttle systems; the need for design 
changes and weight reductions; and the requirements of prime contractors and subcon
tractors for increased engineering and manufacturing effort to fabricate hardware and 
conduct test activities. Intensive development and testing activity is proceeding in 
FY 1979 with the first orbital flight targeted for late 1979. Consistent with the 
Conference Report on the FY 1979 Appropriation, funding-is being applied to Design, 
Development, Test and Evaluation activities at a ra~e which supports this plan; orbiter 
production activities are proceeding on a constrained basis; and the FY 1979 Supplemental 
Appropriation is being requested to restore funding for production activiti~s. If the 
requested Supplemental Appropriation is not approved, it will be necessary to rebalance 
the program plan by adjusting the FY 1979 development and test activities with a 
resultant delay of several months in first orbital flight and by delaying production 
activities with a resultant six to twelve month delay in delivery of the second, third, and 
fourth orbiter vehicles. The effect of such a delay on overall Space Shuttle program 
costs is estimated at $400-600 million. 

• 
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The following table presents a comparison of the funding plan for Space Shuttle 

Research and Development contained in the FY 1979 Budget Request with the current 
plan including lhe requested Supplemental Appropriation: 

FY 1979 Budget Request 
Amount added by Congress to FY 1979 Authori

zation and Appropriation for procurement 
of long lead time items for a fifth orbiter 

Total Amount Authorized and Appropriated 
for FY 1979 

Total Current Estimate 

Requested Supplemental Authorization and 
Appropriation 

Millions of Dollars 

$1,439.3 

4.0 

$1,443.3 

$1,628.3 

$185.0 

Appropriation summary tables, proposed language for the requested authorization and 
appropriation, and a more specific narrative statement of program requirements follow. 

• 
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• BUDGET SU~MENTAL 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE TRANSPORTATION SYSTEMS ..•...•••••• 
Space shuttle ......................... 
Space flight operations ••.••.•.••••.•• 
Expendable launch vehicles ••.•.••••.•• 

SPACE SCIENCE •••••••••••••••••••••••.••• 
Physics and astronomy ••••..•.•.••...•• 
Planetary exploration ••.•.••.•.••...•• 
Life sciences .... ..................... 

SPACE AND TERRESTRIAL APPLICATIONS .•.••• 
Space applications •••.•..••••••.••••.• 
Technology utilization ••••••.•.••.•••• 

AERONAUTICS AND SPACE TECHNOLOGY •..••.•• 
Aeronautical research and technology •• 
Space research and technology ••••...•• 
Energy techno logy ••••..•.••.•.•..•.••.• 

SPACE TRACKlNG AND DATA SYSTEMS •..•••••• 

TOTAL RESEARCH AND DEVELOPMENT •••..••• 

OUTIA YS • •••••.•••••••••.••.•.••..••••• 

RESEARCH AND DEVELOPMENT 

BUDGET SUMMARY 

(Thousands of Dollars) 

FY 1978 Presently 
Actual Available 

1.751.500 1.8241500 
1,349,200 1,443,300 

267,800 309,700 
134,500 71,500 

404.700 505.400 
224,200 282,900 
147,200 182,400 

33,300 40,100 

243.900 283.900 
234,800 274,800 

9,100 9,100 

333.200 376.400 
228,000 264,100 
97,700 107,300 

7,500 5,000 

278,300 302.000 

3,011.600 3,292.200 

2.988.697 3.14.8L500 

Bud2et Plan 
FY 1979 
Proposed 

Supplemental 

185,000 
185,000 

·185,000 

163,200 

• 

FY 1980 
Revised Budget 

Estimate Estimate 

21009.500 11904 1 000 
1,628,300 1,366,000 

309,700 467,300 
71,500 - 70,700 

5051400 601.600 
282,900 337,500 
182,400 220,200 
40,100 43,900 

283.900 344.400 
274,800 332,300 
. 9,100 12,100 

376.400 419.700 
264,100 300,300 
107,300 116,400 

5,000 3,000 

302,000 ~32,800 

3,477.200 3,602,500 

3.311.700 .J...A.7 5. 700 
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• BUDGET S~LEMENTAL 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Research and Development 
Budget Summary By Subfunction 

FY 1979 
1978 Presently Proposed 

Sub function Actual Available Supplemental 

253 Space flight BA 1,751,500 1,824,500 185,000 
0 1,835,428 1,770,800 163,200 

254 Space science, applications BA 753,800 901,600 ---
and techno logy 0 668,576 837,000 ---

255 Supporting space activities BA 278,300 302,000 ---
0 272.445 297,100 ---

250 Subtotal, General Science, BA 2,783,600 3,028,100 185,000 
Space and Technology 0 2' 776,449 2,904,900 163,200 

402 Air Transportation BA 228,000 264,100 ---
0 - 212,248 2:43,600 ---

Total BA 3,011,600 3,292,200 185,000 
0 1-988.697 3.1~8_..5_00 163.200 

BA -- Budget Authority 
0 -- Outlays 

• 
FY 1980 

Revised Budget 
Estimate Estimate 

2,009,500 1,904,000 
1,934,000 1,906,200 

901,600 1,065,400-
837,000 974,800 

302,000 332,800 
297,100 313,400 

3,213,100 3,302,200 
3,068,100 3,194,400 

264,100. 300,300 
"243,600 281,300 

3,477' 200 3,602,500 
3.311.700 3.475. 70_0 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

AUTHORIZATION BILL 

A BILL 

To authorize a supplemental appropriation to the Nntional 
Aeronautics and Space Ad~inistration for rcficarch and 
Development. 

