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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1978 ESTIMATES 

GENERAL STATEMENT 

The National Aeronautics and Space Administration, established October 1, 1958, conducts space and aero- 
nautical activities for peaceful purposes for the benefit of all. NASA's activities are designed to maintain 
United States leadership in aeronautical and space research, technology, 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 FY 1978 budget provides for continued progress in the expansion of human knowledge; in the practical 
applications of space; in the development of versatile, reusable space transportation; and in the development 
of technology for more efficient flight in the atmosphere. One major new initiative to expand our knowledge 
of  the universe is the Space Telescope. Placed in orbit and serviced by the Space Shuttle, the Space Telescope 
will capitalize on the unique environment of space, above the obscuring effects of the earth's atmosphere, to 
Fr \ . c r e~~e  by 2 h ~ G ! ~ d f c l 6  t h e  .:SIXZC ~f Z ~ Z C C  ~ ~ ~ e s s l b l e  f o r  ~ b ~ e r v ~ t i ~ i ~ .  A i i i~ j~ i -  i i l i c i a i - i v t :  in c w r i i i ~ i u e r i  
exploration of the solar system is the Jupiter Orbiter/Probe mission, which will conduct a comprehensive 
exploration o f  the planet Jupiter, its atmosphere, physical environment and satellites. The FY 1978 budget 
also provides f o r  initiation of development of Landsat-D, a significant next step in the practical applica- 
tion of space technology in the area of earth resources. 
the Thematic Mapper, with greater resolution and spectral coverage than is available in the current Landsat 
series. These improvements promise to open up new uses of Landsat data and to enhance current uses in such 
areas as mineral and petroleum exploration, world-wide crop inventories and land use inventory. 

Landsat-D will carry a powerful new instrument, 
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The FY 1978 budgeL p rov ides  f o r  p r o g r e s s  on, and i n  inany cases, f r u i t i o n  o f ,  Sc ience  and App l i ca t ions  
p r o j e c t s  approved i n  p r i o r  years .  Development work w i l l  be  i n  p r o g r e s s  on t h e  S o l a r  Maximum Mission i n i -  
t i a t e d  i n  FY 1977 t n  s t i ~ d y  t h e  s i in  r l i i r ing t h e  p e r i o d  of peak s o l a r  a c t i v i t y  l a te  i n  t h i s  decade. 
A c t i v i t y  d u r i n g  FY 1978 w i l l  i n c l u d e  two High Energy Astronomy O b s e r v a t o r i e s ,  t h e  P ioneer  Venus miss ions ,  
t h e  Mariner  miss ions  en  r o u t e  t o  J u p i t e r  and Sa tu rn ,  Landsat-C, Seasat-A, t h e  Nimbus-G environmental  moni tor ing  
s a t e l l i t e ,  t h e  Heat Capac i ty  Mapping Miss ion ,  and t h e  Tiros-N next  g e n e r a t i o n  weather  s a t e l l i t e .  Continu- 
i n g  t h e  t r e n d  of r e c e n t  yea r s ,  t h e  launch a c t i v i t y  f o r  non-NASA u s e r s  of space  who reimburse NASA f o r  launch 
services w i l l  exceed NASA funded a c t i v i t y .  P a r t i c i p a t i o n  i n  space  programs has  become widespread,  i nvo lv ing  
U.S. Government agenc ie s  and p r i v a t e  o r g a n i z a t i o n s  as w e l l  as o t h e r  n a t i o n s .  

F l i g h t  

FY 1978 w i l l  b e  a yea r  of major p r o g r e s s  toward t h e  era of v e r s a t i l e  and r e u s a b l e  space  systems. The 
S o l a r  Maximum Mission and Landsat-D p r o j e c t  w i l l  be  deve loping  and us ing  a new t y p e  of s p a c e c r a f t  c a l l e d  
t h e  Mult i -Mission Modular Spacec ra f t .  The b a s i c  s p a c e c r a f t  s t r u c t u r e  and system modules a r e  des igned  t o  
be  t h e  b u i l d i n g  b locks  f o r  a number of  f u t u r e  miss ions  and t o  t a k e  advantage  of  t h e  c a p a b i l i t i e s  of t h e  
Space Transpor t a t ion  System f o r  s a t e l l i t e  s e r v i c i n g ,  re t r ieva l  and r euse .  For  t h e  Space S h u t t l e ,  t h e  key  
element  of t h e  Space T r a n s p o r t a t i o n  System (STS),  FY 1978 w i l l  be  a c r i t i c a l  yea r  of development, ground 
t e s t i n g  and atmospheric  f l i g h t  t e s t i n g .  Main p r o p u l s i o n  system t e s t i n g  w i l l  b e  i n  p r o g r e s s  a t  t h e  
Nc t iona l  Space Technology Labora to r i e s  i n  M i s s i s s i p p i .  
S h u t t l e  O r b i t e r  w i l l  b e  i n  p r o g r e s s  a t  Dryden F l i g h t  Research Center  i n  C a l i f o r n i a .  
t h i s  O r b i t e r  w i l l  b e  shipped t o  t h e  Marsha l l  Space F l i g h t  Center  i n  Alabama t o  b e  mated w i t h  t h e  e x t e r n a l  
tank  and s o l i d  r o c k e t  b o o s t e r s  f o r  f u l l  scale ground v i b r a t i o n  tests. The second o r b i t e r  w i l l  b e  i n  f i n a l  
assembly l e a d i n g  t o  d e l i v e r y  t o  t h e  Kennedy Space Center  i n  F l o r i d a  i n  l a t e  1978 and f i r s t  o r b i t a l  f l i g h t  
i n  1979. Product ion  ac t iv i t i e s  w i l l  be  undertaken i n  FY 1978 t o  p rov ide  a t o t a l  n a t i o n a l  f l e e t  o f  f i v e  
o r b i t e r s .  Long l ead  procurement w i l l  beg in  on e x t e r n a l  tanks  and b o o s t e r s  t o  be  used i n  t h e  e a r l y  Space 
S h u t t l e  o p e r a t i o n a l  pe r iod .  
Space Agency, w i th  an eng inee r ing  modei sc'neciuied f o r  c ie i ivery i o  iiie G.S. i n  iaie 1978. 
development w i l l  a l s o  be  c o n t i n u i n g w i t h  t h e  DOD developing  t h e  I n t e r i m  Upper S t a g e  ( IUS)  and NASA pro-  
v i d i n g  f o r  development of a sp inn ing  s o l i d  upper s t a g e  t o  d e l i v e r  smaller payloads t o  geosynchronous o r b i t s  
which do n o t  r e q u i r e  t h e  IUS c a p a b i l i t y .  

Approach and l and ing  tes ts  of t h e  f i r s t  Space 
Fol lowing t h e s e  t es t s ,  

Development o f  t h e  mul t i -purpose  Spacelab w i l l  c o n t i n u e  by t h e  European 
STS iipper Siage 

I n  Aeronau t i c s ,  t he  FY 1978 budget  provides  f o r  cont inued  advances i n  r e s e a r c h  and technology a c t i v i t y  t o  
p rov ide  t h e  b a s i s  f o r  improved a i r c r a f t  performance,  reduced environmentai  e f f e c t s  and reduced energy re- 
quirements .  A major t h r u s t  i n  t h e  program i s  on development of technology t o  permi t  t h e  U.S. t o  produce 
i n  t h e  1Y8U:s t r a n s p o r t  a i r c r a f t  capab ie  of approximate iy  twice t h e  energy e f f i c i e n c y  of c u r r e n t  a i r c r a f t .  
The budget  a l s o  p rov ides  f o r  c o n t i n u a t i o n  of  work on major a e r o n a u t i c a l  f a c i l i t i e s  w i t h  c o n s t r u c t i o n  of  
t h e  Na t iona l  Transonic  F a c i l i t y  a t  t h e  Langley Research Center  i n  V i r g i n i a  and m o d i f i c a t i o n  of t h e  40x80 
f o o t  subson ic  wind tunne l  a t  t h e  Ames  Research Center  i n  C a l i f o r n i a ,  as approved by t h e  Congress last  yea r .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

BUDGET SL?5X&Y 
(Thousands o f  D o l l a r s )  

Budget P l a n  

Q u a r t e r  FY 1977 
T r a n s i t i o n  

FY 1976 FY 1978 Resea rch  and Development 

1 . 560.  574  
1.206. 000 

406 . 500 1.668. 7 0 0  
3 2 1 .  000 1. 3 1 8  . 100 

1.753. 500 
1.349. 200 

SPACE FLIGHT ....................................... 
Space f l i g h t  o p e r a t i o n s  .......................... Space s h u t t l e  .................................... 
Expendable l aunch  v e h i c l e s  ....................... 1 8 8 .  6 7 4  

1 6 5 .  900 
4 8  . 400 1 9 9 .  200 
37 . 100 1 5 1 .  400 

267 . 800 
136 . 500 

4 3 4 .  126 
1 5 9 .  300  

1 1 6 .  400 380.  3 2 5  
166 . 300 4 3  . 500 

405 . 7 0 0  
224 . 200 

SPACE SCIENCE ...................................... 
P h y s i c s  and astronomy ............................ 
L i f e  s c i e n c e s  .................................... Lunar and p l a n e t a r y  e x p l o r a t i o n  .................. 254 . 250 

2 0 .  576 
67 . 4 6 4  1 9 1  . 900 

5 .  436 22 . 125 
148 . 200 

3 3 .  300  

178 .  230 47. 7 0 0  198  . 200 228.  800  APPLICATIONS ....................................... 
AERONAUTICS AND SPACE TECHNOLOGY ................... 

A e r o n a u t i c a l  r e s e a r c h  and t echno logy  ............. 
Space research and technology .................... 

272 . 100 6 3  . 100 
4 3  . 800 190 . 100 250.  250 

175 .  350  
97 ;700 7 4 .  900 1 9 .  300 8 2 .  000 

1 . 500 6 . 000 

6 3 .  400  2 5 5 .  000 

2 . 000 8 .  100 

4 .  500 

281 .  7 0 0  

5 . 900 

240 . 800 

7 .  500 

ENERGY TECHNOLOGY APPLICATIONS ..................... 
TRACKING AND DATA ACQUISITION ...................... 

8 . 100 TECHNOLOGY UTILIZATION ............................. 
MTAL RESEARCH AND DEVELOPMENT ................. 2 . 677 . 380 7 0 0  . 600 2 . 7 8 8 .  4 2 5  3 .  011 . 000 

io. 7 5 0  i i a .  096 

0 1  I 777 ..... q o n  .<n  
L L U  . L V J  ... 

i 6 i .  800 C o n s t r u c t i o n  of k’acii i t ies ........................... 
O I L  q o n  u-bu . J U J  

4.019.789 

3.902. 7 8 9  

X e s  ea L ~1 . t i l l  1 L u g i d i u  &irt d #r . tie t i  i ...................... 
TOTAL ........................................ 

OUTLAYS .............................................. 
9 3 1 .  519 3.751.292 

9 5 1 .  4 2 8  3.705.  7 5 0  

3.551.822 

3.669.  0 2 2  - 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE FLIGHT 

0 Develop Space T r a n s p o r t a t i o n  System t o  p rov ide  f o r :  

-- Versati le and r e u s a b l e  Space S h u t t l e  system 
-- Manned o r b i t a l  experiments  u s ing  S h u t t l e  and Space lab  
-- Deep space  and geosynchronous miss ion  c a p a b i l i t y  w i t h  upper s t a g e s  
-- O r b i t a l  placement,  s e r v i c i n g  and re t r ieva l  of automated s a t e l l i t e s  
-- Economy i n  t r a n s p o r t a t i o n ,  space  o p e r a t i o n s ,  and payload c o s t s  

0 I n i t i a t e  p roduc t ion  t o  p rov ide  n a t i o n a l  f l e e t  of f i v e  S h u t t l e  o r b i t e r s  

0 E s t a b l i s h  c a p a b i l i t y  f o r  Space Transpor t a t ion  System o p e r a t i o n s  

0 Provide  expendable launch v e h i c l e  services as r e q u i r e d  by NASA and o t h e r  u s e r s  du r ing  t r a n s i t i o n  
t o  Space Transpor t a t ion  System 

MAJOR FLIGHT ACTIVITY 

Calendar  Years 
1977 1978 1979 1980 1981 1982 

Space. S h u t t l e  .......................... Development F l igh ts . . .  A 
~ A T T \  

&A M A  
\ L i b  i j 

Opera t iona l  F l igh t s . .  ....................................................... . / !  
Spacelab..  .................................................................... .&h f- 
Upper S tages  .................................................................... - 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE SCIENCE 

I n c r e a s e  our  unders tanding  of t h e  e v o l u t i o n  and n a t u r e  of t h e  u n i v e r s e  through a ba lanced  program of new 
e x p l o r a t o r y  miss ions  and ground-based i n v e s t i g a t i o n s  

0 E x p l o i t  the knowledge ga ined  from c u r r e n t  and completed program e f f o r t s  by thorough a n a l y s i s  and i n t e r p r e -  
t a t i o n  of t h e  s c i e n t i f i c  d a t a  obta ined  

0 U t i l i z e  t h e  space  environment f o r  r e s e a r c h  i n  t h e  b iomedica l ,  b i o l o g i c a l  and b i o i n s t r u m e n t a t i o n  f i e l d s  

MAJOR FLIGHT ACTIVITY 
Calendar Years 

1 9 7 7  1978 1979 1980 1981 1982 1983 

Phys ics  and Astronomy: 
High Energy Astronomy Observatory Launches.. ........ .A. .... .A ..... .A 
S o l a r  Maximum Mission ............................................... A 
Space Telescope ..................................................................................... A 
OFT Science  Payloads ........................................................ 
Shu t t l e /Space lab  Sc ience  Payloads .......................................... AA.. .. .&. .. &. ..a 
Explorer  Launches ................................... &. ... .A ..... .A.. ... .A.. . .AAA.. . 

Lunar and P l a n e t a r y  Exp lo ra t ion :  
.... ... Mar ine r - Jup i t e r ISa tu rn  Launch and Encounters ..................... @(g .@.. 0 

Pioneer-Saturn Flyby .................................................. 
Pioneer-Venus O r b i t e r  Launch and Encounter . . . . . . . . . . . . . . . . . . .  
r ~ u i i c c L - v c i i u a  . L u u c  J d u i i ~ . h  aiid Ei i ioi i i i t r r .  .................... mw 
J u p i t e r  Orb i t e r /P robe  Launch and Encounter ........................................... A 

*9i? T\: ^ _ ^ _ _ _  T T  ^_.._ n - - - L  - T -..- 

Q> 1984 

L i f e  Sc iences :  
V e s t i b u l a r  Funct ion  Research. .  ............................................... A 
Common Opera t ing  Research Equipment ........................................... / 
I n t e g r a t e d  L i f e  Sc iences  Shu t t l e /Space lab  Experiments ................................ A .... A .... & 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ENERGY TECHNOLOGY APPLICATIONS 

8 Energy technology i d e n t i f i c a t i o n  and v e r i f i c a t i o n  t o  f a c i l i t a t e  use  of 
NASA-developed aerospace  t echno log ie s ,  e x p e r i e n c e  and f a c i l i t i e s  t o  meet 
t h e  program needs of t h e  Energy Research and Development Adminis t ra t ion  
and o t h e r  agencies  r e s p o n s i b l e  f o r  energy  programs 

Technica l  d e f i n i t i o n  o f  a f e a s i b l e  s a t e l l i t e  sys tem f o r  g e n e r a t i o n  of 
energy i n  space  

AS- 10 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TRACKING AND DATA ACQUISITION 

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

- -  Automated Earth Orbiting Missions - covers an average of approximately 50 
active spacecraft including NIMBUS-F, Geodynamic Experimental Ocean Satellite 
(GEOS) Cy Landsat 1 and 2, Atmosphere Explorers (BE) 3 and 5, Orbiting Solar 
Observatory (OSO) I, the upcoming International Ultraviolet Explorer (IUE), 
High Energy Astronomy Observatory (HFAO), Landsat Cy Heat Capacity Mapping 
Mission (HCMM) , and the International Sun Earth Explorer (ISEE) missions. 

-- Planetary Missions - In addition to continuing support for several Pioneer 
spacecraft, Helios 1 and 2, and Viking 1 and 2, the Mariner JupiterISaturn '77, 
and the Pioneer Venus ' 7 8  missions will also be covered. 

-- Sounding Rockets 
- -  Research Aircraft 

TECHNOLOGY UTILIZATION 

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

AS-11 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1978 ESTIMATES 

Fiscal Year 1976 

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

Research and Construction 
Total Development of Facilities 

...... 3,535,022 2,677,380 82 , 130 Appropriation, PL 94-116................ 
Supplemental Appropriation, PL 94-303......... 16,800 --- --- 

........... Total Appropriation (Budget Plan) 3,551.822 2.677.380 82 130 

Transition Quarter 

.................... 10,750 Appropriation, PL 94-116.. 925,028 700 , 600 
Supplemental Appropriation, PL 94-303. 7 , 117 ........ ---  - - -  

- - -  - -- Unobligated balance lapsing ................... -626 

................... 10,750 Total Budget Plan........ 932: 519 700.600 

Fiscal Year 1977 

Appropriation, PL 94-378.. .................... 3,692 , 515 2,761,425 118,090 

raises...... 31,777 - - -  - - -  
FY 1975 funds applied t c  1977 budget plan. .... 27,000 27 , 000 

Proposed Supplemental for civilian pay ................................ - - -  

1 1 0  nnn 
L L U . V 7 V  

3 700 f . q C  ........................... L .  I uu .-tL> J . 8  >I.&,& 
7 7r;i ?a3  
___c-~.-_ 

Total- Riudget_ P lan  

Fiscal Year 1978 

Appropriation request/Budget plan. ............ 4.019.789 3.011 000 161.800 

Research and 
Program 

Management 

775,512 
16  , 800 

792,312 

213 , 678 
7 , 117 

-626 

220.169 

8 13 , 000 

31,777 
-- - 

0LtLt . I  0 1  I 7 7 7  I I 

846.989 

AS- 13 



I n s t a l l a t i o n  

Johnson Space Center  ............ 
Kennedy Space Center .  ........... 
Marshal l  Space F l i g h t  Center . . . .  
Nat iona l  Space Technology 

Labora tor ies .  ................. 
Goddard Space F l i g h t  Center  ..... 
Jet Propuls ion  Laboratory ....... 
Wallops F l i g h t  Center  . . . . . . . . . . .  
Ames Research Center  ............ 
Dryden F l i g h t  Research Center . . .  
Langley Research Center  ......... 
Lewis Research Center  ........... 
NASA Headquar te rs . .  . . . . . . . . . . . . .  

C o n s t r u c t i o n  of F a c i l t i e s  
Programs 

' J d r i u u s  L u c d L i u u s . .  . . . . . . . . . . .  
F a c i l i t y  Planning and Design.. 
Balance of  t h e  fo l lowing  
programs u n d i s t r i b u t e d  by 
i n s  t a  1 l a  t i o n  

Space S h u t t i e  k a c i i i t i e s .  . . .  
R e h a b i l i t a t i o n  and 

Modif ica t ion  . . . . . . . . . . . . .  
Minor Lonscruccion . . . . . . . . . .  

T o t a l  Budget Plan. . . . . . . . .  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1978 ESTIMATES 

SUMMARY OF APPROPRIATION BUDGET PLANS BY INSTALLATION 
( M i l l i o n s  of D o l l a r s )  

Research and Development 
1976 TQ 1977 1978 

997.2 
104.1 
420.0 

10.8 
366.6 
194.2 

14.3 

139.6 
20.6 

151.3 
167.0 

91.7 

244.7 995.1 
31.8 148.4 

122.1 486.0 

3.4 12.9 
97.0 391.5 
54 .1  192.1 

4.2 17.1 

32.7 114.7 
6.4 22.2 

44.8 149.0 
38.2 156.3 

21.2 103.1 

973.9 
206.4 
587.5 

10.3 
473.5 
175.3 

18 .6  

110.5 
19.1 

173.4 
151.1 

111.11 

1.677.4 700.6 2,788.4 3.011.0 

Cons t ruc t ion  of 
F a c i l i t i e s  

-976 TQ 1977 1978 

5 . 1  
bo. 1 
2.4 

.2 
2.4 
3.8 
1.2 

5.6 
6.0 
6.5 
2.0 

. 8  

- _ -  
. 3  

3.0 

.1 

. 8  

.5  
1.0 

.2 
1 .3  
1 . 5  

.6 

1 . 2  
.3  

1 . 3  
.7 

1 .3  

- - -  
_ _ -  

_ _ _  
.1 - - -  

4.2 
34.6 

4.3 

.9 
2 . 1  
2 .0  
1 .5  

12.2 
1 .6  

33.4 
3.6 

_ _ _  

- - _  
12.7 

. 2  

3.5  

5.6 
54.9 
21.1 

.9 
5 .2  
5 .1  
1 . 8  

15 .0  
.8  

27.6 
3.9 

_ _ _  

1.6  
11.8 

_ - -  

3.3  
L.6 1.3 3 . u  

12.1 10.8 118.1 161.8 

Research and 
Program Management 

1976 TQ 1977 1978 

128.8 
99.8 

132.8 

1 .7  
108.6 

1 3 . 1  

50.9 
14.5 
93.2 
80.7 

68.1, 

- - -  

37.5 139.7 139.6 
28.6 107.0 110.2 
35.7 138.6 134.7 

.5 1.9 2 .0  
28.6 115.9 116.1 

4.0 13.9 14.2 

13.3 53.7 53.7 
5 . 3  17.3 17.0 

24.2 95.4 95.4 
22.2 87.5 88.7 

20.3 73.9 75.4 

- - - - - - - - - 

792.3 220.2 844.8 847.0 

TOTAL 
1976 TQ 1977 1978 

1,131.1 
244.0 
555.2 

12.7 
477.6 
198 .0  

28.6 

196.1 
41.1 

251.0 
249.7 

160.7 

_ - _  
. 3  

3.0 

.1 

283.0 
60.9 

158.8 

4.1 
126.9 

55.6 
8 .8  

47.2 
12.0 
70.3 
61 .1  

(12.8 

_ _ -  
- - -  

_ _ -  

.1 
- - -  

1,139.0 
290.0 
628.9 

15.7 
509.5 
194 .1  

32.5 

180.6 
41 .1  

277.8 
247.4 

177.0 

_ - _  
12.7 

. 2  

3.5 

1,119.1 
371.5 
743.3 

13.2 
594.8 
180.4 

34 .6  

179.2 
36.9 

296.4 
243.7 

186.8 

i . 6  
1 1 . 8  

.-- 

3.3 
2 .  b 1,3 3 . U  

3.551.8 931.6 3.751.3 4,019.8 

AS-14 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND PROGRAM MANAGEMENT 

TOTAL NUMBER OF PERMANENT POSITIONS 

END OF YEAR 

T r a n s i t  i o n  
FY 1976 Quar t e r  

Johnson Space Center  ............................. 3. 673 3 .  613 

Kennedy Space Center  ............................. 2. 259 2 .  259 

Marsha l l  Space F l i g h t  Center  ..................... 4.  115 4 .  115 

N a t j  m a l  Space Technology Labora to r i e s  ........... 70 70 

Goddard Space F l i g h t  Center ...................... 3 .  752 3.  752 

Wallops F l i g h t  Center  ............................ 4 1  5 415 

A m e s  Research Center  ............................. i . 676 i . 676 

Dryden F l i g h t  Research Center  .................... 498 498 

Langley Research Center  .......................... 3 .  321 3 .  321 

L e w i s  Research Center  ............................ 3 .  025 3 .  025 

Headquarters  ..................................... i . 572 i. 572 _ _  

24.316 T o t a l .  Permanent P o s i t i o n s  ..................... 24.316 

FY 1977 

3 .  613 

2. 259 

3. 910 

70 

3 .  675 

414 

i . 6 i 3  

520 

3 .  172 

3 .  025 

i . 3 4 3  

23.816 

FY 1978 

3 .  613 

2. 259 

3 .  910 

70 

3. 625 

413 

1 . 601 

520 

3 .  165 

3 .  025 

1 . 33b 

23.737 

AS-15 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

G ENERPlL S'L'ATEMENT 

The o b j e c t i v e s  of t h e  Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion  program of r e s e a r c h  and development 
a r e  t o  advance our knowledge of t h e  E a r t h ,  i t s  space environment,  and t h e  u n i v e r s e ;  t o  expand t h e  p r a c t i c a l  
a p p l i c a t i o n s  of space technology;  t o  develop,  o p e r a t e  and improve manned and unmanned space v e h i c l e s ;  t o  
provide  technology f o r  improvement of  t h e  performance of a e r o n a u t i c a l  v e h i c l e s  wh i l e  minimizing t h e i r  en- 
v i ronmenta l  e f f e c t s  and energy consumption; and t o  a s s u r e  cont inued  development of the a e r o n a u t i c s  and space 
technology necessary  t o  accomplish n a t i o n a l  goa l s .  These o b j e c t i v e s  are achieved  through the  fo l lowing  
e lements  : 

SPACE FLIGHT: A program t o  p rov ide  a l l  the  t r a n s p o r t a t i o n  and r e l a t e d  suppor t  and c a p a b i l i t i e s  re- 
q u i r e d  t o  conduct space  o p e r a t i o n s .  The major development o b j e c t i v e  i s  t h e  r e u s a b l e  Space S h u t t l e ,  the  
key element of a v e r s a t i l e ,  economical t r a n s p o r t a t i o n  system t o  p rov ide  a wide v a r i e t y  of u s e r s  w i t h  
round t r i p  access  t o  space du r ing  t h e  1980's  and beyond. 

SPACE SCIENCE:  A program u t i l i z i n g  space systems, suppor ted  by e x t e n s i v e  ground-based and a i r b o r n e  
o b s e r v a t i o n s ,  t o  conduct a broad spectrum of s c i e n t i f i c  i n v e s t i g a t i o n s .  The o b j e c t i v e  i s  t o  advance 
our knowledge of t h e  E a r t h  and i t s  atmosphere, the Moon, t h e  Sun, t h e  i n n e r  and ou te r  p l a n e t s ,  i n t e r -  
~ 1 a n e t a r y  2nd intprstellsi- space; and t h e  o t h e r  s t a r s  of our ga laxy  and t h e  un ive r se .  

APPLICATIONS: A program u s i n g  space ,  a i r c r a f t ,  and ground-based systems t o  i d e n t i f y  and demonst ra te  
t h e  u s e f u l  a p p l i c a t i o n  of space  techniques  i n  the  a r e a s  of e a r t h  r e s o u r c e s  d e t e c t i o n  and moni tor ing ,  
e a r t h  dynamics moni tnr tng  and f o r e c a s t i n g ,  Ocean c o n d i t i o n  moni tor ing  and f o r e c a s t i n g ,  environmentai  
q u a l i t y  moni tor ing ,  weather and c l i m a t e  obse rva t ion  and f o r e c a s t i n g ,  m a t e r i a l s  p rocess ing  i n  space ,  and 
space communi.catim!s. 

AEXc???ACTICS AX! SPACE TECE?QL!XET: 4 p r ~ g r a m  tc a c q u i r e  the fvndamental knowledge  and to develop t h e  
technology needed t o  ma in ta in  United S t a t e s  l e a d e r s h i p  i n  a e r o n a u t i c s  and space.  

ENERGY TECHNOLOGY APPLICATIONS: A program t o  a s s u r e  t h a t  n a t i o n a l  energy technology programs r e c e i v e  
the maximum b e n e f i t  from NASA-developed a e r o n a u t i c s  and space technology. 

SUM 1 



T R A C K I N G  AND DATA A C Q U I S I T I O N :  A worldwide program t o  suppor t  deep space,  e a r t h  o r b i t a l ,  s u b o r b i t a l ,  
and a e r o n a u t i c a l  programs. 

TECHNOLOGY UTILIZATION: A program t o  a c c e l e r a t e  t h e  d i s semina t ion ,  t o  both t h e  p u b l i c  and the  p r i v a t e  
s e c t o r s  of advances achieved i n  NASA's r e s e a r c h ,  technology and development programs. 

SPACE FLIGHT 

Space F l i g h t  a c t i v i t i e s  provide  a l l  t h e  t r a n s p o r t a t i o n  and a s s o c i a t e d  suppor t  and c a p a b i l i t i e s  r e q u i r e d  
t o  conduct space  o p e r a t i o n s .  These a c t i v i t i e s  c u r r e n t l y  focus on t h e  development of the Space S h u t t l e  - -  
t h e  f i r s t  r e u s a b l e  space v e h i c l e ,  and t h e  key element of a v e r s a t i l e ,  economical Space T r a n s p o r t a t i o n  
System t o  p rov ide  domest ic  and i n t e r n a t i o n a l  u s e r s  w i t h  round t r i p  a c c e s s  t o  space f o r  t h e  1980 ' s  and beyond. 

The Space S h u t t l e  i s  t h e  most impor tan t  e lement  of  t h e  Space T r a n s p o r t a t i o n  System. I t s  v e r s a t i l i t y  
and r e u s a b i l i t y  w i l l  open up a new e r a  i n  expanding t h e  uses  of space  f o r  a wide v a r i e t y  of  e a r t h  a p p l i -  
c a t i o n s ,  s c i e n t i f i c ,  de fense ,  and t echno log ica l  a c t i v i t i e s .  The S h u t t l e  w i l l  c o n s i s t  of a r e u s a b l e  d e l t a -  
wing o r b i t e r  v e h i c l e  w i th  t h r e e  main eng ines ,  an  expendable  p r o p e l l a n t  tank ,  and r e u s a b l e  twin s o l i d  
r o c k e t  b o o s t e r s .  The S h u t t l e  w i l l  p rovide  unique c a p a b i l i t i e s  f o r  placement and r e t r i e v a l  of s a t e l l i t e s ,  
i n - o r b i t  s e r v i c i n g  of s a t e l l i t e s ,  and d e l i v e r y  t o  e a r t h  o r b i t  of payloads  and p r o p u l s i v e  s t a g e s  f o r  h igh  
energy and escape  miss ions .  The advent  of r e a d i l y  a v a i l a b l e ,  economical t r a n s p o r t a t i o n  t o  and from low 
e a r t h  o r b i t ,  f o r  automated payloads a s  w e l l  as f o r  s c i e n t i s t s  and o t h e r  personnel  w i thou t  s p e c i a l  f l i g h t  
t r a i n i n g ,  w i l l  r e v o l u t i o n i z e  our concepts  of u s i n g  space  and w i l l  s i g n i f i c a n t l y  expand t h e  r e t u r n s  from 
space  o p e r a t i o n s .  I n  a d d i t i o n  t o  reduced t r a n s p o r t a t i o n  c o s t s ,  s i g n i f i c a n t  s av ings  a r e  a n t i c i p a t e d  i n  
p2171.12d CcStC resu-t~n" F,-,,- rrrn.J-ir ,--..-- -c - - . . i - - ,~-  --a c--- - - ~ - - - - ~ z - -  - c  - - - : - i - -  

r e l i a b i l i t y  c o n s t r a i n t s .  These advantages w i l l  enhance both t h e  f l e x i b i l i t y  and t h e  p r o d u c t i v i t y  of 
space  miss ions  compared t o  e x i s t i n g  expendable launch v e h i c l e s .  

A ~ y - L ~  ULLU ILUDC. VI p a y ~ u a u a  ~ L L U  L L U I U  L C L ~ A ~ L L U L ~  U L  W e L g l l L ,  b i L e ,  dlld 

Dur-xg 1978 t h e  Space C L . . t t l  L ) l l U L L L e  w i l l  be in a c r i t i c a l  phase of deveiopment,  ground cesc ing  and 
atmospheric  f l i g h t  t e s t i n g ,  l ead ing  t o  accomplishment of  t h e  f i r s t  manned o r b i t a l  f l i g h t  i n  1979 and 
i c i t i a l  zperati~nzl c z , p ~ b i ? L t j r  Lr; 1350. X2ii-i p r o p i i l s l ~ i i  sys t em t e s t i n g  w i l l  Le i r l  prvgress ac  c'ne 
Na t iona l  Space Technology Labora to r i e s  i n  M i s s i s s i p p i .  Approach and landing  t e s t s  w i l l  be completed 
gt t h e  5ryde:: ~ l i g f ; :  ~ ,cscarcf ;  C e r , ~ e r  ifi ~ a ? L f o r n L a .  Tht: o r b i t e r  used  i i i  t l l u s e  L ~ S L ~  will ilieii be trails- 
po r t ed  t o  t h e  Marsha l l  Space F l i g h t  Center  i n  Alabama t o  be mated w i t h  t h e  e x t e r n a l  tank  and s o l i d  
r o c k e t  b o o s t e r s  f o r  t o t a l  system ground v i b r a t i o n  t e s t s .  The second o r b i t e r  w i l l  be i n  f i n a l  assembly 
l ead ing  t o  d e l i v e r y  t o  t h e  Kennedy Space Center  i n  F l o r i d a  i n  p r e p a r a t i o n  f o r  t h e  f i r s t  manned o r b i t a l  
f l i g h t  i n  1979. Product ion  a c t i v i t i e s  w i l l  be i n i t i a t e d  on t h r e e  a d d i t i o n a l  o r b i t e r s  t o  p rov ide  a t o t a l  
n a t i o n a l  f l e e t  o f  f i v e  o r b i t e r s .  
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Other a c t i v i t i e s  r e l a t e d  t o  t h e  e s t ab l i shmen t  of t h e  Space T r a n s p o r t a t i o n  System o p e r a t i o n a l  c a p a b i l i t y  
w i l l  a l s o  i n t e n s i f y  i n  r'i 1978. The Space lab ,  which w i l l  be  a m l t l p u r p o s e  l a b o r a t o r y  c a r r i e d  i n  t h c  1a rgc  
ca rgo  bay of t h e  Space S h u t t l e ,  w i l l  a l l o w  s c i e n t i s t s ,  r e s e a r c h e r s ,  and t e c h n i c i a n s  t o  conduct t h e i r  ex-  
per iments  i n  t h e  unique environment of space .  
European Space Agency, w i t h  t e n  European n a t i o n s  p a r t i c i p a t i n g  i n  t h e  Spacelab development. The I n t e r i m  
Upper Stage (IUS) be ing  developed by t h e  U.S.  A i r  Force w i l l  be used t o  deploy  S h u t t l e  launched payloads 
t o  high energy and escape  o r b i t s .  
sma l l e r  payloads t o  geosynchronous o r b i t s  which do n o t  r e q u i r e  t h e  I U S  c a p a b i l i t y .  
a c t i v i t i e s  r e l a t e d  t o  t h e  Space T r a n s p o r t a t i o n  System inc lude  ground suppor t  and c o n t r o l  equipment, mult i , -  
u se  miss ion  support  equipment, t r a i n i n g  equipment,  and long- lead  t i m e  i t e m  procurement t o  provide e x t e r n a l  
t anks  and s o l i d  rocke t  b o o s t e r s  f o r  e a r l y  o p e r a t i o n a l  miss ions .  

The Spacelab i s  be ing  designed and b u i l t  f o r  NASA by t h e  

NASA i s  p rov id ing  f o r  development of t h e  sp inn ing  upper s t a g e  t o  d e l i v e r  
Other space f l i g h t  

FY 1978 Space F l i g h t  a c t i v i t i e s  a l s o  inc lude  expendable launch v e h i c l e s  f o r  automated p r o j e c t s .  Launch 
v e h i c l e  hardware and s e r v i c e s ,  a s  w e l l  as eng inee r ing  suppor t ,  a r e  be ing  provided .  

SPACE SCIENCE 

The Space Sc ience  program u t i l i z e s  space  systems,  supported by a i r b o r n e  and ground-based obse rva t ions ,  
t o  conduct s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  E a r t h  and i t s  atmosphere,  t h e  Moon, t h e  Sun, t he  inne r  and 
o u t e r  p l a n e t s ,  and i n t e r p l a n e t a r y  and i n t e r s t e l l a r  space ,  a s  w e l l  a s  t h e  o t h e r  s ta rs  of our galaxy and 
un ive r se .  The r e s u l t s  from t h e s e  i n v e s t i g a t i o n s  s i g n i f i c a n t l y  c o n t r i b u t e  t o  our  unders tanding  of t h e  
u n i v e r s e ,  i nc lud ing  t h e  phenomena t h a t  have such a profound e f f e c t  on l i f e  and environment on Ea r th .  

The Sun e x e r t s  a pr imary i n f l u e n c e  on t h e  E a r t h .  A series of O r b i t i n g  S o l a r  Observa tory  (OSO) miss ions ,  
i n c l u d i n g  t h e  O S O - 8  miss ion  launched i n  June  1975, has  been c a r r i e d  ou t  t o  s tudy  s o l a r  phenomena. The 
d i s c o v e r i e s  from t h e s e  miss ions  and from t h e  experiments  flown on Skylab  p rov ide  t h e  foundat ion  f o r  t h e  
S o l a r  Maxlmm MissLon ( s m >  c u r r e n t l y  under development. The S m  w i l l  p rov ide  s c i e n t i s t s  wi th  t h e  
oppor tun i ty  t o  s tudy  t h e  Sun, i n c l u d i n g  s o l a r  f l a r e s  and o the r  phenomena, du r ing  t h e  n e x t  per iod  o f  peak 
s o l a r  ----. 9 r t - i ~ ~ ;  & t T r  -, 1478-8?. 

Development of t h e  Space Telescope i s  planned f o r  i n i t i a t i o n  i n  FY 1978. This  mul t ip le -purpose  t e l e -  
scope w i l l  be launched by t h e  S h u t t l e  i n  1983, and w i l l  serve as an  astronomy obse rva to ry  i n  space f o r  
over  a decade. The Space Telescope w i l l  c a p i t a l i z e  on t h e  unique environment of space ,  above the  
obscur ing  e f f e c t s  of t h e  E a r t h ' s  a tmosphere,  t o  i n c r e a s e  by a hundredfo ld  t h e  volume o r  space a c c e s s i b l e  
f o r  obse rva t ion .  These o b s e r v a t i o n s  w i l l  s i g n i f i c a n t l y  advance our  unde r s t and ing  of t h e  o r i g i n  
and e v o l u t i o n  of t h e  u n i v e r s e  and t h e  energy-genera t ing  mechanisms of  s t e l l a r  systems and o b j e c t s .  
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Work i s  con t inu ing  on t h e  t h r e e  High Energy Astronomy Observa tory  (HEAO) mis s ions ,  planned f o r  launch i n  
1977, 1978, and 1979. These miss ions  a r e  designed t o  e x p l o r e  t h e  h i g h  energy phenomena obse rvab le  w i t h  
X-ray, gamma r a y ,  and cosmic r a y  ins t ruments .  
v i o l e t  and i n f r a r e d  astronomy and the  sun -ea r th  r e l a t i o n s h i p s ,  and on d e f i n i t i o n  of payloads which w i l l  
c a p i t a l i z e  on t h e  unique c a p a b i l i t i e s  of t h e  Space S h u t t l e  and Spacela?.  

Work i s  a l s o  underway on e x p l o r e r  s p a c e c r a f t  t o  s tudy  u l t r a -  

A con t inu ing  goa l  of t h e  Upper Atmospheric Research program i s  t o  understand and e v a l u a t e  p o t e n t i a l  t h r e a t s  
t o  t h e  upper atmosphere.  This  i s  being accomplished through a coord ina ted  program of s h o r t - t e r m  assessment  
a c t i v i t i e s  and t h e  e s t ab l i shmen t  of a long-term b a s i c  s c i e n c e  program. 