Paragr.aph (1) of sub5ection· 1 (a) of the Nntional .Aero-

nautics and Space Arlministrntion Authnriz~tion ~ct, 1979 

(Public Law 95-401), is ar-:enderl IJ~, striking out 

•$1,443,300,000• and inserting in lieu thereof •$l,623,300,000.• 

- - - - - - - - - - - - - - - -

APPROPRIATION LANGUAGE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

For an additional amount for "Research and Development", 

$185,000,000; to remain available until September 30, 1980. 

• 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1979 SUPPLEMENTAL REQUIREMENT 

OFFICE OF SPACE TRANSPORTATION SYSTEMS 

PROGRAM STATUS: 

SPACE SHUTTLE PROGRAM 

Space Shuttle development is in a period of peak effort and well on the way toward the first orbital 
flight, planned for lcte 1979. All major Shuttle system elements are proceeding in test and manu
facture and all major g~ound test programs are now being conducted. The test elements for the 
Mated Vertical Ground Vibration Test (MVGVT) have been deliv~red to the Marshall Space Flight 
Center (MSFC) and testing is now in progress. This MVGVT program will verify the vibration 
characteristics during liftoff and at other times during the ascent profile. ~he. tests will be 
completed in early 1979. The Main Propulsion Test (MPT) series was started in 1978 at the National 
Space Technology Laboratories (NSTL) and will continue through 1979 and part of 1980. This includes 
three main engines, mounted on an orbiter aft fuselage, and an £xternal tan!~. 

. -· 
FY 1979 activities support preparations for the first orbital flight planned in late 1979. The 

Orbiter 102, which will be used for the orbital flight tests, is in final assembly and checkout 
at Palmdale, California. In early 1979, this orbiter will be delivered to KSC where it will 
begin preparations for launch. The orbiter structural test article was completed by Rockwell 
International and transferred to the Lockheed plant in Palmdale for structural testing, which 
started in 1978 and is scheduled for completion in mid-1979. Engine testing, temporarily suspended 
because of an en~ine failure in December 1978, which essentially destroyed an engine, vas resumed on 
Januarv 29 after the modifications \-Tere completed.· Prlor to this incident, engine testing \-laS 
proceeding at a good pace, with over 5,000 seconds accumulated on one flight configured engine. 
The first set of flight engines will be acceptance tested at NSTL in Mississippi and, together with 
associated ground support equipment, will be delivered to KSC for installation on Orbiter 102 in 1979. 

• 

Fabrication of three external tank test articles h~s been completed, and are in use for 
structural, vibration, and main propulsion testing. The second and third solid rocket motor develop
ment firings were accomplished during 1978, and the fourth and final development firing plus three 
qualification firings are planned in 1979. Delivery of the external tank e.nd the solid rocket motors 
to KSC for the first orbital flight is scheduled during the first half of 1979. In addition, some of the 
solid rocket booster components for the first orbital flight were delivered to KSC during 1978, 
while the remainin~ solid rocke~ booster components are scheduled for delivery in the first half of 1979. 
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~acilities installation and site activation is proceeding at both KSC and at the Dryden 

Fl1ght Research Center (DFRC) in California to support STS-1. KSC facilities such as the Vehicle 
Assem~ly Buil~ing, Mobile La~nch Platform, Orbiter Processing Facility, Launch Pad A, and the 
RotatJng Serv1ce Structure w1th the Payload Changeout Room are all progressing satisfactorily 
The ~omputer~zed launch processing system (LPS) and the ground support equipment at KSC and DFRC 
are 1n the f1nal stages of completion and software ·validation is underway. Flight equipment will 
be checked out and processed for STS-1 after it arrives at KSC for launch 

In August 1978, a comprehensive prog~am review was undertaken to assess the siqnificance of 
technical problems encountered in several-areas inciuding the Space Shuttle main enqines, orbiter 
thermal protection subsystem production and installation~ orbit~l maneuvering subsystem pod 
fabrication, solid ro~ket booster manufacture and test, external tank thermal protection 
application, and flight software development. The conclusion of the detailed review indicated 
that while substantial progress had been achieved, the overall program progress was slower 
than planned at the time the FY 1979 budget was prepared. The mai~ engine development con
tinued to be a primary technical concern. Importantly, the review also concluded that it is 
a technically sound engine and that a rapid accumulation of test seconds can be expected and 
indeed has been demonstrated. Approximately 35,000 seconds of test firings have been run, 
more than 10,000 of these at ~ated power levels. Based on the assessment of the engine 
status and the status of the other elements of the program, it was determined that it was 
reasonable to continue to plan to accomplish the first orbital test during 1979. Achievement 
of this target is dependent on successful completion of the key remaining ground tests and on 
encountering no major unforseen problems. 

The program review also identified the need for additional FY 1979 funding of $185.0 million 
to provide timely support for urgent program requirements. This amount, which is requested as 
a Supplemental Appropriation, when added to the $1,443.3 million appropriated for FY 1979 for 
the Space Shuttle results in total FY 1979 budget authority of $1,628.3 million. These 
additional funding requirements are not due to any single element, but occur in a number of 
program areas. ··The additional funding is ··needed to solve technical problems~ to provide for 
necessary changes in many elements of the program~ and to meet the requirements of prime 
contractors and subcontractors for increased engineering and manufacturing effort to fabricate 
hardware and conduct test activities. 

1 
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In summary, the progress at this critical phase of the development effort has been substantial, 

but has not sustained the pace necessary to accomplish the original FY 1979 budget plan thus 
making it necessary to adjust program schedules and request a supplemental appropriation. A 
summary of additional funding requirements by program element follows: 

(Millions of Dollars) 
Basis for FY 1979 Additional 

Authorization Current Funding 
Summar~ b~ Program Element and AEEroEriation Estimate Reguested 

Orbiter 937.5 999.0 +61.5 
Main Engine 194.7 242.7 +48.0 
External Tank 80.5 107.6 +27.1 
Solid Rocket Booster 63.5 100.2 +36.7 
Launch and Landing 139.1 158.6 +19.5 
Spares and Equipment 28.0 20.2 -7.8 

TOTAL 1,443.3 1,628.3 +185.0 

BASIS OF SUPPLEMENTAL FUND REQUIREP·tENT: 

The requirement for the requested supplemental appropriation in FY 1979 is a result of 
development problems, program changes, and the need for more work than was previously 
planned, particularly in the fabrication and assembly of flight and test hardware and in 
systems qualification.and certification. The impact of these difficulties has been hard
ware schedule delays, increased engineering and manufacturing requirements in prime and 
subcontractor efforts, and significant deferrals of work content into FY 1979. Fabrication 
activities on the second and subsequent orbiters have been proceeding on a constrained basis 
as funding is applied to keep development efforts on the new schedule directed towards the 
first orbital flight in late 1979. The additional funding requested in the Supplemental 
Appropriation will be applied to continue the development efforts on schedule and to restore 
the funding needed for follow-on orbiter fabrication activities. 

• 
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RESEARCH AND DEVELOPMENT 

Basis for FY 1979 Additional 
Authorization Current Funding 

and Appropriation Estimate Requested 
(Thousands of Dollars) 

Orbiter 9 37, so-o 999,000 61,500 

STATUS: 

During FY 1979, the emphasis will be on completion of manufacture and assembly of Orbiter 102,the 
testing required to certify Orbiter 102 for the first orbital flight test, and continuation of 
fabrication and assembly of the follow-on orbiters. 

The structural test article (STA) which has a flight-type orbiter airframe, was transferred to the 
Lockheed test facility at Palmdale, California, early in 1978 and is currently undergoing static 
load testing. These tests are scheduled for completion in 1979, after which the STA will be converted 
to an orbital vehicle (099). Satisfactory completion of structural testing is required for flight 
loads certification of Orbiter 102. 

The orbiter main propulsion test article along with three main engines and an external tank was 
installed in the test stand at NSTL and test firings started in 1978. Testing,· to acquire propulsion 
system performance data as well as acoustic data, will resume after main engine modifications are 
completed and will continue through 1979. 

Orbiter 101 is currently being used in the full-scale ground vibration tests at MSFC. Results of 
these tests, will be correlated with data from quarter scale testing to verify the structural 
integrity of the shuttle system. 

Approximately 600 hardware certification requirements are necessary for the first flight of Orbiter 
102. All subsystems require certification including structural, thermal protection, main- propulsion, 
reaction control, communications, guidance and navigation, orbital maneuvering, and environmental 
control. These certification tests are scheduled for completion late in FY 1979. 

Preliminary orbital flight software is being used to conduct orbital flight verification tests. Initial 
checkout of the Palmdale and KSC test procedures, detailed evaluations of the flight control inter
action with the dynamic model interfaces, and study of the remote manipulator system avionics 
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interactions will be performed at the Shuttle Avionics Integration Laboratory (SAIL). Facility 
acceptance tests of the SAIL at the Johnson Space Center (JSC) with the MSFC Mated Elements System 
will be completed in mid FY 197~. This will assure that these facilities are ready to start 
verification of the complete avionics system and its interfaces with the Shuttle vehicle. Acceptance 
test of the Flight Systems Laboratory (including the Avionics Development Laboratory, Flight Control 
Hydraulics Laboratory, crew station, and backup flight control system flight software verification 
facility) at Rockwell ~n Downey, California, will also be com~leted. 

During FY 1979, manufacture and assembly of Orbiter 102"will continue and delivery to KSC is scheduled 
for March 1979. Systems installation, final assembly, thermal protection system installation and 
final checkout are all 9roceeding. Some effort, particularly the thermal protection system 
installation, will be completed after delivery to KSC. · 

After completion of the planned testing of the structural test article (STA), it will be returned 
to the Rockwell plant at Palmdale to begin conversion to an orbital configuration (Orbiter 099). 
During FY 1979, fabrication of subsystems for OV-099 will continue at the subcontractor level and 
fabrication of the crew module at the prime contractor will al~o be continued. 