A major h i g h l i g h t  of  t h e  1976 a c t i v i t i e s  was t h e  s u c c e s s f u l  l and ings  of Vikings I and 11. Both l a n d e r s  
and t h e  two Viking  o r b i t e r s  are cont inuing  t o  p rov ide  v a l u a b l e  d a t a  concerning t h e  p l a n e t  Mars. The FY 
1978 budget p rov ides  f o r  s tudy  and d e f i n i t i o n  e f f o r t s  on a p o t e n t i a l  nex t  s t e p  miss ion  t o  Mars,  b u i l d i n g  
on t h e  Vik ing  r e s u l t s .  

I n v e s t i g a t i o n s  of t h e  p l a n e t  Venus w i l l  con t inue  w i t h  two Pioneer  miss ions  under development f o r  launch 
i n  1978. 
m u l t i p l e  probes  t o  g i v e  us  our f i r s t  d e t a i l e d  measurements of t h e  dense  Venusian atmosphere.  

One of t h e  mis s ions  w i l l  ga the r  s c i e n t i f i c  d a t a  w h i l e  o r b i t i n g  Venus. The second w i l l  c a r r y  

The He l ios  A and B c o o p e r a t i v e  missions w i t h  West Germany, which w e r e  launched i n  December 1974 and 
January  1976, a r e  con t inu ing  t o  s tudy  t h e  Sun, from a c l o s e r  range  t h a n  ever  before .  

Exp lo ra t ion  o f  t h e  o u t e r  p l a n e t s  i s  proceeding ,  w i t h  t h e  P ioneer  11 s p a c e c r a f t  en rou te  t o  a rendezvous 
wi th  Sa tu rn  i n  1979, and Pioneer  10 on i t s  way t o  be ing  t h e  f i r s t  s p a c e c r a f t  t o  escape  our s o l a r  system. 
Two Mariner Jup i t e r ISaLurn  miss ions  are under development f o r  launches  i n  1977. I n i t i a t i o n  of develop-  
ment f o r  t h e  J u p i t e r  O r b i t e r / P r o b e  m i s s i o n  i s  p l a n n e d  for FY 1978.  T h i q  missinn w i l l  condvct eutensix.~e 
e x p l o r a t i o n  of J u p i t e r  by sampling i t s  atmosphere w i t h  an in s t rumen t -bea r ing  probe ,  o b t a i n i n g  d a t a  on t h e  
p l a n e t ' s  magnetosphere and atmosphere,  and observ ing  t h e  J o v i a n  s a t e l l i t e s .  

New d a t a  on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  Meen c o n t i n u e  t o  be ga thered  by t h e  ),poll= Lunar ~ u r f a c c  
Experiment Packages.  
d a t a  acqui red  f r o m  i i m a r  f i  i ght  ?roerams, ground-based observa t ions ,  ~ a t r o r a t e r ) ~  Fnx.Test-gatiens , 2nd l unar  
sample s t u d i e s .  

A concen t r a t ed  s c i e n t i f i c  e f f o r t  i s  underway t o  ana lyze  and i n t e r p r e t  t h e s e  and o ther  

The L i f e  Sc iences  r e s e a r c h  and development program i s  des igned  t o  provide  a b a s i s  f o r  enhancing p e o p l e ' s  
a b i l i t y  t o  work e f f i c i e n t l y  i n  space ;  t o  develop experiments  and r e l a t e d  equipment t o  be  flown on Spacelab 
miss ions ;  and t o  suppor t  N A S A ' s  e f f o r t  i n  t h e  s e a r c h  f o r  e x t r a t e r r e s t r i a l  l i f e .  The knowledge gained from 
t h e  L i f e  Sc iences  program i s  made a v a i l a b l e  t o  t h e  s c i e n t i f i c  and t e c h n i c a l  community f o r  a p p l i c a t i o n  and 
advancement of  medical  r e s e a r c h ,  educa t ion ,  and technology.  
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APPLICATIONS 

The objective of the Space Applications program i s  to conduct research and development activities that 
demonstrate the applications of space-related technology, systems and other capabilities which can be 
applied in the Eon-space related sector fer ~ r a c t i c i l  benefits here on Earth. These activities are 
grouped in the following areas: Earth Resources Detection and Monitoring, Earth Dynamics Monitoring 
and Forecasting, Ocean Condition Monitoring and Forecasting, Environmental Quality Monitoring, Weather 
and Climate Observation and Forecasting, Materials Processing in Space, Space Communications, and Appli- 
cations Explorer Missions. 

In the Earth Resources area, Landsats 1 and 2 are continuing to return valuable data from orbit. Appli- 
cations Transfer and Demonstration activities are in progress to demonstrate to the user community that 
remotely obtained data, from satellites and aircraft, provide new capabilities to supplement and extend 
existing data-gathering capabilities. The most significant of these demonstrations is the Large Area 
Crop Inventory Experiment, an experiment using Landsat data to determine wheat production over the North 
American continent with extension to the entire world. Landsat-C, currently under development, and 
scheduled for launch readiness in late 1977, will provide thermal infrared data and greater resolution, 
as well as continuity of experimental data after Landsats 1 and 2 cease to operate. The development of 
the Thematic Mapper, initiated in FY 1977, will provide a powerful instrument with significantly greater 
spectral coverage and resolution than are currently available. The FY 1978 budget provides for initiation 
of the Landsat-D project, which will carry the Thematic Mapper and will test a total data acquisition, 
processing, dissemination and analysis system. The Landsat-D project promises to open up new uses of 
Landsat data and to enhance current uses in such areas as mineral and petroleum exploration, worldwide 
crop inventories, and land and water inventory applications. 

Earth Dynamics Monitoring and Forecasting efforts are directed towards observing the physical charac- 
teristics and dynamic motions of the earth, to contribute to improvements in our knowledge of the earth’s 
gravity and magnetic field, of geodetic surveying and control techniques, and our knowledge of earth- 
quake mechanisms. 
dynamics Satellite and accurate ground instruments, is in progress. The motions of these large solid 
ylaccD a L c  U l L F :  V I  Lllc L a u s r ~  of se.iiei-t: t:ai-t:iqudlKes. 
Applications Explorer, is expected to advance our knowledge of the earth’s magnetic field and geologic 
structure with potential benefits in location of mineral resources. 

Validation of techniques for measuring tectonic piate motions; using t h e  Laser Gen- 

, . l . .tr,” ..,-e - F  +L- -....-- 7. uaia iu be provided by iviagneric Fieid satei ii tej a n  

Ocean Condition Monitoring and Forecasting involves sea state conditions, current systems and ocean 
circulation patterns which have important implications for ship routing, offshore activities, fishing, 
and weather forecasting. Data on the sea surface topography are currently being acquired with the Geo- 
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dynamic Experimental Ocean Satellite (GEOS-3), launched in 1975. Seasat-A, which will offer extensive 
capability for observing and monitoring ocean conditions, i s  n n d e r  development for launch iri 1978. 

The Environmental Quality Monitoring program has as its objective the development and demonstration of 
systems for identifying and measuring pollutants in the air and water on global and regional scales. A 
major step forward in this area will occur in 1978 with the launch of the NIMBUS-G satellite currently 
under development. Significant data will also be obtained by the Stratospheric Aerosol and Gas Experiment, 
an Applications Explorer, which will fly a single instrument to detect and map stratospheric aerosols and 
gas concentrations to complement the data to be acquired by NIMBUS-G. 

The Weather and Climate Observation and Forecasting program focuses on the application of satellite data 
to the detection, prediction, and early warning of  severe storms and to the improvement of our capability 
for mid-range and long-range weather prediction. The atmospheric processes associated with severe storms 
and daily weather and climate require a variety of approaches, including ground based research and satellite 
systems, to develop data and techniques for better forecasts. Development of a prototype third generation 
weather satellite, TIROS-N, is in progress with launch planned for 1978. Preparations for NASA parti- 
cipation in the first Global Atmospheric Research Program experiment, to be conducted in 1978-1979, are 
also underway. 

The objective of the Materials Processing in Space program is to exploit the special characteristics of 
the space environment to prepare and process materials in ways that are not possible or economically 
practical on earth. The eventual benefits of the program are expected to include new knowledge of materials 
and technology improvements directly applicable to industrial and biomedical processes on the ground, as 
well as to the production of unique new products in space. In FY 1978 studies will continue on the ground 
and using s o ~ ~ d t ~ g  r c c k e t  missis~s. Eevcloperi t  will be ltiiiiaieci vn experiments to take advantage of the 
unique capabilities of the Shuttle and Spacelab. 

The NASA effort in Space Communications is directed toward developing and demonstrating advanced tech- 
nology, and providing expert advice and consultation on communications sateilites to various Government 
departments and agencies. The highly successful series of Applications Technologv Satellites and the 
cooperative U.S./Caaadian Satellite (CAS-C) will i o i l i i r i ue  t u  be used by various domestic and international 
experimenters to demonstrate innovative application of communications satellites. A significant effort 
vi?? 3e  andertakeii t o  p r o v i d e  tecliiiicai cunsuiEacion and support in preparation for the 1979 World Adnin- 
istrative Radio Conference. 

An important new initiative in FY 1978 is a cooperative program with Canada that will lead to demon- 
stration of a satellite-aided Search and Rescue System. The Search and Rescue System will employ 
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sensitive receivers and high gain intemac to be carried en operaticma? polar-orbiting meteorological space- 
craft to demonstrate the feasibility of obtaining a significant increase in the capability to detect and 
locate distress signals from general aviation aircraft and marine vessels. 

The Applications Explorer Missions program consists of relatively low cost Scout-launched spacecraft 
tailored to specific requirements. Missions under development include the Heat Capacity Mapping Mission, 
which will obtain temperature and heat retention data for applications to mineral-potential assessments, 
studies of soil moisture, mapping of thermal effluents, measurement of plant canopy temperature, and 
mapping of snow coverage; the Stratospheric Aerosol and Gas Experiment, which will help develop measure- 
ment techniques for the detection and mapping of aerosols and ozone; and the Magnetic Field Satellite, 
which will map the magnitude and direction of the earth's global magnetic field with improved accuracy. 

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 strong com- 
petitive position 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, pro- 
pulsion, avionics, aerodynamics and human-vehicle interactions to provide advanced technology to meet 
LLLC L U L U L ~  needs ui c i v i l  aviation. ine programwiii continue to focus on developing the technology to 
improve performance, reduce energy requirements, enhance operating efficiency, reduce undesirable environ- 
mental 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. 

-1 LL - c.. L .--- - 

In F"r' 1978, the program piaces major emphasis on the aircraft energy efficiency technology efforts with 
initiation of the second phase of activities on an energy efficient engine and energy efficient transport 
and F n l t i a t i u r i  01 a sysrrems cechnoiogy effort on an advanced turboprop. 

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. 
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Research and technology e f f o r t s  w i l l  be  maintained i n  t h e  a r e a s  of m a t e r i a l s ,  s t r u c t u r e s ,  fundamental 
e l e c t r o n i c s ,  guidance and c o n t r o l ,  in format ion  systems, chemical  and e l e c t r i c  propuls ion ,  energy systems 
and aerothermodynamics. 
and t o  i d e n t i f y  and e v a i u a t e  t h e  technology requirements  of f u t u r e  miss ions .  Systems Technology e f f o r t s  
w i l l  cont inue  toward ex tending  t h e  temperature  l i m i t s  f o r  composite m a t e r i a l s  t o  a l low t h e i r  u s e  on advanced 
space t r a n s p o r t a t i o n  systems;  provid ing  a "no-moving-part" d a t a  s t o r a g e  system f o r  aerospace  v e h i c l e s ;  de- 
ve loping  mul t ipurpose  u s e r - o r i e n t e d  sof tware  technology t o  reduce  f u t u r e  sof tware  development c o s t s ;  and 
demonstrat ing the  technology r e a d i n e s s  of an advanced p l a n e t a r y  o r b i t e r  s p a c e c r a f t  p ropu l s ion  system. 
the  Space Technology Payloads a r e a ,  t h e  FY 1978 budget provides  f o r  con t inu ing  and expanding e f f o r t s  on 
t h e  d e f i n i t i o n  and development of space technology experiments  and equipment designed t o  c a p i t a l i z e  on 
t h e  c a p a b i l i t i e s  of t h e  S h u t t l e  and Spacelab.  I n  t h e  Low Cost Systems a r e a ,  t h e  primary emphasis w i l l  
cont inue  t o  be on t h e  development and improvement of v a r i o u s  s t a n d a r d  s p a c e c r a f t  components t o  f u r t h e r  
reduce t h e  o v e r a l l  c o s t  o f  space systems. 

Systems S tud ie s  w i l l  be pursued t o  i n v e s t i g a t e  f u t u r e  space mission a l t e r n a t i v e s  

I n  

ENERGY TECHNOLOGY APPLICATIONS 

Energy technology i d e n t i f i c a t i o n  and v e r i f i c a t i o n  e f f o r t s  i n  NASA a r e  p r i m a r i l y  d i r e c t e d  toward iden-  
t i f y i n g  t h e  technology developed i n  t h e  ae ronau t i c s  and space  program which has  p o t e n t i a l  f o r  making major 
c o n t r i b u t i o n s  t o  t h e  s o l u t i o n  of energy problems on e a r t h  and suppor t ing  t h e  programs undertaken by o t h e r  
agencies  t o  develop s p e c i f i c  a p p l i c a t i o n s  such a s  pho tovo l t a i c s  ( s o l a r  c e l l s ) ,  s o l a r  h e a t i n g  and coo l ing ,  
and e l e c t r i c  power gene ra t ion  by wind power. NASA i s  a l s o  conduct ing  t e c h n i c a l  s t u d i e s  t o  d e f i n e  a 
f e a s i b l e  s o l a r  s a t e l l i t e  power system. NASA w i l l  cont inue  t o  make i t s  c a p a b i l i t i e s  and f a c i l i t i e s  a v a i l -  
a b l e  t o  ERDA and o t h e r  agenc ie s ,  as r eques t ed ,  t o  accomplish energy technology a c t i v i t i e s  on a re imbursable  
b a s i s .  

TRACKIP!G AND DATA A C Q U I S I T I O N  

-1 i n i s  program p rov ides  f o r  con t inua t ion  of  t r ack ing  2nd data acqutsition s u p p o r t  f o r  e a r t h  o rb i t i i l g  
s p a c e c r a f t ,  p l a n e t a r y  mis s ions ,  sounding r o c k e t s ,  and r e s e a r c h  a i r c r a f t .  This  suppor t  i s  provided by a 
worldwide network of  NASA g ro~nc!  s t a t i c n s ,  afi i n s t r u m ~ n t a t t a n  sh ip ,  ai;S Liiatrurrented a i r c ra iL  i n i e r -  
connected by a h igh ly  r e l i a b l e  communications system which p rov ides  t h e  c a p a b i l i t y  f o r  i n s t an taneous  
t ransmiss ion  of d a t a  and c r i t i c a l  commands between s p a c e c r a f t  and t h e  f l i g h t  c o n t r o l  c e n t e r s .  
a r e  a l s o  provided t o  p rocess  i n t o  meaningful form the  l a r g e  amounts of s c i e n t i f i c ,  a p p l i c a t i o n s ,  and 
engineer ing  d a t a  which are c o l l e c t e d  from f l i g h t  p r o j e c t s .  

F a c i l i t i e s  

SUM 8 



The FY 1978 suppor t  workload w i l l  remain h igh ,  w i t h  t h e  S p a c e f l i g h t  Tracking and Data Network suppor t ing  
an average  of approximately 50 e a r t h  o r b i t a l  s c i e n t i f i c  and a p p l i c a t i o n s  s p a c e c r a f t  and t h e  Deep Space 
Network suppor t ing  a f u l l  complement of  p l a n e t a r y  miss ions .  
S p a c e f l i g h t  Tracking and Data Network i n c l u d e  t h e  High Energy Astronomical  Obse rva to r i e s ,  t h e  I n t e r n a t i o n a l  
U l t r a v i o l e t  Exp lo re r ,  Seasat-A, t h e  Heat Capac i ty  Mapping Miss ion ,  Landsat-C, Nimbus-G, and many o t h e r  
i n t e r n a t i o n a l  miss ions  and miss ions  of o t h e r  U.S. agenc ie s .  The S p a c e f l i g h t  Tracking and Data Network 
w i l l  a l s o  be suppor t ing  t h e  S h u t t l e  approach and l and ing  tes ts .  
Deep Space Network i n c l u d e  t h e  Viking extended mis s ion  and t h e  Mariner  J u p i t e r / S a t u r n  mis s ions  i n  1977, 
a s  w e l l  a s  t h e  P ioneer  Venus miss ions  i n  1978. 

Upcoming miss ions  t o  be suppor ted  by t h e  

Add i t ions  t o  t h e  suppor t  workload of t h e  

A major a s p e c t  of t h e  Tracking and Data A c q u i s i t i o n  program i n  f u t u r e  y e a r s  w i l l  be t h e  Tracking and Data 
Relay S a t e l l i t e  System (TDRSS), which w i l l  suppor t  e s s e n t i a l l y  a l l  e a r t h  o r b i t a l  s p a c e c r a f t  miss ions  and w i l l  
g r e a t l y  improve N A s A ’ s  e a r t h  o r b i t a l  t r a c k i n g  and d a t a  a c q u i s i t i o n  c a p a b i l i t i e s .  NASA w i l l  a c q u i r e  t h i s  cap-  
i b i l i t y  through an  arrangement under which t h e  c o n t r a c t o r  w i l l  e s t a b l i s h  t h e  system and provide  NASA w i t h  
TDRSS s e r v i c e s  beginning  i n  FY 1980. 

TECHNOLOGY UTILIZATION 

The o b j e c t i v e  of  t h i s  program i s  t o  a c c e l e r a t e  and expand t h e  a p p l i c a t i o n  and use of aerospace-developed 
technology i n  t h e  p r i v a t e  and pub l i c  s e c t o r s .  

SUM 9 



NATIONAL AERONAUTICS AND SPACE A D M I N I S T R A T I O N  

PROPOSED A P P R O P R I A T I O N  LANGUAGE 

Federal Funds 

General and special funds: 
RESEARCH AND DEVELOPMENT 

For necessary expenses, not otherwise provided for, including 
research, development, operations, services, minor construction, 
maintenance, repair, rehabilitation and modification of real and 
penonal property; tracking and data relay satellite servioea M au- 
thorized by law, and purchase, hire. maintenance, and operation’ 
of other than administrative aircraft, necessary for the Conduct 
and support of aeronautical and space research and development 
activities of the National Aeronautics and Space Administration, 
[%2,761,425,000] $~,Oll,OOO,OOO, to remain available until ex- 
pended. (4s U.S.C. 8461, el aeq., Department Houeng a d  Urban 
Development-Indepeirdenl Agencies Appropriat ion Act, 1977: addi-  
tional authorizing legislalion to be proposed.) 

SUM 10 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

R E S E . E C E  ... YE D E r E L o r r E s T  

Program and Financing (in thousands of dollars) 

- 
Budget plan 

Identifration code (amounts for research and Costs and obligations 
(10-0108-0-1-939 davelopment actions programed) 

1976 actual TQ actual 1977 estlmatt 1978 estlmate 1976 actual TQ actual 1977 estimate 1978 tstlmate 

P r s i r a m  by actlvlt les: 
Diect  program: 

I.  Soace t l i ih t  
1.206 ODD 
188 674 
95,900 

321.000 
0.400 
24,900 

1,288.1w 
202,200 
91,800 

1.349 200 
267,800 
81.600 

1,165,905 
226 644 
87.671 

'(a) Spice shunle ................................. 
(b) Space Right operations . . . . . . . . . . . . . . . . .  
(c) Expendable launch vehicle development and supwR ..... 

2 Sc,ent,flr I"YeSll lat l0"l  I" roace- 

331,253 1.288. OW 1. 354,3oC 

26,031 92,300 9!. 600 
51,472 216, ooo 260, in0 

48,80C 
73 564 
5:136 

48.500 
19,300 
43 800 

I.  500 

187.100 
217.100 
22,125 
211,810 
82.000 
190 100 

6,000 

.... ~ ~ . . ~  
~ s~ ~ 

(a) P n , r t r a i i  a s r o m r ,  . . . . . . . . . . . . . .  
( 0 )  ."?at an7 planela,) eiplo.at o n  . . . . . . . . . .  
( ( J  L ~ C  I( rn:es 

3 Spare 6p?..:al OPI . . . . . . . . . . . . . .  
4. S c a x  'rrea'ch an0 lwnnoloa. ... 

. . . . .  
251, IC0 
162 000 
33,300 
243, 000 
97,700 
231,000 
4,500 

1E2.662 
304,907 
18.040 
203, 175 
78,724 
175,339 
4,902 

44,432 171 800 241.4W 
€8 5C7 242,200 163.800 
5,734 21, 000 30,604 

60.087 223, 600 233, 300 
20 503 80,500 91, IPO 
44.224 192,000 2i5.000 

66.621 2,004 261,000 1,600 280.W 7. eoo 
721,958 2,006,000 2,974, ZW 

1.090 6, OW 5,200 

~_ -__ ___ 
-___ -__ -__- __ ____ 

5. Aeronautical research and t ihnology ....................... 
6. Energy technology a p p l c a t m ~ ~  ......................... 
7. Supporting acttvcties 

a) Tracking and data acquishon..~ ...................... 
i b >  Technoloav utilization ............................... 

240 800 
7.5W 

63,400 
2.000 

255,000 
8 100 

281,700 
8.100 

263,766 
7 211 -__ 

Total direct program wsts, lunded ................. 2,677,380 700,600 
~ _ __  __ ~- 

Reimbursable program: 
1. Space Right 

2. Scientific investigations in space. 

...................................... 250 (a) Space shunie 10 
(b) Space night operations .............................. 5,291 1.420 

(a) Phvsicr and astronomv ............................. I1 859 s 

2,718,946 

10 
4,782 

250 250 
4,620 4,700 

9,310 1:200 
20 ~. . 

60 60 
1L. 120 15.950 
98 700 143,000 

213,350 186. iio 

............ 410 
1.618 6.750 

1, 349 5.9M 
56,395 65 214.570 30 

281 620 
3,871 22.950 
9,351 09,930 

27 3.720 
1,197 6.620 

74,154 351.500 

796.112 3.157.5W 
-45.977 268.417 

750. 135 3,425,917 

_____ __ - _ _  
~ 

~~ ~~~~ ~ 

260 
1.720 

4,830 
lo 

197,200 
60 

18. I80 
128,420 

3,260 
6,260 

361.200 

7, 329 
113 

193,729 
I 102 

21,607 
16,356 

88 ......... (ti Loth xiences .............................. 
3. Space applications ............................ 15&. 7% 34 124 
4. Space research anc tecnnology .................. 1.406 -1 231 
5. Aeronautical research and technology ....................... 20 503 2 851 
6. Enerav technolciv a@31icatvans. ............................ 35.401 1'J 016 
7. Supporting 2r1,*11105 

(a) Track#,#/ and data acquisition ......................... 87 I 127 
..................... 4,962 1,059 (b) Tecnnology ut~ l izat~on 

Total reimbursable program w s t r  ................... 239 155 48 630 

Total program costs, lunded ...................... 2,916,535 749.230 
Change in  selected iesnurces (undelivered orders and *res) ............................. 

- ~. 

___ - ___. ~ 

]OW Total . . . . . . . . . .  2,916, 535 749, 230 

3 570 3.300 
.-, W3 6,600 

~ _ _  
~~ 351, ~~~~ ssr X I  2% 

...... 
3.112.925 3.:.'.iCO 

. . . . . . . . . . . . . . .  

3,112,925 3.372. ?no 

728 
3,659 

249,415 

2 968 361 
-21.308 

2,947, F53 
~~~ 

3.335, 400 
36,800 

3, 372, 2 M  
~ ~ ~- 

Fln.ncln~~ 
Offrettiig w~iections from: 

11.00 Federal lurds ......................................... -113.116 -25.87: -197,431 -247,582 
14.00 Nom-Federalsources . . ~ ~ . ~ .  ~ ~~ ~ ~ ~ ~ ~ .~~ ~ ~ . -126,039 -22,758 -154,069 -113,618 
21.W Unoblirated balance available start of oeriod For ComDletmn of o n o r  

-113, 116 
-126,039 

-235,322 - 110,033 

191. 138 
122,800 

-25.872 
-22,758 

-191.938 
-122,800 

216,709 
96.283 

941 

-197.431 -247,582 
-154,069 -113,618 

-2i6.m ............. 
-96,283 ............. 

p i i o d  budget plans. 
Direct.. ............................................................................................ 

24, oo ""~;lhin;;ry~M";e a"a;labl;[mn~~ 0, peilod io, ;nmpiet~~nof P [ ~ ,  ................................................ 

oerlod budnet olanr _ .  Diiect. . . . .  ................................................................. 
Reimbursable ................................................ 

25.00 Unobligated balance lapr in i  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

......................... 

...................... 

................... 

Relation 01 obl.gations lo outlajs: 
71.03 Obligationi tncuried, net ..................................... ......................... 2,707,898 701.504 3,014,417 3.011.0W 
72 00 Oblkated balance,rtartof pr i iod.~.  ............................ ..................... 731,653 690.742 661.556 999.073 

............................... - - ~ Y u . , w  -6Ot,a50 -949.0i3 - i , G % , X  ---- il.00 i m g a t e o  oaiance ena 01 p e r m . .  ....................................... 

90.W Outlays .......................................................................................................... 2,748,8% 730,690 2,136,900 2.923.300 

Note.-Reconciliation of budget plan to obligations: 
1971 1978 1976 TQ 

actual  actual ertimate er t lmate 

Deduct port ionof budget planto beobligaltdinsubse~uantpariod ~.... 152, 724 107,932 .... 
Add obligations of prior period budgut plans ........................ 183.242 108,837 312,~9?% ::::::::: 
Total budget plan ............................................. 2,916,535 749 230 3,112,925 3,372,200 

TOW 0bIiga0oui ......................................... 2,947,053 750,135 3,425.917 3,312.200 
__ -- 
~ _ _  .. ~ ~-.  - -~ -  

~ __ __ -- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RE SEARCH AND DEVELOPMENT 

BUDGET PLAN SUMMARY 

T r a n s i t  i on  
Quar t e r  

(Thousands of  D o l l a r s  ) 
FY 1978 FY 1977 FY 1976 

Code SPACE FLIGHT.............. ................. 1,560,574 406,500 1,668,700 1,753,500 
253 Space s h u t t l e . . .  ......................... 1,206,000 321,306 1,318,100 1,349,200 
253 Space f l i g h t  o p e r a t i o n s . .  ................ 188,674 48,400 199,200 267,800 
253 Expendable launch v e h i c l e s . .  ............. 165,900 37,100 151,400 136,500 

- 

SPACE SCIENCE.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  434,126 116,400 380,325 405,700 
254 Phys ics  and as t ronomy. . . . . . . . . . . . . . . . . . .  . 159,300 43 , 500 166,300 224,200 

254 L i f e  sc i ence . .  ........................... 20 , 576 5,436 22,125 33,300 
254 Lunar and p l a n e t a r y  e x p l o r a t i o n  .......... 254 , 250 67,464 191,900 148,200 

APPLICATIONS.... . . . . . . . . . . . . . . . . . . . . . . . . . . .  178,230 47,700 198,200 228,800 
254 Space a p p l i c a t i o n s  ....................... 178,230 47 , 700 198,200 228,800 

AERONAUTICS AND SPACE TECHNOLOGY........... 250,250 63,100 272,100 328,700 
405 Aeronau t i ca l  r e s e a r c h  and technology ..... 175,350 43,800 190,100 231,000 
254 Space r e s e a r c h  and technology ............ 74 , 900 19,300 82,000 97,700 

254 ENERGY TECHNOLOGY APPLICATIONS............. 5.900 1,500 6,000 4 ; 500 
~~~~ 

............ 281,700 255,000 2 5 5  'llRACKING AND DATA ACQUISITION.. 240,800 63,400 

8,100 2 5 5  TECHNOLOGY UTILIZATION ..................... 7,500 2,000 8,100 

TOTAL..................... ............. 2.677.380 700.600 2.788.425 3.011 .OOO 

SUM 1 2  
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!,677,380 
700,600 

!,788,42!i 
1,011.000 

-_ 
91,746 194,219 14,308 139.572 20,580 151,364 167,004 

4,239 32,693 6,378 44,798 38,185 
192,086 17,078 114,698 22,237 149,021 156,303 103.084 
175,248 18,615 110,472 19,085 173,428 151,110 111,415 

997,169 104,066 419,995 10,761 366,596 
244,674 31,835 122,108 3,447 96.971 54,064 
995.139 148,415 485,964 12,854 391,546 

21,208 

973,908 206,430 587,510 10,300 473,479 

E- 
-.--I- 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1978 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL PERIOD 
(Thousands of Dol la r s )  

Na t iona l  Drydm 
Johnson Kennedy Marsha l l  Space Goddard Jet  Wallops Ames Fliglkt l a n g l e y  Lewis 

Space Space Space F l i g h t  Technology Space F l i g h t  Propuls ion  F l i g h t  Research Reseaych Research Research NASA 
______ Cente r  Cen te r  Center Labora to r i e s  Cen te r  Laboratory Center Cen te r  Cen tc r  Center Cen te r  Headquarters TOTAL ___ 

L ,560 ,1>74 
406,1100 

1 ,668 ,j 00 
I,753,1!00 
___ 
L ,206 ,COO 

321 ,COO 
,318,100 
,349,200 

188,674 
48,400 

199,200 
267,eOO 

165,900 

151,400 
136,500 

37,100 

OFFICE OF SPACE FLLGB, 
TOTAL 1976 

TO 
16,779 

940,803 147,650 417,050 12,204 38,500 475 100 275 1 , 2 I 9  11,415 78,724 20,265 
912,981 205,480 481,980 9,950 49,950 630 100 380 1,2C10 16,070 49,200 25,580 

21-2 10,913 97,732 
2(10 3,452 22,185 

945,237 103,291 335,483 10,097 38,495 821 10 1,474 
233,768 31,740 98,920 3,300 8,807 245 3 170 3,710 

1977 
1978 

Space s h u t t l e  1976 
TQ 

1977 
1978 

849,990 49,925 
208,245 20,400 

780,600 133,500 
837,803 88,800 

292,015 
88,700 

374,300 
418,400 

43,468 
10,220 
42,750 
63,580 

_ _ _  
- _ _  
.-- 
._- 

2,800 
700 

5,700 
3,800 

7,297 
2,600 
6,504 
6,150 

.__ _ _ _  _ _ _  _ _ _  

189 _ _ _  _ _ _  _ _ _  
850 
360 
900 
550 

37,456 

37,600 
49,400 

8,447 

7 60 24 2 _ _ _  2CO 
150 1,239 
__. 1,200 

714 _ _ _  
170 _ _ _  
125 _ _ _  
380 .-- 

150 
27 

115 
100 

307 
28 

700 
270 

10 ,456  
3 , 3 9 7  

10,600 
15,700 

_ _ _  9,929 _ _ _  2,728 

_ _ _  11,600 

255 2,414 
285 669 
200 2,896 
200 3.480 

_ _ _  9,993 

Space f l i g h t  ope ra )  i o n s  1976 
TQ 

1977 
1978 

Expendable launch 
vehicles 1976 

TQ 
1977 
1978 

95,247 37,301 
25,523 8,300 

103,000 41,650 
132,380 60,180 

_ - _  16,065 
_-. 3,040 
_- -  17,200 
_ - -  11,800 

97,477 4,436 
21,900 313 
78,524 7,376 
49,000 10,500 

OFFICE OF SPACE S C I & m ,  
TOTAL 1976 

TQ 
1977 

434,126 
116,430 
380,325 
405,730 

18,127 
3,670 

18,324 
22,808 

73,438 
20.458 

- -_  65,184 100,463 3,945 76,792 10) 50,326 100 45,596 _ _ _  15.789 _ _ _  10.426 _ _ _  18.300 26.746 1.075 19.936 
55 

60 
200 

_ _ _  
50 ;289 - -_  80;685 82 ;945 5;46n 64;082 10') 25;926 1,510 50 ;936 
79,030 - _ _  96,299 70,368 7,350 57,642 101) 20,468 1,200 50,235 1978 

- ~ ~ _ _  
73,050 - - -  55,620 1,659 3,890 6,115 - - -  1,324 100 16,155 
20,458 - - -  15,029 660 1,064 1,436 _-. bO _ _ _  4,564 
50,289 _ _ _  73,819 5,109 5,457 8,597 461 1,510 19,780 
79,030 _ _ _  92,437 6,625 7,350 12,570 _ -  400 1.200 24,168 

Physics  and astronomy 1976 
rq 

1977 
1978 

Lunar and p l a n e t a r y  
e x p l o r a t i o n  1976 

rq 
1977 
1978 

L i f e  Sc iences  ..976 
TQ 

1.977 
z.978 

159 ,3830 
43,530 

166,330 
224,200 

254,Z'jO 
67,4154 

191 ,900 
148,200 

20 ,576 
5,436 

22,1;!5 
33,300 

___ 

178,2;0 
47,700 

198,200 
228,800 

1,387 
229 

1,278 
420 

10,815 
1,364 
9,516 
7,942 

5,925 
2,077 
7,530 

14,446 
___ 

31,585 
6,650 

32,515 
34,320 

22 _ _ _  9,564 97,306 55 62,103 49,002 _ _ _  25,383 
- -_  _ _ _  3,271 25,693 11 16,628 - .. 15,729 .__ 4,768 
.__ _ _ _  6,866 75,925 11 46,628 . - .. 25 ,$65 _ _ _  27,489 
- - -  _ _ _  3,862 61,843 _ _ -  32,347 -. .. 20,368 - _ _  22,138 

366 - _ _  - -- 1,498 - - -  8,574 100 _ _ _  - _ _  4,058 _ _ _  .-- 393 - - -  1,872 - - _  _ _ _  1,094 _ _ _  _ - -  1,911 _ _ -  8,857 10(1 _._ --_  3,667 
- - _  -_ -  1,900 _ _ -  12,725 100 _ _ _  - - _  3,929 

_ _ _  
_ - -  
- - _  

OFFICE OF APPLICATILX2, 
(Space a p p l i c a  t i o  is) !.976 

TQ 
1.977 
1.978 

5,655 

8,070 

_.. 9,127 3,647 

- - -  9,941 2,269 
_ - -  7 ,340 2,210 

610 6,926 611 88,514 18,109 5,168 8,078 
95 1,924 137 24,451 6,186 1,888 2,065 _-. 2 ,'I67 518 819 

8,770 
605 12,010 600 88,514 30,220 5,950 7,506 
650 19,480 300 120,030 25,100 5,450 4,650 

OFFICE OF AERONAUT1 wAN3_ 
SPACE TECHNOLOGY, =& 1976 

TQ 
250 ,250 

63 ,100 
272 ,100 
328,7CIO 

6,918 1,381 - _ _  2,824 _ _ _  5,393 18,975 

5,418 1.747 _ _ _  4,615 - - -  6,047 21,341 
2,850 _ - -  5,820 _ _ _  7,000 20,500 500 46,900 14,450 128,:.50 95,750 6,580 

470 52,353 17,951 79,2198 64,087 

545 41,935 17,863 101,(139 71,550 
261 - _ _  665 _ _ _  1,376 5,493 250 10,077 5,347 22.1.39 15,208 1,984 

_______ 

1977 
1978 

Aeronau t i ca l  researi:h 
and technology 1976 

TQ 
1977 
1978 

Space r e s e a r c h  and 
technology 1976 

TQ 
1977 
1978 

175,350 
43,8C'O 

190,lCO 
231 ,OCO 

74,900 
19 ,300 

97,700 
82,000 

627 -__ 7 80 - _ _  100 1,295 415 44,132 17,181 62,(,53 45,302 3,465 
186 _ _ _  _ _ -  34 7 235 8,201 5,347 17,536 10,334 1,229 

810 _ - -  750 _ _ _  100 915 490 34,026 17,863 80,255 52,764 2,027 
810 - -_  950 - -_  _ _ -  L ,000 500 37,700 14,250 99,550 72,350 3,490 

_ _ _  85 

7 54 _ _ _  2,044 
176 _ _ _  479 
937 _ _ _  3,865 

2,040 - _ _  4,870 

_ _ _  5,293 17,680 55 8,221 770 17,645 18,785 3,453 
- - -  1,376 5,146 15 1,876 _ - -  4,603 4,874 755 
- -_  5,947 20,426 55 7,909 _ _ -  20,t84 18,786 3,391 _ _ _  7,000 19,500 - - -  9,200 200 28,400 23,400 3,090 

! 3 J w G Y  TECHNOLOGY 
APPLICATIONS 1976 

TQ 
1977 
1978 

5,900 
1,500 
6,000 
4,500 

404 _ _ _  902 
225 - - -  122 

1,300 _ _ _  1,400 
500 _ _ _  600 

OFFICE OF TRACKING Pp"0 
DATA ACQUISITION 1976 

ro 
_ _ _  168,279 52,489 4,700 __. 2,267 _ _ _  - - _  13,065 

_ _ _  177,300 55,300 5,000 _ _ _  3,000 _ _ _  _ -_  14,400 
_ _ _  199,700 57,200 5.200 _ _ _  3,300 _-_ ---  16,300 

_- -  43,909 14,641 1,023 _ _ _  831 - _ _  _- -  2,987 
240,803 

63 ,4083 
255 ,0013 
281 ,700 

__- 

7 ,501) 

8,100 
8,100 

2 ,000 

1977 
1978 

OFFICE OF TECHNOLOGY 
UTILIZATION 1'376 

CQ 
1977 
1978 

435 110 422 
100 - _ _  10 
450 100 600 
450 100 600 

53 391 630 15 800 _ _ -  900 55 3,689 

50 500 650 15 800 35 7 00 2 50 3,950 
50 500 650 15 800 35 7 00 2 50 3,950 

10 128 134 _ _ _  206 _- -  151 5 1,256 

TOTAL BUDGET PLAN 1976 
'rq 

1977 
15178 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FlSCAL YEAR 1978 ESTIMATES 

RESEARCH AhB DEVELOPMENT BUDGET PLAN FOR SPACE FLIGHT PROGRAMS - _______ 

T r a n s i t i o n  1977 1978 
1976 Quar t e r  Budget Curren t  Budget - 

A c t u a l  Ac tua l  E s t i m a t e  E s t i m a t e  Est imate  
(Thousands o f  D o l l a r s )  

Space S h u t t l e .  ............................. 1,206,000 321,000 1,288,100 1,318,100 1,349,200 

Space F l i g h t  Opera t ions  .................... 188,674 48,400 205,200 199,200 267,800 

Expendable Launch Vehicles. . . . . . .  .......... 165,900 - 37,100 - 151,400 151,400 136,500 

T o t a l  .................................... 1,560,574 406,500 1,644,700 1,668,700 1,753,500 

SF 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

a.”-”GEi . ” - ~ . ~ .  
OFFICE OF SPACE FLIGHT 

SUMMARY OF RESOURCES REQUIREMENTS 

Design, Development, Test and Evaluation .... 
Orbi te r  ................................... 
Main engine ............................... 
External  tank ............................. 
Sol id  rocket  booster ...................... 
Launch and landing ........................ 