Fabrication and assembly of the major subsystems of Orbiter 103, which is scheduled for delivery 
earlv in FY 1983. has beaun at Rockwell International and at the maior structural ·- · ·- ·-· 
subcontractors. ·The crew module and the forward and aft-fuselage elements are in assembly at 
Rockwell, and the wings, the vertical stabilizer, and the mid-fuselage elements are in assembly 
at Rockwell's subcontractors. Fabrication of the thermal protection system tiles has also begun. 
Some.long lead ordering of critical parts will also be accomplished for Orbiter .104 during FY 1979. 
Efforts have initiated during FY 1979 to identify and define a weight reduction program for 
implementation on Orbiters 099, 103, and 104. During FY 1979, NASA is negotiating a contract 
with the Canadians· for remote manipulator flight systems, auxiliary equipment, ground handling and 
servicing support for the follow-on orbiters. Funds appropriated for FY 1979 to maintain the option 
fo~ possible fabrication of a fifth orbiter will also be used to begin procurement of critical long 
lead items. NASA will only order items which are commO!l to a four or fiye orbiter program and not 
specificaliy for a fifth orbiter. · 

BASIS OF SUPPLEMENTAL REQUEST: ' 

The increase in funding requirements "for FY 1979 is caused, by a comhination of mandatory design . 
changes·, technical problems in FY 1978 that caused work to be deferred into FY 1979 and the need 
for more work than was previous.ly· planned. . Last year, the completipn of manufacturing a~d 
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• • assembly of Orbiter 102 and delivery to KSC was scheduled for October 1978. During FY 1978, test 
results, engineering analysis, and systems evaluation identified the need for more technical 
changes than were previously anticipated. These changes included an increase in the helium 
purge system, addition of the backup-flight control system, modification of the engine base h~at 
shield and additional systems integration tas~s. The need for more wor~ than was planned occurred 
in a number of areas in FY 1978. The effort required by the prime contractor to manufacture the 
primary structures for Orbiter 102, install the subsystems, and assemble the vehicle was greater 
than previously estimated. A number of subcontractors also experienced technical problems arid 
increased cost requirements in FY 1978. For example, an increase in the complexity of reusable 
surface insulation tiles was experienced as requirements were better defined7 the production 
yield of acceptable tiles was lower than estimated, and a two month strike delayed deliveries. 
In addition, changes were required for the .. on-board computers; producability problems were experienced 
with the reaction control system and orbital maneuvering system1 technical problems with the auxiliary 
power unit resulted in ad~itional test and resolution effort; and the S-band radar system required 
more.effort than was previously planned on the payload and network equipment as specifications 
changed and hardware requirements increased. These changes, technical problems and incre·ases in 
required effort resulted in deferral of work into FY 1979 along with the need for increased funding. 
The current Orbiter 102 delivery is planned for March 1979 and subcontractor deliveries, systems· 
installations, and final assembly are·proceeding. The thermal protection system tile production and 
installation continues to be the most difficult problem and this worr will be completed at KSC in · 
parallel with Orbiter checkout activi~y. 

Increased requirements also occurred in areas other than the prime contractor's effort. Orbiter 
software problems and a large number·of changes caused increased requirements in FY 1979. Cost 
increases also occurred on the extravehicular mobility unit5. A schedule stretchout of the main 
propulsion tests (MPT) due to main engine problems and implementation of a phased approach to the 
main propulsion certification requires additional funds in FY 1979. A schedule delay and the need 
for additional funds also occurred for the mated vertical-qround vibration tests (MVGVT) due to 
hardware delays and the identification of additional test requirements. 

An orbiter weight ~avings program has been implemented in FY 1979 to identify and define areas where 
weight can be reduced for Orbiters 099, 103, and 104. 

These increased requirements were partially offset by the deferral of manufacturing and assembly 
efforts for Orbiters 099, 103,· and 104, consistent with the revised delivery schedule wh~ch delays 
the delivery of OV-099 seven months and OV-103 and OV-104 three months. 
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• Basis for FY 1979 Additional 
Authorization Current Funding 

and Appropriation Estimate Requested· 
_(Thousands of Dollars) 

Main Engine 194,700 242,700 48,000 

STATUS: 

During FY 1978, problems·developed· d!o;!ring.testing with a number of engine components, which caus~d 
··the·main engine project to fall behind in accumulated engine test time. Investigation of these .. 

problems has identified failure mddes ·and c~uses, and mqdifications are being tested. As a result, 
engine testing was proceeding at a good pace until a recent (December 27, 1978) failure 
destroyed most of the integral parts .of an engine (2001) undergoing acceptance testing. This 

·caused a temporary suspension of the testing~ The cause of the faiiure (in the main liquid oxygen 
valve) has been determined and modifications are now being made to all engines to correct this 
problem·. The first engine with rnod~fied.liquid oxygen valves was test fired on January_ 29 at Santa 
Susana and ~esting is now pr~ceeding!. · 

Engine testing is still a pacing item to perform STS-1 in 1979. However-, progress on the main 
engine development since the summer· of .1978 has been significant. A total of 6, 600 seconds at the 
rated poWer level (RPL) of 100% was achieved in one month and over 5,000 seconds were recorded on 

·one flight configured engine including six tests at RPL, each for the full mission duration of 520. 
seconds. A total of about 500 tests have been conducted accumulatinq almost 35,000 seconds of opera
tion, with about 75 tests and 11,000 seconds at RPL. In addition to the two exi.sting test ·stands at 
NSTL, an engine test stand has been activated at Santa Susana in California. 

Testing will continue on flight configured engines during 1979, leading to the main engine flight 
certification for·STS-1. Single engine testing will be intensive in order to prove the durability 
of each element of the system. Rigorous examination o~ each hardware component will be accomplished 
as a part of this thorough test activity. In FY _1979, the first set of three flight ·engines 
and one spare will.be delivered to KSC. Fabrication of additional development engines for testing 
will continue in FY 1979. 

• 

FY 1979 funding also provides for continuation of long lead material and component procureme~ts 
for these additional flight engines required for development backup and the operational orbiter fleet. 
Engine component procurem~nts include hot gas manifold and preburner·body forgings, turbopump castinqs, 
main combustion chamber parts and selected raw materials and plate stock for engine componentfabrication. 
In addition, fabrication of liquid_hydrogen and liquid oxygen high and low pressure .turbopump_ 
components has been initiated and, assembly of the second set of flight engines will begin during 
FY ~979. 
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In addition to the manufacture and·.test work by Rocketdyne and the subcontractors, the main engine 
activities provide the necessary project support efforts. These efforts include the procurement 
of propellants for test firing the engine and its components, the maintenance of the engine systems 
hardware simulation laboratory, logistics support, and the evaluation of materials and processes. 

BASIS OF SUPPLEMENTAL REQUEST: 

In early FY 1979, NASA activated a third engine tes·t stand -at Santa Susana, which was previo1,1sly 
unplanned, and began testing i~ ~rder to enhance development progress by establishing an increased 
capability to conduct engine sy~tem ~esting. This additional capability is in response to the 
recommendations of "the. National· Research Council's ad hoc committee for review of the Space . . 
Shuttle. main engine development: program (Covert Committee). Implementation of ·ot)1er recommendations 
by ·the Covert Committee which resu~ted in increased funding requirements for FY 1979·included the 
acceleration of follow-on engines to be available in the event additional test hardware is needed 
and the acqui~?.ition of· additional critical parts. FY 1979 funding requirements also increased 
due to the-deferral of work as a result· of engine test problems in FY 1978, resolution of engine 
test problems, and increased engine· manufacturing and assembly requirements, resulting from changes 
and redesigns made as a result of engine test solutions. · 

Basis for FY 1979 Additional 
Authorization Current Funding 

and Appropriation Estimate Requested 
(Thousands of Dollars) 

External Tank 80,500 107,600 27,100 

STATUS: 

Early in FY 1979, structural testing of the liquid hydrogen test tank was initiated at MSFC. Thi~ 
activity will be completed in 1979, along with the oxygen tank structural verification tests which 
began in FY 1978. · 

During the first quarter of FY 1979, the main propulsion test tank was upgraded at NSTL to a full 
flight configuration. A complete test tank is also being used in the full scale ground vibration 
tests, together with the Orbiter "Enterprise" and solid rocket boosters. This testing is planned 
for completion in early 1979. 
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Four flight tanks are curLently in various stages of assembly and checkout at the Michaud Assembly 
Facility (MAF) in Louisiana. Improvements in some manufacturing techniques were required, 
particularly with regard j:o the application of thermal protection materials. Some.fabrication 

'delays were encountered, and delivery of the f.irst flight tank to KSC is now expected in the first 
half of 1979 to support the planned. STS-1 launch. Fabrication of the final·two DDT&E flight. 
external tanks will be initiated during FY ],979~ and· .the se·cond flight tank is expected to be 
delivered to KSC the end of the fiscal year. 

BASIS OF SUPPLEMENTAI, REQUEST: 

Technical design changes were largely responsible for the increase in FY 1979 fu~ding requirements. 
Revised aerodynamic loads and a·change in the predicted ascent aerotqermal environments resulted 
in a J;"edesign of the external-propulsion line~ and cable tray and a large increase·in the amount 
of .thermal protection coverage·required. ·rncreased requirements also resulted from the· deferral of 

.. ~anufacture and assembly effort into FY 1979 as a result of these d.esign changes and the ne.ed for. · 
more work than was previou~ly planned. Additional maintenance and test support due to the 
strct;::hvut of the main prop'ulsi_on, ground vibration, and ·structur!ll1 test programs, ·and- additional 
support at Michaud Assembly Facility as a result of the change requirements and ·fabrication ~elays 
also resulted in additional funding requirements. 

Basis for FY 1979 Additional 
Authorization Current Funding 

and Appropriation Estimate Requested 
(Thousands of Dollars) 

Solid Rocket Booster 63,500 100,200 36,700 

STATUS: 

The third solid rocket development motor (DM-3) firing occurred in October 1978 and the fourth 
(DM-4) and final firing is scheduled for February 1979. Both of these firings were delayed to 
incorporate the new inhibitor design. The manufacture of three qualification motors has been 
initiated and testing will follow the completion of the development motor test program with the 
three qualificatio~ motor firinqs scheduled prior to the STS-1 launch. 
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• i. • The SRB structural test program was initiated at MSFC and testing will continue in FY 1979. 
The SRB hardware required for the mated ground ·vibration test was· delivered to MSFC in 1978 and 
testing is currently in progress. · 

The manufac~ure of flight motors for the first test flight (STS-1) has beg~ and delivery Of the 
·flight set of two SRM's to KSC will be completed by mid-1979. The manufacture of flight motors 
fo~ the follow-on orbital flight tests will continue through FY 1979. 