Production .................................. 
Tota l  ................................... 

Dis t r ibu t ion  of Program Amount by 
Ens t a l  l a  t i  on - 
Johnson Space Center ...................... 
Kennedy Space Center ...................... 
Marshall Space F l igh t  Center .............. 
National Space Technology Laborator ies . .  .. 
Goddard Space F l i g h t  Center ............... 
Dryden F l igh t  Research Center . . . . . . . .  ..... 
Headquarters .............................. 

Ames  Research Center ...................... 
Langley Research Center.. . .  ............... 

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

SPACE SHUTTLE PROGRAM 

1976 
Actual 

1,206 , 000 

867,335 
140,800 
82,240 
65,700 
49,925 

- - -  

Trans i t ion  1977 
Quarter  Budget Current 
Actual E s t i m a t e  Estimate 

(Thousands of Dollars)  

321,000 

216,300 
37 , 900 
26,000 
20,400 
20,400 

- - -  

1,288,100 

842,500 
193,800 
64,000 
82,600 

105,200 

- - -  

1,318,100 

874,100 
178,400 
81,000 
95,800 
88,800 

- - -  

1.206 .OOO 
7 

849,990 
49,925 

292,015 
2,800 

189 
760 
242 
150 

9 , 929 

1.206.000 

321.000 

208 , 245 
20,400 
88,700 

700 
- - -  
- - -  
200 

2 1  
2,728 

321.000 

-~ 

1.288.100 

814 , 500 
105,200 
353,200 

4,200 
- - -  
- - -  
- - -  
- - -  

11,000 

1.288.100 

1,318.100 

837 , 803 
88 , 800 

374,300 
5,700 

150 
1,239 

115 
9,993 

- - -  

1.318.100 

1978 
Budget 

Estimate 

1,207 , 500 

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

133,500 

141,700 

1.349.200 

780,600 
133,500 
418,400 

3,800 
- - -  
--- 

1,200 
100 

11,600 

1.349.200 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIXATES 

PROGWI OBJECTIVES AND JUSTIFICATION:  

The Space S h u t t l e  i s  t h e  key element o f  a v e r s a t i l e ,  economical s p a c e  t r a n s p o r t a t i o n  system t h a t  w i l l  pro-  
v i d e  a wide v a r i e t y  of n a t i o n a l  and i n t e r n a t i o n a l  u s e r s  w i t h  round t r i p  a c c e s s  t o  space  beginning i n  t h e  1 9 8 0 ' ~ ~  
The S h u t t l e  w i l l  be  t h e  f i r s t  r e u s a b l e  s p a c e  v e h i c l e  and w i l l  be c o n f i g u r e d  t o  c a r r y  many d i f f e r e n t  types of 
payloads  t o  and from low e a r t h  o r b i t .  
f o r  e a r t h  a p p l i c a t i o n s ,  s c i e n t i f i c ,  d e f e n s e  and t e c h n o l o g i c a l  payloads.  
t h a n  j u s t  a t r a n s p o r t a t i o n  v e h i c l e .  
expendable  launch v e h i c l e s - - t o  r e t r i e v e  payloads  from o r b i t  f o r  r e u s e ;  t o  service and r e p a i r  s a t e l l i t e s  i n  
s p a c e ;  t o  t r a n s p o r t  t o  o r b i t ,  o p e r a t e ,  and r e t u r n  space  l a b o r a t o r i e s ;  t o  t r a n s p o r t  m a t e r i a l s  and equipment t o  
o r b i t ;  and t o  perform r e s c u e  miss ions .  These c a p a b i l i t i e s  w i l l  g r e a t l y  enhance t h e  f l e x i b i l i t y  and produ- 
t i v i t y  of t h e  miss ions  and r e s u l t  i n  s a v i n g s  i n  t h e  c o s t  of space o p e r a t i o n s .  

I t s  development w i l l  p rovide  m u l t i p u r p o s e ,  economical space o p e r a t i o n s  
The S h u t t l e  i s ,  however, much more 

It w i l l  o f f e r  unique c a p a b i l i t i e s  t h a t  cannot  be achieved  w i t h  t o d a y ' s  

The Space S h u t t l e  c o n s i s t s  of f o u r  b a s i c  f l i g h t  hardware elements--the o r b i t e r ,  t h e  main e n g i n e s ,  an  
e x t e r n a l  p r o p e l l a n t  t a n k  and twin s o l i d  r o c k e t  boosters--and t h e  launch and l a n d i n g  systems.  The o r b i t e r  i s  
t h e  r e u s a b l e  s p a c e c r a f t  p o r t i o n  of t h e  Space S h u t t l e  system. 
(370 c u b i c  y a r d s )  and cargo c a r r y i n g  c a p a c i t y  of up t o  29,500 kilograms (65,000 pounds) w i l l  permi t  payloads 
t o  b e  b u i l t  t o  less r e s t r i c t i v e  d e s i g n  r e q u i r e m e n t s .  
t o  o r b i t  t o  perform t h e i r  ass igned  t a s k s  and r e t u r n  them t o  e a r t h .  
DC-9 a i r c r a f t  and w i l l  b e  p r o p e l l e d  by three l i q u i d  f u e l e d  r e u s a b l e  main e n g i n e s .  
environment f o r  t h e  crew, i n c l u d i n g  s c i e n t i s t s  and e n g i n e e r s ,  f o r  miss ions  up t o  t h i r t y  days i n  d u r a t i o n .  

Its l a r g e  payload volume of 285 cubic  meters 

The o r b i t e r  v e h i c l e  w i l l  c a r r y  p e r s o n n e l  and payloads 
The o r b i t e r  i s  roughly t h e  s i z e  of a 

It can provide  a h a b i t a b l e  

MISSION PROFILE: 

The Space  S h u t t l e  w i l l  be  boosted i n t o  o r b i t  by t h e  t h r u s t  o f  i t s  t h r e e  l i q u i d  oxygenl l iqu id  hydrogen main 
e n g i n e s ,  burn ing  i n  p a r a l l e l  w i t h  t h e  t w i n  s o l i d  r o c k e t  b o o s t e r s .  Two minutes  i n t o  t h e  f l i g h t ,  a t  an a l t i t u d e  
of about  45 kilometers (km) (2.4 n a u t i c a l  m i l e s ) ,  t h e  s o l i d  r o c k e t  b o o s t e r s  b u r n  o u t ,  are s e p a r a t e d  and descend 
by  p a r a c h u t e  t o  a s o f t  splashdown i n  t h e  ocean about  260 km (140 n a u t i c a l  m i l e s )  down range. 
b e  recovered f o r  re furb ishment  and r e u s e .  
e n g i n e s ,  f o r  a n o t h e r  s i x  and one-half  minutes .  
and t h e  ex terna l  tank r h r i l l  h e  j e t t i s e n d .  

They w i l l  t h e n  

J u s t  b e f o r e  o r b i t a l  i n s e r t i o n ,  t h e  engines  w i l l  be  shut  down 
The o r b i t e r  w i l l  r-ontinue on i n t o  s p a c e ,  powered by i t s  t h r e e  main 

Fcllcuing a ba:l lst ic t ra jec tory ,  iile empty t a n k  w i i i  tumble o u t  of 
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space  and break  up over  a remote ocean a r e a  about  18,500 km (10,000 n a u t i c a l  m i l e s )  down range .  The o r b i t e r ,  

miss ion ,  t h e  o r b i t e r  w i l l  a g a i n  f i r e  i t s  o r b i t a l  maneiiverine, engines  t o  d e o r h i t  and r e e n t e r  t h e  atmosphere 
a i d e d  h:7 n r h i r a l  m a n e l ~ ~ . ~ e r i n g  engines ,  w i l l  e n t e r  e a r t h  o r b i t  ~ e r f c r m  its m i s s i n n a  After cpmple=izu 0 i t s  - - -  

fn r  i t c  i n n r n i r h  inrl l i n r l i n n  
b -  -I- -..- -rrL-"-" --__---- 

T h e  Space S h u t t l e  w i l l  have z f l i g h t  crew of  three: the ComEander, t he  p i l o t ,  and a miss ion  s p e c i a l i s t .  
On some miss ions  one o r  more payload s p e c i a l i s t s  w i l l  b e  added t o  check o u t  and o p e r a t e  payloads.  The S h u t t l e  
can p r o v i d e  a h a b i t a b l e  environment f o r  t h e  crew i n c l u d i n g  s c i e n t i s t s  and e n g i n e e r s ,  f o r  miss ions  up t o  
t h i r t y  days i n  d u r a t i o n .  They w i l l  e x p e r i e n c e  f o r c e s  no g r e a t e r  t h a n  t h r e e  t i m e s  t h a t  of g r a v i t y  (3-g f o r c e s )  
durinn l i r r n ~ h  inrl l i n r l i n o  inrl v i 1 1  ha_ shla_ t c  y r f 9 3 ,  tb,-i- :.myk i n  2 s h i r t - ~ l e e x ~ ~ e  e n ~ ~ r i r o n ~ , e n t .  

b . * - - -  t, - - " . I C . &  -..- --.I-...*. 
STATUS : 

Space S h u t t l e  development i s  w e l l  underway and i n  the p e r i o d  of  peak e f f o r t  l e a d i n g  t o  t h e  planned achieve-  
ment of t h e  f i r s t  approach and l a n d i n g  tes t  i n  l a t e  1977 and t h e  f i r s t  manned o r b i t a l  f l i g h t  i n  mid-1979. A l l  
major S h u t t l e  system e lements  are  under c o n t r a c t .  Assembly of O r b i t e r  No. 1 h a s  been completed and r o l l o u t  
occur red  on September 1 7 ,  1976. F i n a l  subsystem i n s t a l l a t i o n  and i n t e g r a t e d  t e s t i n g  a r e  proceeding  i n  
p r e p a r a t i o n  f o r  t h e  planned c a p t i v e  f l i g h t  tests of  t h e  o r b i t e r  mated w i t h  t h e  c a r r i e r  a i r c r a f t  t o  b e g i n  i n  
t h e  f i r s t  h a l f  of 1977. M o d i f i c a t i o n  of  t h e  747 c a r r i e r  a i r c r a f t  t o  b e  used f o r  t h e s e  t e s t s  h a s  been completed 
and f l i g h t  t e s t i n g  i s  underway. The approach and l a n d i n g  tes t s  w i l l  v e r i f y  t h e  performance of t h e  o r b i t e r  
f o r  t h e  low a l t i t u d e  s u b s o n i c  p o r t i o n  of t h e  r e t u r n  from an  o r b i t a l  miss ion .  

Work h a s  a l s o  progressed  on f a b r i c a t i o n  of t h e  major s t r u c t u r e s  f o r  O r b i t e r  No. 2 ,  which w i l l  b e  used f o r  
t h e  manned o r b i t a l  t e s t  f l i g h t s  t o  s t a r t  i n  1979. During FY 1977, t h e  m i d  f u s e l a g e  and payload bay doors  w i l l  
b e  shipped t o  Palmdale,  C a l i f o r n i a  f o r  o r b i t e r  assembly. I n  a d d i t i o n ,  a number of major t es t  a r t i c l e s  w i l l  
b e  completed t h i s  y e a r  and t e s t i n g  w i l l  b e  i n i t i a t e d .  

During FY 1 9 7 7 ,  main engine  tests are b e i n g  conducted on components a t  Santa  Susana, C a l i f o r n i a ,  and on 
tes t  engines  a t  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  (NSTL) i n  M i s s i s s i p p i .  Assembly and welding of t h e  
l i q u i d  oxygen t a n k ,  t h e  l i q u i d  hydrogen t a n k ,  and t h e  i n t e r t a n k  w i l l  be  completed on t h e  e x t e r n a l  tank  main 
p r o p u l s i o n  t e s t  a r t i c l e  d u r i n g  FY 1977 a t  t h e  Michoud Assembly F a c i l i t y  i n  Louis iana ,  and d e l i v e r e d  t o  NSTL 
f o r  t e s t i n g .  E a r l y  i n  FY 1 9 7 7  t h e  f i r s t  s o l i d  r o c k e t  motor development c a s e  was d e l i v e r e d  t o  t h e  motor 
c o n t r a c t o r ,  'I 'hiokol Corpora t ion .  'I'he f i r s t  development motor w i l l  b e  s t a t i c  f i r e d  toward t h e  end of  t h e  
f i s c a l  y e a r .  

Design and procurement were i n i t i a t e d  f o r  t h e  computer ized launch  p r o c e s s i n g  system and f o r  models of  ground 
s u p p o r t  equipment t o  be used a t  the Kennedy Space Center  (KSC)  i n  F l o r i d a  and a t  the Uryden F l i g h t  Kesearch 
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Center  (DFRC) i n  C a l i f o r n i a .  Opera t iona l  s o f t w a r e  has been developed by a K S C / I B M  team. minicomputer d e l i v -  
LI C I L L  L v I I L I l ~ u I I l ~ ,  allu b ~ i i l d d i ~ u ~ ~  s u p p v ~  L i s  b e i n g  provided  f o r  checkout  procedures  development. ----- --- ---+2- f - -  - - 1  

TL- ~ T T  7 n ~ o  
L I ~ C  I ' I  I ~ / U  ait?v~t~es will a u u p v r i  p r e p a r a t i o n s  f o r  t h e  first manned  n r h i t n l  tLi~g!-!r %E I q J O -  Fs l l e?? in*  b 

t h e  approach  and l a n d i n g  t e s t s ,  O r b i t e r  No. 1 w i l l  be  t r a n s p o r t e d  t o  t h e  Marsha l l  Space F l i g h t  Center  i n  
Alabama L U U L ~ ~  v i u r d i i n n  t es t s .  ~ n e  second o r b i t e r ,  which i s  t o  be  used t o r  t h e  f i r s t  manned 
o r b i t a l  f l i g h t ,  w i l l  h e  assembled and checked c u t  a t  Palmdale ,  C a l i f o r n i a ,  and d e l l v e r e d  i n  t h e  la t te i -  h a l f  
of  1978 t o  t h e  Kennedy Space Center  i n  F l o r i d a ,  where i t  w i l l  beg in  p r e p a r a t i o n s  f o r  launch .  The f i r s t  s e t  
of  f l i g h t  eng ines  w i l l  b e  t e s t e d  a t  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  i n  M i s s i s s i p p i  and ,  w i t h  
d s a v i l d i e d  g:ruuiid s u p p v r i  equipmenc, w i i i  a i s o  b e  d e i i v e r e d  t o  t h e  Kennedy Space Cen te r  f o r  i n s t a l l a t i o n  on 
Urbiter No. 2 i n  t h p  l a t t e r  h a l f  nf 1 9 7 8 .  The mzi r .  p r c p d s i c n  t e s t  a r t i c l c  test f l r i n g  se r ies  w i l l  be  
cont inued  i n  1978. 

for t h e  iiiated g---.---' - - 2 l ~  -1 

Tn suppor t  of t h e  mated ground v i b r a t i o n  tes ts ,  t h e  Marsha l l  Space F l i g h t  Center  i n  Alabama w i l l  r e c e i v e  t h e  
e x t e r n a l  t ank  and t h e  s o l i d  r o c k e t  b o o s t e r ,  which t o g e t h e r  w i t h  O r b i t e r  No. 1 complete t h e  S h u t t l e  test 
v e h i c l e  assembly.  S o l i d  r o c k e t  motor development and q u a l i f i c a t i o n  f i r i n g s  are  planned i n  FY 1978. I n  
a d d i t i o n ,  s o l i d  r o c k e t  b o o s t e r  components f o r  t h e  f i r s t  o r b i t a l  f l i g h t  w i l l  be  d e l i v e r e d  t o  t h e  Kennedy Space 
Center  i n  F l o r i d a  d u r i n g  FY 1978. 

Components o f  t h e  launch  p r o c e s s i n g  sys tem (LPS) a t  KSC w i l l  b e  d e l i v e r e d  and t h e  s o f t w a r e  v a l i d a t e d .  
I n t e g r a t i o n  w i t h  t h e  o t h e r  ground suppor t  equipment w i l l  c o n t i n u e  throughout  FY 1978 a t  K S C .  

S h u t t l e  p r o d u c t i o n  a c t i v i t i e s  w i l l  p rov ide  f o r  r e fu rb i shmen t  and mod i f i ca t ion  of  t h e  two o r b i t e r s  b e i n g  
used i n  t h e  development program and p roduc t ion  of  t h r e e  a d d i t i o n a l  o r b i t e r s  t o  e s t a b l i s h  a t o t a l  n a t i o n a l  
f l e e t  o f  f i v e  o r b i t e r s .  The funding  r e q u e s t e d  i n  FY 1978 w i l l  p rov ide  f o r  long  l e a d  procurements f o r  O r b i t e r s  
3, 4 ,  and 5; i n i t i a l  hardware f a b r i c a t i o n  f o r  modifying O r b i t e r  No. 1 t o  a n  o r b i t a l  c a p a b i l i t y ;  t h e  s t a r t  of  
primary s t r u c t u r e s  f a b r i c a t i o n  f o r  O r b i t e r  No. 3; and long  l e a d  procurement f o r  t h e  main eng ines  r e q u i r e d  f o r  
t h e  f i v e  o r b i t e r  f l e e t .  

Tn siimmary t h e  majcr a c t i v i t i e s  p l i n n e d  i n  FTJ 1975 r e l a t e d  to t h e  Space Sha: tk  system a r e  a s  f u l l o w s :  

Completion of  t h e  approach and l a n d i n g  t e s t  program a t  t h e  Dryden F l i g h t  Research Cen te r  i n  
C a l i f o r n i a .  

I n i t i a t i o n  of main p r o p u l s i o n  sys tem t e s t i n g  a t  t h e  Na t iona l  Space Technology L a b o r a t o r i e s  
i n  M i s s i s s i p p i .  
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0 

Performance of mated ver t ica l  ground v i b r a t i o n  t e s t i n g  a t  the Marsha l l  Space F l i g h t  Center  i n  Alabama. 

V e r i f i c a t i o n  of t h e  s o f t w a r e  f o r  t h e  f i r s t  manned o r b i t a l  f l i g h t  i n  the s o f t w a r e  development l a b o r a t o r y .  

Completion of O r b i t e r  No. 2 i n  p r e p a r a t i o n  f o r  d e l i v e r y  t o  t h e  Kennedy Space Center  i n  F l o r i d a  f o r  t h e  
f i r s t  manned o r b i t a l  f l i g h t .  

0 I n i t i a t i o n  of product ion  l e a d i n g  t o  a n a t i o n a l  f l e e t  o f  f i v e  o r b i t e r s .  

I n i t i a t i o n  of  main engine  p r o d u c t i o n  o t  t l i g h t  engines .  

CHANGE FROM FY 1 9 7 7  BUDGET ESTIMATE: 

The c u r r e n t  e s t i m a t e  f o r  t h e  FY 1977 Space S h u t t l e  a c t i v i t i e s  h a s  i n c r e a s e d  by $30.0 m i l l i o n .  This  
a d d i t i o n a l  FY 1977 funding w i l l  b e  made a v a i l a b l e  from t h e  reprogramming of  $27.0 m i l l i o n  i n  s a v i n g s  
from t h e  Apollo Soyuz Test P r o j e c t  p l u s  $3.0 m i l l i o n  from FY 1977 Space F l i g h t  Opera t ions  funds.  This  
FY 1977 i n c r e a s e  r e p r e s e n t s  a r e p h a s i n g  of t h e  program funding requi rements  and n o t  an  i n c r e a s e  i n  t h e  
S h u t t l e  development c o s t  estimate of $5.220 b i l l i o n  i n  1971 d o l l a r s .  
t h i s  planned reprogramming a c t i o n ,  c o n s i s t e n t  w i t h  t h e  S e c t i o n  4 p r o v i s i o n s  o f  t h e  NASA A u t h o r i z a t i o n  
A c t ,  1975 and 1977. 

The Congress h a s  been n o t i f i e d  of  

The a d d i t i o n a l  $30.0 m i l l i o n  i n  FY 1977 i s  r e q u i r e d  d u r i n g  t h i s  c r i t i c a l  development phase t o  provide  
i n c r e a s e d  a s s u r a n c e  of  t imely  a v a i l a b i l i t y  of t e s t  a r t i c l e  hardware f o r  t h e  major ground tes t  programs, 
which i s  paced by t h e  main p r o p u l s i o n  system test a t  NSTL, and o f  meet ing t h e  c u r r e n t  development schedule  
f o r  o r b i t e r  c a p t i v e  and f r e e  f l i g h t  t e s t i n g  a t  t h e  Dryden F l i g h t  Research Center .  

O r b i t e r  

T r a n s i t i o n  1977 1978 
1976 Quar te r  Budget Current  Budget 

Actua l  Actua l  E s t i m a t e  E s t i m a t e  Es t imate  

O r b i t e r  ..................,.......................... 867,335 216,300 842,500 874,100 690,500 
(Thousands of D o l l a r s )  
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OBJECTIVES AND STATUS: 

The o r b i t e r  :\.ill b e  a r e u s a b l e  v e h i c l e  w i t h  the c a p a b i l i t y  f o r  a v a r i e t y  0 5  lsw e a r t h  c r b i t a l  c p e r a t i o n s .  
I ts  payload bay w i l l  measure 18.3 meters (60 f e e t )  i n  l e n g t h  and w i l l  have a d iame te r  of  4 . 6  meters (15 f e e t ) .  
The o r b i t e r  w i t h  i t s  tw in  s o l i d  rocke t  b o o s t e r s  w i l l  be  capab le  o f  p l a c i n g  29,500 k i lograms (65 ,000  pounds) 
i i iLv d 185 k i iu i i i e i e r  \IWW i i d u i i c d i  i i i i l e h )  circuidr u r ' u i i ,  d u e  edsi  r i d u t i c i i  d L i i i i u i i i .  

I -  nn 

FY 1 9 7 7  i s  a y e a r  of  i n t e n s i v e  a c t i v i t y  on t h e  Space S h u t t l e  Program i n  manufac tur ing  and ground and f l i g h t  
t e s t i n g  as w e l l  as t h e  c e r t i f i c a t i o n  of  components and subsys tems.  O r b i t e r  No. 1 manufac tur ing  and assembly 
has  been completed a t  t h e  Rockwell I n t e r n a t i o n a l I S p a c e  D i v i s i o n  p l a n t  i n  Palmdale ,  C a l i f o r n i a  and an  i n t e g r a t e d  
checkout  w i l l  b e  completed p r i o r  t o  t r a n s p o r t i n E  t h e  o r b i t e r  ove r l and  t o  t h e  Dryden F l i g h t  Research Cen te r  
(DFRC) i n  C a l i f o r n i a  i n  e a r l y  1977. The des ign  c e r t i f i c a t i o n  review was h e l d  i n  December 1976, a t  which t ime 
t h e  d e s i g n  o f  t h e  o r b i t e r  and t h e  modi f ied  Roeing 747 c a r r i e r  a i r c r a f t  were c e r t i f i e d  € o r  t h e  approach and 
l and ing  tes t  program. 

Modi f i ca t ion  of t h e  747 carr ier  a i r c r a f t  h a s  been  completed a t  t h e  Boeing p l a n t  l o c a t e d  a t  Renton, Washington, 
and the a i r c r a f t  i s  now undergoing ground and f l i g h t  t e s t i n g .  It w i l l  b e  d e l i v e r e d  t o  DFRC i n  Janua ry  1977 
t o  s u p p o r t  t h e  approach  and l a n d i n g  tes t  program. Unmanned and manned o r b i t e r 1 7 4 7  c a p t i v e  f l i g h t s ,  l e a d i n g  
t o  the approach  and l a n d i n g  f l i g h t s ,  w i l l  beg in  i n  t h e  f i r s t  h a l f  o f  1977. 

Major s t r u c t u r a l  a s sembl i e s  f o r  O r b i t e r  No. 2 w i l l  b e  d e l i v e r e d  t o  Palmdale ,  C a l i f o r n i a ,  and i n d i v i d u a l  
systems i n s t a l l a t i o n  and checkout w i l l  c o n t i n u e  d u r i n g  1977 and e a r l y  1978. 

The main p r o p u l s i o n  t e s t  a r t i c l e  (MPTA), c o n s i s t i n g  of  a steel  t r u s s  s t r u c t u r e  and a f l i g h t  t y p e  o r b i t e r  
a f t  f u s e l a g e  w i l l  b e  d e l i v e r e d  t o  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  (NSTL) i n  M i s s i s s i p p i  i n  l a t e  
FY 1977. The Space S h u t t l e  main eng ines  w i l l  b e  i n s t a l l e d  i n t o  the o r b i t e r  a f t  f u s e l a g e  a t  NSTL, where 
p r o p u l s i o n  and a c o u s t i c  t e s t i n g  w i l l  be  performed i n  FY 1978.  

The f l i g h t  t y p e  s t r u c t u r a l  tes t  a r t i c l e s ,  c o n s i s t i n g  o f  an o r b i t e r  a i r f r a m e  and a s e p a r a t e  crew module, are 
now b e i n g  f a b r i c a t e d .  
manufac tur ing  d u r i n g  FY 1977 and w i l l  be  t r a n s f e r r e d  t o  t h e  Lockheed f a c i l i t y  a t  Palmdale ,  C a l i f o r n i a  where 
s t r u c t u r a l  t e s t i n g  w i l l  s t a r t  i n  early 1978. T h i s  t e s t i n g  w i l l  s u b j e c t  t h e  t e s t  arricle t o  l i m i t ,  f a t i g u e ,  
and u l t i m a t e  l o a d s .  
t e s t  a r t i c l e  t e s t i n g  w i l l  a l s o  be  i n i t i a t e d  i n  FY 1978. 

The f l i g h t  t ype  o r b i t e r  a i r f r a m e  w i t h  a mass s i m u l a t i n g  t h e  crpw module w i l l  complete 

The r e a c t i o n  frame f o r  t e s t i n g  a t  Lockheed i s  i n  f a b r i c a t i o n .  C r e w  module s t r u c t u r a l  
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The one-quar te r  s c a l e  model of  t h e  Space S h i i t t l e  sys tem,  c o n s i s t i n g  o f  t h e  o r b i t e r ,  e x t e r n a l  t ank ,  and s o l i d  
r o c k e t  b o o s t e r s ,  w i l l  b e  completed and w i l l  b e  d e l i v e r e d  i n  FY 1977 t o  t h e  tes t  l o c a t i o n  a t  Downey, C a l i f o r n i a .  
Ground v i b r a t i o n  t e s t i n g  of  t h e  i n d i v i d u a l  q u a r t e r  scale  elements  and of  t h e  q u a r t e r - s c a l e  mated Space S h u t t l e  

mathemat ica l  model. The d a t a  w i l l  b e  used  t o  c o r r e l a t e  w i t h  v i b r a t i o n  d a t a  t o  be  ob ta ined  d u r i n g  t h e  f u l l -  
s c a l c  ground v i b r a t i o n  t e s t i n -  6' 

..--cz- . - - & z - -  ----11 L -  ---- i - + - ~  ;- - - - l T 7  i n 7 0  ,,A &L, ---..I+- 7T:ii I.- ..--,I +-  .7,,,-;c.T +hn qnqiT,+;oqilx, A ~ ~ ~ ~ ~ ~ ~ ~ A  L " l l L l # u L a c r u l l  W l l l  UT: L"Luy1CLcLI 1 1 1  r a L l J  I,," CIllU C L L L  L C - U U I L U  ""111 "L UYLU L V  " L L A L J  L I I L  u'Lu-J J --*---r-- 

C e r t i f i c a t i o n  t e s t i n g  i s  i n  p r o g r e s s  on components and subsystems o f  O r b i t e r  No. 1 and w i l l  be  completed 
p r i o r  t o  t h e  f i r s t  f ree  f l i g h t s  o f  t h e  o r b i t e r  d u r i n g  t h e  approach and l a n d i n g  t e s t  program. 

The c r i t i c a l  des ign  review of t h e  thermal p r o t e c t i o n  sys tem w i l l  b e  h e l d  i n  e a r l y  1977. The 95% complete 
drawing r e l e a s e  f o r  d e t a i l s ,  a s s e m b l i e s  and i n s t a l l a t i o n s  f o r  t h e  O r b i t e r  No. 2 thermal  p r o t e c t i o n  sys tem w i l l  
b e  made d u r i n g  1 9 7 7 .  Environmental  t e s t i n g  w i l l  a l s o  b e  conducted and v e r i f i c a t i o n  t e s t i n g  w i l l  cont inue .  

T e s t i n g  of  t h e  o r b i t e r  a v i o n i c s  subsys tems i s  of  major  importance d u r i n g  FY 1977. Emphasis i s  be ing  p l aced  
on hardware  and s o f t w a r e  c e r t i f i c a t i o n ,  i n s t a l l a t i o n  and checkout  f o r  the approach  and l a n d i n g  tests (ALT). 
Hardware and s o f t w a r e  t e s t i n g  and q u a l i f i c a t i o n  f o r  o r b i t e r  f l i g h t  t e s t i n g  i s  proceeding .  The a v i o n i c s  
ha rdware l so f tware  r e q u i r e d  i n  O r b i t e r  No. 1 f o r  ALT c e r t i f i c a t i o n  have been  d e l i v e r e d  and t e s t i n g  h a s  s t a r t e d  
i n  the S h u t t l e  Avionics  I n t e g r a t i o n  Labora to ry  (SAIL) a t  t h e  Johnson Space Center  (JSC) i n  Texas,  and i n  t h e  
a v i o n i c s  development l a b o r a t o r y  o p e r a t i n g  w i t h  the f l i g h t  c o n t r o l  h y d r a u l i c s  l a b o r a t o r y  a t  the Rockwell Space 
D i v i s i o n  i n  Downey, C a l i f o r n i a .  D e t a i l e d  des ign  of O r b i t e r  No. 2 a v i o n i c s  subsystems w i l l  con t inue  through 
1977. Modi f i ca t ions  w i l l  b e  i n i t i a t e d  d u r i n g  1977 t o  t h e  SAIL t o  conve r t  t o  t h e  o r b i t a l  f l i g h t  t es t  conf igu ra -  
t i o n  and i n c o r p o r a t e  t h e  launch  p r o c e s s i n g  sys tem c o n t r o l s .  
Marsha l l  Space F l i g h t  Center  (MSFC) i n  Alabama i s  now underway t o  s u p p o r t  d e l i v e r y  t o  t h e  S A I L  du r ing  FY 1978. 

Design of t h e  mated element s i m u l a t o r  by t h e  

Design reviews o f  t h e  S-Band communications equipment f o r  O r b i t e r  No. 2 w i l l  b e  completed i n  FY 1977. The 
Ku-Band communications and r a d a r  sys t ems  c o n t r a c t o r  s t a r t e d  work i n  November 1976 and a des ign  review of  t h e s e  
subsys tems w i l l  b e  he ld  e a r l y  i n  1 9 7 7 .  

i n  a d d i t i o n ,  suppor t  a c t i v i t i e s  managed by t h e  Johnson Space Cen te r  i n c l u d e  deve lop ing  and a c q u i r i n g  
s i m u l a t o r s  and crew t r a i n e r s ,  comple t ion  of  t h e  747 car r ie r  a i r c r a f t  m o d i f i c a t i o n s ,  supp ly ing  Government 
f u r n i s h e d  equiprnent such as space  s u i t s ,  and per forming  many t e s t s  and s t i i d i e s  req i i i red  t o  suppor t  t h e  o r b i t e r  
p r o j e c t  . 
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The O r b i t e r  p r o j e c t  funding requi rements  f o r  FY 1977 have i n c r e a s e d  by $31.6 m i l l i o n .  This  i n c r e a s e  
s tems  Ern!?! technFc1-l dFff ic12l t ies  i n  development 4nd q u a l i f i c a t i o n  t e s t i n g  n f  slJ.l?systems, such as t h e  
h i g h  tempera ture  r e u s a b l e  s u r f a c e  i n s u l t a t i o n ,  a u x i l i a r y  power u n i t  and t h e  p r o p e l l a n t  feed l i n e s .  
I n  a d d i t i o n ,  t h e  i n c r e a s e  r e f l e c t s  t h e  impact of t e c h n i c a l  changes,  such a s  t h e  Ru-Band rendezvous 
r a d a r  and double  d e n s i t y  memory c a p a b i l i t y  f o r  t h e  on-board computer;  t h e  o r b i t e r  a v i o n i c s  s o f t w a r e  
development problems; i n c r e a s e d  requi rements  i n  t h e  i n t e g r a t i o n  of f l i g h t  s o f t w a r e  and hardware f o r  
t h e  approach and landing  and o r b i t a l  t e s t  programs; and h i g h e r  Rockwell burden r a t e s  f o r  development 
e f f m t  r e s u l t i n g  f r o m  the FY 1977 Budget  d e c i s i n r ?  t o  defer  the start of c?rhiter p r o d u c t i n n  t o  F Y  19?8;  

- BASIS OF FY 1 9 7 8  ESTIMATE: 

FY 1978 a c t i v i t i e s  w i l l  i n c l u d e  t h e  complet ion of t h e  approach and l a n d i n g  tes t  (ALT) program, c o n t i n u a t i o n  
of development q u a l i f i c a t i o n  and v e r i f i c a t i o n  tes t  a c t i v i t y  t o  s u p p o r t  t h e  f i r s t  manned o r b i t a l  f l i g h t ,  and t h e  
d e l i v e r y  of O r b i t e r  No. 2 t o  t h e  Kennedy Space Center  i n  F l o r i d a  i n  l a t e  1978.  The purpose of t h e  approach 
and l a n d i n g  t e s t  program i s  t o  t e s t  t h e  o r b i t e r ' s  c a p a b i l i t y  t o  accomplish approach and l a n d i n g  maneuvers i n  
v a r i o u s  c o n t r o l  modes and c e n t e r  of g r a v i t y  l o c a t i o n s .  The o r b i t e r  w i l l  be  s e p a r a t e d  from t h e  747 c a r r i e r  
a i r c r a f t  a t  an a l t i t u d e  of 20 t o  24 thousand f e e t  and w i l l  l a n d  a t  t h e  Dryden F l i g h t  Research Center  i n  
C a l i f o r n i a .  The ALT t es t s  w i l l  b e  completed i n  e a r l y  1978. 

Subsequent t o  s u c c e s s f u l  complet ion of  t h e  ALT program, O r b i t e r  No. 1 w i l l  be  r e f u r b i s h e d  and d e l i v e r e d  t o  
t h e  Marsha l l  Space F l i g h t  Center  (MSFC) f o r  m a t e d  ground v i b r a t i o n  t e s t i n g  wi th  o t h e r  e lements  of t h e  Space 
S h u t t l e  system. Del ivery  of O r b i t e r  No. 1 t o  MSFC i s  scheduled f o r  mid-1978. 

A major a c t i v i t y  i n  FY 1978 w i l l  b e  t h e  f i n a l  assembly and checkout of  O r b i t e r  No. 2 a t  t h e  Palmdale ,  
C a l i f o r n i a  p l a n t  of Rockwell I n t e r n a t i o n a l / S p a c e  D i v i s i o n ,  t h e  o r b i t e r  prime c o n t r a c t o r .  
s t r u c t u r a l  subassembl ies  w i l l  be  d e l i v e r e d  t o  P a l m d a l e ,  C a l i f o r n i a  and assembled d u r i n g  1978.  
h a l f  of 1978, major subsystems of t h i s  o r b i t e r  w i l l  b e  i n s t a l l e d  and checked o u t .  I n  t h e  l a t t e r  h a l f  of 1978, 
O r b i t e r  No. 2 w i l l  b e  mated t o  t h e  747 c a r r i e r  a i r c r a f t  and f e r r i e d  t o  t h e  Kennedy Space Center  t o  p r e p a r e  f o r  
t h e  f i r s t  niaiined o r b i t a l  f l i g h t  i n  1979. 

A l l  of  t h e  major 
During t h e  f i r s t  

Development and v e r i f i c a t i o n  t e s t i n g  of major t e s t  a r t i c l e s  w i l l  cont inue  d u r i n g  FY 1978. The main propul-  
s i o n  t e s t  a r t i c l e  (MPTA), c o n s i s t i n g  of t h e  t r u s s  s t r u c t u r e  w i t h  f l i g h t  t y p e  a f t  f u s e l a g e ,  e x t e r n a l  t a n k ,  and 
t h e  main e n g i n e s ,  w i l l  undergo s t a t i c  f i r i n g  a t  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  i n  M i s s i s s i p p i ;  t h e  
s t r u c t u r a l  t e s t  a r t i c l e  a i r f r a m e  w i l l  undergo load tests a t  t h e  Lockheed Palmdale,  C a l i f o r n i a  f a c i l i t y ;  and 
t h e  crew module s t r u c t u r a l  tes t  a r t i c l e  w i l l  be assembled t o  s u p p o r t  t h e  s t a r t  o f  s t r u c t u r a l  t e s t s  i n  mid-1978. 
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T e s t  f a c i l i t y  a c t i v a t i o n  a t  t h e  Marsha l l  Space F l i g h t  Cen te r  i n  Alabama w i l l  he completed i n  e a r l y  FY 1978. 
O r b i t e r  ?Go. 1. at1 exterrldi idnk and s n i i r i  r n r k e t  boDsters r . 7 i 1 1  b e  dp~ i i . re rpd  r ~ d  the  frill scale m a t e d  ground 
v i b r a t i o n  t e s t s  w i l l  beg in .  

C h a r a c t e r i z a t i o n  and mater ia l s  t e s t i n g  of  the thermal  p r o t e c t i o n  sys tem (TPS) w i l l  con t inue  d u r i n g  FY 1978. 
Manufacture of  r e u s a b l e  s u r f a c e  i n s i i l a t i n n  t i l e s  and t h e  r e i n f o r c e d  carbon-carbon s u r f a c e s  f o r  O r b i t e r  No. 2 
w i l l  proceed through t h e  f i s c a i  y e a r .  A l so  d u r i n g  FY 1978, q u a l i f i c a t i o n  t e s t i n g  of  t h e  major p a r t s  o f  t h e  
l i f e  s u p p o r t  sys tem w i l l  b e  completed s u c h  as  the  ac t ive  the rma l  c o n t r o l  sys tem;  food ,  w a t e r ,  and waste 
management; and t h e  a tmospher ic  r e v i t a l i z a t i o n  system. 

The emphasis d u r i n g  FY 1978 on a v i o n i c s  subsystems w i l l  s h i f t  from s u p p o r t  o f  t h e  ALT f l i g h t s  t o  p r o v i d i n g  
s u p p o r t  t o  t h e  o r b i t a l  f l i g h t  t es t  (OFT) program. Q u a l i f i c a t i o n  of  t h e  S-Band communication equipment i n  
O r b i t e r  No. 2 w i l l  h e  completed and a d e s i g n  review f o r  the S-Band payload communication i n t e r f a c e  equipment 
w i l l  be  completed. The d e s i g n  review f o r  t h e  Ku-Band communication/radar equipment w i l l  b e  completed i n  t h e  
second q u a r t e r  of  1 9 7 8  and c e r t i f i c a t i o n  t es t s  f o r  t h i s  equipment w i l l  s t a r t  l a t e  i n  1979. End-to-end S-Band 
s p a c e - t o  -ground c o m p a t i b i l i t y  and per formance  tests for the s p a c e  t r a c k i n g  d a t a  network, A i r  ' Fo rce  Space 
Con t ro l  F a c i l i t y  and t h e  t r a c k i n g  and d a t a  r e l a y  s a t e l l i t e  l i n k s  w i l l  b e  conducted a t  the e l e c t r o n i c  sys tem 
tes t  l a b o r a t o r y  a t  the Johnson Space C e n t e r  i n  Texas. 

Sof tware  development, i n t e g r a t i o n  and performance a n a l y s e s ,  and d e t a i l e d  d e s i g n  of t h e  OFT s o f t w a r e  packages 
r e p r e s e n t  major a v i o n i c s  a c t i v i t i e s  d u r i n g  FY 1978. Coding and checkout of  e a r l y  releases of the e n t r y ,  a s c e n t ,  
on -o rb i t  and a b o r t  packages w i l l  b e  accomplished i n  e a r l y  1978. 

S imula t ions  w i l l  b e  conducted i n  t h e  a v i o n i c s  development l a b o r a t o r y  a t  the Rockwell Space D i v i s i o n  p l a n t  
i n  Downey, C a l i f o r n i a  t o  deve lop  and conf i rm t h e  des ign  of  t h e  f l i g h t  c o n t r o l  sys tem w i t h  r e f i n e d  d a t a  on 
s t r u c t u r a l  f o r c e s  ( l o a d s ) ,  aerodynamic e f f ec t s  and f l i g h t  t r a j e c t o r i e s .  The mated element s i m u l a t o r  from t h e  
Marsha l l  Space F l i g h t  Cen te r  i n  Alabama w i l l  b e  d e l i v e r e d  and i n t e g r a t e d  w i t h  o t h e r  o r b i t e r  systems f o r  t e s t i n g  
a t  t h e  S h u t t l e  Avionics  I n t e g r a t i o n  Labora to ry  (SAIL) a t  the Johnson Space Center  i n  Texas. 

C e r t i f i c a t i o n  of  t h e  o r b i t a l  f l i g h t  t e s t  hardware and s o f t w a r e  c o n f i g u r a t i o n  w i l l  beg in  d u r i n g  FY 1978. The 
SAIL w i l l  be  used t o  deve lop  and demons t r a t e  t h e  launch  p r o c e s s i n g  sys tem a v i o n i c s  s o f t w a r e  and sys tem i n t e r -  
f a c e s .  A s imula t ed  f l i g h t  checkout test w i l l  b e  demonstrated on t h e  SAIL and conducted on O r b i t e r  No. 2 t o  
v e r i f y  tlhe overail s y s t e m s  o p e r a t i o n  i n  t h e  f l i g h t  c o n f i g u r a t i o n  u s i n g  t h e  a c t u a l  o r b i t a l  f l i g h t  hardware. 

O r b i t e r  suppor t  t a s k s  w i l l  c o n t i n u e  d u r i n g  FY 1978. Reac t ion  c o n t r o l  subsystems t e s t i n g ,  and t h e  i n t e g r a -  
t i o n  t e s t i n g  of  t h e  r e a c t i o n  c o n t r o l  sys t em and t h e  o r b i t a l  maneuvering subsystem w i l l  b e  conducted a t  t h e  
W ~ I L L ~  Sdiids T e s r .  Facility i n  New Mexico. lhe S h u t t l e  miss ion  s i m u l a t o r  w i l l  he  used  t o  s t a r t  crew T T 7  2 
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t r a i n i n g  i n  mid-1978 f o r  t h e  o r b i t a l  f l i g h t  tes ts .  A motion b a s e  c r e w  s t a t i o n  and a f i x e d  b a s e  c r e w  s t a t i o n  

The S h u t t l e  procedures  s i m u l a t o r  w i l l  a l s o  c o n t i n u e  t o  s u p p o r t  s i m u l a t i o n s  and s t u d i e s  d u r i n g  t h i s  p e r i o d .  
Anaiyses w i i i  be made u i  Space S i i u t i i e  c r a j e c c o r i e s .  o r b i c  decerminacion.  and guidance and navigac ion  svsiems.  
Design and development w i l l  c o n t i n u e  on the e x t r a v e h i c u l a r  m o b i l i t y  u n i t s  (EMU) i n  FY 1978 and c e r t i f i c a t i o n  
of t h e  development u n i t s  w i l l  proceed. F l i g h t  and t r a i n i n g  EMU'S f o r  t h e  development phase  of  t h e  S h u t t l e  
program w i l l  b e  manufactured d u r i n g  t h i s  p e r i o d .  

W i l l  'ut: U L i l i L e d  'uUth Wit11 L a ' u j l l  alld LUllsUlt: i 1 l s i - L  U l l l ~ I l L d ~ i U L l  6 ~ l l l i i d L  LU i i lr  d L L U d i  U L ' u i L e L  f U L W d L d  L d ' u i I l a  

M o d i f i c a t i o n  of t h e  Johnson Space Center  miss ion  c o n t r o l  c e n t e r  (MCC) t o  suppor t  t h e  o r b i t a l  f l i g h t  tests 
w i i i  c o n t i n u e  d u r i n g  Ff 1978 i n  t h e  a r e a s  of communications and compucer systems and sofcware deveiopment. 
NASA w i l l  a l s o  c o n t i n u e  l o g i s t i c s  s u p p o r t ,  perform wind t u n n e l  t es t s  and e v a l u a t i o n s ,  and perform systems 
i n t e g r a t i o n  t a s k s  as r e q u i r e d  f o r  t h e  approach and l a n d i n g  tes ts  and t h e  o r b i t a l  f l i g h t  t es t s .  

I n  

0 

0 

0 

0 

0 

0 

0 

summary, t h e  f o l l o w i n g  major a c t i v i t i e s  a r e  i n c l u d e d  i n  t h e  p l a n  f o r  t h e  o r b i t e r  p r o j e c t  i n  FY 1978: 

Completion of approach and l a n d i n g  tests t o  v e r i f y  t h e  aerodynamic and l a n d i n g  c h a r a c t e r i s t i c s  of  t h e  
o r b i t e r .  

D e l i v e r y  of  O r b i t e r  No. 1 t o  t h e  Marsha l l  Space F l i g h t  Center  i n  Alabama f o r  m a t e d  ver t ica l  ground 
v i b r a t i o n  t es t i n g  . 
Completion of assembly and checkout of t h e  o r b i t e r  crew module s t r u c t u r a l  t e s t  a r t i c l e .  

Cont inua t ion  o f  s t r u c t u r a l  t e s t i n g  on  t h e  o r b i t e r  a i r f r a m e  tes t  a r t i c l e  a t  Palmdale ,  C a l i f o r n i a .  

Completion of assembly and checkout of O r b i t e r  No. 2 i n  p r e p a r a t i o n  f o r  d e l i v e r y  t o  Kennedy Space Center  
f o r  t h e  f i r s t  manned o r b i t a l  f l i g h t .  

Suppor t ing  e f f o r t s ,  i n c l u d i n g  s o f t w a r e  development,  t r a i n i n g  a c t i v i t i e s ,  and p r e p a r a t i o n  f o r  o r b i t a l  
f l i g h t  m i s s i o n  c o n t r o l  and o p e r a t i o n s .  

Cont inua t ion  o f  main p r o p u l s i o n  system t e s t i n g  a t  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  i n  
M i s s i s s i p p i .  
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Main Engine 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Current  Budget - - 

asiiiiiaie asiiiiiaie Es i i i r i a i t !  

193,800 178,400 219,900 

A c  i u a i  Ac t u a i  

Main Engine ................................-..* * . .  1!+0,800 37,900 
(Thousands of D o l l a r s )  

OBJECTIVES AND STATUS: 

The Space S h u t t l e  o r b i t e r  w i l l  u s e  t h r e e  h igh  p r e s s u r e  l i q u i d  hydrogenloxygen e n g i n e s ,  each w i t h  a 
2,100,000-newton (470,000 pound) vacuum t h r u s t  level.  The Space S h u t t l e  main engine  (SSME) r e p r e s e n t s  a 
major advance i n  p r o p u l s i o n  technology and i n c o r p o r a t e s  maximum u t i l i z a t i o n  of e x i s t i n g  technologies .  
a d d i t i o n ,  it has  t h e  advantage of a much l o n g e r  o p e r a t i n g  l i f e .  It w i l l  b e  t h e  f i r s t  l a r g e  l i q u i d  f u e l  r o c k e t  
engine  des igned  t o  b e  r e u s a b l e  and t o  r e q u i r e  minimum maintenance between f l i g h t s .  An engine-mounted con- 
t r o l l e r  w i l l  b e  used t o  e n s u r e  o p e r a t i o n  w i t h i n  t h e  l i m i t s  of t h e  h i g h  tempera tures  and p r e s s u r e s  i n  t h e  
combustion c y c l e .  
s i o n  r a t i o  n o z z l e ,  which r e s u l t s  i n  more e f f i c i e n t  engine  o p e r a t i o n s  w i t h o u t  i n c r e a s i n g  t h e  s i z e .  

I n  

Performance w i l l  b e  i n c r e a s e d  by u s i n g  a two s t a g e  combustion p r o c e s s  w i t h  a h i g h  expan- 

I n  FY 1977, t h e  prime c o n t r a c t o r ,  Rocketdyne D i v i s i o n  of  Rockwell I n t e r n a t i o n a l ,  i s  t e s t i n g  and f a b r i c a t i n g  
major subsystems of t h e  Space S h u t t l e  main engines .  Components t e s t e d  a t  S a n t a  Susana, C a l i f o r n i a ,  i n c l u d e  
t h e  i g n i t i o n  system, t h r u s t  chambers, f u e l  and o x i d i z e r  turbopumps, and the p r e b u r n e r s .  Continued t e s t i n g  of 
t h e s e  components i s  scheduled f o r  FY 1978. Engine f i r i n g s  conducted a t  t h e  N a t i o n a l  Space Technology 
L a b o r a t o r i e s  i n  M i s s i s s i p p i  r e c e n t l y  a t t a i n e d  100 p e r c e n t  of t h e  r e q u i r e d  power. F a b r i c a t i o n  of t h e  main 
p r o p u l s i o n  t e s t  a r t i c l e  e n g i n e s  t o  s u p p o r t  t h e  main p r o p u l s i o n  t es t  a c t i v i t y  scheduled f o r  e a r l y  1978 w i l l  b e  
completed.  During FY 1977, manufac tur ing  of t h e  i n i t i a l  s e t  of f l i g h t  e n g i n e s  was s t a r t e d  and t h i s  set  w i l l  
b e  d e l i v e r e d  t o  KSC i n  l a t e  1978. 

Main engine  t e s t i n g  a t  NSTL h a s  exper ienced  some d e l a y s  due t o  t h e  subsynchronous w h i r l  and h e a t i n g  problems 
experienced on t h e  h i g h  p r e s s u r e  f u e l  turbopump. Recent t e s t i n g  p r o v i d e s  ev idence  t h a t  t h e s e  problems have 
been so lved .  The tes t  program f o r  t h e  remainder of FY 1977 and f o r  FY 1978, w i l l  a l l o w  f o r  t h e  schedule  
recovery and s u p p o r t  of t h e  f i r s t  manned o r b i t a l  f l i g h t  i n  mid-1979. 

I n  a d d i t i o n  t o  t h e  development work by Rocketdyne and s u b c o n t r a c t o r s ,  t h e  main engine  a c t i v i t i e s  provide  
f o r  n e c e s s a r y  p r o j e c t  s u p p o r t  e f f o r t s .  These e f f o r t s  i n c l u d e  t h e  procurement of p r o p e l l a n t s  f o r  t e s t  f i r i n g  
t h e  engine  and i t s  components; t h e  maintenance of t h e  engine  systems hardware s i m u l a t i o n  l a b o r a t o r y ;  

a n a l y s i s  of t h e  c o n t r o l l e r .  
l o g i s t l c s  s u p p o r t ;  e-;aluatlon of m a t e r i a l s  and processes; and s u p p o r t  f o r  t h e  deslgn, f a b r l c a t l G n ,  tcst, and 
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

Main engine  funding f o r  FY 1 9 7 7  has  been decreased  by $15.4 m i l l i o n .  This  d e c r e a s e  r e p r e s e n t s  t h e  rephas ing  
u L ~  p L u  i ec t  Lajuireiiieiits b a s e d  U i i  i - e v i s d  eiigiiir d e i i v e r ; i e s ,  c u r i s i s i e t i i  w i i i i  c u r r e r i i  ~Lujecied need d a t e s .  and 
d e f e r r e d  l o g i s t i c s  s u p p o r t  requi rements  based on r e v i s e d  engine  tes t  schedules .  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding  requi rements  f o r  t h e  main engine  development p r o v i d e  f o r  i n t e n s i v e  t e s t  a c t i v i t y .  Engine 
cvmponenr c e r c i f i c a c i o n  t e s t i n g  w i i i  conc inue  a c  Sanca Susana on componenEs such as t h e  f u e i  and o x i d i z e r  
p r e b u r n e r s ,  i g n i t i o n  subsystem, main combustion chamber, and t h e  h igh  and low p r e s s u r e  turbopumps. T e s t i n g  of 
t h e s e  components w i l l  be  conducted a t  o p e r a t i o n a l  power l e v e l s  t o  c e r t i f y  t h e i r  performance and r e l i a b i l i t y  
c h a r a c t e r i s t i c s  f o r  f l i g h t  o p e r a t i o n s .  Concurrent  w i t h  component t e s t i n g  a t  Santa  Susana, C a l i f o r n i a ,  t e s t i n g  
of  f l i g h t  conf igured  engines  w i l l  be conducted a t  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  (NSTL) i n  
M i s s i s s i p p i  t o  demonst ra te  engine f l i g h t  r e a d i n e s s .  

Main p r o p u l s i o n  system v e r i f i c a t i o n  tes ts  of ,  t h r e e  engines  combined w i t h  t h e  o r b i t e r  and e x t e r n a l  t a n k  t es t  
a r t i c l e s  w i l l  b e  conducted a t  NSTL d u r i n g  FY 1978. These tests w i l l  i n c l u d e  v e r i f i c a t i o n  of t h e  engine  
l o n g i t u d i n a l  o s c i l l a t i o n  (POGO) s u p p r e s s i o n  system. 

The f i r s t  t h r e e  f l i g h t  engines  w i l l  b e  completed,  acceptance  t e s t e d  a t  NSTL, and shipped t o  t h e  Kennedy 
Space Center  (KSC) i n  F l o r i d a  i n  l a t e  1978. P r i o r  t o  t h i s  t i m e ,  t h e  engine  ground s u p p o r t  equipment n e c e s s a r y  
t o  s u p p o r t  engine  i n s t a l l a t i o n ,  checkout ,  and o p e r a t i o n a l  s u p p o r t  of t h e  f i r s t  manned o r b i t a l  f l i g h t  w i l l  b e  
d e l i v e r e d  t o  KSC.  

P r o j e c t  s u p p o r t  t a s k s  t o  b e  cont inued  a t  t h e  Marsha l l  Space F l i g h t  Center  i n  Alabama i n c l u d e  p r o v i d i n g  t h e  
hardware f o r  t h e  engine  systems hardware s i m u l a t i o n  l a b o r a t o r y  t o  conduct c o n t r o l  system and dynamic o p e r a t i o n s  
t e s t i n g ,  engine  s o f t w a r e  i n t e g r a t i o n  s u p p o r t  a c t i v i t i e s ,  and assessments  of engine  c o n t r o l l e r  components. I n  
a d d i t i o n ,  p r o j e c t  s u p p o r t  funding w i l l  p r o v i d e  f o r  procurement of main engine  p r o p e l l a n t s  r e q u i r e d  f o r  t h e  
t e s t  programs a t  bo th  NSTT, and Santa  Susana. 

I n  summary, major a c t i v i t i e s  planned i n  t h e  main e n g i n e  p r o j e c t  i n  FY 1978 i n c l u d e :  

o C o n t i n u a t i o n  of engine  component t e s t i n g  a t  S a n t a  Susana, C a l i f o r n i a  

o C o n t i n u a t i o n  of engine  system t e s t i n g  a t  t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  i n  M i s s i s s i p p i .  
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o Completion of d e l i v e r y  of t h e  ground suppor t  equipment f o r  engine  i n s t a l l a t i o n  a t  t h e  Kennedy 
c-",.n P n n t n r  ;.. U l n . - < J m  &JYcLC-L V L I I L L L  1 1 1  L I V L L U O I .  

o Completion of assembly of t h e  f i r s t  set of f l i g h t  engines  f o r  t h e  f i r s t  manned o r b i t a l  f l i g h t .  

T r a n s i t i o n  1977 1978 
1976 Quar te r  Budget Cur ren  t Budget 

Actual  Actua l  Es t imate  Es t imate  Es t imate  

E x t e r n a l  tank ......................................... 82,240 26,000 64,000 81,000 80,000 
(Thousands of D o l l a r s )  

OBJECTIVES AND STATUS: 

The e x t e r n a l  t a n k  w i l l  c o n t a i n  a l l  t h e  p r o p e l l a n t s  f o r  t h e  t h r e e  o r b i t e r  main e n g i n e s - - l i q u i d  hydrogen a s  
t h e  f u e l  and l i q u i d  oxygen a s  t h e  o x i d i z e r .  
from l i f t - o f f  t o  main engine  c u t - o f f ,  which o c c u r s  j u s t  b e f o r e  o r b i t a l  i n s e r t i o n .  
c u t - o f f ,  t h e  e x t e r n a l  t a n k  w i l l  b e  s e p a r a t e d  from t h e  o r b i t e r  and w i l l  tumble through a b a l l i s t i c  t r a j e c t o r y  
and b r e a k  up o v e r  a des igna ted  remote ocean  area. 
meters (27.5 f e e t )  i n  d iameter ,  and 47 meters (154 f e e t )  long.  The e x t e r n a l  tank  w i l l  c o n t a i n  approximately 
700,000 ki lograms (1 .55  m i l l i o n  pounds) o f  p r o p e l l a n t  a t  l i f t - o f f .  The l i q u i d  hydrogen volume is  1,530 
c u b i c  meters (54,000 cubic  f e e t )  and the l i q u i d  oxygen volume i s  approximately 565 c u b i c  meters (20 ,000  c u b i c  
f e e t ) .  

The l i q u i d  p r o p e l l a n t s  a r e  consumed by t h e  o r b i t e r ' s  main engines  
Following t h i s  main engine  

The e x t e r n a l  t a n k  i s  a s i n g l e  assembly approximately 8.5 

The Mar t in  M a r i e t t a  Corpora t ion ,  Denver,  Colorado D i v i s i o n ,  i s  t h e  d e s i g n  and development c o n t r a c t o r  f o r  t h e  
e x t e r n a l  tank .  Development and f a b r i c a t i o n  w i l l  t a k e  p l a c e  i n  t h e  Government-owned Michoud Assembly F a c i l i t y  
n e a r  New O r l e a n s ,  Louis iana .  

The e x t e r n a l  t a n k  i s  t h e  only  expendable  element i n  t h e  Space S h u t t l e  system and every  e f f o r t  i s  b e i n g  made 
The p r i m e  c o n t r a c t o r ' s  d e s i g n  h a s  emphasized commonality of conf igura-  t o  reduce  t h e  u n i t  c o s t  t o  a minimum. 

t i o n  between t h e  t a n k  elements  i n  o r d e r  t o  u t i l i z e  t h e  same t o o l i n g  f o r  t h e  oxygen and hydrogen tanks  where 
f e a s i b l e .  Low c o s t  product ion  techniques , '  m a t e r i a l s ,  and processes  a r e  b e i n g  employed t o  t h e  maximum e x t e n t  
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c o n s i s t e n t  w i t h  m a i n t a i n i n g  s a f e t y  and r e l i a b i l i t y .  S i x  l a r g e  t o o l s  are common t o  t h e  f a b r i c a t i o n  of  domes 
and bar re l  s e c t i o n s  f o r  b o t h  of t h e  p r o p e l l a n t  t a n k s .  Extremely l i g h t w e i g h t  one-inch t h i c k  foam i n s u l a t i o n  
w i l l  be a p p l i e d  t o  t h e  o u t e r  s u r f a c e  of t h e  e x t e r n a l  tank .  

I n  FY 1977, major assembly and welding o p e r a t i o n s  w i l l  b e  completed on t h e  l i q u i d  hydrogen and l i q u i d  oxygen 
+ - m - l 7 ~  _ P  v - n l l  ..- -- ch- <-c - -c - - l -  C--- L L -  --..'.-, uu v v L L L  Lkk= A ~ ~ L C L L ~ L I K  L U L  L L L ~  iiidfii p r u p u i s i v i i  ~ e s i  a r r i c i e  ar r h e  Piichoua Hssembiy r a c i l i t y  i n  
Louis iana .  These t h r e e  major p o r t i o n s  of  t h e  t a n k  w i l l  b e  assembled i n t o  a complete tank  f o r  d e l i v e r y  t o  t h e  
NSTL t es t  s i t e  i n  l a t e  1 9 7 7 .  

Assembly of  t h e  s t r u c t u r a l  t es t  a r t i c l e  i n t e r t a n k  and s i m u l a t o r s  f o r  t e s t i n g  a t  t h e  Marsha l l  Space F l i g h t  
Center  i n  Alabama are i n  t h e  f i n a l  phase t o  s u p p o r t  a d e l i v e r y  t o  t h e  t es t  s i t e  i n  mid-FY 1 9 7 7 -  

CHANGES FROM FY 1 9 7 7  ESTIMATE: 

The e x t e r n a l  tank estimate f o r  FY 1 9 7 7  h a s  i n c r e a s e d  by $17.0 m i l l i o n .  This  i n c r e a s e  r e s u l t s  p r i m a r i l y  
from t h e  impact of t e c h n i c a l  changes n e c e s s i t a t e d  by r e v i s e d  s t r u c t u r a l  l o a d s ,  v i b r o a c o u s t i c ,  and thermal  
requi rements  i d e n t i f i e d  from systems wind t u n n e l  t e s t i n g ,  as w e l l  as t h e  des ign  and e n g i n e e r i n g  changes 
n e c e s s a r y  t o  reduce  f r o s t  format ion  and p r e v e n t  i c e  from t h e  e x t e r n a l  tank  from damaging t h e  o r b i t e r ' s  
thermal  p r o t e c t i o n  system. I n  a d d i t i o n ,  p r o j e c t  s u p p o r t  i n c r e a s e s  such as u t i l i t i e s  r a t e  growth a t  t h e  
Michoud Assembly F a c i l i t y  and t h e  S l i d e l l  Computer Complex, and a d d i t i o n a l  in-house systems t e s t  and a n a l y s i s  
a c t i v i t i e s  have c o n t r i b u t e d  t o  t h e  i n c r e a s e  i n  FY 1977. 

BASIS OF FY 1978 ESTIMATE: 

During FY 1978, a complete load  t e s t  of  t h e  f i r s t  i n t e r t a n k  s t r u c t u r a l  t e s t  a r t i c l e  w i l l  b e  accomplished a t  
t h e  Marsha l l  Space F l i g h t  Center  (MSFC) i n  Alabama t o  v e r i f y  t h e  s t r u c t u r a l  i n t e g r i t y .  L a t e r  a second i n t e r -  
t ank  test  a r t i c l e  and l i q u i d  hydrogen and l i q u i d  oxygen s t r u c t u r a l  tes t  a r t i c l e s  w i l l  each be comple te ly  
assembled and d e l i v e r e d  t o  MSFC f o r  s t r u c t u r a l  v e r i f i c a t i o n  t e s t i n g .  The d e s i g n  of t h e  t es t  s u p p o r t  equipment 
w i l l  a l s o  b e  completed.  

Assembly of t h e  e x t e r n a l  t a n k  ground v i b r a t i o n  tes t  a r t i c l e  w i l l  Ee accomplished by mid-FY 1978. T h i s  t a n k  
w i l l  b e  shipped t o  MSFC where i t  w i l l  be  assembled w i t h  two s o l i d  r o c k e t  b o o s t e r s  and O r b i t e r  N o .  1 .  The 
mated ground v i b r a t i o n  tests w i l l  expose t h e  v e h i c l e  t o  v i b r a t i o n  environments ,  which w i l l  v e r i f y  mathematical  
models o f  v e h i c l e  dynamics, i n c l u d i n g  f l u t t e r ,  f l i g h t  c o n t r o l ,  l o a d s ,  and l o n g i t d i n d l  v s c i l l a t i o n s  c a l l e d  
POGO. 

I n  t h e  second h a l f  of 1978, t h e  f i r s t  o r b i t a l  f l i g h t  e x t e r n a l  tank  w i l l  b e  completely assembled, acceptance  
tes ted ,  2nd prepare:! fsr shipmer;t t o  t h e  Rzr;r;edj- Space Center  i i i  F i u r i d d .  B s s e i ~ l b i y  or' rrhe second,  t h i r d ,  and 
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f o u r t h  f l i g h t  tanks  w i l l  c o n t i n u e ,  and component f a b r i c a t i o n  and i n i t i a l  assembly o p e r a t i o n s  w i l l  beg in  on 
t h e  f i f t h  and s i x t h  f l i g h t  t a n k s .  

The fo l lowing  r e p r e s e n t s  a summary of  t h e  major a c t i v i t i e s  planned i n  t h e  e x t e r n a l  tank  p r o j e c t  i n  
P'Y 1 4 i F i r  

o Completion of l o a d  t e s t i n g  on the i n t e r t a n k  s t r u c t u r a l  tes t  article 

o Del ivery  of the e x t e r n a l  t a n k  l i q u i d  oxygen and l i q u i d  hydrogen s t r u c t u r a l  t e s t  a r t i c l e s  t o  t h e  Marsha l l  
Space F l i g h t  Center  i n  Alabama 

o Completion of d e l i v e r y  of the e x t e r n a l  t a n k  main p r o p u l s i o n  tes t  a r t i c l e  t o  t h e  Nat iona l  Space Technology 
L a b o r a t o r i e s  i n  M i s s i s s i p p i  

o I n i t i a t i o n  of f i n a l  assembly of the f i r s t  f l i g h t  tank  f o r  t h e  f i r s t  manned o r b i t a l  f l i g h t  

o Completion of assembly and d e l i v e r y  of t h e  e x t e r n a l  t a n k  ground v i b r a t i o n  t e s t  a r t i c l e  t o  t h e  Marshall  
Space F l i g h t  Center  i n  Alabama f o r  mated ground v i b r a t i o n  tests. 

S o l i d  Rocket Booster  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Current  Bud g e t  - 

Actua l  Actua l  E s t i m a t e  Es t imate  E s t i m a t e  

S o l i d  Rocket Booster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65,700 20,400 82,600 95,800 83,600 
(Thousands of D o l l a r s )  

OBJECTIVES AND STATUS: 

The Space S h u t t l e  p r o p u l s i o n  system i n c l u d e s  two r e u s a b l e  s o l i d  r o c k e t  b o o s t e r s  (SRB) which burn  i n  p a r a l l e l  
w i t h  t h e  o r b i t e r  main e n g i n e s  t o  p r o v i d e  t h e  necessary  t h r u s t  from l i f t - o f f  t o  b o o s t e r  s t a g i n g .  These 
b o o s t e r s  are approximately 3.6 meters (12.2 f e e t )  i n  d i a m e t e r  and 45.5 meters (149 f e e t )  long. Each b o o s t e r  
d e l i v e r s  approximately 11.6 m i l l i o n  newtons (2.6 m i l l i o n  pounds) average  vacuum t h r u s t .  The b o o s t e r s  are 
a t t a c h e d  t o  t h e  e x t e r n a l  t a n k  and a t  s t a g i n g ,  about  45 k i l o m e t e r s  (150,000 f e e t ) ,  s e p a r a t e  from t h e  o r b i t e r  and 
external tank.  
m i l e s )  from t h e  launch s i t e .  

The S R B ' s  w i l l  descend by parachutes  and l a n d  i n  t h e  ocean about  260 k i l o m e t e r s  (140 n a u t i c a l  
They w i l l  t h e n  b e  recovered by s h i p  and r e t u r n e d  f o r  re furb ishment  and reuse .  
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The main element  i n  t h e  s o l i d  r o c k e t  b o o s t e r  sys tem i s  t h e  s o l i d  r o c k e t  motor (SRM), which i s  be ing  developed by 
Thiokol ,  Wasatch D i v i s i o n  i n  Utah. The o t h e r  b o o s t e r  system elements  such a s  t h e  r e c o v e r y  system, t h r u s t  v e c t o r  
c o n t r o l ,  a t t a c h  s t r u c t u r e s ,  forward and a f t  s k i r t ,  and s e p a r a t i o n  motors have been o r  w i l l  b e  procured 
s e p d r d i e i y .  The ?iars 'naii  Space F i i g h t  Center  i n  Alabama w i l l  perrorm des igna ted  systems i n t e g r a t i o n  t a s k s  and 
has  t h e  r e s p o n s i b i l i t y  f o r  t o t a l  systems i n t e g r a t i o n  of t h e  s o l i d  r o c k e t  b o o s t e r  e f f o r t .  

I n  FY 1977 t h e  f i r s t  development motor c a s e  w a s  d e l i v e r e d  t o  Thiokol .  Development motor N o .  1 w i l l  b e  
loaded w i t h  propellanrr i n  mid-FY i977 and s t a t i c  f i r e d  l a t e  i n  t h e  f i s c a l  y e a r .  Development motor No, 2 i s  
scheduled f o r  t e s t  f i r i n g  i n  e a r l y  FY 1978. 

I n  FY 1 9 7 7  t h e  s o l i d  r o c k e t  b o o s t e r  c r i t i c a l  d e s i g n  review and t h e  d e c e l e r a t i o n  subsystem p r e l i m i n a r y  des ign  
review w e r e  completed.  'lhe f u l l  s c a l e  development t es t  f i r i n g s  of f o u r  b o o s t e r  s e p a r a t i o n  motors were a l s o  
completed w i t h  p r e p a r a t i o n s  underway f o r  conduct ing  a second s e t  of f o u r  motor f i r i n g s .  I n t e g r a t e d  s y s t e m  
t e s t i n g  f o r  t h e  e l e c t r i c a l  and i n s t r u m e n t a t i o n  v e r i f i c a t i o n  tes t  program w i l l  be i n i t i a t e d .  

I n  a d d i t i o n  t o  i n i t i a t i o n  of t e s t i n g  o f  major components, FY 1 9 7 7  a c t i v i t i e s  i n c l u d e d  s e l e c t i o n  of t h e  boos- 
t e r  assembly C o n t r a c t o r ,  United Space B o o s t e r s ,  I n c . ,  a d i v i s i o n  of United Technologies .  This  c o n t r a c t o r  w i l l  
be  r e s p o n s i b l e  f o r  assembly, check-out and r e f u r b i s h m e n t  of t h e  b o o s t e r  a t  t h e  Kennedy Space Center  i n  F l o r i d a .  

CHANGES FROM FY 1977 ESTIMATE: 

The S o l i d  Rocket Booster  e s t i m a t e  f o r  FY 1977 h a s  i n c r e a s e d  by $13.2  m i l l i o n .  This  i n c r e a s e  i s  t h e  r e s u l t  
o f  des ign  and development problems on t h e  n o z z l e  and t o o l i n g  f o r  t h e  s o l i d  r o c k e t  motor,  and t e c h n i c a l  changes 
t o  t h e  SRB s t r u c t u r e s ,  t h r u s t  v e c t o r  c o n t r o l ,  and e l e c t r i c a l  and i n s t r u m e n t a t i o n  subsystems based on wind tunnel  
t e s t i n g  . 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978 e x t e n s i v e  e f f o r t s  w i l l  b e  devoted t o  manufac ture ,  p r o p e l l a n t  l o a d i n g ,  and d e l i v e r y  of s o l i d  
r o c k e t  motors .  
series of f o u r  motors.  
FI' 1978. I n  a d d i t i o n ,  f o u r  dynamic test motors w i l l  b e  manufactured and d e l i v e r e d  t o  MSFC f o r  ground t e s t i n g .  
S o l i d  r o c k e t  motors  f o r  t h e  f i r s t  o r b i t a l  f l i g h t  w i l l  a l s o  be manufactured and de l ivered  t o  t h e  Kennedy Space 
Center  i n  F l o r i d a  d u r i n g  t h e  l a t t e r  h a l f  c f  1978. 

Two development motors w i l l  b e  f i r e d  e a r l y  i n  t h i s  per iod  t o  complete t h e  development t es t  
These w i l l  be  fol lowed by t h e  f i r s t  two q u a l i f i c a t i o n  motor f i r i n g s  n e a r  t h e  end of 

A major a c t i v i t y  on t h e  s o l i d  r o c k e t  b o o s t e r  p r o j e c t  d u r i n g  FY 1978 w i l l  be  t h e  c o n t i n u a t i o n  of t h e  q u a l i f i -  
c a t i o n  and v e r i f i c a t i o n  tes t  program. This  w i l l  i n c l u d e  t h e  completion of t h e  e l e c t r i c a l  and i n s t r u m e n t a t i o n  
v e r i f i  c a t i n n .  t e s t i ~ g ,  the drnp t e s t  p r c g ~ m ,  tc v e r i f y  the recovei-)i S ~ S L ~ L I I  pd~dc ' r lu ies ,  compiet ion of b o o s t e r  
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s e p a r a t i o n  motor development and q u a l i f i c a t i o n  s t a t i c  f i r i n g s ,  and the v e r i f i c a t i o n  of t h e  o v e r a l l  t h r u s t  
v e c t o r  c o n t r o l  system. I n  a d d i t i o n ,  the f a b r i c a t i o n  of  f l i g h t  hardware w i l l  c o n t i n u e  and t h e  hardware r e q u i r e d  
f o r  t h e  f i r s t  o r b i t a l  f l i g h t  w i l l  b e  d e l i v e r e d  t o  KSC. The b o o s t e r  assembly c o n t r a c t o r  w i l l  check and assemble 
t h i s  hardware and w i l l  a l s o  c o n t i n u e  with p l a n n i n g  and a c t i v a t i o n  of a s o l i d  r o c k e t  b o o s t e r  re furb ishment  
P -  - 1  7 f I-. 
L d L I I I L y .  

A summary of  the major a c t i v i t i e s  planned i n  t h e  s o l i d  r o c k e t  b o o s t e r  p r o j e c t  i n  FY 1978 i n c l u d e s  t h e  
f o l l o w i n g  : 

o D e l i v e r y  of  t h e  f i r s t  f l i g h t  set  of b o o s t e r  components t o  t h e  b o o s t e r  assembly c o n t r a c t o r  a t  t h e  Kennedy 
Space Center  i n  F l o r i d a .  

o Completion of development f i r i n g s  of  t h e  s o l i d  r o c k e t  motor a t  Thiokol.  

o D e l i v e r y  of  two sets of  s o l i d  r o c k e t  b o o s t e r  tes t  a r t i c l e s  t o  t h e  Marsha l l  Space F l i g h t  Center  i n  
Alabama f o r  mated ve r t i ca l  ground v i b r a t i o n  tests.  

o I n i t i a t i o n  of assembly and checkout o f  t h e  f i r s t  f l i g h t  set ( 2 )  of s o l i d  r o c k e t  b o o s t e r s  by t h e  b o o s t e r  
assembly c o n t r a c t o r  a t  t h e  Kennedy Space Center  i n  F l o r i d a  f o r  t h e  f i r s t  manned o r b i t a l  f l i g h t .  

Launch and Landine 

T r a n s i t i o n  1977 1978 
FY 76 Quar te r  Budget Current  Budget 

Actua l  A c t u a l  Es t imate  Es t imate  E s t i m a t e  

Launch and Landing .................................. 49,925 20,400 105,200 88,800 133,500 
(Thousands of D o l l a r s )  

OBJECTIVES AND STATUS: 

The S h u t t l e  launch  and l a n d i n g  p r o j e c t  i n c l u d e s  t h e  p r e p a r a t i o n  of a series of S h u t t l e  l a n d i n g ,  ground pro- 
c e s s i n g  and launch s t a t i o n  sets a t  t h e  Kennedy Space Center  (KSC) i n  F l o r i d a ,  and the Dryden F l i g h t  Research 
Center  (DFRC) i n  C a l i f o r n i a  and t h e i r  o p e r a t i o n  through t h e  approach and l a n d i n g  t e s t  (ALT) and o r b i t a l  f l i g h t  
t e s t  (OFT) phases .  These s t a t i o n  sets i n c l u d e  h a n d l i n g ,  t e s t i n g  and s e r v i c i n g  systems and ground suppor t  
equipment and are i d e n t i f i e d  by t h e  f u n c t i o n  t h e y  perform o r  t h e  f a c i l i t y  i n t o  which they are i n c o r p o r a t e d .  

=f  t h n  enmn.. tnr;  vnd  m . , t n m - t n d  1 m - 3 n - h  n r n e m c r ; n n  c ~ r ~ . t n m  I T  D C \  
L l l C  L V I I L y U L C L  I L I L - U  U U L U L I I U L C U  1 U U L L L . 1 1  y L u C C 1 3 1 3 L L L 6  O J  1 3 L c c I I L  \ u r  u, A t  V C P  thn l-,..nnh nnntrn l  n n n t n r  n n n t n i n c  thn h n - r t  

A L L  ',U", L L * L  L U U ' I L L I  L " L L C L " A .  L L I ' L L L  L U L L C U L I A U  L L , C  IIL-CLLC 
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which connec ts  t o  many of t h e  above s t a t i o n s  f o r  remote moni tor ing  and c o n t r o l  of  t h e  v e h i c l e  t e s t i n g ,  
s e r v i c i n g ,  ciieckvui dud lduIicii p~ u c e b b i ~ i g .  

Approximarreiy 845 des ign  modeis o f  ground s u p p o r t  equipnieni (GSE; f u r  tile abvve s i a i i v n  seis  h a v e  bee11 
d e f i n e d ,  i n c l u d i n g  some 245 t o  be provided  by t h e  v e h i c l e  development c o n t r a c t o r s  w i t h  t h e  remaining 600 t o  
b e  provided by s e p a r a t e  GSE procurements .  Design requi rements  have been e s t a b l i s h e d  f o r  e s s e n t i a l l y  a l l  of t h e  
GSE. Half  of  t h e  procurement packages h a v e  completed d e s i g n  reviews and o v e r  10% of them a r e  on c o n t r a c t .  
Design and procurement of  t h e  remainder a r e  planned w i t h i n  t h e  next  two f i s c a l  y e a r s .  

-1 -1 i n e  iaunch p r o c e s s i n g  sysEem miiesEones are on scheduie .  i n e  LPS hardware des igned  by KSC e n g i n e e r s  f o r  
checkout of t h e  s o l i d  r o c k e t  b o o s t e r  (SRB) e l e c t r o n i c s  a t  Marsha l l  Space F l i g h t  Center  (MSFC) i n  Alabama was 
assembled,  checked o u t  and accepted by MSFC. The r e q u i r e d  o p e r a t i n g  s o f t w a r e  w a s  s u c c e s s f u l l y  developed by 
t h e  KSC/IBM t e a m  and t h e  hardware and s o f t w a r e  have been i n s t a l l e d  a t  MSFC t o  m e e t  t h e  SRB checkout need d a t e .  
Minicomputers have been d e l i v e r e d  and w i l l  b e  used a s  p a r t  of t h e  checkout ,  c o n t r o l ,  and moni tor ing  subsystem 
(CCMS) b e i n g  developed by t h e  Mar t in  M a r i e t t a  Corpora t ion .  The CCMS d e s i g n  i s  complete  and t h e  i n i t i a l  system 
h a s  been d e l i v e r e d  t o  KSC f o r  s o f t w a r e  development.  Honeywell Informat ion  Systems, t h e  c e n t r a l  d a t a  subsystem 
(CDS) c o n t r a c t o r ,  d e l i v e r e d  and i n s t a l l e d  t h e  pr imary and secondary computer systems w i t h  p e r i p h e r a l s  i n  t h e  
launch  c o n t r o l  c e n t e r  a t  KSC i n  1976. Sof tware  s i m u l a t i o n  suppor t  i s  now b e i n g  provided f o r  checkout procedure 
development . 