·Verification .testing will ca"ntinue in FY 1979 on the SRB subsysteJIIS including the thrus·t ·vector 
control and booster separation motor subsystems. In addition, the booster assembly·contractor 
will compl~te activation of the Refurbi~hment Subassembly Facility at KSC leading to the assembly 
and checkout o.f the SRB fo·r the first orbital flight. · 

BASIS OF SUPPLEMENTAL REQU~ST: 

tncreased requirements in FY 1979 occurred "in most of the subsystem areas within the SRB; In 
the structures ar.ea a number of changes. occurred including modj,fication· to the aft ski.rt skih forming 
tools and changes to the heat shield attachments. Cost.increases were also caused·~y.welding and 
assembly problems of the forward and aft skirts. Redes~gn changes to components be~ng procured ~y the 
booster assembly contractor and the deferral of : ground support equipment from FY 1978 res-ulted 
in the need for additional funding. Ip addition, .checkout software support to the Launch Processing 
System at KSC in the Refurbishment Subassembly Facility was greater than previously planned. 

Other subsystems such as integrated electronics, thrust vector control and ·the recovery .system 
all experienced changes due to test results and engineering updates.· The prime contractor for 
the- solid rocket motor experienced increased cost requirements. The development motor firinqs 
caused component redesign~ inhibitor modifications, and tooling redesigns resulting in cost increases. 
Also the labor requirements for.processing the development and early flight rocket motors were greater 
than previously estimated. · · 

sa·sis for FY 1979 Additional 
-Authorization Current Funding 

and Appropriation Estimate Requested 
(Thousands of Do~lars) 

Launch and Landing 139,100 158,600 19,500 

STATUS: 

Approximately 1,430 design models of ground support equipment (GSE) for station sets have been 
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defined; including some 810 provided by the vehicle development contractors and 620 provided by 
separate KSC GSE procurements. All of the GSE is on c;:ontract. About 55.% of the development 
contractor· GSE. and 90% o·f the KSC GSE have been received. A major portion of the effort ·remaining 
in FY 1979 involves receiving the remaining GSE, installing and checking it out, and ~ctivating 
the resulting S·tation ·sets. · 

All hardware .and system software for the central data subsystem have been accepted •. A'll major 
launch processing system·operating software releases have been made to support the ground checkout 
software programs required for 'launch operations.· · 

During 1979, the final phase of construction of facilities req~ired for the first orbital· flight 
wiH be completed. The laun,ch pr~cessing system will be ready 'for mating with ground support 
equipment. All station ~ets in th~ first flow processing line will be activated and will complete 
operational readiness checkout before the first set of flight hardware·reaches each respective 
station. Launch operatipns procedures will be prepared and verified for this same readiness 
sphedule. Orbiter 102, the first flight sets of mail} engines and solid rocket boosters, and"the 
first flight ET will be delivered to.KSC starting in early 1979. 

The development contractors' support activities and manpower buildup at KSC will continue ~nd reach 
a peak prior to the STS-1 launch~ The development contractors constitute the bulk of the launch 
team and are also the operators of the launch processing station sets, launch support equipment, 
and the GSE~ Processing of the vehicle for the first orbital flight will commence early in 1979. 
Flight elements will be assembled, checked out, serviced and launched for the first manned orbital 
flight. In addition, launch processing of some elements of the follow-on orbital flight·tests 

.will be in progress during 1979. 

The development contractors' onsite launch support efforts at KSC have been initiated with Rockwell 
International (including both orbiter and main engine contractors), Martin Marietta, United 
Space Boosters, Inc., and Thiokol. These contractors are preparing specifications, procedures 
and test documentation for vehicle assembly, test, servicing, checkout and launch. 

BASIS OF SUPPLEMENTAL REQUEST: 

The increase in the FY 1979 funding estimate is due to the deferral of effort from'FY 1978 and 
increased requirements in FY 1979. Due to the delay in shipment of the first flight elements 
to KSC, efforts such as ground support equipment (GSE) procurement, installation and checkout; 
propellant purchases; and launch processing system equipment buys.were deferred into FY 1979. 
In addition, more ground support equipment spares were required, and the effort required to activate 
the various station sets, such as the orbiter processing facility, hypergolic system maintenance 
facility, and SRB disassembly area, were greater than previously planned. 
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• NATIONAL AERONAUTICS • SPACE ADMINISTRATION 
Program and J.iinancing (in thousands of dollars) 

Research and Development 

• A-11-398 

Identificat.ion Code: Budget Pt"an (amounts for resea_rch· 
~nd deve~opment" actions programmed) ·Costs and 0Qligations 

. .. 
80-0108-4-1-999 

. Program by activities: 

Direct prc;>gr.am: 

1979 

Presently 
available 

1. Space transportation systems·; 
(a) Spa·ce shuttle •••••••••.••• ~ ••• ·1· -1,443,300 

.-(b) Space flight operations.· ••••••• -.· 309,700 
(c).Expendable launch vehicle 

· development and support •••••• 

2. Scientific investigations in space: 
(a) Physics and astronomy •••••••••• 
(b) Planetary exploration •••••••••• 
(c) Life sciences ••• ~ ••••• ; •••••••• 

3. Space and terrestrial applications: 
(a) Space applications ••••••••••••• 
(b) Technology utilization ••••••••• 

4. Space research and technology ••••• ~ 

5. Aeronautical research and technolo~ 

6. Energy technology • • • • • • • • • • • • • • • • ·: 

7. Supporting activity: 
(a) Tracking and data acquisition •• 

i 

42;600 

300,400 
182,400 
40,100 

286,200 
9,100 

107,300 

264,100 

5,000 

302,000 

Total direct program •••••••• ·d 3, 292,200 

1979 

Revised 
estimate 

1,628,300 
309,700 

42,_600 . 