The development c o n t r a c t o r  o n - s i t e  l a u n c h  s u p p o r t  e f f o r t s  a t  KSC have been i n i t i a t e d  w i t h  Rockwell I n t e r -  
n a t i o n a l  and Mar t in  Marietta. The c o n t r a c t o r  i s  p r e p a r i n g  tes t  documentation f o r  v e h i c l e  assembly, t e s t  
s e r v i c i n g ,  checkout and launch r e q u i r e m e n t s ,  p r o c e s s  s p e c i f i c a t i o n s  and procedures .  The b o o s t e r  assembly 
c o n t r a c t o r ' s  e f f o r t  i s  scheduled t o  b e  i n i t i a t e d  January  1, 1977. 

CHANGE FROM FY 1977 BUDGET ESTIMATE: 

Launch and l a n d i n g  funding f o r  FY 1977 w a s  decreased  by $16 .4  m i l l i o n .  T h i s  d e c r e a s e  r e s u l t s  p r i m a r i l y  
from t h e  d e l a y  of ground s u p p o r t  equipment procurements  because of problems i n  s t r u c t u r i n g  procurement packages 
t o  a c h i e v e  a c o m p e t i t i v e  environment and from t h e  c u r r e n t  p r o j e c t i o n  o f  less t e c h n i c a l  change a c t i v i t y  t o  t h e  
Launch P r o c e s s i n g  System hardware and s o f t w a r e  t h a n  p r e v i o u s l y  a n t i c i p a t e d .  The procurement d e l a y s  are n o t  
expected t o  impact major program s c h e d u l e  d a t e s .  

BASIS OF FY 1 9 7 8  ESTIMATES: 

The l a r g e s t  p o r t i o n  of t h e  FY 1 9 7 8  l a u n c h  and l a n d i n g  funding i s  r e q u i r e d  f o r  p r o c u r i n g  t h e  ground suppor t  
equipment (GSE) u n i t s  and i n c o r p o r a t i n g  them i n t o  t h e  launch  p r o c e s s i n g  s t a t i o n  sets. During FY 1978 
procurement of t h e  remaining GSE w i l l  b e  i n i t i a t e d .  
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Some of t h e  major launch  s u p p o r t  systems t o  be completed i n  FY 1978 i n c l u d e  t h e  o r b i t e r  forward u m b i l i c a l ,  
t a i l  s e r v i c e  m a s t / u m b i l i c a l ,  and e x t e r n a l  t a n k  v e n t  u m b i l i c a l / a c c e s s  systems f o r  provid ing  f l u i d  s e r v i c e s  and 
ground monitor  and c o n t r o l  up t o  t h e  moment of launch:  t h e  SRB s u p p o r t  holddown mechanisms t o  release t h e  
v e h i c l e  f o r  i i f t - o f f ;  ana che c r e w  comparment  a c c e s s j e g r e s s  ariri i u r  b u a r d i i t g  L i t e  L L C W .  

The launch p r o c e s s i n g  sys tem (LPS) hardware d e l i v e r i e s  r e q u i r e d  t o  i n i t i a t e  p r o c e s s i n g  of t h e  f i r s t  o r b i t e r  
a t  KSC w i l l  be  completed e a r l y  i n  FY 1978. The f i n a l  increment  of hardware and system s o f t w a r e  f o r  t h e  c e n t r a l  
d a t a  subsystem w i l l  b e  d e l i v e r e d  t o  KSC by mid-1978. I n s t a l l a t i o n  of  t h e  LPS checkout ,  c o n t r o l  and moni tor ing  
sitbsystem and i n t e g r a t i o n  w i t h  o t h e r  ground suppor t  equipment w i l l  c o n t i n u e  through mid-1978. Opera t ing  
systems s o f t w a r e  development,  v e r i f i c a t i o n  and v a l i d a t i o n  w i l l  r e a c h  i t s  h i g h e s t  l e v e l  o f  a c t i v i t y  d u r i n g  
FY 1978. 

The des ign  e n g i n e e r i n g  e f f o r t  f o r  t h e  launch  and l a n d i n g  p r o j e c t  a l s o  w i l l  reach t h e  peak a c t i v i t y  level  i n  
FY 1 9 7 8 .  This  e f f o r t  w i l l  p r o v i d e  f o r  c o n t i n u a t i o n  of t h e  d e s i g n  and procurement documentation (drawings,  
s p e c i f i c a t i o n s ,  s t a n d a r d s  and c r i t e r i a )  f o r  t h e  launch s u p p o r t  sys tems,  LPS and GSE. I n  a d d i t i o n ,  e n g i n e e r i n g  
services w i l l  b e  devoted t o  equipment a c c e p t a n c e ,  i n s t a l l a t i o n ,  and t r a i n i n g .  

The development c o n t r a c t o r s '  s u p p o r t  a c t i v i t i e s  a t  KSC and c o n t r a c t o r  manpower bui ldup  w i l l  c o n t i n u e  d u r i n g  
FY 1978. Before t h e  end of  1978 p r o c e s s i n g  of t h e  v e h i c l e  f o r  t h e  f i r s t  o r b i t a l  f l i g h t  w i l l  beg in .  The 
launch t e a m  i s  a l s o  t h e  o p e r a t o r  of t h e  launch  p r o c e s s i n g  s t a t i o n  sets,  launch suppor t  equipment, and t h e  GSE. 
D e t a i l e d  procedures  f o r  assembly,  tes t ,  s e r v i c i n g ,  checkout ,  and launch of t h e  t o t a l  S h u t t l e  f l i g h t  v e h i c l e  
w i l l  b e  developed. 

I n  summary, major a c t i v i t i e s  planned i n  t h e  launch and l a n d i n g  p r o j e c t  i n  FY 1978 i n c l u d e :  

o Completion of i n s t a l l a t i o n  and checkout  of t h e  launch p r o c e s s i n g  system hardware f o r  t h e  f i r s t  manned 
o r b i t a l  f l i g h t .  

-- Checkout, c o n t r o l  and moni tor ing  subsystems 

-- C e n t r a l  d a t a  subsystem 

o Cont inua t ion  of systems i n s t a l l a t i o n  and checkout i n  t h e  o r b i t e r  p r o c e s s i n g  f a c i l i t y ,  t h e  h y p e r g o l i c  
maintenance f a c i l i t y ,  and h i g h  bays 3 and 4 i n  t h e  v e h i c l e  assembly b u i l d i n g  a t  t h e  Kennedy Space 
Center  i n  F l o r i d a  t o  s u p p o r t  t h e  f i r s t  manned o r b i t a l  f l i g h t .  
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Production 

Transition 1977 1978 
D.. . - l , , t  uuu5,rL P..--,.-+ 1 9 7 6  Guar i e r  Budget b U L  L C l l L  

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

--- --_ 141,700 --- --- Production ........................................... 
OBJECTIVES AND STATUS: 

Shuttle production activities will provide for refurbishment and modification of the two orbiters being 
used in the development program and for production of three additional orbiters to establish a total national 
fleet of five orbiters. Orbiter No. 1, following completion of the approach and landing test flights in early 
1978, will be upgraded to full manned orbital flight capability. Later, Orbiter No. 2 will be modified to 
operational status after the initial orbital. flight tests are completed. Production also includes the fabri- 
cation of the flight engines. In addition, the ground and launch support equipment for the second series of 
ground processing stations at the Kennedy Space Center in Florida to permit simultaneous processing of two 
Shuttle vehicles and the flight equipment spares are part of the production activities. 

BASIS OF FY 1978 ESTIMATES: 

Procurement of components, materials and subsystems for Orbiters 3, 4 ,  and 5 will be initiated during FY 1978. 
Purchasing of long lead items for these orbiters will be combined to obtain the most economical procurement. 

Procurement of components and subsystems, and hardware fabrication will be initiated for the modification of 
Orbiter No. 1 during FY 1978. Wire harness and tubing fabrication will be started; subcontract procurement 
and fabrication will also be initiated for the orbital maneuvering/reaction control system pod, the freon 
coolant loop, the orbital maneuvering system engine, the reusable surface insulation, the leading edge 
structural subsystems and the atmospheric revitalization system. 

The prime contractor will begin fabrication of primary structures for Orbiter No. 3, including the aft 
fuselage, the crew module, and the forward fuselage. Procurement of the payload bay doors and the avionics 
airborne hardware will also be initiated. 

Subcontractor effort will be underway with the procurement and fabrication of main structural subsystems 
including the wings and the vertical stabilizer. Procurements and fabrication will be initiated for other 
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major s u b c o n t r a c t o r  subsys tems,  i n c l u d i n g  t h e  o r b i t a l  maneuvering sys tem eng ine ,  the o r b i t a l  maneuvering/ 
r e a c t i o n  c o n t r o l  sys tem pod, t h e  mass memory, t h e  g e n e r a l  purpose  computer, t h e  i n e r t i a l  measurement u n i t ,  
t h e  a i r  r e v i t a l i z a t i o n  sys tem,  and the power r e a c t a n t  s t o r a g e  assembly.  

I n  2 d d i t i - r :  := lc-g-le~d p r o c ~ ~ r e m e n t  e f f c - t s ,  2 c t i ~ r i t : r  n- O y h i t p r s  k a n d  5 w i i i  ~ n r i 1 1 d ~  ~ t a r r  of  d e t a i i  
p a r t s  manufac tur ing  f o r  a number of  subsystems such  as wings ,  v e r t i c a l  s t a b i l i z e r ,  o r b i t a l  maneuvering sys tem 
eng ine ,  o r b i t a l  maneuver ing / r eac t ion  c o n t r o l  sys tem pod, t h e  a i r  r e v i t a l i z a t i o n  sys tem,  and t h e  power 
r e a c t a n t  s t o r a g e  assembly.  

E f f o r t s  on t h e  main e n g i n e s  t o  b e  i n s t a l l e d  i n  the p roduc t ion  o r b i t e r s  w i l l  s t a r t  i n  FY 1978 w i t h  t h e  
procurement o f  c r i t i c a l  long-lead components. These i n c l u d e  t h e  ho t  gas  manifold f o r g i n g s ,  t h e  eng ine  
nozz le  j a c k e t ,  t h e  hous ings  f o r  t h e  h igh  p r e s s u r e  f u e l  and o x i d i z e r  turbopumps. 
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RESEARCH AND DEVELOPMENT 

FISCAT, YEAR 1978 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREFENTS 

1978 
~ ~ _ _  T r a n s i t i o n  ~ 1977 

1976 Q u a r t e r  Budget Curren t  Budget 
Ac tua l  Ac tua l  E s  t i m a  t e Es t ima te  E s  t ima t e 

(Thousands of D o l l a r s )  

Space t r a n s p o r t a t i o n  system o p e r a t i o n s  
c a p a b i l i t y  development ..................... 11,300 2 , 840 18 , 800 16 , 800 63,000 

Development, t es t  and mis s ion  o p e r a t i o n s .  .... 161,100 40,800 169 , 900 166 , 900 173 , 000 
Advanced programs... . . . . . . . . . . . . . . . . . . . . . . . . . .  12,074 3 , 500 1 2  , 000 10 , 000 
Space t r a n s p o r t a t i o n  sys tem o p e r a t i o n s  ....... ---  

13 , 000 
17,800 

Plann ing  and program i n t e g r a t i o n  ............. 4,200 1,260 3,500 3,500 4,000 
- - -  - - -  --- 

.................. 267 800 Total.. . . . . . . . . . . . . . . . . . .  188,674 48  ? 400 205 .. 200 199 .. 200 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center.. . . . . . . . . . . . . . . . . . . . . . . .  95,247 
Kennedy Space Center.. . . . . . . . . . . . . . . . . . . . . . . .  37,301 
Marshal l  Space  F l i g h t  Center . . . . . . . . . . . . . . . . .  43,468 
Nat iona l  Space Technology Labora tor ies . . . . . . .  7,297 
Goddard Space F l i g h t  Center . . . . . . . . . . . . . . . . . .  850 

Ames Research Center.. . . . . . . . . . . . . . . . . . . . . . . .  7 14 

Lewis Research  Center.. . . . . . . . . . . . . . . . . . . . . . .  255 
Headquarters  ................................. 2,414 

Je t  P ropu l s ion  Labora to ry  .................... 82 1 

Langley Research  Cen te r  ...................... 307 

25 , 523 
8,300 

10,220 
2 , 600 

360 
245 
170 

28 
285 
669 

100 , 988 
42 , 940 
51 , 557 

400 
550 
365 
200 
200 

1,000 

7,000 

103,000 
41,650 
42,750 

6 , 504 
900 
47 5 
125 
7 00 
200 

2,896 

132,380 
60 , 180 
63,580 

6 , 150 
550 
630 
380 
270 
200 

3,480 

367 Egg T o t a l . . . , . . . . . . . ,  .......................... 188.674 48 4C)C) 2G5.20c) I??. 2% L U I  . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIYT\TES 

OFFICE OF SPACE FLIGHT 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space F l i g h t  Operat ions program i n c l u d e s  Space 'Transpor ta t ion  System Opera t ions  C a p a b i l i t y  Development; 
t h e  common suppor t  a c t i v i t i e s  conducted under Development, T e s t  and Mission Opera t ions ;  Space T r a n s p o r t a t i o n  
System O p e r a t i o n s ;  Advanced Programs; and Planning and Program I n t e g r a t i o n .  

The Space T r a n s p o r t a t i o n  Systems (SI'S) Opera t ions  C a p a b i l i t y  Development i n c l u d e s  space t r a n s p o r t a t i o n  s y s -  
t e m  development and suppor t  a c t i v i t i e s  o t h e r  t h a n  t h e  Space S h u t t l e .  These development and suppor t  a c t i v i t i e s  
a r e  n e c e s s a r y  t o  f a c i l i t a t e  t h e  p l a n n i n g  and o r d e r l y  t r a n s i t i o n  t o  STS o p e r a t i o n s ,  which w i l l  p rovide  t h e  means 
f o r  expanding our  c a p a b i l i t i e s  i n  space w h i l e  reducing  t h e  c o s t  of o p e r a t i o n s .  The p r i n c i p a l  a r e a s  of a c t i v i t y  
i n c l u d e  t h e  Spacelab,  t h e  STS Upper S t a g e s ,  Mul t imiss ion  and Payload Support  Enuipment, Mission Control  Center  
Upgrading (Level II), and Payload and Opera t ions  Support .  

Development, T e s t  and Mission O p e r a t i o n s  provide  t h e  common engineer ing ,  s c i e n t i f i c  and t e c h n i c a l  support  
o p e r a t i o n s  conducted a t  t h e  Johnson Space Center ,  t h e  Kennedy Space Center ,  t h e  Marshal l  Space F l i g h t  Center ,  
and t h e  N a t i o n a l  Space Technology L a b o r a t o r i e s  i n  suppor t  o f  a l l  Space F l i g h t  r e s e a r c h  and development a c t i v -  
i t i e s .  

Space T r a n s p o r t a t i o n  System Opera t ions  w i l l  p rovide  t h e  t r a n s p o r a t i o n  s e r v i c e s  and o p e r a t i o n a l  a c t i v i t i e s  
t o  b r i n g  about  a new e r a  i.n c a p i t a l i z i n g  on t h e  unique advantages of space t o  a c h i e v e  expansion of human know- 
ledge  and p r a c t i c a l  b e n e f i t s  on e a r t h .  The Space T r a n s p o r t a t i o n  System Opera t ions  a c t i v i t i e s  i n t e g r a t e  t h e  
Space S h u t t l e  system, t h e  Spacelab,  and t h e  upper s t a g e s  i n t o  a v e r s a t i l e  and economical system; accomplish 
m i s s i o n  p l a n n i n g ;  provide  t h e  r e c u r r i n g  hardware and consumables; and suppor t  a l l  l aunch ,  f l i g h t  recovery,  crew 
and r e l a t e d  a c t i v i t i e s ,  

The Advanced Programs e f f o r t  p r o v i d e s  t e c h n i c a l  a s  w e l l  a s  programmatic d a t a  f o r  t h e  d e f i n i t i o n  and e v a l u a t i o n  
o f  p o t e n t i a l  f u t u r e  space  miss ions .  I n  s u p p o r t  o f  t h i s  e f f o r t  advanced development a c t i v i t i e s  a r e  conducted t o  
o b t a i n  s i g n i f i c a n t  performance and r e l i a b i l i t y  iEprovements arid reduce  f u t u r e  prograiii risks arid development c o s t s  
through t h e  e f f e c t i v e  u s e  o f  new t e c h n o l o g i e s .  

The Planning  and Program I n t e g r a t i o n  e f f o r t  focuses  on i n s u r i n g  hardware and o p e r a t i o n a l  c o m p a t i b i l i t y  between 
.....-l-..d.- yayL"auD a,,u --a @IF@ O I L )  .=LE,LLellLD, - 1  ---- + ^  a,,u ",A oii consolfdatlng ::ASA's p:aris f o r  i l tL?LzLr ,g thc m i q u e  c a p a b F l F t i e s  n f  the STS for  
e a r l y  NASA m i s s i o n s ,  
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

SPACE TRANSPORTATION SYSTEM (STS) OPERATIONS CAPABILITY DEVELOPMENT 

T r a n s i t  i o n  1977 1978 
l 9 ? 6  Qnr r r te r  Ri id  ge t Curren t  Budget 

E s  t i m a  t e 
(Tnousands of D o l l a r s )  

E s t i m a t e  Estimare Actua l  A c t u a l  

Spacelab. .  .................................. 6,100 1,300 10 , 500 8,000 24 , 500 
Space t r a n s p o r t a t i o n  system upper  s t ages . . . .  2,625 7 00 3,800 1,800 13 , 500 
Mul t imiss ion  and payload s u p p o r t  

equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,000 1 , 500 7,000 
. -  

- - -  - - -  - - -  - --  5,000 bl iss ion c o n t r o l  c e n t e r  (MCC) 

Payload and o p e r q t i o n s  suppor t .  ............. 2 , 575 840 1 , 500 5,500 13,000 
upgrading (Level 11) ...................... 

Total..................................... 11.300 2.840 18.800 16.800 

OBJECTIVES AND STATUS : 

The Space T r a n s p o r t a t i o n  System Opera t ions  C a p a b i l i t y  Development a c t i v i t y  i n c l u d e s  f i v e  major areas of 
e f f o r t :  Spacelab;  Space T r a n s p o r t a t i o n  System Upper S tages ;  Mul t imis s ion  and Payload Support  Equipment; 
t h e  Miss ion  Con t ro l  Center  (MCC) Upgrading (Level  11); and Payload and Opera t ions  Support .  

The Space lab  i s  a major e lement  of  the space  t r a n s p o r t a t i o n  system. The program i s  be ing  c a r r i e d  o u t  
j o i n t l y  by NASA and t h e  European Space Agency (ESA). NASA's suppor t  of  ESA's Space lab  development e f f o r t  
i n c l u d e s  deve loping  a crew t r a n s f e r  t u n n e l  and procurement of n e c e s s a r y  mock-ups, t r a i n e r s  and ground s u p p o r t  
equipment n o t  provided  by ESA. Other a c t i v i t i e s  i n c l u d e  procurement of f l i g h t  and ground hardware,  and sys -  
t e m  a c t i v a t i o n  a c t i v i t i e s  which a s s u r e  Space lab  c o m p a t i b i l i t y  w i t h  t h e  o r b i t e r  and which w i l l  l e a d  t o  an  
o p e r a t i o n a l  c a p a b i l i t y .  

The STS Upper S t a g e s ,  which c o n s i s t  o f  t h e  I n t e r i m  Upper S t a g e  (IUS) and t h e  Spinning  S o l i d  Upper S t a g e  
(SSUS), are  an  i n t e g r a l  p a r t  of t h e  s p a c e  t r a n s p o r t a t i o n  system. They a re  expendable ,  p r o p u l s i v e  s t a g e s  t o  
be  used t o  deploy Shu t t l e - l aunched  pay loads  t o  h i g h  energy o r b i t s  n o t  a t t a i n a b l e  by t h e  S h u t t l e  a lone .  The 
IUS i s  b e i n g  developed by t h e  U.S. A i r  Fo rce  and w i l l  be  o p e r a t i o n a l  i n  1980. It w i l l  be  used p r i m a r i l y  f o r  
h i g h  energy  l u n a r  and p l a n e t a r y  mis s ions  and f o r  t h e  d e l i v e r y  of up t o  5,000 pound payloads  t o  geosynchronous 
o r b i t .  The SSUS i s  a s p i n - s t a b i l i z e d ,  s o l i d  p r o p e l l a n t  expendable  upper s t a g e  s i z e d  t o  be used f o r  Delta 
(1,250 pounds) and At las -Centaur  (2 ,250  pounds) c l a s s  payloads  to be  launched i n t o  synchronous o r b i t .  
It i s  t o  be  f u l l y  o p e r a t i o n a l  i n  1980. 
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Mult imiss ion  and Payload Support  Equipment c o n s i s t s  o f  ground and f l i g h t  hardware used f o r  i n t e r f a c e s  
between t h e  payloads  and t h e  space  t r a n s p o r t a t i o n  system. This c lass  of  hardware will be  developed i n t o  
a s t a n d a r d ,  r e u s a b l e  i n v e n t o r y  f o r  a l l  payloads .  

T1.2 yAFcricn Centre1 C e n t e r  T_nnrirlinrr ( L ~ T ? P _ ~  11) is the  r e c ~ n t i g i ~ r s t i ~ n  the  J c h z l ~ ~ i  ';pacp (_'pntpr M i s s f ~ n  ro------o 

Con t ro l  Center  t o  suppor t  t h e  STS o p e r a t i o n a l  f l i g h t  s chedu le  requi rements .  Upgrading the  c a p a b i l i t y  t o  t h e  
Level I1 conf ig t i r a t ion  p rov ides  a d d i t i o n a l  hardware,  equipment,  and so f tware  t o  c o n f i g u r e  the MCC w i t h  the 
f l i g h t  c a p a b i l i t y  t o  suppor t  two o r b i t e r s ,  a ground s i m u l a t i o n  network,  and an MCCIlaunch s i t e  i n t e r f a c e .  

The Payload and Opera t ions  Support  a c t i v i t y  c o n s i s t s  of  f o u r  major areas of  e f f o r t :  Opera t ions  Management 
Suppor t ,  O r b i t a l  F l i g h t  T e s t  (OFT) Payload Suppor t ,  Payload Opera t ions  Con t ro l  Center  (POCC), and OFT Pay- 
l o a d s .  The Opera t ions  Management e f f o r t  focuses  on de termining  t h e  most e f f i c i e n t  method o f  o p e r a t i n g  t h e  
Space T r a n s p o r t a t i o n  System. The O r b i t a l  F l i g h t  T e s t  Payload Support  p rov ides  f o r  i n t e g r a t i n g  payloads on 
t h e  OFT f l i g h t s  d u r i n g  t h e  FY 1979-80 p e r i o d .  The POCC, t o  be  l o c a t e d  a t  t h e  Johnson Space Cen te r ,  w i l l  
p r o v i d e  f a c i l i t i e s  f o r  command and c o n t r o l  o f  S h u t t l e / S p a c e l a b  a t t a c h e d  payloads .  The OFT Payloads e f f o r t  
focuses  on deve lop ing  experiments  and o p e r a t i o n a l  mi s s ions  t h a t  w i l l  demonst ra te  S h u t t l e  c a p a b i l i t i e s .  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978 Space lab  funding  w i l l  be  used f o r  i nc remen ta l  procurement of  a f l i g h t  hardware i n v e n t o r y  from 
ESA and f o r  NASA development and p r o d u c t i o n  o f  t h e  crew t r a n s f e r  tunnel .  Procurement w i l l  be  i n i t i a t e d  f o r  
two demul t ip l exe r s .  Design and f a b r i c a t i o n  o f  a Space lab  s i m u l a t o r  w i l l  a l s o  be  i n i t i a t e d .  Funding w i l l  
suppor t  c o n t r a c t o r  e f f o r t  i n  systems e n g i n e e r i n g ,  systems so f tware ,  l o g i s t i c s  and a n a l y t i c a l  i n t e g r a t i o n  
a c t i v i t i e s .  

FY 1978 funds w i l l  be  used t o  c o n t i n u e  t h e  d e s i g n  and development of  t h e  NASA unique i t e m s  t o  suppor t  t h e  
IUS mis s ion  p l a n n i n g  and implementat ion.  FY 1978 funds w i l l  be  used t o  c o n t i n u e  t h e  development of SSUS 
hardware and a i r b o r n e  suppor t  equipment and t o  i n i t i a t e  t e s t  f i r i n g s .  

I n  a d d i t i o n ,  FY 1978 funds w i l l  p r o v i d e  f o r  development of t h e  fo l lowing  Mul t imiss ion  and Payload Support  
Equipment: ca rgo  i n t e g r a t i o n  and t e s t  equipment,  t race gas  a n a l y z e r ,  i n t e r s i t e  t r a n s p o r t a t i o n  equipment,  
payloads  s p e c i a l i s t  s t a t i o n  and a f l e x i b l e  multiplexer/demultiplexer. I n i t i a l  funding  f o r  t h e  Miss ion  Con- 
t r o l  Cen te r  Fpgrading (Level  11) i s  r e q u i r e d  i n  FY 1978 t o  meet the  o p e r a t i o n a l  f l i g h t  schedule  requi rements  
f o r  FY 1980. The upgrading w i l l  prov?-de a d d i t i o n a l  c o n t r o l  equipment and conso le s  f o r  m u l t i v e h i c l e  suppor t .  
E f f o r t  w i l l  beg in  on d a t a  p rocess ing  s o f t w a r e  f o r  command and c o n t r o l ,  f l i g h t  d e s i g n  and crew a c t i v i t i e s  
p l ann ing  . 
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I n  FY 1978 funding w i l l  b e  r e q u i r e d  f o r  o p e r a t i o n s  management s t u d i e s  t o  de te rmine  requirements  n e c e s s a r y  

I n  a d d i t i o n ,  payload t o  o r b i t e r  i n t e r f a c e s  w i l l  be  d e f i n e d ,  hardware des igned  and f a b r i c a t i o n  of t h a t  hard-  

w e l l  as p r e l i m i n a r y  d e s i g n ,  f a b r i c a t i o n  and t e s t i n g  of p r o t o t y p e s .  FY 1978 funding w i l l  a l s o  b e  used f o r  
d e s i g n  and development of hardware r e q u i r e d  f o r  i h e  OFT payloads.  

L. LU ac;corLiio,date S h i r t t l e  Liti:ization p l a n n i n g  and t o  I n v e s t i g a t e  long  range  operatLons planning f o r  t h e  STS. 

w a ~ e  i r i i i i d i e d .  Furids w l l l  be used t o  d e f l l i e  tlit: Payload  Operations Control Center  (POCC) r ~ q i i i r e i i i ~ n t ~ ,  as 

Spacelab 

m n77 T n70 
L L  arisi i iv r i  L Y I  I L Y I  0 

1976 Q u a r t e r  Budget Current  Budget 
Actual  A c t u a l  E s t ima t e E s t i m a  t e Estimate 

(Thousands of D o l l a r s )  

24,500 6 , 100 1 , 300 10,500 8,000 

OBJECTIVES AND STATUS: 

The Spacelab i s  a major e lement  of  t h e  Space T r a n s p o r t a t i o n  System. The program i s  be ing  c a r r i e d  o u t  
j o i n t l y  by NASA and t h e  European Space Agency (ESA) t o  p r o v i d e  a versa t i le ,  r e u s a b l e  space  l a b o r a t o r y  which 
w i l l  b e  flown t o  and from e a r t h  o r b i t  i n  t h e  cargo  bay of t h e  S h u t t l e .  The Spacelab w i l l  c o n s i s t  of a 
p r e s s u r i z e d  module and u n p r e s s u r i z e d  p a l l e t  segments which can  b e  used i n  v a r i o u s  combinations t o  s u p p o r t  
miss ion  requirements .  
ground-type l a b o r a t o r y  w h i l e  o p e r a t i n g  i n  t h e  unique environment o f  space.  

It w i l l  p e r m i t  r e s e a r c h e r s  t o  p e r s o n a l l y  conduct  a wide range  of experiments  i n  a 

Ten European n a t i o n s ,  o f  which n i n e  are  members of t h e  European Space Agency, are  p a r t i c i p a t i n g  i n  t h e  
program. NASA and ESA are  committed t o  b e a r  t h e  c o s t  of t h e i r  r e s p e c t i v e  program r e s p o n s i b i l i t i e s .  ESA 
r e s p o n s i b i l i t i e s  i n c l u d e  t h e  d e s i g n ,  development,  p r o d u c t i o n  and d e l i v e r y  of  t h e  f i r s t  Spacelab and 
a s s o c i a t e d  ground suppor t  equipment t o  NASA, and t h e  c a p a b i l i t y  t o  produce a d d i t i o n a l  Spacelabs.  NASA 
funding r e s p o n s i b i l i t i e s  i n c l u d e  development of f l i g h t  and ground s u p p o r t  equipment n o t  provided by ESA, 
development o f  Spacelab o p e r a t i o n a l  c a p a b i l i t y  and procurement of a d d i t i o n a l  hardware needed t o  s u p p o r t  
NASA’s miss ions .  

FY 1977 funds are be ing  a p p l i e d  t o  t h e  development of t h e  crew t r a n s f e r  t u n n e l  l i n k i n g  t h e  Spacelab t o  
t h e  S h u t t l e  o r b i t e r  cab in .  FY 1977 funds are a l s o  be ing  used t o  p r o c u r e  v e r i f i c a t i o n  f l i g h t  tes t  instrumen- 
t a t i o n  c o n s i s t i n g  of  s e n s o r s ,  e l e c t r o n i c  measuring and moni tor ing  d e v i c e s ,  and r e l a t e d  f l i g h t  and ground 
s u p p o r t  equipment r e q u i r e d  t o  v e r i f y  t h e  performance of Spacelab subsystems i n  t h e  environment t o  which 
payloads  w i l l  b e  s u b j e c t e d .  
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Procurement of  equipment f o r  t h e  s o f t w a r e  development f a c i l i t y  i s  b e i n g  i n i t i a t e d  i n  FY 1977. The equip-  
ment, c o n s i s t i n g  o f  t e r m i n a l s ,  a command d a t a  management system computer w i t h  i n t e r f a c e  d e v i c e  and s p a r e s  
w i l l  b e  used f o r  maintenance, i n t e g r a t i o n ,  v e r i f i c a t i o n  checkout  and d i s t r i b u t i o n  of t h e  Spacelab s o f t w a r e  
t o  b e  d e l i v e r e d  by ESA. The f a c i l i t y  must b e  o p e r a t i o n a l  when t h e  Spacelab e n g i n e e r i n g  model i s  d e l i v e r e d  
t o  t h e  U.S. by ESA i n  l a r e  1978. C v r i i r a c i v ~  ~ ~ E v L L L s  a r e  ki progress at Johnscn Space Center  i n  clinnnyt rr-- cf 
S p a c e l a b - t o - O r b i t e r  i n t e g r a t i o n  a c t i v i t i e s .  The t a s k s  i n c l u d e :  systems a n a l y s e s  t o  develop d a t a  r e q u i r e d  
f o r  i n t e r f a c e  d e f i n i t i o n  and i i i t e g r a t e d  sys tem performance,  i d e n t i f i c a t i o n  of  i n t e g r a t i o n  hardware d e s i g n ,  
payload i n s t a l l a t i o n  and removal r e q u i r e m e n t s ,  t e c h n i c a l  s u p p o r t  p lanning ,  p r e p a r a t i o n  of  i n t e r f a c e  c o n t r o l  
documentation, d e f i n i t i o n  of crew s t a t i o n  requi rements ,  and e s t a b l i s h m e n t  of  ground s u p p o r t  requi rements .  
Procurement of  S h u t t l e  i n t e r f a c e  v e r i f i c a t i o n  equipment i s  b e i n g  i n i t i a t e d  t o  s u p p o r t  t h e  ESA development 
e f f o r t .  The equipment i n c l u d e s  mechanical  i n t e r f a c e  hardware and d a t a  s i g n a l  equipment needed t o  ensure  
Space lab- to-Orbi te r  i n t e r f a c e  c o m p a t i b i l i t y .  The Johnson Space Center  w i l l  a l s o  p r o c u r e  u t i l i t y  k i t s  and 
s p e c i a l i z e d  a t tachment  f i t t i n g s  t o  mate t h e  v a r i o u s  Spacelab c o n f i g u r a t i o n s  t o  t h e  O r b i t e r .  

C o n t r a c t o r  e f f o r t s  a s s o c i a t e d  w i t h  t h e  o v e r a l l  i n t e g r a t i o n  of Spacelab o p e r a t i o n s  c a p a b i l i t y  development 
are i n  p r o c e s s .  Other  s u p p o r t  c o n t r a c t o r  a c t i v i t i e s  are a l s o  i n  p r o g r e s s  t o  p r o v i d e  f o r  d e s i g n  engineer ing  
t e c h n i c a l  s u p p o r t  and o p e r a t i o n s  p l a n n i n g  a t  t h e  Kennedy Space Center ,  and t o  develop and m a i n t a i n  crew 
procedures  d a t a  and system handbooks a t  t h e  Johnson Space Center .  I n  a d d i t i o n ,  procurement of  ESA developed 
long l e a d  hardware has  been i n i t i a t e d  t o  p r o v i d e  t h e  minimum i n v e n t o r y  of  Spacelab f l i g h t  e lements  t o  
s u p p o r t  up t o  twelve miss ions  p e r  year .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The Spacelab Program budget  f o r  FY 1977 w a s  reduced from $10.5 m i l l i o n  t o  $8.0 m i l l i o n .  Half of t h a t  
r e d u c t i o n  ($1 .3  m i l l i o n )  r e s u l t e d  from t h e  d e l e t i o n  of t h e  h i g h  f i d e l i t y  mockup/earth g r a v i t y  t r a i n e r .  
u n i t  w a s  i n t e n d e d  f o r  use  a t  t h e  Kennedy Space C e n t e r  t o  v e r i f y  t h e  i n t e r f a c e s  w i t h  t h e  f a c i l i t i e s  (e .g . ,  
t r a n s p o r t a t i o n ,  handl ing ,  payload changeout  room, and ver t ica l  a c c e s s ) ;  i t  w a s  l a t e r  t o  be shipped t o  t h e  
Johnson Space Center  t o  serve as a crew t r a i n e r .  Recent  s t u d i e s  concluded t h a t  r e l o c a t i o n  o f  t h e  e n g i n e e r i n g  
model from t h e  Marsha l l  Space F l i g h t  Center  t o  t h e  Kennedy Space Center  w i l l  p r o v i d e  t h e  c a p a b i l i t y  f o r  
which t h e  h i g h  f i d e l i t y  mockup had been r e q u i r e d  a t  t h e  launch c e n t e r .  S t u d i e s  have a l s o  shown t h a t  t r a i n -  
i n g  requi rements  a t  t h e  Johnson Space C e n t e r  can be s a t i s f i e d  by making minor modifications t o  a v a i l a b l e  
equipment and u s i n g  t h a t  equipment i n t e n s i v e l y ,  

The 

The bulk  of  t h e  i n t e g r a t i o n  e f f o r t s  which were planned t o  b e  s e p a r a t e l y  procured by t h e  Marsha l l  Space 
F l i g h t  Center  and t h e  Kennedy Space Center  have been c o n s o l i d a t e d  i n t o  a s i n g l e  c o n t r a c t .  The i n c r e a s e d  
e f f i c i e n c y  of  t h i s  concept  has  l e d  t o  a n e t  r e d u c t i o n  of  $1.2 m i l l i o n  i n  FY 1977 funding f o r  t h e  manpower 
associaied with ea r ly  plaiiiiliig aiid p r z p a r a t l o n  f ~ r  l n t z g r s t i c n  2nd r e l a t e d  hardware end software development 
a c t i v i t y .  
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~ f . , c  $2.5 .;r.FIIton V B S  t r a n s f e r r e d  +o t he  Payload and OperaLions Support  p r o j e c t  t o  3e used f o r  O r b i t a l  
F l i g h t  Test  (OFT) Payload Support  requi rements .  

BASIS OF FY 1978 ESTIMATE: 

Funds are  r e q u i r e d  i n  FY 1978 f o r  incrementa l  m-ocurement of f l i g h t  hardware from ESA, and f o r  cont inued  
development and p r o d u c t i o n  of t h e  crew t r a n s f e r  t u n n e l .  

A c q u i s i t i o n  of  equipment f o r  t h e  i n t e g r a t i o n  of t h e  Spacelab p r i o r  t o  f l i g h t  and f o r  t h e  re furb ishment  
a f t e r w a r d s  w i l l  commence i n  FY 1978. Development of t h e  equipment t o  checkout and v e r i f y  s o f t w a r e  r e c e i v e d  
from ESA which i s  r e q u i r e d  t o  i n t e g r a t e  t h e  mission dependent s o f t w a r e  i n t o  t h e  Spacelab Data Management 
System w i l l  b e  i n i t i a t e d .  The o u t f i t t i n g  of workstands i n  t h e  Opera t ions  and Checkout B u i l d i n g  a t  t h e  
Kennedy Space Center  and t h e  development of ground s u p p o r t  equipment w i l l  a l s o  begin  i n  FY 1978. 

FY 1978 funding  i s  a l s o  r e q u i r e d  f o r  systems e n g i n e e r i n g ,  systems sof tware ,  l o g i s t i c s  and a n a l y t i c a l  i n t e -  
g r a t i o n  a c t i v i t i e s .  The e f f o r t s  w i l l  a l s o  i n c l u d e  p r e p a r a t i o n s  a t  t h e  Kennedy Space Center  t o  s u p p o r t  
systems p r e f l i g h t  and p o s t f l i g h t  p r o c e s s i n g ,  i n t e g r a t i o n ,  Spacelab disassembly and r e f u r b i s h n e n t  a f t e r  
f l i g h t ,  and d e s i g n  e n g i n e e r i n g .  

The d e s i g n  and f a b r i c a t i o n  of a Space lab  s i m u l a t o r  w i l l  b e  i n i t i a t e d  and crew t r a i n i n g  equipment w i l l  b e  
developed. This equipment w i l l  be  used t o  p r e p a r e  t h e  f l i g h t  crew and payload s p e c i a l i s t  personnel  f o r  
Spacelab missions.  