300,400. 
182,400 
40,100 

286,200 
9,100 

107,300 

264,100 

5,000 

302,000 

3,477,200 

1979 1979 

Proposed I Presently 
supplemental ·available 

185,000 

185,00!.J 

1,408,700 
306,900 

95,400 

285,.700 
182,000 
38,100 

284,900 
10,100 

109,400 

244,000 

5,700 

301,100 

3,272,000 

1979 

Revised 
estimate 

I 
1, 593. 700 II 

306,900 

95,400 

285,700 
182,000 
38,100 

284,900 
10,100 

109,400 

244,000 

5', 100 

301,100 

3,457,000 

1919 

Proposed 
supplemental 

185,000 

185,000 
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• NATIONAL AERONAUTICS 
Program and Financing 

SPACE ADMINISTRATION 
thousands of dollars) 

Research and Development 

Identification Code: - I Budget. Plan (amounts for research 

80-0108-4--1-999 

-Reimbursable program: 

1. Space 'transportation systems: 
(a) Space shuttle •••••••••••••••• ; •• 
(b) Space flight operatio~s ••••••••• · 

2. Scjentific investigations in space: 
(a) Physics and astronomy ••••••••••• 
(c) Life sciences ••••••••••••••••••• 

3. Space and terrestrial applications: 
(a) Space applications ••• ~···••••••• 
(b) Technology utilization •••••••••• 

4. Space research and technology~ •••••• 

S. Aeronautical research and t'echnology 

6. Energy technology ••••••••••••••••••• · 

7. Supportfng· activity: 
(a) Tracking and data acquisition ••• 

Total, reimbursable program •.• 

Total program costs, funded ••• 

Change in selected resources 
(undelivered orders and stores) ••• 

10.00 Total .•..•..••.....•.••.•••..••••... 

and development actions programmed) 

. 1979 

. Presently 
available 

34,594 
63,574 

600 
419 

220,973 
7,293 . 

16 ,692' 

158,400 

3.655 

506,200 

3,798,400 

3,798,400 

1979 

Revised 
estimate 

34,594 
63,574 

60Q 
419 

220,973 
7,293 

16,692 

158,400 

3.655 
506,200 

3,983,400 

3,983,400 

1979 

Proposed 
supplemental 

185,000 

185,000 

-- A-l·B 

Costs and Obligations 
19-79-. 

Presently 
available 

29,860. 
61,710 

3,440 
470 

217 ,·890 
8,020 

1,i70 

18,240 

161,-830 

3.570 
506.200 

3,778,200 

377,548 

4, 155,748' 
I 

1979--.-- I 197~ 

Reyi'sed 
estimate 

29,860 
61,710 

3,440 
470 

217,890 
8,020 

1,170 

18,240 

161,830 

3.570 
506.200 

3,963,200 

.377, 548 

4,140,748 

Propo_sed 
supplemental 

185,000 

185,000 
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• 
Identification Code: 

NATIONAL AERONAUTICS. SPACE. ADMINISTRATION 
Program and Financing~ thousands of dollars) 

Research and Development 

Budget Plan (amounts for research 

-A-~~· 
and development actions programmed) Costs and Obligations 

80-0108-4-1-999 

Financing: 

Offsetting collections from: 
11.00 Federal funds ••••• ~ •••••••••••••••• 
14.00 Non-Federal sources.~ •••••••••••••• 

Budget Authority: 
21.40 Unobligated balance available, 

start ot year: 
For completion of prior year 
budget plans: 

Direct .••••••••••••••••••••.••• 
Reimbursable············-······ 

40.00 Budget authority 
(appropriation) •••••••••••••••••• 

1979 1979 1979 1979 I 1979-- I 197~ 

Presently I Revised I Proposed I Presently I Revised Proposed 
available estimate supplemental available estimate. ~lementaJ 

:..313,184 
I -313' 184 I --- I -313,184 I -313 '184 --~ 

-193',016 -193,016 --- -193,016 -193,016 --~ 

-240,403 -240,403 
-116,945 -116,945 

3,292,200 3,477,200 185,000 3,292,200 3,477,200 185,000 
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• NATIONAL M:JWNAUTJCS .A.SPACE ADMINISTRATION 
Program and Financing (ln thousands of dollars) 

Research and Development 
• A-ll-39B 

------------------------------------------·-------~--------------------·-------------------r~-------------------------------------'Identification Code: Budget Plan (amounts for research 
and development acti.ons programmed) Costs and Obligations 

I 80-0108-4-1-999 
t979 t979 1979 t979- I i9:;g-- 1979 

Relation of obligations to outlays: 

Presently 
available 

71.00 Obligations incurred, net •••••••••• •I• •••••••••••• 

· 72.40 Obligated balance, start of year ••• •I• •••••••••••• 

74.40 Obligated balance, end of year ••••• ~············· 

Revised 
estimate 

Proposed 
supplemental 

. ......................... . 
• • • • • • • • • • • • •I• • • • • • • • • • • • • 

• • • • • • • • • • • • •I• • • • • • • • • • • • • 

Presently 
available 

3,649,548 

515,865 

-1,016_.913 

90.0Q Outlays ............................. J.: •••••••••••• l ............. J ••••••••••••. J 3,148,500 

979 estimate 

Note: Reconciliation of budget plan to o~ligations: 
Presently I Revised 
available estimate 