E f f o r t s  are c o n t i n u i n g  t o  a s s u r e  t h e  S p a c e l a b ' s  c o m p a t i b i l i t y  w i t h  t h e  O r b i t e r .  Mechanical S h u t t l e  i n t e r -  
f a c e  v e r i f i c a t i o n  equipment w i l l  be  completed i n  FY 1978 and shipped t o  ESA f o r  u s e  i n  t h e i r  development 
e f f o r t s .  Equipment f o r  v e r i f i c a t i o n  of  t h e  O r b i t e r  and Space lab  a v i o n i c s  i n t e r f a c e  w i l l  b e  i n  f a b r i c a t i o n .  
NASA w i l l  b e  d e s i g n i n g  and developing  v e r i f i c a t i o n  f l i g h t  i n s t r u m e n t s  i n  FY 1978 which w i l l  b e  flown on t h e  
f i r s t  two Spacelab f l i g h t s .  Funds a r e  a l s o  r e q u i r e d  f o r  t h e  development of i n t e r f a c e  hardware,  such a s  t h e  
c a b l i n g  and s p e c i a l  mounting b r a c k e t s  which w i l l  b e  used t o  connec t  t h e  Spaceiab t o  t h e  O r b i t e r .  A ser ies  
of t a s k s  w i l l  be  performed i n  FY 1978 t o  de te rmine  t h e  e f f e c t  of t h e  Spacelab on t h e  thermal  and dynamic 
c h a r a c t e r i s t i c s  of t h e  O r b i t e r  w h i l e  i n  f l i g h t .  
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Space T r a n s p o r t a t i o n  System Upper S t a g e s  

T r a n s i t i o n  1977 1978 
1976 Quar t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a  t - e Estimate Estimate 
( ~ I U U S d L l J b  ULC B u l l a - s . ;  

2 , 625 703 3,800 I, $00 13 , 500 

OBJECTIVES AND STATUS : 

The Space T r a n s p o r t a t i o n  System (STS) upper s t a g e s  are r e q u i r e d  t o  p r o v i d e  t h e  c a p a b i l i t y  t o  deploy S h u t t l e -  
launched payloads t o  o r b i t s  n o t  a t t a i n a b l e  by t h e  S h u t t l e  a l o n e .  These upper s t a g e s  are  t h e  I n t e r i m  Upper 
S tage  (IUS) and t h e  Spinning S o l i d  Upper Stage(SSUS). Both a r e  i n t e g r a l  p a r t s  of  t h e  Space T r a n s p o r t a t i o n  
System (STS) and w i l l  be  used f o r  d e l i v e r y  of payloads  t o  geosynchronous o r b i t s  and h i g h  energy missions such 
as l u n a r  and p l a n e t a r y  e x p l o r a t i o n .  

The I n t e r i m  Upper S t a g e  i s  b e i n g  developed by t h e  Department of Defense (DOD). It w i l l  be  a m u l t i s t a g e ,  
s o l i d  p r o p e l l a n t  expendable v e h i c l e  and w i l l  b e  o p e r a t i o n a l  i n  1980. NASA i s  c o o r d i n a t i n g  t h e  i n c o r p o r a t i o n  
of  t h e  NASA-unique and o t h e r  non-DOD requi rements  w i t h  t h e  DOD d u r i n g  t h e  d e s i g n ,  development, t es t  and 
e v a l u a t i o n  phase  t o  i n s u r e  IUS o p e r a t i o n s  c o m p a t i b i l i t y  w i t h  t h e  space  t r a n s p o r t a t i o n  system. 

The IUS w i l l  b e  used p r i m a r i l y  f o r  h i g h  energy l u n a r  and p l a n e t a r y  miss ions  and f o r  d e l i v e r y  of up t o  5,000 
pound payloads  t o  geosynchronous o r b i t .  This weight  c a p a b i l i t y  i s  i n  excess of t h a t  needed by many geosyn- 
chronous payloads  u s i n g  t o d a y ' s  expendable  launch  v e h i c l e s .  The Spinning S o l i d  Upper S t a g e  (SSUS) w i l l  be  
developed f o r  t h e s e  smaller payloads and i t  i s  b e i n g  developed f o r  two weight  classes. It w i l l  b e  capable  
of  i n j e c t i n g  1,250 pound Delta c lass  payloads  i n t o  geosynchronous o r b i t  and 2,250 pound A t l a s  Centaur  c l a s s  
payloads  i n t o  t h e  same o r b i t .  An a d d i t i o n a l  advantage  of t h e  SSUS i n  terms of  launch c o s t  economy t o  t h e  
u s e r  community i s  t h a t  two A t l a s  Centaur  class SSUS's o r  f o u r  D e l t a  class SSUS's can b e  flown, w i t h  t h e i r  
s p a c e c r a f t ,  on a s i n g l e  s h u t t l e  f l i g h t  and s t i l l  main ta in  s e p a r a t e  s p a c e c r a f t  i n t e r f a c e s .  The main o b j e c t i v e  
of t h e  SSUS i s  t o  o f f e r  t h e  u s e r s  a lower c o s t  t r a n s p o r t a t i o n  i n t o  o r b i t s  beyond t h e  S h u t t l e ' s  c a p a b i l i t y .  
The s i m p l e  p h y s i c a l  and f u n c t i o n a l  i n t e r f a c e  f o r  payloads w i l l  p rovide  an e f f ec t ive  t r a n s i t i o n  from c u r r e n t  
expendable  launch v e h i c l e s  t o  t h e  o p e r a t i o n a l  STS, w i t h  emphasis on s e r v i n g  t h e  e x i s t i n g  commercial space- 
c r a f t  u s e r  community. 

During FY 1977 NASA i s  c o n t i n u i n g  t o  p a r t i c i p a t e  i n  t h e  DOD/IUS v a l i d a t i o n  phase  and t h e  p lanning  f o r  t h e  
development phase.  Ac t iv i t i e s  i n c l u d e  t h e  s p e c i f i c a t i o n  of mission and payload requi rements  f o r  t h e  non-DOD 
m i s s i o n s ;  f u r t h e r  d e f i n i t i o n  of tne IUSjOrbicer  and grvuii6 system i n t e r f ace  processing; d z f k i t F o r !  cf t h e  nrhs.!!, 
unique hardware and s o f t w a r e  system e lements  and o p e r a t i o n a l  concepts .  
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During FY 1977, development of  t h e  SSUS w i l l  be  i n i t i a t e d ,  and e f f o r t s  are  underway t o  de te rmine  t h e  i n t e r -  
f a c e  compab i l i t y  between the S h u t t l e  and t h e  SSUS. I n  a d d i t i o n ,  ground o p e r a t i o n s  requi rements  are  be ing  d e f i n e d .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

__ $ 2 . 0  miiiion decrease ~ r v , l l  i l le  budget  esii,,,die is drre =o I T A C A  1 A,,: -: nn t n  < - t v n A , , ~ ~  t h e  A n f i n ;  t i  nn 
I ' I ' I U n  Y U L L - L Y L V I I  L"  L I L L L I U U I I  ...>I -.-^L--C..C--- 

and development of t h e  SSUS system which w i l l  a l l ow t h e  r e p h a s i n g  of t h e  NASA-unique I U S  development e f f o r t s .  
The Lunds w i l l  be made a v a i l a b l e  t o  si ;pport  S h u t t l e ' s  c r i t i c a l  r~nllirements -y--- in FY 1977. 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, NASA's I U S  funding  w i l l  s u p p o r t  t h e  des ign  and development o f  NASA-unique hardware and s o f t -  
ware equipment i t e m s ,  i n c l u d i n g  f l i g h t  sys tems,  miss ion  r e l a t e d  hardware and s o f t w a r e ,  ground suppor t  equ ip -  
ment, o p e r a t i o n s  s u p p o r t ,  IUS/STS i n t e g r a t i o n ,  and s i m u l a t i o n l t r a i n i n g .  

The SSUS development w i l l  be i n i t i a t e d  i n  FY 1977 and w i l l  c o n t i n u e  i n  FY 1978. The funding i s  r e q u i r e d  f o r  
the development of  upper s t a g e  hardware,  i n c l u d i n g  i n i t i a l  t e s t  f i r i n g s ,  a i r b o r n e  and ground suppor t  equip-  
ment development,  launch s i t e  p r e p a r a t i o n  and STS system i n t e g r a t i o n  and t r a i n i n g .  NASA i s  d i s c u s s i n g  w i t h  
i n d u s t r i a l  c o n t r a c t o r s  t h e  p o s s i b i l i t y  o f  commercial development of  t h e  SSUS system. Q u a l i f i c a t i o n  t e s t i n g  
i s  planned f o r  l a t e  1978, l e a d i n g  t o  f u l l  o p e r a t i o n a l  c a p a b i l i t y  i n  1980. 

Mul t imiss ion  and Payload Support  Equipment 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

(Thousands of  D o l l a r s )  
E s  t i m a  t e E s t i m a  t e Actua l  Ac tua l  E s t i m a t e  

- -- - - -  3,000 1,500 7 , 000 

OBJECTIVES AND STATUS: 

Mul t imiss ion  and Payload Support  Equipment c o n s i s t s  of  equipment r e q u i r e d  t o  i n t e g r a t e  and check o u t  pay- 
load  e lements ,  and a class o f  ground and f l i g h t  hardware t h a t  w i l l  p rov ide  an i n t e r f a c e  between the  pay loads  
and elements  of t h e  Space T r a n s p o r t a t i o n  System. These requi rements  can  be  fu rn i shed  more economical ly  from 
a s t a n d a r d i z e d  equipment i n v e n t o r y  r a t h e r  than  by i n d i v i d u a l  payload users .  This r e u s a b l e  equipment i s  b e i n g  
developed t o  i n t e g r a t e ,  check Out, t r a n s p o r t ,  and o p e r a t e  a wide r ange  of  a p p l i c a t i o n s ,  s c i e n c e ,  and technology 

o p e r a t i o n s  a t  t h e  launch and r ecove ry  s i t e ;  and i n - o r b i t  payload o p e r a t i o n s .  
- 1 - 1  -"a pay?uauS.  eqi;~pmer;t vi?? s u p p o r t  a c t i T v r i ~ j y s  such 9 5 :  p a y l c l d  r,he=tect; ~ ~ s / p a y l o a d  jrtteura t i  nn a n d  crrnlrnd 3-  - 
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Examples of t h i s  type  o f  s t anda rd ized  equipment are:  (1) I n t e r s i t e  Payload T r a n s p o r t a t i o n  Equipment - This 
eqi i ipment  w i l l  S a t i S f v  t h e  ~ a v l o a d  d e v e l o p e r s '  requi rement  f o r  t r a n s p o r t i n z  Davloads t o  and from t h e  develop- 
ment s i t e  and the  launch s i t e .  
f o r  moving equipment up t o  14.5 f e e t  wide  and 11 f e e t  h igh  and 20 f ee t  long.  

d e s i g n  of  t h e  c o n t a i n e r  and i t s  a u x i l i a r y  equipment. 
ment i s  r e q u i r e d  t o  conduct payload o p e r a t i o n s  from t h e  o r b i t e r ' s  a f t  f l i g h t  deck .  A concept  u t i l i z i n g  
e x i s t i n g  technology has  been de f ined  and w i l l  s a t i s f y  t h e  m a j o r i t y  of  payload f u n c t i o n a l  command/display 
r equ i r emen t s .  
t i m e .  FY 1977 funds are be ing  used f o r  t h e  d e s i g n  of  t h e  equipment needed t o  suppor t  OFT payloads .  ( 3 )  Flex-  
i b l e  Multiplexer/Demultiplexer (MDM) - The f u n c t i o n  of t h e  f l e x i b l e  m u l t i p l e x e r  i s  t o  combine t h e  O r b i t e r  d a t a  
stream and up t o  f i v e  s e p a r a t e  payload t e l e m e t r y  o r  command d a t a  streams i n t o  a s i n g l e  o u t p u t  s i g n a l .  The 
f u n c t i o n  of t h e  f l e x i b l e  demul t ip l exe r  i s  t o  s e p a r a t e  t h e  combined d a t a  s i g n a l ,  e i t h e r  t e l e m e t r y  o r  command, 
back i n t o  t h e  a p p r o p r i a t e  O r b i t e r  o r  payload  d a t a  streams. 
ware. ( 4 )  Cargo I n t e g r a t i o n  and T e s t  Equipment (CITE) - This  equipment i s  r e q u i r e d  t o  i n t e g r a t e  and check o u t  
payload  e lements  as they  are assembled i n t o  a complete  ca rgo  t o  be  flown on t h e  Space T r a n s p o r t a t i o n  System. 
It w i l l  v e r i f y  t h a t  t h e  payload e lements  per form as des igned ,  and t h a t  t h e s e  elements  w i l l  n o t  i n t e r f e r e  w i t h  
each o t h e r  w h i l e  be ing  ope ra t ed .  
(5) Trace Gas Analyzer  - The t r a c e  gas  a n a l y z e r  system w i l l  perform i n - f l i g h t  moni tor ing  of t h e  aggrega te  
"o f fgass ing"  c o n s t i t u e n t s  from payloads  and metabol ic  sou rces  i n  t h e  Space lab  p r e s s u r i z e d  module. 
subsystems c o n s i s t  of  a gas  chromatographic  column t o  d e t e c t  t h e  p re sence  o f  a tmospher ic  subs t ance  and a mass 
spec t romete r  t o  measure t h e  c o n c e n t r a t i o n  of each of  t h e  a tmospher ic  c o n s t i t u e n t s .  

L'he equipment c o n s i s t s  o r  a l a r g e  c o n t a i n e r  carrled on a scandard  low-boy r r a i i e r  
The sys tem i s  envi ronmenta l ly  

-----o ---- , . , . - + * r r l l A A  .-.-A r l n o ; n n n A  t r r  
G V L I L L V I L C - U  U L I U  UL"L6'.LU L" b e  c s q a t i b l e  VF th  air tr2..spcrt. FET 1977 fu..ds Eire ho inn  1 l C D A  tc i n i + i . t e  t h e  

( 2 )  Payload S p e c i a l i s t  S t a t i o n  Equipment - This  equip-  

This approach w i l l  minimize t h e  need f o r  payload unique equipment and o p e r a t i o n a l  changeout 

FY 1977 funds a re  be ing  used t o  d e f i n e  t h i s  hard-  

C I T E  w i l l  a l s o  v e r i f y  t h e  c o m p a t i b i l i t y  of t h e  c a r g o / S h u t t l e  i n t e r f a c e s .  

I t s  pr imary 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The $1.5 m i l l i o n  d e c r e a s e  from t h e  budget  estimate r e f l e c t s  t h e  d e f e r r a l  of t h e  t r a c e  gas  a n a l y z e r  from 
Funds were t r a n s f e r r e d  t o  t h e  Payload and Opera t ions  Support  e f f o r t s  f o r  OFT payload FY 1977 t o  FY 1978. 

s u p p o r t  and o p e r a t i o n s  requi rements .  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funds w i l l  p rov ide  f o r  t h e  c o n t i n u e d  d e s i g n  and development of  hardware f o r  t h e  I n t e r s i t e  Payload 
Funds T r a n s p o r t a t i o n  E q u i p m e n t ,  t h e  Payload S p e c i a l i s t  S t a t i o n  and t h e  F l e x i b l e  Multiplexer/Demultiplexer. 

w i l l  a l s o  be  used f o r  t h e  des ign  i n i t i a t i o n  o f  t h e  Cargo I n t e g r a t i o n  and Test Equipment and t h e  Trace Gas 
Ana lyze r .  
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Mission C o n t r o l  Center  (MCC) Upgrading (Level  11) 

T r a n s i t i o n  1977 1978 
Budget Budget Curren t  

A c t u a l  ks t i m a t  e Cs t imace ~s c i m a  e 
1976 Qimr t er 

- Actua l  
(Thousands of D o l l a r s )  

MCC Upgrading (Level 11) i s  t h e  r e c o n f i g u r a t i o n  of t h e  Johnson Space Center  Mission Cont ro l  Center  t o  suppor t  
t h e  STS o p e r a t i o n a l  f l i g h t  s c h e d u l e  requi rements .  Level I upgrading ,  funded under t h e  S h u t t l e  development 
program, p r o v i d e s  hardware,  equipment and s o f t w a r e  t o  upgrade t h e  MCC t o  suppor t  S h u t t l e  development f l i g h t s .  
Level I1 w i l l  p r b v i d e  a d d i t i o n a l  hardware,  equipment, and s o f t w a r e  t o  c o n f i g u r e  t h e  MCC w i t h  t h e  c a p a b i l i t y  
t o  s u p p o r t  two s imul taneous  o r b i t e r  miss ions ,  a ground s i m u l a t i o n  network, and a MCC/launch s i t e  i n t e r f a c e .  

BASIS OF FY 1978 ESTIMATE: 

Funding f o r  t h e  MCC Upgrading (Level 11) i s  r e q u i r e d  i n  FY 1978 t o  m e e t  t h e  i n i t i a l  o p e r a t i o n a l  f l i g h t  
s c h e d u l e  requi rements  f o r  1980. This  i s  t h e  beginning of t h e  implementat ion of t h e  m u l t i v e h i c l e  s u p p o r t  
c a p a b i l i t y  needed f o r  STS Opera t ions .  
equipment and consoles .  
f l i g h t  d e s i g n ,  and crew a c t i v i t i e s  p lanning .  I n  a d d i t i o n ,  equipment w i l l  b e  i n s t a l l e d  t o  process  t e l e m e t r y  
d a t a .  

This a d d i t i o n a l '  c a p a b i l i t y  w i l l  c o n s i s t  of a d d i t i o n a l  miss ion  c o n t r o l  
Work w i l l  a l s o  b e g i n  on miss ion  d a t a  p r o c e s s i n g  s o f t w a r e  f o r  command and c o n t r o l ,  

Payload and Opera t ions  Support  

2,575 840 1 , 500 5 , 500 13 , 000 

OBJECTIVES AND STATUS : 

The Payload and Opera t ions  Support  a c t i v i t y  c o n s i s t s  of f o u r  major areas VI eI Ior t :  Operatioils  Manageinent 
Support ,  O r b i t a l  F l i g h t  T e s t  (OFT) Payload Support ,  Payload O p e r a t i o n s  Cont ro l  Center  (POCC), and OFT Payloads.  

Opera t ions  management s u p p o r t  s t u d i e s  w i l l  focus on de termining  t h e  most e f f i c i e n t  mode of o p e r a t i n g  t h e  
space  t r a n s p o r t a t i o n  sys tem (S'L'S j such as es t a b i i s h i n g  g u i d e i i n e s  f o r  f l i g h t  p I a n n i n g ,  i i i i s s i ~ ~ i  conti-oI/pay:oad 
o p e r a t i o n s ,  f l i g h t  crew t r a i n i n g  and f l i g h t  o p e r a t i o n s .  
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The O r b i t a l  F l i g h t  T e s t  Payload Support  p rov ides  f o r  t h e  i n t e g r a t i o n  of  payloads  on t h e  OFT f l i g h t s  du r ing  
the y y  1979-90 t i m e  p e _ r i ~ d .  'The a c t i ~ : F t i ~ , c  inx/ol~.red ere mznagement integration s u c h  1 9  n l  i n n i n n  c r h n A r - 1  i n n  

and c o o r d i n a t i n g  a l l  e lements ;  i n t e r f a c e  d e f i n i t i o n  i n  envi ronmenta l ,  s t r u c t u r a l ,  and thermal areas;  s a f e t y  
~ ~ ~ l ~ ~ ~ i ~ =  I~,-l-i.TQro intonrotinn. F l i n h t  c3rnnnrt. onrl A n T 7 n l n n m n n t  thn i n t n r C 3 m a  mnntrnl rlnnl,mnnt 

a d d i t i o n ,  u t i l i t y  m o d i f i c a t i o n s  are  r e q u i r e d  on f o u r  Space lab  eng inee r ing  model p a l l e t s  f o r  use  on t h r e e  
o f  t h e  OFT f l i g h t s .  

b 9  rA.A. .L  .&.. o, I C L I L I U A . L I .  

" " " L , " L V ,  I.,,..,"",.... L.... CbLULLV'., LLL6i.L YUyyVL L ,  U L l U  U . . V C L V y L L . L i L L  " L  L L l L  L L L L L L L U . . L  C V L I C L V L  U V b U L L L L L I L .  In 

The Payload Opera t ions  Con t ro l  Cen te r  (POCC), t o  be  l o c a t e d  a t  t h e  Johnson Space Center  (JSC), w i l l  p rov ide  
f o r  command and c o n t r o l  of  payloads  t h a t  o p e r a t e  i n  t h e  S h u t t l e  and Spacelab.  It w i l l  o p e r a t e  i n  con junc t ion  

p l a y s ,  communication l i n k s ,  and a s s o c i a t e d  so f tware .  
with t h z  3SC E s s i c n  Ccn t rc l  Czntzr .  Funding is r c q u i r z d  fcr thc  d c s i g n  and devzlcpmznt cf ccmputz r s ,  d i s -  

The OFT Payloads e f f o r t  i n v o l v e s  t h e  development o f  exper iments  and o p e r a t i o n a l  mi s s ions  t h a t  w i l l  make 
use  o f  t h e  o p e r a t i o n a l  t es t  f l i g h t s .  Some c a n d i d a t e s  b e i n g  cons ide red  are  a Skylab Rev i s i t ;  a t e t h e r e d  
s a t e l l i t e  system t o  pe rmi t  cont inuous  s c i e n t i f i c  measurements of t h e  e a r t h  t o  b e  made a t  low a l t i t u d e s  of 
120 k i l o m e t e r s ;  and demonst ra t ion  o f  t echn iques  t o  c o n s t r u c t  and f a b r i c a t e  l a r g e  s t r u c t u r e s  i n  space.  

FY 1977 funds are p r o v i d i n g  f o r  the e s t ab l i shmen t  of  STS o p e r a t i o n a l  requi rements  and t h e  development of  
STS o p e r a t i o n a l  concepts  i n  the fo l lowing  areas: i n t e g r a t e d  ground o p e r a t i o n s  ( o n - l i n e l o f f - l i n e  p r o c e s s i n g  
f l o w s ) ;  i n t e g r a t e d  l o g i s t i c s  s u p p o r t  p l ann ing ;  s t a n d a r d i z a t i o n  of  S h u t t l e / p a y l o a d  o p e r a t i o n s  as a b a s i s  of  
minimizing c o s t  of f l i g h t  p l ann ing  and crew t r a i n i n g ;  and STS o p e r a t i o n s  use r  cha rge  p o l i c i e s  f o r  Upper 
S t a g e s  and t h e  Spacelab.  

FY 1977 funds a l s o  suppor t  payload  i n t e g r a t i o n  eng inee r ing  assessments  t o  i n v e s t i g a t e  and a n a l y z e  o r b i t e r /  
payload i n t e g r a t i o n  t echn iques  and procedures  p r i o r  t o  commit t ing s p e c i f i c  payloads  t o  a p a r t i c u l a r  OFT 
miss ion .  The r e s u l t s  w i l l  be used t o  ass i s t  i n  deve loping  STS payload implementat ion t echn iques  t o  encompass 
minimum hardware i n t e g r a t i o n  and s h o r t  d e l i v e r y  schedu les .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The $4.0 m i l l i o n  i n c r e a s e  from the budget  estimate s u p p o r t s  i n c r e a s e d  a c t i v i t y  i n  t h e  Opera t ions  Management 
Support  area, and i n i t i a t i o n  of  t h e  OFT Tayload Suppor t  e f f o r t  which p rov ides  f o r  t h e  i n t e g r a t i o n  of payloads 
on OFT f l i g h t s .  Funds w e r e  made available from Space lab  ($2.5 m i l i i o n j  and from Mul t imiss ion  and Payload 
Suppor t  Equipment ($1.5 m i l l i o n ) .  
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BASIS OF FY 1978 ESTIMATE: 

F V  1978 funding f o r  Operations Management Support w i l l  he used tn determine t h e  reqiiiremetlts tn accommodate 
Shuttle utilization planning, flight planning, and flight operations simultaneously at the JSC Mission Control 
Center; alternatives for assembly, integration and checkout of payloads with upper stages at KSCj operational 
concepts and impiementation pianning for the shuttie at vandenberg Air Force Base; and methods and techniques 
for the intersite transportation of normal and outsized cargo to and from the launch sites. 

Future operation of the STS will be studied, such as the effectiveness of extra vehicular activity (EVA) 
vs. automated techniques for on-orbit maintenance and refurbishment of low altitude spacecraft; methods and 
techniques of further reducing overall STS operation costs and identification of potential users of the STS. 

Funding in FY 1978 for the Orbital Flight Test Payload Support is required to define the payload to Orbiter 
interfaces, to design the hardware modifications necessary to adapt the Spacelab engineering model pallets to 
OFT payloads and to initiate the fabrication of this hardware. 

FY 1978 funding for the Payload Operations Control Center (POCC) will be used for defining the POCC hard- 
ware requirements for computers, displays, communication links, associated software, preliminary design, 
fabrication and testing of prototypes. These design and hardware verifications will lead to initiation of 
hardware procurement and installation as well as software development. 

The FY 1978 funding for the OFT Payloads will be used for design and development of hardware required for 
the candidate payloads. 
and test requirements, integration requirements, and definition and long lead procurement of ground support 
equipment. 

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

It will support mission definition and planning as well as definition of training 

DEVELOPMENT, TEST AND MISSION OPERATIONS 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Es t ima t e 
(Thousands of Dollars) 

Research and test operations .................. 46,684 11,700 51 , 300 49 , 300 44 , 100 
Data systems and flight operations. ........... 44,460 11,800 45,900 44,900 44,000 

Launch systems operations ..................... 25,140 6,350 31,000 31,000 42,600 

Total.. ..................................... 161,100 40 800 169 900 166,900 173.000 

........................... 42,300 Operations support. 44,816 10 950 41,700 41 700 
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OBJECTIVES ,LID STATUS : 

Development, T e s t  and Mission Opera t ions  (DTMO) p r o v i d e s  t h e  common e n g i n e e r i n g ,  s c i e n t i f i c  and t e c h n i c a l  
. 1  - 3  .L -.-:-. -.1 _ _ _ _ _ _ _ ^  1 _ _ ^ _ _  C , 2 - L L .  _ ^ ^ ^ ^ _ ^  1- - - A  A ---- 1 - _ _ - _ e  ,e &I-- T-1- ---- c..-"- s u p p u r  i r r q u ~ ~ r u  t u  C U I I U U C L  uuguLug ~ L I U  p ~ u p u a c u  apact: L L L ~ I I L  L c a c a L L i i  aiiu U C V ~ ~ ~ U ~ L L ~ C I I L  a L  L L I C  L ) U ~ I I L J U I I  ~ l y a ~ r  

Center ,  t h e  Kennedy Space Center ,  t h e  M a r s h a l l  Space F l i g h t  Center  and t h e  N a t i o n a l  Space Technology Labora- 
t o r i e s .  ETMO f u n c t i o n s  i n c l u d e  r e s e a r c h  and t e s t  o p e r a t i o n s ,  d a t a  systems and f l i g h t  o p e r a t i o n s ,  o p e r a t i o n s  
s u p p o r t ,  and launch systems o p e r a t i o n s .  These common suppor t  e f f o r t s  a r e  n e c e s s a r y  t o  suppor t  e a r l y  p r o j e c t  
d e f i n i t i o n ,  t o  p r o v i d e  e n g i n e e r i n g  s u p p o r t  f o r  i n - d e p t h  t e c h n i c a l  examination of work performed by prime and 
major s u b c o n t r a c t o r s  on space  f l i g h t  sys tems;  t o  p r o v i d e  common suppor t  equipment and s u p p l i e s ;  and t o  per '  
form backup d e s i g n ,  t e s t i n g  and a n a l y s i s  i n  h i g h  technology a r e a s  of d e s i g n  and development. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The d e c r e a s e  i n  t h e  FY 1977 budget estimate f o r  Development, Test and Mission O p e r a t i o n s  i s  t h e  r e s u l t  of 
Congress iona l  a c t i o n .  
m i  1 l i o n .  

Based on t h e  A u t h o r i z a t i o n  Act ,  t h e  FY 1977 DTMO funding level  was reduced by $3.0 

BASIS OF FY I978 ESTIMATE: 

FY 1978 DTMO funding provides  Eor t h e  common e n g i n e e r i n g ,  s c i e n t i f i c  and t e c h n i c a l  suppor t  r e q u i r e d  f o r  a l l  
Space F l i g h t  programs. This suppor t  i s  r e q u i r e d  f o r  a c t i v i t i e s  conducted under Space S h u t t l e ,  Spacelab,  t h e  
Upper S t a g e s ,  and Advanced Programs. 

Research and Test Opera t ions  

T r a n s i t i o n  1977 1978 
1976 Quar te r  Budget Curren t  Budget 

E s t ima t e Actua l  Actua l  E s  t i m a  t e Estimate 
(Thousands of D o l l a r s )  

46 , 684 11,700 51,300 49 , 300 44 , 100 

OBJECTIVES AND STATUS: 

Research and tes t  o p e r a t i o n s  suppor t  a broad spec t rum of t e c h n i c a l ,  e n g i n e e r i n g ,  s c i e n t i f i c ,  r e l i a b i l i t y  
- - A  n . r - 1 ; t . r  o n n . r r o n n n  on2 m n . ~ n t . v  n r r o r ~ t i n n c  anta 3 o t i T i i  t i n c  n n m n l n m a n t  +--e work of  +-he m t i n r  r l ~ x ~ ~ l n n m ~ n t  auu y u a L I L j  ~ J J C I L ~ L I C L ,  ULLU O U L L L J  V ~ C L U L ' L V L L Y .  A L L ~ ~ ~  Y C C ' L v ' L L - L U  - v L - y A - L - L - A -  .J-- - - - - - -  r----- - 
c o n t r a c t o r s  l o c a t e d  a c r o s s  t h e  c o u n t r y  i n  contractor-owned p l a n t s  and government f a c i l i t i e s .  
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CHAKGES FROM F Y  1977 BUDGET ESTXbLATE: 

The r e s e a r c h  and t e s t  o p e r a t i o n s  funding  w a s  dec reased  by $2.0 m i l l i o n  as par t  of t h e  impact of t h e  
$3.0 m i i i i o n  reducrrion i n  rrhe Ff i977  DTPE funding,  based 011 C u n g r e s s i u r i a i  AuLi ivr iza i iur i  a c i i u r i .  

BASIS OF FY i 9 7 8  ESTIMATE: 

During FY 1978, r e s e a r c h  and t e s t  o p e r a t i o n s  w i l l  suppor t  c r i t i c a l  Space S h u t t l e  a c t i v i t i e s ,  l e a d i n g  t o  

r e s e a r c h  and development e f f o r t s  i n  advanced programs. Engineer ing  and t e s t  suppor t  i s  provided t o  a s s u r e  
f u l f i l l m e n t  of  t e c h n i c a l  g o a l s  as they  r e l a t e  t o  each program. 

the  Orhi ta .1  F l t g h t  Tes t  prngram (CIFTT) heg inn ing  i n  1979;  design 2nd deuelnpaent n f  En,,, rr-- S t s g e c ,  2nd e t h e r  

Examples of FY 1978 Space S h u t t l e  suppor t  t o  be  provided a t  t h e  Johnson Space Center  i nc lude :  (1) ongoing 
a n a l y s i s  and performance review of  t h e  Ku-band s t e e r a b l e  an tenna ;  ( 2 )  per forming  o r b i t e r - p a y l o a d  i n t e r f a c e  
s t u d i e s ,  u t i l i z ing .mockups  and man ipu la to r  development f a c i l i t i e s ;  and ( 3 )  c o n t i n u i n g  suppor t  of t h e  S h u t t l e  
a v i o n i c s  i n t e g r a t i o n  l a b o r a t o r y  f o r  v a l i d a t i o n  and a n a l y s i s  o f  approach and l and ing  t e s t  a v i o n i c s ,  and recon-  
f i g u r i n g  of t h e  l a b o r a t o r y  f o r  t h e  S h u t t l e  OFT a v i o n i c s  c e r t i f i c a t i o n  program. 

A t  t h e  Marsha l l  Space F l i g h t  Cen te r ,  FY 1978 funding  p rov ides  f o r :  (1) suppor t  t o  t h e  S h u t t l e  systems 
mated v e r t i c a l  ground v i b r a t i o n  t e s t ;  ( 2 )  eng inee r ing  suppor t  f o r  t h e  des ign  and development of e l e c t r o -  
mechanical  c o n t r o l  hardware and c o n t r o l  sys tems f o r  t h e  S h u t t l e  main engine ;  and ( 3 )  s e r v i c e s  necessa ry  
t o  de te rmine  t h e  s t r u c t u r a l  i n t e g r i t y  of  t h e  l i q u i d  hydrogen tank  and t h e  l i q u i d  oxygen tank ,  and o t h e r  
e x t e r n a l  tank  r e l a t e d  work i n  t h e  ground v e h i c l e  t e s t  and t h e  main p r o p u l s i o n  t e s t  program. 

I n  a d d i t i o n ,  FY 1978 r e s e a r c h  and t e s t  o p e r a t i o n s  funds r e q u i r e d  a t  t h e  Johnson Space Center  and t h e  
Marsha l l  Space F l i g h t  Cen te r  w i l l  suppor t  Space S h u t t l e  c e r t i f i c a t i o n  i n s p e c t i o n s ,  t e s t s ,  c o n f i g u r a t i o n  
c o n t r o l  p a n e l s ,  and i n t e g r a t i o n  e f f o r t s .  

Data Systems and F l i s h t  Opera t ions  

T r a n s i t i o n  1977 1978 
i 9 7 6  Q u a r t e r  Budget Cur ren t  Budget 

Actua l  Ac tua l  Estimate Estimate E s t  i m a t  e 
(Thousands of  D o l l a r s )  

44,460 i i , 800  4 5 ,  Y w u  4 4 ,  900 4 4 ,  u u u  
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OBJECTIVES AND STATUS: 

Data systems and f l i g h t  o p e r a t i o n s  s u p p o r t  t h e  d e f i n i t i o n ,  des ign ,  implementat ion,  and checkout of hard-  
ware dud software m o d l f l c a t k i i s  t o  t h e  Johns=:: Space C e r ? t e r ' c  XissFnn Cer? t r c l  Center (MW) a n d  t h e  rea1 
t i m e  computer complex, a s  w e l l  a s  o p e r a t i o n  and maintenance of t h o s e  f a c i l i t i e s  i n  p r e p a r a t i o n  f o r  mission 
s u p p o r t .  

F l i g h t  s i m u l a t i o n  e f f o r t s  i n c l u d e  m o d i f i c a t i o n ,  o p e r a t i o n  and maintenance o f  f u l l - m i s s i o n  and p a r t - t a s k  
s i m u l a t i o n s  f o r  f l i g h t  procedures  development and v a l i d a t i o n  and f l i g h t  c r e w  t r a i n i n g ,  as w e l l  a s  t h e  oper-  
aiio11 01 ille j s C  cei-ltxa: data  cor ,putat ion facij.itjr and spzcj.al p-rpcse dati s y s t e m  whtch zip r e q i i i r e d  to 
s u p p o r t  Center-wide ac t iv i t i e s  i n  m i s s i o n  a n a l y s i s ,  systems e n g i n e e r i n g ,  development, and test  f u n c t i o n s  
f o r  t h e  S h u t t l e  program. 

S p a c e c r a f t  and a i r c r a f t  o p e r a t i o n s  p r o v i d e  f o r  development of S h u t t l e  f l i g h t  c o n t r o l  and recovery  p l a n s  
and p r o c e d u r e s ,  f l i g h t  p l a n s ,  f l i g h t  d a t a  f i l e s ,  crew procedures ,  and o t h e r  e lements  of t h e  d a t a  base  
r e q u i r e d  f o r  crew a c t i v i t i e s ,  o p e r a t i o n  and maintenance of t h e  T-38  t r a i n i n g  a i r c r a f t ,  and f l i g h t  d a t a  
management. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The d a t a  systems and f l i g h t  o p e r a t i o n s  funding  was decreased  by $1.0 m i l l i o n  as p a r t  of t h e  impact of 
t h e  $3.0 m i l l i o n  r e d u c t i o n  i n  t h e  FY 1977 DTMO funding,  based on Congress iona l  A u t h o r i z a t i o n  a c t i o n .  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding of ground-based f l i g h t  d a t a  systems w i l l  suppor t  t h e  update  of  t h e  Mission Control  Center  
and p r o v i d e  f l i g h t  suppor t  and f l i g h t  d a t a  management f u n c t i o n s  f o r  t h e  S h u t t l e  d a t a  r e d u c t i o n  c e n t e r  and 
o r b i t a l  f l i g h t  t e s t  programs. This e f f o r t  w i l l  a l s o  i n c l u d e  t h e  o p e r a t i o n  of t h e  s o f t w a r e  development 
l a b o r a t o r y ,  comprised p r i m a r i l y  of t h e  e x i s t i n g  real  t i m e  computer complex system which i s  used t o  develop 
and v a l i d a t e  t h e  S h u t t l e  o r b i t e r  f l i g h t  s o f t w a r e ,  as w e l l  a s  t o  s u p p o r t  equipment and s o f t w a r e  changes. 

FY 1978 e f f o r t s  i n  f l i g h t  s i m u l a t i o n  and development d a t a  systems w i l l  i n c r e a s e  i n  suppor t  of t h e  i n s t a l l a -  
t i o n  and o p e r a t i o n  of t h e  S h u t t l e  s i m u l a t o r  hardware and sof tware .  Mission and systems des ign  and performance 
s t u d i e s  f o r  t h e  S h u t t l e  w i l l  a l s o  b e  underway. 

S p a c e c r a f t  and a i r c r a f t  o p e r a t i o n s  a c t i v i t i e s  which w i l l  b e  suppor ted  i n  FY 1978 i n c l u d e  maintenance, modif i -  
c a t i o n ,  and e n g i n e e r i n g  suppor t  services r e l a t i n g  t o  t h e  T-38 t r a i n i n g  a i r c r a f t  and the K C - i 3 5  zero-G a i r c r a f t .  
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Support  requi rements  i n  FY 1978 w i l l  i n c r e a s e  i n  t h i s  area due t o  t h e  a d d i t i o n  of  new a s t r o n a u t s  and miss ion  
s p e c i a l i s t s  and use  of  t h e  T-38 chase  a i r c r a f t  t o  suppor t  t h e  S h u t t l e  t r a i n i n g  a i r c r a f t  and o r b i t a l  f l i g h t  
t e s t  programs. 
I i i g h L  o p e r a t i o n s  p l ann ing  control for t h e  S h i i r r l e  orhi r a l  f l  i gh.r rest-: 

Also  r e q u i r e d  i n  FY 1978 i s  t h e  f l i g h t  c o n t r o l ,  crew t r a i n i n g  and eng inee r ing  suppor t  of  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budget 

A c t u a l  Ac tua l  E s t i m a t e  E s t i m a t e  E s  t i m a  t e 
(Thousands of D o l l a r s )  

44,816 10 , 950 41,700 41  , 700 42,300 

OBJECTIVES AND STATUS: 

Opera t ions  suppor t  p rov ides  c o n t r a c t o r  e f f o r t  and r e l a t e d  s u p p l i e s  and equipment t o  o p e r a t e  and ma in ta in  
o n - s i t e  t e c h n i c a l  services a t  t h e  Johnson Space Center ,  t h e  Marsha l l  Space F l i g h t  Center ,  t h e  Kennedy Space 
Cen te r ,  and t h e  Na t iona l  Space Technology Labora to r i e s .  It a l s o  p rov ides  t h e s e  t e c h n i c a l  services f o r  t h e  
Johnson Space C e n t e r ' s  o f f - s i t e  o p e r a t i o n s  a t  the  White Sands T e s t  F a c i l i t y  and t h e  Marsha l l  Space F l i g h t  
C e n t e r ' s  o f f - s i t e  o p e r a t i o n s  a t  t h e  Michoud Assembly F a c i l i t y  and t h e  S l i d e l l  Computer Complex. 

BASIS OF FY 1978 ESTIMATE: 

F i s c a l  Year 1978 funding  w i l l  p r o v i d e  f o r  t h e  maintenance of  t e c h n i c a l  f a c i l i t i e s  and equipment,  chemical  
c l e a n i n g ,  eng inee r ing  d e s i g n ,  t e c h n i c a l  documentat ion and a n a l y s e s ,  te lecommunicat ions,  component f a b r i c a -  
t i o n ,  photographic  s u p p o r t  and l o g i s t i c s  suppor t .  

Examples  of s p e c i f i c  services t o  be  provided  i n  FY 1978 i n c l u d e :  (1) o p e r a t i o n  and maintenance of  
s p e c i a l i z e d  e l e c t r i c a l  and c ryogen ic  sys tems,  and maintenance of t e s t  area c r a n e s ;  (2)  o p e r a t i o n  of 
shops t o  do metal f u r b i s h i n g ,  anod iz ing ,  p l a t i n g ,  s t r i p p i n g ,  and e t c h i n g  o f  s e l e c t e d  i t e m s  o f  in -house  
f a b r i c a t e d  f l i g h t  hardware;  ( 3 )  c l e a n i n g  of  hoses ,  gauges,  t u b i n g ,  and r e l a t e d  f l i g h t  items t h a t  are  
f a b r i c a t e d  in-house ;  (4)  e n g i n e e r i n g ,  i n s t a l l a t i o n ,  o p e r a t i o n  and maintenance of c l o s e d  c i r c u i t  f i x e d  
and mobile  t e l e v i s i o n  r e q u i r e d  f o r  suppor t  and/or  s u r v e i l l a n c e  of  t e s t s ;  (5) photographic  s e r v i c e s  i n -  
c i u d i n g  s t i l l  and motion p i c t u r e  p r o c e s s i n g  and aud io  v i s u a l  mi s s ion  s u p p o r t ;  (6)  f a b r i c a t i o n  of  models, 
b readboards ,  and s e l e c t e d  i t e m s  of f l i g h t  hardware; (7)  t e c h n i c a l  documentat ion s e r v i c e s ,  telecommunica- 
t i o n s ,  and g r a p h i c s ;  (8)  t e c h n i c a l  services i n  suppor t  o f  Cen te r  o p e r a t i o n s  i n c l u d i n g  r e c e i p t ,  s t o r a g e ,  
i s s u e  of r e s e a r c h  and development s u p p l i e s  and equipment,  and t r a n s p o r t a t i o n  s e r v i c e s ;  and (9)  management 
services i n  suppor t  of Cen te r  o p e r a t i o n s ,  i n c l u d i n g  data management, microf i lming  and d i s t r i b u t i o n  of  
t e c h n i c a l  documentation. 
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F i s c a l  Year 1978 funds w i l l  a l s o  p r o v i d e  a b a s i c  l e v e l  of maintenance, o p e r a t i o n ,  and suppor t  s e r v i c e s  
r e q u i r e d  a t  t h e  White Sands T e s t  F a c i l i t y  t o  suppor t  program requi rements  i n c l u d i n g  material and component 
t e s t i n z ?  a n d  orh i  t a l  manelivering s y s t e m s  r e s t  slipport f o r  t h e  S h i i t i l  e program;  o p e r a t i o n  and mainrenance o f  
t h e  computer systems a t  t h e  S l i d e l l  Computer Complex; and t h e  b a s i c  level  of o p e r a t i o n  and maintenance of 
the P.lfchnijd Asspmhly F a c i 1 i . t ~  where the external. t a n k s  f o r  the Shi j t t le  are h e i n g  f a h r i r a t e r l  and asgemhl.prl~ 

I n  a d d i t i o n ,  FY 1978 funds w i l l  p r o v i d e  t h e  b a s i c  level  of s u p p o r t  t o  t h e  N a t i o n a l  Space Technologv 
L a b o r a t o r i e s  which are  engaged i n  t h e  s t a t i c  tes t  f i r i n g  and integrated component t e s t i n g  of t h e  Space 
S h u t t l e  main engine  and t h e  q u a l i f i c a t i o n  of  t h e  main p r o p u l s i o n  system. 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

25 , 140 6,350 31,000 31,000 42 , 600 

OBJECTIVES AND STATUS : 

Launch systems o p e r a t i o n s  p r o v i d e  f o r  t h e  o p e r a t i o n  of t h e  checkout  and launch f a c i l i t i e s  and a s s o c i a t e d  
ground s u p p o r t  equipment as w e l l  as t h e  t e c h n i c a l  services r e q u i r e d  t o  suppor t  t h e  t e s t ,  checkout and launch 
of s p a c e  v e h i c l e s  and payloads a t  t h e  Kennedy Space Center .  

BASIS OF FY 1978 ESTIMATE: 

The DTMO requirement  a t  t h e  Kennedy Space Center  w i l l  i n c r e a s e  i n  FY 1978 t o  s u p p o r t  p r e p a r a t i o n  of t h e  
launch f a c i l i t i e s  t o  accommodate t h e  f i r s t  manned o r b i t a l  f l i g h t  i n  1979. FY 1978 a c t i v i t i e s  w i l l  suppor t  
t h e  r e c o n f i g u r a t i o n  and p r e p a r a t i o n  of  t h e  C e n t e r ' s  launch f a c i l i t i e s  and systems,  i n c l u d i n g  t h e  i n s t a l l a -  
t i o n  of newly designed ground s u p p o r t  systems t o  accommodate t h e  Space S h u t t l e  f l i g h t  hardware and payload 
systems.  

_. 
b i s c a l  Year 1978 funding p r o v i d e s  f o r  mechanical ground system a c t i v i t i e s  i n v o l v i n g  o p e r a t i o n  and 

maintenance of launch systems and f a c i l i t i e s  a s  t h e y  are  a c t i v a t e d  f o r  S h u t t l e ;  suppor t  f o r  development 
t e s t i n g  of Kennedy Space Center  des igned  S h u t t l e  equipment i n  t h e  launch equipment t e s t  f a c i l i t y ;  p r e s e r -  
v a t i o n ,  maintenance, and o p e r a t i o n  of t h e  Kennedy Space Center  e lec t r ica l  and mechanical u t i l i t i e s  systems;  
and o p e r a t i o n  of t e c h n i c a i  shops and t h e  p r e c i s i o n  c i e a n i n g  i a b o r a t o r y  which suppor t  maintenance activities. 
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Fisca l  Year 1978 funding  w i l l  a l s o  p r o v i d e  f o r  t h e  maintenance and mod i f i ca t ion  of  e l e c t r i c a l / e l e c t r o n i c  
and launch i n s t r u m e n t a t i o n  systems such as automat ic  checkout  equipment,  o p e r a t i o n a l  v o i c e  and TV communi- 
c a t i o n s ,  cnrnpiira tions: 111edbu~elnents. and t e l eme t ry .  %,ese activities i n c l u d e  o p e r a t i o n s  and maintenance of  
communication, computa t iona l  and i n s t r u m e n t a t i o n  systems as they  a re  a c t i v a t e d  f o r  S h u t t l e ,  and in s t rumen ta -  
t i c ? ?  2nd mpnsiwern~nt s u p p o r t  f o r  development t e s t i n g  of t h e  Kennedy Space Center  des igned  S h u t t l e  equipment 
i n  t h e  launch equipment t e s t  f a c i i i r y .  

BASIS OF FY 1 9 7 8  FUNDING KEQUIKEMEN'lS : 

ADVANCED PROGRAMS 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budget 

Ac tua l  Ac tua l  Estimate Estimate E s  t i m a  t e 
(Thousands of D o l l a r s )  

12,074 3 , 500 13 , 000 12,000 10,000 

OBJECTIVES AND STATUS: 

The Advanced Programs objec t ivse  i s  t o  p rov ide  t e c h n i c a l  as w e l l  a s  programmatic d a t a  f o r  t h e  d e f i n i t i o n  
and e v a l u a t i o n  of p o t e n t i a l  f u t u r e  space  programs and systems.  
sound b a s i s  f o r  new programs and sys tems,  such as t h e  Apol lo ,  Skylab,  and t h e  Space S h u t t l e .  I n  suppor t  of  
t h e s e  a c t i v i t i e s ,  advanced development and advanced s t u d i e s  are  conducted t o  o b t a i n  s i g n i f i c a n t  performance 
and r e l i a b i l i t y  improvements and t o  r educe  f u t u r e  program r i s k s  and development c o s t s  th rough t h e  e f f e c t i v e  
u s e  of new t echno log ie s .  

These e f f o r t s  have con t inuous ly  provided  a 

I n  FY 1977, space  s t a t i o n  concep tua l  s t u d i e s  a re  be ing  cont inued  t o  e s t a b l i s h  t h e  requi rements  and perform- 
ance s p e c i l i c a t i o n s  f o r  a p o t e n t i a l  f u t u r e  fou r  t o  s i x  pe r son  space  s t a t i o n .  
assembly of l a r g e  s t r u c t u r e s  i n  space  a r e  n e a r i n g  complet ion.  
development e n g i n e e r i n g  and t e s t i n g  o f  improved envi ronmenta l  suppor t  and p o t e n t i a l  equipment components, 
and i n v e s t i g a t i o n s  of  sunnor t  equipment and t o o l s  r e q u i r e d  f o r  extended o p e r a t i o n s  i n  space.  Work on 
advanced e l ec t romechan ica l  a c t u a t o r s  t o  p rov ide  s i g n i f i c a n t l y  more r e l i a b l e  long l i f e  performance f o r  f u t u r e  
f l i g h t  c o n t r o l  a p p l i c a t i o n s  w a s  accomplished w i t h  l a b o r a t o r y  breadboard models. 
2nd measurements have l e d  t o  t h e  development o f  v a s t l y  improved "go-no-go" c r i t e r i a  f o r  launch  o p e r a t i o n s .  

Conceptual  s t u d i e s  on t h e  
Other  e f f o r t s  con t inu ing  i n  FY 1977 i n c l u d e  

L igh tn ing  i n v e s t i g a t i o n s  
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The $1.0 m i l l i o n  dec rease  from t h e  budget  estimate r e f l e c t s  a r e d u c t i o n  i n  expendable  launch  v e h i c l e  
i ~ ~ ~ p r o v e m e n t  s t u d y  e f f o r t s  a n d  i n  advanced technology a c t i v i t i e s  r e l a t i n g  t o  space  f l i g h t  programs. 
a c t i v i t y  on p o t e n t i a l  f u t u r e  programs i s  n o t  b e i n g  reduced. The r e d u c t i o n s  i n  t h i s  program area WILL make 
funds a v a i l a b l e  t o  suppor t  c r i t i c a l  S h u t t l e  requi rements  i n  FY 1977. 

Study 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978 t h e  advanced s t u d i e s  e f f o r t  w i l l  c o n c e n t r a t e  on p o t e n t i a l  f u t u r e  e a r l y  space  s t a t i o n s ,  o r b i t a l  
t r a n s f e r  v e h i c l e s ,  and n u c l e a r  waste d i s p o s a l .  
o p e r a t i o n s ,  o r b i t a l  assembly o f  l a r g e  s t r u c t u r e s  and o r b i t a l  o p e r a t i o n  c a p a b i l i t y  w i l l  be  i n v e s t i g a t e d  i n  
f u r t h e r  d e t a i l .  

Advanced o p e r a t i o n a l  concep t s  r e l a t e d  t o  i n t e g r a t e d  launch 

The advanced development e f f o r t  w i l l  s u p p o r t  t h e  advanced s t u d y  concepts  i n  a l l  t h e  major t , echn ica l  
d i s c i p l i n e s .  
t o  assembly,  maintenance and o p e r a t i o n  o f  l a r g e  s t r u c t u r e s  and complex s a t e l l i t e  sys tems,  rendezvous and 
i n s p e c t i o n ,  and s a t e l l i t e  r e t r i e v a l  and r e p a i r .  
w i l l  a l s o  b e  cont inued .  

O r b i t a l  o p e r a t i o n s  s t u d i e s  w i l l  b e  suppor ted  w i t h  des ign  and t e s t i n g  of  concepts  a p p l i c a b l e  

Consumables management and advanced i n s t r u m e n t a t i o n  s t u d i e s  

I n  a d d i t i o n ,  FY 1978 funding  w i l l  p r o v i d e  f o r  t e s t i n g  and e v a l u a t i o n  of major r e g e n e r a t i v e  l i f e  suppor t  
subsystems.  
t e s t i n g ;  c o n t i n u a t i o n  of work on a f l i g h t  p r o t o t y p e  dex t rous  space  t e l e o p e r a t o r  u n i t ,  and t h e  i n v e s t i g a t i o n  
o f  advanced e x t r a v e h i c u l a r  work systems and manned c o n s t r u c t i o n  system development. Tools ,  work s i t e  a i d s ,  
space  s u i t s ,  p o r t a b l e  l i f e  suppor t  and a n c i l l a r y  equipment w i l l  be  i n v e s t i g a t e d  t o  e s t a b l i s h  and expand t h e  
c a p a b i l i t y  f o r  o r b i t a l  c o n s t r u c t i o n  o p e r a t i o n s .  

These e f f o r t s  w i l l  i n c l u d e  i n i t i a t i o n  of unmanned r e g e n e r a t i v e  l i f e  suppor t  i n t e g r a t e d  system 

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

SPACE TRANSPORTATION SYSTEM OPERATIONS 

T r a n s i t i o n  1977 1978 
1976 Quar t e r  Budget Curren t  Budget 

Estimate Ac tua l  Ac tua l  E s t i m a t e  E s t i m a t e  
(Thousands o f  D o l l a r s )  

- - -  17, so0 Space s h u t t l e  o p e r a t i o n s .  ..................... --- --- --- 
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OBJECTIVES AND STATUS : 

Space T r a n s p o r t a t i o n  System Opera t ions  w i l l  p rovide  t h e  t r a n s p o r t a t i o n  s e r v i c e s  and o p e r a t i o n a l  a c t i v i t i e s  
t o  b r i n g  about  a new era i n  c a p i t a l i z i n g  on t h e  unique a d v a n t a g e s . o f  space  t o  a c h i e v e  expansion of  human 
knowledge and p r a c t i c a l  b e n e f i t s  on e a r t h .  Space T r a n s p o r t a t i o n  System Opera t ions  w i l l  p r o v i d e  f o r  t h e  
d e l i v e r y  of f r e e  f i y i n g  payioads LO i o w  e a r ~ h  or 'u i i ,  L U I L ~ U L ~  ul e ~ p e ~ i l ~ e ~ ~ t s  u s i ~ i g  t l - 1 ~  Sliutt :e ~ , r b l t e r  ;rs a 
car r ie r  v e h i c l e ,  conduct of experiments  i n  t h e  manned working a r e a s  of t h e  Spacelab,  conduct of exper iments  
u s i n g  Space iab  p a l l e t s ,  d e l i v e r y  of payloads  t o  synchronous and o t h e r  h i g h  energy o r b i t s  u s i n g  t h e  combined 
c a p a b i l i t i e s  of t h e  S h u t t l e  and upper s t a g e s ,  r e t r i eva l  of f r e e  f l y i n g  payloads from l o w  e a r t h  o r b i t ,  and 
on o r b i t  s e r v i c i n g  of s a t e l l i t e s .  O p e r a t i o n a l  f l i g h t  miss ions  w i l l  b e  planned and conducted t o  accomplish 
t h e s e  a c t i v i t i e s  i n  an e f f e c t i v e ,  e f f i c i e n t  and economical manner by a p p r o p r i a t e  combining of  payloads ,  
experiments  and miss ion  o b j e c t i v e s  on s p e c i f i c  f l i g h t s .  The Space T r a n s p o r t a t i o n  System Opera t ions  ac t iv i -  
t i e s  i n t e g r a t e  t h e  Space S h u t t l e  system, t h e  Spacelab,  and t h e  upper s t a g e s  i n t o  a v e r s a t i l e  and economical 
system; accomplish miss ion  p lanning;  p r o v i d e  t h e  r e c u r r i n g  hardware and consumables; and s u p p o r t  a l l  launch,  
f l i g h t  recovery ,  crew and r e l a t e d  ac t iv i t ies .  

BASIS OF FY 1978 ESTIMATE: 

With t h e  i n i t i a l  o p e r a t i o n a l  c a p a b i l i t y  of  t h e  Space S h u t t l e  scheduled f o r  1980, funding f o r  hardware 
f a b r i c a t i o n ,  v e h i c l e  s p a r e s ,  crew t r a i n i n g ,  f l i g h t  s i m u l a t i o n s ,  s o f t w a r e  development, and f l i g h t  and 
m i s s i o n  p l a n n i n g  must b e  i n i t i a t e d  i n  FY 1978. The pac ing  procurements  i n c l u d e  i n i t i a l  long l e a d  t i m e  
hardware and s p a r e s  f o r  t h e  e x t e r n a l  t a n k  and s o l i d  r o c k e t  b o o s t e r .  E x t e r n a l  Tank (ET) funding  i s  
r e q u i r e d  t o  s u p p l y  r a w  materials, c a s t i n g s ,  and f o r g i n g s  t o  machining vendors  s o  t h a t  f i n i s h e d  p a r t s  
can b e  a v a i l a b l e  a t  t h e  s tar t  of ET subassembly a t  t h e  Michoud Assembly F a c i l i t y  i n  e a r l y  FY 1979. 
S o l i d  Rocket Boos ter  (SRB) i n i t i a l  hardware procurements i n  FY 1978 w i l l  i n c l u d e  s o l i d  r o c k e t  motor 
components, e l e c t r o n i c  and i n s t r u m e n t a t i o n  p a r t s ,  p y r o t e c h n i c s ,  t h r u s t  v e c t o r  c o n t r o l  components and 
r e c o v e r y  and s e p a r a t i o n  motor p a r t s .  

I n  a d d i t i o n ,  FY 1978 funding w i l l  p r o v i d e  f o r  i n i t i a t i o n  of  c r e w  t r a i n i n g  and procedures ;  f l i g h t  c o n t r o l  
systems e n g i n e e r i n g  s u p p o r t ;  c o n s o l e  handbooks; requi rement  documents; t r a i n i n g  r e c o r d s  and i n s t r u c t o r s ;  
f l i g h t  d a t a  f i l e  c h e c k l i s t s ;  t h e  e s t a b l i s h m e n t  of management systems f o r  communications program p l a n s  and 
d i r e c t i v e s ;  and biomedical  equipment. Support  e f f o r t s  w i l l  p r o v i d e  f o r  a n a l y s i s  n e c e s s a r y  f o r  s t r u c t u r a l  
payload i n t e g r a t i o n  and e n g i n e e r i n g  s u p p o r t  f o r  c r e w  systems ( e x t r a v e h i c u l a r  m o b i l i t y  u n i t ,  h e a d s e t s ,  s p a c e  
s u i t s ,  e t c ) .  FY 1978 funding i s  a l s o  r e q u i r e d  f o r  t h e  i n i t i a l  development of  mission p r o f i l e s  and t r a j e c -  
t o r i e s  f o r  t h e  o p e r a t i o n a l  f l i g h t s .  Examples are systems performance and c o m p a t i b i l i t y  a n a l y s i s ,  consum- 
a b l e s s c h e d u l i n g  and u t i l i z a t i o n  p l a n n i n g ,  and s o f t w a r e  development f l i g h t  p lanning  f o r  s t a n d a r d i z e d  miss ion  
requi rements .  The p l a n n i n g  a c t i v i t i e s  f o r  o p e r a t i o n  and maintenance of t h e  S h u t t l e  procedures  s i m u l a t o r ,  
E ' n e  Shuiiie i i i i s s iuu ~'LuiulaLLor, afid t h e  o r b i t e r  asrodynadc s i r ~ ? z t o r  fer crev trainirs.o 0 r.7; ..--- 1 1  a1 ---- c n  heg in  
i n  FY 1978. 
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BASIS OF EY 1978 FUNDING REQUIREMENTS: 

PLANNING AND PROGRAM INTEGRATION 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

(Thousands o f  D o l l a r s )  

7 -  e: -- L - ~a L LuLa LC 
7-e: _ - +  - 
LiY L LlI lQ.  L C  n-  LID e: LLL1LLI .LC --e - A - ~ . . - l  

nc LuaL 
A 
nL ~ u a i  

4 , 200 1,260 3 , 500 3 , 500 4,090 
OBJECTIVES AND STATUS : 

The Planning  and Program I n t e g r a t i o n  o b j e c t i v e  i s  t o  c o n s o l i d a t e  NASA’s  p l a n s  f o r  e a r l y  STS miss ions ,  
and t o  i n s u r e  hardware and o p e r a t i o n a l  c o m p a t i b i l i t y  between Payloads and STS elements .  I n  FY 1977, STS 
u t i l i z a t i o n  p l a n n i n g  a c t i v i t i e s  a re  f o c u s i n g  on updat ing  t h e  e a r l y  Space S h u t t l e  mission p l a n s  t o  i n c l u d e  
hardware i n v e n t o r i e s  and l o g i s t i c  r e q u i r e m e n t s ,  improving t h e  r e s p o n s i v e n e s s  of c a r g o  p l a n n i n g ,  r e f i n i n g  
t h e  c o s t  e s t i m a t i n g  on Spacelab i n t e g r a t i o n ,  and f o r m a l i z i n g  p l a n n i n g  methodology f o r  t r a n s i t i o n i n g  from 
c o n v e n t i o n a l  launch v e h i c l e s  t o  t h e  STS. S t u d i e s  of payload o p e r a t i o n s  and handl ing  are  b e i n g  expanded t o  
develop a g r e a t e r  unders tanding  of payload ground and f l i g h t  o p e r a t i o n s  and of  a s s o c i a t e d  c r i t i c a l  hardware 
and s o f t w a r e  end items. A n a l y s i s  of  payloads  and t h e i r  requi rements  a r e  c o n t i n u i n g  i n  such areas a s  payload 
d e s c r i p t i o n s  and requi rements ,  payload c e n t e r s ‘  o p e r a t i o n  needs,  s u p p o r t  of t h e  payload d a t a  bank, contamin- 
a t i o n  c o n t r o l  modeling, and payload miss ion  p l a n n i n g  s t u d i e s .  S t u d i e s  of payload a p p l i c a t i o n s  and o r b i t a l  
s e r v i c i n g  techniques  a r e  a l s o  i n  p r o c e s s .  

BASIS OF FY 1978 ESTIMATE: 

During FY 1978 t a s k s  w i l l  c o n t i n u e  t o  be d i r e c t e d  toward de termining  t h e  most economical means of u t i l i z i n g  
t h e  STS and a s s u r i n g  hardware and o p e r a t i o n a l  c o m p a t i b i l i t y  between payloads and STS elements .  Payload 
requi rements  w i l l  be  i d e n t i f i e d ,  ana lyzed ,  and compared t o  p l a n s  f o r  t h e  d e s i g n  and o p e r a t i o n  of t h e  STS. 
Changes i n  planned accommodations f o r  payloads  w i l l  be  e v a l u a t e d  t o  de te rmine  t h e i r  impact on t h e  payloads.  
S t u d i e s  w i l l  a l s o  c o n c e n t r a t e  on t h e  d e f i n i t i o n  of t h e  i n t e r f a c e s  between t h e  STS and t h e  payloads from 
t h e  p r p p r o j e c t  d e f i n i t i o n  phase through hardware i n t e g r a t i o n  t o  miss ion  o p e r a t i o n s .  

A major focus  of a c t i v i t y  w i l l  b e  on e s t a b l i s h i n g  t h e  schedules  of c a n d i d a t e  payloads f o r  t h e  e a r l y  
S h u t t l e  miss ions  and a c q u i r i n g  t e c h n i c a l  d e s c r i p t i o n s  of t h e s e  payloads.  The c a n d i d a t e  payloads w i l l  b e  
s u b j e c t e d  t o  miss ion  a n a l y s e s  i n v o l v i n g  p r i o r i t y ,  schedule ,  c o s t  and engineer ing  t r a d e o f f s  i n  order  t o  
develop recommendations f o r  c a r g o  groupings which opt imize  t h e  use  of STS f l i g h t  r e s o u r c e s  and c a p a b i l i t i e s .  
S p e c i f i c  s t u d i e s  w i l l  b e  concerned w i t h  deve loping  techniques f o r  s c h e d u l i n g  miss ions  t o  minimize c o s t s  and 
c o m p l e x i t i e s ,  w i t h  s t a n d a r d i z i n g  m i s s i o n  p l a n n i n g  t o o l s ,  and w i t h  d e f i n i n g  mechanisms f o r  accommodating 
c a r r y - o n  payloads.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF SPACE FLIGHT EXPENDABLE LAUNCH VEHICLES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e  o f  t h e  expendable launch v e h i c l e s  program i s  t o  p rov ide  f o r  t h e  c e n t r a l i z e d  procurement of 
launch  v e h i c l e s  and launch suppor t  s e r v i c e s  f o r  NASA's automated s p a c e c r a f t  miss ions .  The program inc ludes  
t h e  procurement o f  launch v e h i c l e  hardware,  l aunch  s e r v i c e s ,  eng inee r ing  and maintenance,  and, a s  r equ i r ed ,  
development of improved v e h i c l e  systems,  i n c l u d i n g  t h e  necessa ry  ground suppor t  equipment. Launch v e h i c l e s  
c u r r e n t l y  be ing  procured a re :  Scout ,  Centaur ,  De l t a ,  and At las -F .  

The budget  r e q u e s t  f o r  each launch v e h i c l e  p r o j e c t  i nc ludes  two major c a t e g o r i e s :  v e h i c l e , h a r d w a r e  and 
suppor t ing  a c t i v i t i e s .  Funding r e l a t e d  t o  v e h i c l e  hardware i s  i d e n t i f i a b l e  wi th  s p e c i f i c  miss ions  and i n -  
c l u d e s  such i t e m s  a s  s o l i d  rocke t  motors,  b o o s t e r s ,  upper s t a g e s ,  shrouds,  a d a p t e r s ,  and mis s ion  p e c u l i a r  
hardware.  The suppor t ing  a c t i v i t i e s  ca t egory  i n c l u d e s  p r e p a r a t i o n  of  hardware for l aunch ,  guidance and c o n t r o l  
s e r v i c e s ,  mi s s ion  sof tware ,  p re launch  and pos t l aunch  eng inee r ing  a n a l y s i s ,  t r a n s p o r t a t i o n ,  p r o p e l l a n t s ,  and 
range  suppor t .  

The s u p p o r t i n g  a c t i v i t e s  e f f o r t  d i f f e r s  from t h e  v e h i c l e  hardware ca t egory  i n  t h a t  r e s o u r c e  requirements  
a r e  d i r e c t e d  t o  r e c u r r i n g  c o s t s  which a r e  l e v e l  of e f f o r t  i n  n a t u r e ,  r a t h e r  than  t o  t h e  procurement of a 
s p e c i f i c  number o f  end i tems  of hardware produced. 

Launches under  t h i s  program a r e  conducted from s i t e s  l o c a t e d  a t  t h e  Eas t e rn  Tes t  Range i n  F l o r i d a ,  t h e  
Western Tes t  Range i n  C a l i f o r n i a ,  t h e  Wallops F l i g h t  Center  i n  V i r g i n i a ,  and t h e  San Marco p l a t fo rm o f f  t h e  
c o a s t  o f  Kenya, A f r i c a .  
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

SCOUT 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budge t 

Actua l  A c t u a l  Es t ima te  Es t ima te  Es t ima te  
(Thousands o f  D o l l a r s )  

Hardware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,600 900 2,400 2,500 6,400 
Suppor t ing  A c t i v i t i e s  ............................... 9,000 2,500 8,300 8,200 9,600 

To ta l .  ............................................ 10,600 10.700 10.700 16,000 

OBJECTIVES AND STATUS: 

The Scout  launch  v e h i c l e  was i n i t i a t e d  by NASA i n  1959 w i t h  t h e  g o a l  o f  economical ly  launching  a wide 
v a r i e t y  of smal l  s c i e n t i f i c  s a t e l l i t e s ,  space probes ,  and r e e n t r y  exper iments .  The f i r s t  Scout  launch 
occurred  i n  J u l y  1960. I n  t h e  ensu ing  16 y e a r s ,  t h e r e  have been  96 l aunches ,  and 82 of t h e s e  launches  have 
been s u c c e s s f u l .  

The Scout v e h i c l e  i s  t h e  s m a l l e s t  launch v e h i c l e  emplo9ed by NASA. It i s  a f o u r - s t a g e ,  a l l  s o l i d  p r o p e l l a n t  
launch  v e h i c l e .  The v e h i c l e  i s  approximate ly  22.4 meters  i n  l e n g t h  (73 f e e t )  and t h e  f i r s t  s t a g e  b o o s t e r  has  
a d i ame te r  of 1.14 meters  (3.75 f e e t ) .  I t  i s  capab le  o f  p l a c i n g  a 180 k i logram (400 pound) payload i n  a 556 
K L L u l i L e L e i  (300 r i a u i i c a i  m i i e j  o r b i c .  i - :  -l . I. 

The Langley Research Cen te r ,  l o c a t e d  a t  Hampton, V i r g i n i a ,  has  managed t h e  Scout p r o j e c t  s i n c e  i t s  incep-  
t i o n .  The prime c o n t r a c t o r  f o r  t h e  p roduc t ion ,  checkout ,  a d  l aunch  of  Scout is t h e  Li_rlg-Terr?~~ilo-~rol-lght Aerospace 
s o r p o r a t i o n ,  l o c a t e d  i n  D a l l a s ,  Texas. Scout v e h i c l e s  a r e  launched from t h e  Western Tes t  Range, C a l i f o r n i a ;  
from Wallops I s l a n d ,  V i r g i n i a :  and from t h e  San Marco p l a t fo rm o f f  t h e  Afr ican  rnast nenr I(pq7s- 

CHANGES FKOM FY 1977 BUDGET ESTIMATE: 

There i s  no change i n  t h e  t o t a l  FY 1977 e s t i m a t e  f o r  :he Scout  p r o j e c t .  The ad jus tment  between t h e  hardware 
and suppor t  e lements  o f  t h e  p r o j e c t  r e f l e c t s  a r ephas ing  of procurement  a c t i o n s .  
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BASIS OF FY 1978 ESTIMATE: 

Hardware - Funds will be  n t i l i z e d  t o  cont inne hardware procurement  te suppor t  t h e  S t r a t o s p h e r i c  a e r s o l  and 
Gas Experiment Miss ion  and t o  i n i t i a t e  procurement t o  suppor t  t h e  Magnetic F i e l d  S a t e l l i t e  mi s s ion ,  two 
San Marco Coopera t ive  S a t e l l i t e  mi s s ions ,  and t h e  Dynamics Explorer  program. 

Suppor t ing  A c t i v i t i e s  - Engineer ing  and t e c h n i c a l  s u p p o r t ,  v e h i c l e  t e s t i n g  and checkout ,  l aunch  o p e r a t i o n s ,  
and maintenance o f  launch  f a c i l i t i e s  and ground equipment w i l l  be  funded t o  meet launch requi rements .  During 
FY 1978 ,  t h e  Heat Capac i ty  Mapping Miss ion  s a t e l l i t e  w i l l  be launched .  In  a d d i t i o n ,  checkout  a c t i v i t i e s  t o  
suppor t  t h e  S t r a t o s p h e r i c  Aerosol  and Gas Experiment launch  w i l l  be  i n i t i a t e d .  

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

CENTAUR 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budge t 

Ac tua l  A c t u a l  Estimate Es t ima te  Es t ima te  
(Thousands of D o l l a r s )  

22,600 Hardware. ........................................... 57,400 8,600 42,400 37,300 
Suppor t ing  A c t i v i t i e s . .  ............................. 52,700 15 ,800 48,300 53 ,400 33,300 

T o t a l . . .  .......................................... 110,100 24,400 90,700 90.700 55 .goo 

OBJECTIVES AND STATUS: 

The Centaur  p r o j e c t  p r o v i d e s  f o r  t h e  procurement and launch  of  two b o o s t e r  s t a g e s  ( t h e  A t l a s  and T i t a n )  and 
The Centaur i s  a h igh  performance upper  s tage ,  which i s  t h e  m o s t  powerful  used a n  upper  s t a g e  ( t h e  Cen tau r ) .  

by NASA f o r  automated mis s ions .  
p l i z l e t a r y  and synchrnnoiis n r h i t s ,  
of 3 . 1  mete r s  (10 f e e t ) .  

It i s  be ing  used w i t h  t h e  A t l a s  b o o s t e r  f o r  h igh  energy  mis s ions ,  p a r t i c u l a r l y  
The A t l a s  centa i ir  v e h i c l e  is 40 meters (131 f e e t )  i n  l e n g t h  and h a s  a d iameter  

The Centaur  i s  a l s o  be ing  used w i t h  t h e  T i t a n  b o o s t e r  t o  Launch h e a v i e r  s p a c e c r a f t  beyond t h e  c a p a b i l i t y  of 
t h e  A t l a s  Centaur .  I n  t h i s  c o n f i g u r a t i o n ,  t h e  T i t a n  Centaur  has  s u c c e s s f u l l y  launched t h e  two He l ios  mis s ions  
and t h e  two Viking mis s ions .  The T i t a n  Centaur  i s  49 meters (160  f e e t )  h igh  and has  a payload shroud d i ame te r  
of 4 . 3  meters (14 f e e t . )  
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The t o t a l  FY 1977 e s t i m a t e  f o r  t h e  Centaur  p r o j e c t  remains t h e  same. Adjustments  between t h e  hardware and 
suppor t  c a t e g o r i e s  r e f l e c t  i n c r e a s e d  s u p p o r t  requ<.rements f o r  t h e  f i r s t  High Energy Astronomy Observatory 
( H M O - A )  launch and t h e  two Mariner  J u p i t e r / S a t u r n  (MJS ' 77 )  l aunches .  

BASIS OF FY 1978 ESTIMATE: 

Hardware - The FY 1978 funds a r e  r e q u i r e d  t o  con t inue  inc remen ta l  procurement  o f  launch v e h i c l e  hardware 
t o  suppor t  t h e  second and t h i r d  High Energy Astronomy Observa tory  m i s s i o n s  (HEAO-B and -C)  and t h e  two P ionee r  
Venus mis s ions .  

Suppor t ing  A c t i v i t i e s  - FY 1978 funding  requi rements  w i l l  be  u t i l i z e d  f o r  management and e n g i n e e r i n g  s u p p o r t  
e f f o r t ,  launch suppor: o p e r a t i o n s ,  f i e l d  s e r v i c e s  and maintenance o f  f a c i l i t i e s  and ground equipment. During 
FY 1978, t h r e e  mis s ions  w i l l  b e  launched:  HEAO-B and t h e  two P ionee r  Venus mis s ions .  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

DELTA 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua  1 Ac tua l  Es t ima te  Es t imate  Es t ima te  
(Thous and of Dol l a  r s ) 

Hardware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 ?mn 2,700 12,8Q!! 13,6OC) ?6,6C)O 
.............................. Suppor t ing  A c t i v i t i e s .  34,200 6,600 31,000 30,200 38,700 

T o t a l .  ............................................ 41.800 9,300 43,800 43.800 55.300 

OBJECTIVES AND STATUS: 

The Del ta  launch v e h i c l e  i s  t h e  most used v e h i c l e  i n  NASA's  expendable  launch  v e h i c l e  family.  S ince  i t s  
f i r s t  use  i n  1960, t h i s  v e h i c l e  has  been i i t i l - i z e d  in 127 I r u x h e s  and h i s  experienced a S ~ C C ~ S S  r s c o r d  of fiver 
90 p e r c e n t .  
c a p a b i l i t y .  The f i r s t  s t a g e  i s  a n  e l o n g a t e d  Thor boos te r  w i t h  t h r e e ,  s i x ,  o r  n i n e  s t r a p - o n  s o l i d  motors  f o r  
t h r u s t  augmentat ion.  

I t  i s  p r e s e n t l y  o p e r a t i o n a l  w i t h  two and t h r e e  s t a g e  c o n f i g u r a t i o n s  and a mul t ibu rn  second s t a g e  
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The second s t a g e  D e l t a ,  which p r o v i d e s  a m u l t i p l e  r e s t a r t  c a p a b i l i t y ,  u s e s  a n  i n e r t i a l  guidance system f o r  
gu id ing  t h e  f i r s t  s t a g e  b o o s t e r  and t h e  second s t a g e  D e l t a .  The t h i r d  s t a g e  u t i l i z e s  t h e  Thiokol TE-364 s o l i d  
motor, which i s  s p i n  s t a b i l i z e d .  This  v e h i c l e ,  i n  i t s  t h r e e - s t a g e  c o n f i g u r a t i o n ,  i s  approximately 35.05 meters 
i n  l e n g t h  (115 f e e t )  and h a s  a d iameter  of 2.44 meters (8 f e e t ) .  T t  i s  c a p a b l e  of p l a c i n g  a 1 ,772  k i logram 
payload (3,900 pounds) i n t o  a 555 k i l o m e t e r  (300 n a u t i c a l  m i l e )  o r b i t .  

CHANGES FROM k+Y 1477 bUDGE'I' ES'I'IMATE: 

The t o t a l  FY 1977 e s t i m a t e  f o r  t h e  Del ta  p r o j e c t  remains t h e  same. Minor ad jus tments  between t h e  hardware 
and suppor t  c a t e g o r i e s  r e f l e c t  re f inement  of t h e  e s t i m a t e s .  

BASIS OF FY 1978 BUDGET ESTIMATE: 

Hardware - The FY 1978 funds w i l l  be  used t o  c o n t i n u e  t h e  launch v e h i c l e  hardware procurement e f f o r t s  
i n i t i a t e d  i n  p r i o r  y e a r s  and t o  be i n i t i a t e d  i n  FY 1978 i n  suppor t  o f  Nimbus-G, t h e  I n t e r n a t i o n a l  Sun-Earth 
Explorer  C (ISEE), t h e  S o l a r  Maximum Mission,  t h e  I n f r a r e d  Astronomy Explorer  and t h e  Dynamics Explorer  program. 

Support ing A c t i v i t i e s  - FY 1978 funding i s  r e q u i r e d  f o r  t e c h n i c a l  and e n g i n e e r i n g  suppor t  t o  s u s t a i n  v e h i c l e  
t e s t  and checkout  and launch o p e r a t i o n s ,  and t o  suppor t  maintenance o f  launch f a c i l i t i e s  and ground equipment. 
Del ta  v e h i c l e s  w i l l  b e  checked o u t  and r e a d i e d  f o r  launch  i n  suppor t  of  t h e  I n t e r r a t i o n a l  U l t r a v i o l e t  Explorer ,  
Landsat-C and GOES-C, I S E E  A/B  and C m i s s i o n s ,  and t h e  SCATHA-A m i s s i o n .  