Total budget plan ..•....... ~········••••••(••••••••••••• 
Add obligations of prior year budget plan~ ••••••••••••• 

............ 3,798,400 3,983,400 . ........... 357.348 357.348 

Total obligations •••••••••••••••••••••• ~·········•••• ......... • ... 4, 155,748 4,340~748 

Revised Proposed 
e·stimat! ~lemental 

3,834,548 185,000 

515,865 I ---
-1,038' 713 -21,800 

3,311,7()() 163,200 

Proposed 
~lementa1 

185,000 

I 
I 185,000 
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STANDARD FORM 304. 
~r:.J!~o~A~~.0i!~r,!LdftATIONAL AERONAUTICS AND SPACE ADMINlSTRA'riON 

~04-lo~ RESEARCH. AND· ·DEVELOPMENT 
OBJECf CLASSIFICATION (in thousands of dollars) . . A-11-34 

~----------------~------~--,-~~~---+--~~~~r-~~~--
ldcntificacion code 1W9 1979 19 79 

80-0108 _.4 -1 "!"999 

Direct obligations: 
11.1 Permaaeac pesigeas, _________________ ......... ~ 

,Pesigeas ether chaa pcrmaacac -.. -----------

u.s 'Other perseaacl eempcasaciGa ............. .. 

1111 

Tete~ peFSeaaeJ eempes&atiea ........ · ..... 

Personnel benefits: 
l ~.I Ci•·iliaa .............................................. . 

I 

-ll~J~,gl)--liBMe~a~e&bttss:-4t4~e~r4t4eeE~rmM@r~p•e.c:s.c:sGe>AAlAAC.cl~-- .... -.... --.-· 

22.0 Transportation of things .......................... . 
23.1 Standard level user charges-----
23.2 Communications, utilities and 

other rent--------------------
24.0 Printing and reproduction ...................... . 

25.0 Other services .................... · ..................... . 

26.0 Supplies and materials ........................... .. 

31.0 Equipment ---···--------------··------------------··--

32.0 Lands and structures ............................... . 

JJ,g la"estmea•.s aad lean~ .................. ~-------~ .. 

41.0 Grant), subsidies, and contributions .......... . 

4~ g lan&FaAGie daims aad iadcma.icios ........... · ... . 

4J 0 laterest aad diYideads ............. _______________ _ 

44,9 &efttatls ------------------·-----------··--··------; ..... 

99.0 Total direct obligations~------

Presently 
Avai:lable 

8,95~ 
141 

44,480. 
2,900 

3,246,590 

14~,250 

81,.940 

1,550 

2,802 

3,532,60~ 

" 

Revised 
Estimate 

9,510 
141 

46,880 
3,090. 

3,416,970 

150,650 

86,010 

1,550 

2,802 

3,717,603 

Proposed 
Supplement_!'! 

560 
---

2,400 
190 

170,380 

7,400 

4,070 

---

---

185,000 
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STANDARD FOR.M 304 
~~~!~o~~~~~.o~!~fse~d"ftATIONAL AERONAUT~CS AND SPACE ADMINISTRATION 

)04-103 RESEARCH AND ~EVELOPMENT 
OBJECT CLASSIFICATION .(in thowands of dollars) 

ld~ntificadon cod~ 

80-0108-4-1-999 

Reimbursable obligations: 
1 111 ~r~ACAC p9&itioAS , .......................... _ 

llJ J!e&itioAi otbcr tbaA permaacAt ------------· 

11.§ Other pePSeaael eempeasatiea ............. .. 

ll.8 Speeiti perseaal sePtiees pa)'RleAI&~------~--

TaEal perseaael eefftpeasatieo, .......... .. 

Perlonnel benefits: 
• 12.1 Ci • iliao .............................................. . 

13.9 Benefits fer fermer pert6nneL .............. ... 

Jl.O Tra•'4!1 aad tcaaspertatiea ef petsefts .......... 

22.0 Transportation of things ......................... . 

23.1 
23.2 

24.0 

StaRdare level Yser el.:larses ----
Communications, utilities and 

other rent---------------------
Printing and reproduction ....................... . 

2 5.0 Other services ...... _____ .... _________ ... __ . _________ .. . 

26.0 Supplies and materials ______________________ ~-------

31.0 Equipment -----------------~-------------- __ ----------

32.0 Lands and structures.·-------------------------------

H·9 la.,.esemeatl' aREileans _____________________________ _ 

41.9 GraRts-; stthsidies, aad eeatrihtttieas ... ·~-------

4:1.9 ·Ia&YNaee elaiRts aad iRdelftftities .............. . 

4 4.9 RefttREis n- ------------------------------------. --------· 

1979 

Presently 
Available· 

820 

2~030 
170 

595,745 

10,165 

12,175 

2~040 

t9 79 

.Revised· 
Estimate 

820 

2,030 
170 

595,745 

10,165 

12,175 

2,040 

A-11-34 
1979 

PropQsed 
Supp 1 emen ta 1, 

----------------------------------------------------------··r-----+-----+----
Total reimbursable obligations 623,145_ -623,145 

-------............................... -....... -.. ---- ..... --- .. -.. -........ -... ----------------· 

99.0 Total obligations--------------------------------- 4, 15 5 ; 7 48 4,340,748 185,000 

* U.S. 80YUNillMT PIIMTIIIG Clr"CI : 1- 0-1118-el& 
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