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

ATLAS -F 

Hardware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OBJECTIVES AND STATUS: 

The A t l a s - F  i s  a one and one-ha l f  s t  

1976 
Ac tua  1 

. . . . . . . . , . . . .  3 -400 

' L r  a n  s i t i o n  
Q u a r t e r  Budget Curren t  
Actua l  

1977 

E s t ima t e  - E s t  ima t e 
(Thousands of  D o l l a r s )  

6.2QQ 6.200 

1978 
Budget 

Es t imate  

9.300 

ge v e h i c l e  which u s e s  l i q u i d  oxygen and kerosene  a s  prope,,ants.  The 
v e h i c l e  i s  a r e f u r b i s h e d  s u r p l u s  I n t e r c o n t i n e n t a l  B a l l i s t i c  Missile (ICBM) be ing  managed by t h e  USAF f o r  space 
miss ions .  
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NATIONAT, AER.ONA1TTTCS AND SPACE ADMINISTRATION 

Programs 

FISCAL YEAR 1978 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE PROGRAMS 

Budget P l a n  

1976 Q u a r t e r  Budget Curren t  Budget 
Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  Estimate 

T r a n s i t i o n  1977 1978 

(Thousands o f D o l l a r s  ) 

Phys ics  and astronomy............................. 159,300 43,500 165,800 166,300 224,200 

Lunar and p l a n e t a r y  e x p l o r a t i o n  ................... 254,250 67,464 191,100 191,900 148,200 

L i f e  sciences... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20,576 5,436 22,125 22,125 33 , 300 

Total........................................... 434.126 116.400 379.025 380.325 405.700 

ss 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

EL’DGET S L ? Y  

OFFICE OF SPACE SCIENCE 

SUMMARY OF RESOURCES REQUIREMENTS 

High energy astronomy observa tor ies  ............ 
Solar  maximum mission .......................... 
Space telescope ................................ 
Shuttle/spacelab sc ience  payload development ... 

Orbi t ing  astronomical observa tor ies  ............ 
Orbi t ing  explorers  ............................. 
Orbi t ing  s o l a r  observa tor ies  ................... 
Suborbi ta l  programs ............................ 
Supporting ac t iv i t i e s  .......................... 

Total  ........................................ 
Dis t r ibu t ion  of Promam Amount by I n s t a l l a t i o n :  

Johnson Space Center ........................... 
Marshall Space F l i g h t  Center ................... 
Goddard Space F l i g h t  Center .................... 
5ec Propuision Laboracory ...................... 
Ames Research Center ........................... 
Langley Research Center ........................ 
Lewis Research Center .......................... 
Headquarters ................................... 

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

Wallops F l igh t  Center .......................... 

PHYSICS AND ASTRONOMY PROGRAMS 

Trans i t i on  1977 
1976 Quar te r  Budget Current 

Actual Actual Estimate Estimate 
(Thousands of Dollars)  

59. 218 
... 
... 

1, 100 
29 . 922 

3.  600 
2 . 300 

24. 800 
38. 360 

159. 300 

1. 387 
73.  050 
55. 620 

i,.659 
3. 890 
6 .  115 
1 . 324 

100 
1 6 .  155 

159. 300 

14. 510 
... 
... 

2 , 600 
6 . 500 

625 
490 

7 . 500 
11. 275 

43 500 

229 
20. 458 
15. 029 

660 
1. 064 
1. 436 

60 

4 564 
... 

43.500 

36. 600 
21. 300 

6. 000 
33. 000 

... 

1. 000 
2. 600 

26. 000 
39. 300 

165 ! 800 

2. 458 
46. 250 

I ? I V V  

3 . 900 
6. 500 
1 . 340 
1. 600 

27. 209 

165.800 

7 4  . 843 .. - A n  

39. 362 
21. 300 

6 . 000 
30 . 238 
1. 000 
2. 600 

26. 000 
39. 800 

166! 300 

... 

1. 278 
50. 289 
73 . 819 

5 ?  iG9 
5. 457 
8. 597 

461 
1 . 510 

19. 780 

166! 300 

1978 
Budget 

E s t i m a t e  

22. 450 
30 . 600 
36. 000 
28. 900 
35. 000 
1. 270 
1 . 980 

26. 000 
42. 000 

224.200 

420 
79.  030 
92. 437 

6. 625 
7 .  350 

12 .  570 
400 

1 200 
24. 168 

224.200 
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RESEARCH AND DEVELOPMENT 

OFFICE OF SPACE SCIENCE 

PROJECT 

High Energy Astronomy O b s e r v a t o r i e s  

S o l a r  Maximum Miss ion  

Space Telescope  

Space S h u t t l e  O r b i t a l  F l i g h t  Tests 

Space i a b  

FISCAL YEAR 1977 ESTIMATES 

LAUNCH SCHEDULE 

HEAO-A 
-B 
-C 

SMM- A 

ST 

MISSION 

OFT-4 S c i e n c e  Experiments 
- 6  S c i e n c e  Experiments 

Space lab-1  
-2  

As t rophys ic s  Space lab  
S o l a r  Terrestr ia l  Space lab  
As t rophys ic s  Space lab  
Solar Terrestrial Spacelib 
J o i n t  S o l a r  T e r r e s t r i a l  and 

X s t m p h y s i c s  Space lab  
As t rophys ic s  Space lab  ( 2 )  
S o l a r  T e r r e s t r i a l  Space lab  ( 2 )  

PHYSICS AND ASTRONOMY P R O G E  

CALENDAR 
YEAR 

1977 
1978 
1979 

1979 

1983 

1 9 8 0  
1980 

1980 
1980 
1 9 8 1  
1 9 8 1  
1982 
1392 

1982 
1983 
1983 
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RESEAXCE! M E  EEVELOPYXNT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAMS 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The major o b j e c t i v e  of  t h e  Phys ics  and Astronomy program i s  t o  i n c r e a s e  o u r  knowledge and unders tanding  of 
the ear th 's  space  environment,  t h e  sun,  s tars,  and o t h e r  c e l e s t i a l  bodies .  Under t h i s  program, r e s e a r c h  i s  
b e i n g  conducted t o  i n v e s t i g a t e  t h e  e a r t h ' s  upper atmosphere and ionosphere ,  t h e  magnetosphere, t h e  i n t e r p l a n -  
e t a r y  medium, t h e  coupl ing  l i n k i n g  t h e s e  d i f f e r e n t  plasma r e g i o n s  and t h e  p r o c e s s e s  t h a t  c o n t r o l  them. Space- 
based i n v e s t i g a t i o n s  of s o l a r  cosmic r a y ,  X-ray, gamma r a y ,  u l t r a v i o l e t ,  i n f r a r e d ,  and r a d i o  emiss ions ,  n o t  
p o s s i b l e  from ground-based o b s e r v a t o r i e s  because  of t h e  o b s c u r i n g  e f f e c t  of t h e  e a r t h ' s  atmosphere,  g i v e  us 
a unique  o p p o r t u n i t y  t o  s t u d y  t h e  sun  and o t h e r  ce les t ia l  bodies .  These i n v e s t i g a t i o n s  are t h e  b a s i s  f o r  
i n c r e a s i n g  o u r  knowledge of  t h e  fundamental  l a w s  of n a t u r e ,  e s p e c i a l l y  t h o s e  which c o n t r o l  t h e  environment 
o f  t h e  e a r t h .  

To a c h i e v e  t h e  o b j e c t i v e s  of t h e  P h y s i c s  and Astronomy program, NASA uses  t e c h n i q u e s  r a n g i n g  from t h e o r e t i -  
cal  and l a b o r a t o r y  r e s e a r c h  through a i r c r a f t ,  b a l l o o n ,  and sounding r o c k e t  f l i g h t s  t o  s m a l l  e x p l o r e r  space-  
c ra f t ,  l a r g e  automated o b s e r v a t o r i e s ,  and manned s p a c e c r a f t .  Research teams involved  i n  t h i s  program are  
l o c a t e d  a t  NASA f i e l d  c e n t e r s ,  o t h e r  Government l a b o r a t o r i e s ,  u n i v e r s i t i e s ,  and i n d u s t r i a l  l a b o r a t o r i e s .  
F o r e i g n  p a r t i c i p a t i o n  i s  encouraged, w i t h  t h e  p a r t i c i p a t i n g  count ry  p r o v i d i n g  i t s  s h a r e  of  t h e  c o s t s .  

The i n f o r m a t i o n  o b t a i n e d  and t h e  technology developed i n  t h e  program are  made a v a i l a b l e  t o  t h e  s c i e n t i f i c  
and t e c h n i c a l  community f o r  a p p l i c a t i o n s  and t h e  advancement of s c i e n t i f i c  r e s e a r c h ,  educa t ion ,  and technol -  
ogy 

The P h y s i c s  and Astronomy miss ions  undertaken t o  d a t e  have  heen h i z h l y  qllrreqqflll and i n c l i J d p  the re lg t i~7e ly  
iow c o s t  e x p l o r e r  series of s a t e l l i t e s ,  begun i n  1Y59, which have made a number of very  b a s i c  d i s c o v e r i e s ,  i n -  
c l u d i n g  t h e  d i s c o v e r y  of t h e  e a r t h ' s  r a d i a t i o n  b e l t s ,  and have gone on t o  s u r v e y  our  near -space  environment 
and s t u d y  i t s  v a r i a t i o n  w i t h  space  and t i m e .  Larger  o b s e r v a t o r y  miss ions  under taken  t o  d a t e  i n c l u d e  t h e  
O r b i t i n g  S o l a r  Observatory (OSO) series,  t h e  most r e c e n t  of which, OSO-8,  i s  c u r r e n t l y  i n  i t s  second y e a r  
o f  s u c c e s s f u l  s o l a r  and h i g h  energy astronomy i n v e s t i g a t i o n s ,  and t h e  O r b i t i n g  Astronomical  Observa tory  (OAO) 
ser ies .  The h i g h l y  s u c c e s s f u l  OAO-3, launched i n  1972,  i s  i n  i t s  f i f t h  y e a r  of  p r o d u c t i v e  o p e r a t i o n s  and 
i s  s t i l l  o b t a i n i n g  s i g n i f i c a n t  d a t a  f o r  a n a l y s i s .  The Apollo Telescope Mount (ATM), launched on Skylab i n  
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1973, w a s  t h e  f i r s t  o f  a new "second genera t ion"  of space  o b s e r v a t o r i e s  where t h e  s k i l l  of an  on-board o b s e r v e r  
enhanced t h e  c a p a b i l i t y  ~f t h e  l a r g e s t  o b s e r v a t o r y  y e t  p l a c e d  in o r b i t .  The j o i i i t  o b s e r v i n g  program approach 
of  t h e  ATM i n s t r u m e n t s ,  coupled w i t h  a worldwide c o o r d i n a t e d  program of  complementary ground-based and i n t e r -  
p l a n e t a r y  s o l a r  measurements has  r e s u l t e d  i n  c o n s i d e r a b l e  advances i n  a number of impor tan t  s o l a r  s t u d i e s .  

During 1976, t h e  G r a v i t y  Probe-A miss ion  w a s  s u c c e s s f u l l y  launched t o  conf i rm w i t h  improved a c c u r a c y  t h e  
g r a v i t a t i o n a l  r e d s h i f t  p r e d i c t e d  by E i n s t e i n ' s  Theory of R e l a t i v i t y .  
Astronomy Observa tory  (HEAO) ser ies ,  which i s  designed t o  e x p l o r e  t h e  p r e v i o u s l y  i n a c c e s s i b l e  r e g i o n s  of  
c e l e s t i a l  X-ray, gamma r a y ,  and cosmic r a y  sources .  These i n v e s t i g a t i o n s  w i l l  b e  c a r r i e d  o u t  w i t h  t h r e e  
launches of HEAO, i n  1977, 1978, and 1979. Development e f f o r t s  are a l s o  proceeding  on a S o l a r  Maximum 
Mission,  scheduled f o r  launch  i n  1979, t o  t a k e  advantage of t h e  o p p o r t u n i t y  t o  s t u d y  t h e  Sun d u r i n g  t h e  n e x t  
p e r i o d  of peak s o l a r  a c t i v i t y  i n  1978-80. Work i s  underway on p h y s i c s  and astronomy payloads  des igned  t o  
c a p i t a l i z e  on t h e  unique c a p a b i l i t i e s  of  t h e  Space S h u t t l e / S p a c e l a b .  D e f i n i t i o n  s t u d i e s  f o r  a v a r i e t y  of 
payloads  t o  b e  flown on Spacelab miss ions  are be ing  conducted,  i n c l u d i n g  p r e l i m i n a r y  work on several f a c i l i t y -  
t y p e  payloads t o  i n v e s t i g a t e  phenomena i n  t h e  v a r i o u s  p h y s i c s  and astronomy d i s c i p l i n e s .  Work i s  a l s o  c o n t i n -  
uing on two Explorer  p r o j e c t s - - t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  (IUE) t o  b e  launched i n  1977, and t h e  
I n t e r n a t i o n a l  Sun-Earth Explorer  (ISEE) w i t h  launches i n  1977 and 1978. A number of Explorer  d e f i n i t i o n  
s t u d i e s  have been completed and development a c t i v i t i e s  w i l l  soon commence f o r  a n  I n f r a r e d  Astronomy S a t e l l i t e  
(IRAS), a c o o p e r a t i v e  miss ion  w i t h  t h e  Nether lands and t h e  United Kingdom t o  be launched i n  1981, and a 
dynamics e x p l o r e r  program planned f o r  launch a c t i v i t y  beginning  i n  1981. 

Work i s  c o n t i n u i n g  on t h e  High Energy 

The Upper Atmospheric Research program's immediate g o a l  i s  t o  unders tand  t h e  e a r t h ' s  atmosphere w e l l  enough 
t o  assess any changes caused by man, and t o  de te rmine  whether  o r  n o t  t h e r e  i s  any a s s o c i a t e d  change i n  t h e  
t r a n s m i s s i o n  of s o l a r  r a d i a t i o n .  

I n  t h e  major f l i g h t  program area, t h e  FY 1978 funding  w i l l  p r o v i d e  f o r  complet ion of work on HEAO-B, i n c l u d -  
i n g  launch and i n i t i a l  miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  e f f o r t ;  complet ion of f a b r i c a t i o n  of  HEAO-C exper-  
iments and t h e  s t a r t  of o b s e r v a t o r y  i n t e g r a t i m ;  c o n t i n u a t i m  ~f work on t h e  SM?.I, p lanned f o r  laiiiich iii 1979;  
development of  experiment  hardware and sof tware ,  d e f i n i t i o n  of  i n t e g r a t i o n  requi rements ,  and development of 
mission o p e r a t i n n g  p l a n s  f o r  C.pac!p_1ahs 1 a f i d  2; 2nd s c n n n r t  rr-- cf  cc- tk-~, . '  c!p~,r-ti,o-s 22.' .'ct=, c n a l y s i s  z c t F v F t y  
f o r  HEAO-A, OAO-3 and OSO-8.  Based on e x t e n s i v e  d e f i n i t i o n  s t u d i e s  and advanced t e c h n o l o g i c a l  development,  
t h e  Space Telescope i s  planned t o  b e  i n i t i a t e d  i n  FY 1978, l e a d i n g  t o  a S h u t t l e  launch i n  1983. This  2.4- 
meter m u l t i p l e  purpose t e l e s c o p e  w i l l  b e  a b l e  t o  o b s e r v e  g a l a x i e s  a t  f a r  g r e a t e r  d i s t a n c e s  than  those  which 
can b e  observed from t h e  b e s t  ground-based observa tory .  I n  t h e  Explorer  program, t h e  FY 1978 funding  w i l l  
p r o v i d e  f o r  f i n a l  i n t e g r a t i o n ,  tes t  and launch of ISEE-C; c o n t i n u a t i o n  of hardware and subsystems procure-  
ment and experiment  f a b r i c a t i o n  f o r  IRAS and t h e  dynamics e x p l o r e r  program; c o n t i n u a t i o n  o f  work on t h e  San 
Marco D miss ions ;  some Phase B d e f i n i t i o n  s t u d i e s ;  and c o n t i n u a t i o n  of  a c q u i s i t i o n ,  p r o c e s s i n g ,  and a n a l y s i s  
of d a t a  from IUE,  ISEE-A and B ,  and o t h e r  o p e r a t i o n a l  s a t e l l i t e s .  
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FY 1978 funds will also provide for continuation of sounding rocket activity, with emphasis on the coordin- 
ation c?f near-simultazeous lannchinn t, of several rccket pay leads  and en ccrrelaticn with satellite observations; 
continued operations of the Airborne Observatory; and continued support for balloon flights with greater use 
of "superpressure" balloons to meet the higher altitude and longer duration requirements of the science inves- 
tigators, along with several balloon flights in support of the upper atmospheric research program. 

For Supporting Activities, FY 1978 funding will provide for continuation of the SRT program, supporting 
about 225 research tasks with emphasis on those tasks which are critical to maintaining a firm scientific 
base for Physics and Astronomy and on development of advanced astronomical instrumentation; continued support 
for the Data Analysis program including operations of  the National Space Science Data Center (NSSDC), the 
analysis of data acquired from the highly successful Skylab program, and the data analysis activities of 
more than 100 principal investigators at approximately 45 institutions; support for the Spacelab Science 
Payload Definition program, including continuation of detailed studies of specific facility-class instruments 
and further definition of instrument pointing systems applicable to facility-class instruments and telescopes; 
and support for Upper Atmospheric Research, with emphasis on the continuing development of a long term basic 
science program and extensive treatment of the physics and chemistry of ozone in the stratosphere. 

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

HIGH ENERGY ASTRONOMY OBSERVATORIES (HEAO) 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

HEAO spacecraft ............................ 33 , 994 7,377 18 , 800 1 9  , 857 12,060 
HEAO experiments, .......................... 24,054 6,468 17,800 15,491 5,270 
Mission operations and data analysis. ...... 1,170 665 14,014)  4,014 5,120 

................................... 5Y .218 14.510 36.600 39.362 22.450 Iotai. r 

(Exp endab l e  Launch Vchic l cs  Program) 
AtlasICentaur ............................ (19,500) (2,500) (15,200) (12,100) (8 , 800) 
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OBJECTIVES AND STATUS: 

The main s c i e n t i f i c  o b j e c t i v e  o f  t h e  HEAO program i s  t o  observe  and i n v e s t i g a t e  n o t  o n l y  t h o s e  X-ray s o u r c e s  
t h a t  are a l r e a d y  known, b u t  a l s o  a much l a r g e r  number which, e i t h e r  because of t h e i r  d i s t a n c e  o r  t h e i r  i n t r i n s i c  
low i n t e n s i t y ,  have so f a r  remained undetec ted .  A product  of  t h i s  work i s  expected t o  b e  t h e  d i s c o v e r y  of  new 
classes of weaker X-ray s o u r c e s ,  as w e l l  as t h e  o b s e r v a t i o n  of  t h e  s t r o n g e r  s o u r c e s  o u t s i d e  our  group of  ga lax-  
i es .  S i m i l a r l y  impor tan t  o b j e c t i v e s  i n c l u d e  t h e  o b s e r v a t i o n  of  rare s p e c i e s  of  cosmic r a y s ,  which are c r u c i a l  
t o  our  unders tanding  of  heavy element formation,  and t h e  o b s e r v a t i o n  of  t h e  e l u s i v e  n u c l e a r  gamma r a y  l i n e s  so 
impor tan t  i n  e s t a b l i s h i n g  t h e  o r i g i n  of t h e  c e l e s t i a l  gamma r a y  background. T h i s  program promises  t o  advance 
o u r  unders tanding  of  newly d iscovered  energy p r o c e s s e s  and t h e  c r e a t i o n  of matter and t o  deepen o u r  knowledge 
of observed phenomena such as q u a s a r s ,  p u l s a r s ,  novae and supernovae. 

'I'hree :'IEAO's w i l l  be launched on Atlas-Centaur  r o c k e t s  from t h e  E a s t e r n  T e s t  Range. The f i r s t  m i s s i o n  (HEAO-A), 
scheduled f o r  launch  i n  1977, w i l l  b e  an  X-ray survey.  
w i l l  c a r r y  a g r a z i n g  i n c i d e n c e  X-ray t e l e s c o p e  and w i l l  make d e t a i l e d  s t u d i e s  of s p e c i f i c  s o u r c e s .  
miss ion  (HEAO-C), t o  b e  launched i n  1979, w i l l  c a r r y  a combinat ion of  gamma r a y  and cosmic r a y  i n s t r u m e n t s .  

The second miss ion  (HEAO-B), t o  b e  launched i n  1978, 
The t h i r d  

The FY 1976 and T r a n s i t i o n  Q u a r t e r  funding suppor ted  t h e  peak development a c t i v i t y  f o r  HEAO. C r i t i c a l  d e s i p  
The HEAO-A experiments  and t h e  s p a c e c r a f t  reviews f o r  t h e  s p a c e c r a f t  and t h e  HEAO-B experiments  have occurred .  

were f a b r i c a t e d ,  and i n t e g r a t i o n  was completed on schedule .  V e r i f i c a t i o n  o f  HEAO-A, as a n  o b s e r v a t o r y ,  
began i n  J u l y  1976. 
The t es t  and c a l i b r a t i o n  f a c i l i t y  a t  MSFC h a s  been completed and i s  ready  f o r  t e s t i n g  of  t h e  m i r r o r s .  The 
mAu-C f i i g h t  i n s t r u m e n t  c o n t r a c t s  have been awarded and t h e  d e s i g n  e f f o r t  i s  underway. 
Review f o r  t h e  HEAO-C i n s t r u m e n t s  took p l a c e  d u r i n g  FY 1976. 
t i o n  of t h e  miss ion  c o n t r o l  c e n t e r  a t  t h e  Goddard Space F l i g h t  C e n t e r ,  as w e l l  as t h e  p r e p a r a t i o n  of r e q u i r e d  
sof tware .  

The HEAO-B m i r r o r s  are  b e i n g  p o l i s h e d  and t h e  d e t e c t o r s  w i l l  b e  completed i n  e a r l y  1977. 

___ The P r e l i m i n a r y  Design 
Miss ion  o p e r a t i o n s  e f f o r t s  i n c l u d e d  t h e  p r e p a r a -  

F Y  1977 i s  t h e  Y e a r  of t h e  f i r s t  launch of t h e  program--HEAO-A. A c t i v i t y  l e a d i n g  t o  t h i s  launch i n c l u d e s  
complet ion of  v e r i f i c a t i o n  o f  the o b s e r v a t o r y ,  d e l i v e r y  of the o b s e r v a t o r y  t o  Kennedy Space Center  ( K S C ' ) ,  
checkout of t h e  c o n t r o l  c e n t e r  and t h e  STDN network, and launch  o p e r a t i o n s .  I n - o r b i t  o p e r a t i o n s  and d a t a  
a n a l y s i s  a c t i v i t y  w i i i  commence. 
experiments  and t h e  s tar t  of i n t e g r a t i o n .  
and major p r o g r e s s  on f a b r i c a t i o n  and checkout  of b o t h  t h e  exper iments  and t h e  s p a c e c r a f t .  

Other  a c t i v i t y  i n c l u d e s  t h e  comple t ion  o f  t h e  HEAO-B s p a c e c r a f t  and f l i g h t  
HEAO-C a c t i v i t y  i n c l u d e s  C r i t i c a l  Design Review on t h e  experiments ,  
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The i n c r e a s e  of $2.8 m i l l i o n  i n  FY 1977 r e s u l t e d  from t e c h n i c a l  problems, p r i m a r i l y  a s s o c i a t e d  w i t h  t h e  com- 
p l e x  HEAO-B experiments ,  and accumulated i n f l a t i o n  p r e s s u r e s .  
t i c i p a t e d  t e c h n i c a l  d i f f i c u l t i e s  were provided  from t h e  Phys ics  and Astronomy Explorer  program. 

The funds r e q u i r e d  t o  h e l p  r e s o l v e  t h e s e  unan- 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, funding w i l l  p r o v i d e  f o r  cont inued  a n a l y s i s  of d a t a  from HEAO-A and t h e  i n t e g r a t i o n  of t h e  HEAO-B 
experiments  w i t h  t h e  s p a c e c r a f t ,  fo l lowed by v e r i f i c a t i o n  t es t s  and launch.  These funds w i l l  a l s o  p r o v i d e  f o r  
i n i t i a l  HEAO-B miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  e f f o r t ,  comple t ion  of f a b r i c a t i o n  of  t h e  HEAO-C exper iments ,  
and t h e  s tar t  of HEAO-C o b s e r v a t o r y i n t e g r a t i o n ,  l e a d i n g  t o  launch i n  1979. 

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

SOLAR MAXIMUM MISSION (SMM) 

T r a n s i t i o n  1977 
1976 Q u a r t e r  Budget Curren t  

A c t u a l  Actua l  E s  t i m a  t e E s  t i m a  t e  
(Thousands of D o l l a r s )  

S p a c e c r a f t  ................................. --- --- 7,300 7,300 
Experiments ................................ - - - - - - - - --  --- 14, nnc! 14, nnn 
Miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  ....... --- - -- - - -  --- 

Total......................... ........... --- 21,300 

1978 
Budget 

E s t i m a t e  

14,600 

100 

30.600 

15 , ?no 

(4,100> 

The major o b j e c t i v e  of t h e  S o l a r  Maximum Mission i s  t o  conduct d e t a i l e d  s t u d i e s  of  t h e  s o l a r  f l a r e  p r o c e s s  
and t h e  a s s o c i a t e d  s o l a r  act ive r e g i o n s  d u r i n g  t h e  n e x t  p e r i o d  of peak s o l a r  a c t i v i t y  o c c u r r i n g  i n  1978-1980. 
These i n v e s t i g a t i o n s  w i l l  be conducted o v e r  a broad s p e c t r a l  range,  w i t h  h i g h  t i m e ,  s p e c t r a l ,  and s p a t i a l  
r e s o l u t i o n ,  w i t h  t h e  g o a l  of  e x p l a i n i n g  t h e  u n d e r l y i n g  p h y s i c a l  mechanisms and complex energy  t r a n s f e r  and 
h i g h  energy p a r t i c l e  a c c e l e r a t i o n  p r o c e s s e s  involved .  
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The accomplishment of t hese  ob jec t ives  w i l l  permit s c i e n t i s t s  t o  b e t t e r  understand t h e  phys ica l  mechanisms 
involved i n  t h e  p r e f l a r e  s to rage  of energy, t he  f la re  " t r igge r "  (i.e.,  the  instantaneous release of t h e  
s to red  energy), t h e  a c c e l e r a t i o n  of p a r t i c l e s  t o  s u b r e l a t i v i s t i c  and r e l a t i v i s t i c  energ ies ,  t h e  hea t ing  
and cool ing  of t h e  f l a r e  plasma, and the  e j e c t i o n  of high energy p a r t i c l e  streams i n t o  the  corona and ou t  
i n t o  t h e  s o l a r  wind. I n  a d d i t i m ,  the  i n t e r r e l a t i o n  nf f l a r e  r a d i a t i o n  and q u i e t  and act ive s m  emissinns 
wi th  t h e  terrestr ia l  environment (atmosphere, magnetosphere, and c l ima te )  w i l l  be s tud ied  by a v a r i e t y  of  
techniques. So la r  cons tan t  and s o l a r  s p e c t r a l  i r r a d i a n c e  monitors w i l l  be  flown on t h e  SMM; SMM f l a r e  
p a r t i c l e  observa t ions  w i l l  be  compared wi th  i n  s i t u  measurements of  ene rge t i c  p a r t i c l e  streams, made near  
1 AU by I n t e r n a t i o n a l  Sun-Earth Explorer s a t e l l i t e s ;  and t h e  n e u t r a l  atmospheric d e n s i t y  and composition w i l l  
be probed by means of u l t r a v i o l e t  and extreme u l t r a v i o l e t  atmospheric a t t e n u a t i o n  s t u d i e s  and a i rg low obser-  
va t ions .  

The So la r  Maximum Mission p r o j e c t  provides  f o r  t h e  development of  a spacec ra f t  employing t h e  b a s i c  s t r u c t u r e  
and subsystem modules t o  be  used i n  the  Multimission Modular Spacecraf t  (MMS). The MMS approach w i l l  provide 
a common b a s i c  spacec ra f t  bus and subsystems modules t o  be used on a number of f u t u r e  Earth o r b i t a l  missions. 
During FY 1977, t h e  hardware development phase i s  be ing  i n i t i a t e d .  This  includes award of c o n t r a c t s  f o r  t h e  
design,  f a b r i c a t i o n ,  and t e s t i n g  of  t h e  s c i e n t i f i c  experiments; f o r  t h e  experiment module which suppor ts  t h e  
experiment complement; and f o r  t h e  MMS subsystem modules. 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, funds w i l l  suppor t  t h e  continued development of t h e  spacec ra f t  subsystems, t h e  experiments and 
o t h e r  f l i g h t  hardware, and t h e  t e s t i n g  of t he  engineer ing models of  t he  experimerlts. The spacec ra f t  and 
experiments w i l l  be  i n t e g r a t e d  t o  form t h e  observatory.  
i n  l a te  FY 1978 and i n t o  FY 1979. 

The observa tory  w i l l  be t e s t e d  as an i n t e g r a l  u n i t  

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

SPACE TELESCOPE (ST) 

ST spacec ra f t  ................................ 
ST experiments... ............................ 
Mission ope ra t ions  and d a t a  ana lys i s . .  ....... 

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

1 A 7 C  
1 7 1  v 

Actual 

-e- 

Trans i t ion  1977 
n..--cn.- qual  L C L  Zudget Current 
A c t u a l  Estimate E s t i m a t e  

(Thcusands cf D o l l a r s )  

1978 
n,,dget 

Estimate 

23,300 
12,300 

400 

36.000 
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OBJECTIVES AND STATUS: 

The Space Telescope ( S T ) w i l l  makeamajor  c o n t r i b u t i o n  t o  Understanding t h e o r i g i n ,  e v o l u t i o n  and s c a l e  o f t h e  
u n i v e r s e ;  unders tanding  t h e  stars and g a l a x i e s ,  and iz'ne n a t u r e  and b e h a v i o r  o f  Liie rrlaLeriais and Iieids betweeii 
them; and developing a p h y s i c a l  unders tanding  of t h e  universe .  It i s  cons idered  t h e  s i n g l e  most impor tan t  next  
s t e p  i n  space  astronomy t o  expand our  c a p a b i l i t y  t o  observe  t h e  u n i v e r s e .  
p h e r i c  v e i l  of e a r t h ,  t h e  ST  w i l l  i n c r e a s e  by more t h a n  a hundredfo ld  t h e  volume of space  a c c e s s i b l e  f o r  obser -  
v a t i o n .  With i t s  s i g n i f i c a n t  improvements i n  r e s o l u t i o n  and p r e c i s i o n ,  i n  l i g h t  s e n s i t i v i t y ,  and i n  wavelength 
coverage,  t h e  ST w i l l  permi t  s c i e n t i s t s  t o  i n v e s t i g a t e  fundamental  q u e s t i o n s  concern ing  t h e  s t r u c t u r e ,  t h e  
o r i g i n ,  t h e  e v o l u t i o n ,  and t h e  energy  b a l a n c e  i n  t h e  u n i v e r s e  which could  never  b e  approached from o b s e r v a t o r i e s  
below t h e  obscur ing  e f f e c t s  of  t h e  E a r t h ' s  atmosphere.  The ST w i l l  open t o  t h e  a s t r o n o m i c a l  s c i e n c e s ,  and t o  
s c i e n c e  i n  t h e  b r o a d e s t  s e n s e ,  a road  t o  new knowledge which w i l l  h e l p  shape our  concept  of t h e  u n i v e r s e .  I n  
a p r i o r i t y  s t u d y  by t h e  Space Sc ience  Board of t h e  N a t i o n a l  Academy of S c i e n c e s ,  t h e  2.4-meter ST  w a s  cons idered  
t o  be t h e  h i g h e s t  p r i o r i t y  new program i n  space  astronomy. 

Opera t ing  i n  space  above t h e  atmos- 

The ST w i l l  e n a b l e  as t ronomers  t o  s t u d y  r a d i a t i o n s  i n  t h e  i n f r a r e d ,  t h e  v i s i b l e  and u l t r a v i o l e t  r e g i o n s  of 

The ST w i l l  make i t  p o s s i b l e  t o  observe o b j e c t s  so remote t h a t  t h e  l i g h t  w i l l  have 
t h e  spectrum. 
t h e  o b j e c t s  under s tudy .  
t a k e n  many b i l l i o n s  of y e a r s  t o  r e a c h  u s ,  thus  a l l o w i n g  us t o  look f a r  i n t o  t h e  d i s t a n t  p a s t  of our  u n i v e r s e .  
The ST w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  s t u d y  of l i t t l e  known energy  p r o c e s s e s  i n  heavenly  b o d i e s ,  e s p e c i a l l y  
t h e  e a r l y  s t a g e s  of stars and s o l a r  system format ion;  t o  t h e  o b s e r v a t i o n  of such h i g h l y  evolved o b j e c t s  as super-  
nova remnants and w h i t e  dwarf s ta rs ;  and t o  o t h e r  s t u d i e s  r e l a t e d  t o  t h e  o r i g i n  and p h y s i c a l  e x t e n t  of the uni-  
verse. With t h e  ST, i t  w i l l  p robably  b e  p o s s i b l e  t o  de te rmine  t h e  d i s t a n c e  t o  q u a s a r s ,  and t h e  a b s o l u t e  magni- 
t u d e  =f t h e  n , x ? x ~ u p  z m ~ ~ ~ t  of P _ = P _ ~ ~ T T  O J  they emit .  
g a l a x i e s  and i t  may be p o s s i b l e  t o  de te rmine  i f  nearby s tars  have p l a n e t a r y  systems comparable t o  our  own. The 
knowledge gained from t h e s e  i n v e s t i g a t i o n s  w i l l  c o n t r i b u t e  t o  our  unders tanding  of our  p l a c e  i n  t h e  u n i v e r s e .  

It w i l l  b e  more s e n s i t i v e  t h a n  ground-based t e l e s c o p e s  and w i l l  r e c o r d  g r e a t e r  d e t a i l s  about  

It v i l l  1130 h e  p c r s s i h l ~  to s t i i d y  i n d i v i d i i a l  stars i n  nearby 

The Space Telescope w i l l  b e  an  automated s a t e l l i t e ,  d e l i v e r e d  t o  o r b i t  by t h e  Space S h u t t l e .  Data from its 
s c i e n t i f i c  ins t ruments  w i l l  b e  t r a n s m i t t e d  t o  E a r t h  via  t h e  Tracking and Data Relay Sa te l l i t e .  The Space 
I&Ic.JL-"yJc; W L L L  ULlL L L W L L L  L4LLGLLLIIb U U L V L L L U L - L U  Y U L L L L - L - b Y  0-- * . - - -  
and r e p a i r ,  r e t r i e v a l  by t h e  Space S h u t t l e  f o r  r e t u r n  t o  E a r t h ,  and r e f u r b i s h m e n t  and reuse .  
I- 1 rrn-,.-n v T <  1 1  A 4  FFCr Frnm nv i  c t i n n  ~ ~ r t n r n a t a r l  catnll i t n o  in t h a t  desion w i  1 I perm-it_ in-or_hlt_ m-aintenancp 

The Space Tele- 
scope  qlll ser-"-e as thm --:-- e m t - m n n - < ~ - l  - h p n n r r ; r q t n v T r  in space f=r  more 2 decade. 

L L * G  L , r a - , u L  a J L L " r r u l l r L r L I L  W Y U L L  " U L V L J  

I n t e n s i v e  d e f i n i t i o n  e f f o r t s  have provided  a sound b a s i s  f o r  p r o j e c t  i n i t i a t i o n .  S p e c i f i c  a c t i v i t i e s - - f o c u s e d  
on p r o j e c t  d e f i n i t i o n ,  p r e l i m i n a r y  d e s i g n  and advanced t e c h n o l o g i c a l  development--have been accomplished under 
P h y s i c s  and Astronomy Suppor t ing  A c t i v i t i e s ,  w i t h  funding of $10 m i l l i o n  i n  FY 1975, FY 1976 and t h e  T r a n s i t i o n  
Q u a r t e r .  The formal  p r o j e c t  d e f i n i t i o n  s t u d i e s ,  which w e r e  completed i n  1975, have d e f i n e d  minimum c o s t  o p t i o n s  
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which w i l l  permi t  t h e  s c i e n t i f i c  requi rements  t o  be m e t  and which both  ?%SA and t h e  as t ronomica l  community a g r e e  
w i l l  p rovide  a f a c i l i t y  i n  space  t h a t  cannot  be  equaled 
During t h i s  d e f i n i t i o n  p e r i o d ,  c a n d i d a t e  s c i e n t i f i c  i n s t r u m e n t s  c o n s i s t e n t  w i t h  t h e  o b j e c t i v e s  of  t h e  Space 
Telescope have been d e f i n e d .  Advanced t e c h n o l o g i c a l  development a c t i v i t i e s  have alss Seen in i t ia tc : !  tc ensure  
t h e  a v a i l a b i l i t y  of  d e t e c t o r s  f o r  use  i n  t h e  ins t ruments .  A number of technology t a s k s  have been s u c c e s s f u l l y  
completed i n  areas such as f i n e  guidance,  s t r a y  l i g h t  s u p p r e s s i o n ,  p r e c i s i o n  o p t i c s ,  and d i m e n s i o n a l l y - s t a b l e  
s t r u c t u r e s  t o  minimize t e c h n i c a l  and c o s t  r i s k s  i n  t h e  development phase.  

o r  even approached by ground-based o b s e r v a t o r i e s .  

Through t h e s e  a c t i v i t i e s ,  t h e  Space Telescope h a s  reached  a n  advanced s t a t e  of  d e f i n i t i o n .  NASA p l a n s  t o  
release i n  e a r l y  1977 r e q u e s t s  f o r  p r o p o s a l s  (RFP's) c o v e r i n g  t h e  O p t i c a l  Telescope Assembly and t h e  Support  
Systems Module. These RFP's w i l l  s p e c i f i c a l l y  s t a t e  t h a t  award of  c o n t r a c t s  i s  cont ingentupon Congress iona l  
approval  and funding f o r  t h e  p r o j e c t .  On t h e  same b a s i s ,  NASA p l a n s  a n  e a r l y  1977 release of t h e  Announce- 
ment of Oppor tuni ty  t o  t h e  s c i e n t i f i c  community t o  s o l i c i t  p r o p o s a l s  f o r  t h e  i n i t i a l  complement o f  s c i e n t i f i c  
ins t ruments .  

The c u r r e n t  p l a n n i n g  estimate f o r  t h e  development of t h e  Space Telescope,  i n c l u d i n g  one month of i n - o r b i t  
checkout and v e r i f i c a t i o n ,  i s  $435 m i l l i o n  t o  $470 m i l l i o n  i n  t h e  d o l l a r s  of  t h e  FY 1978 budget .  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, t h e  Space Telescope d e s i g n  and development w i l l  b e  i n i t i a t e d , l e a d i n g  t o  launch i n  t h e  las t  q u a r t e r  
of CY 1983. C o n t r a c t s  w i l l  b e  awarded i n  e a r l y  FY 1978 f o r  t h e  O p t i c a l  Telescope Assembly (OTA) and t h e  Support  
Systems Module (SSM). The c o n t r a c t o r s  w i l l  complete t h e i r  p l a n n i n g ,  s t a r t  p r e l i m i n a r y  d e s i g n ,  and i n i t i a t e  l o n g  
l e a d  procurements. One of t h e  most s i g n i f i c a n t  procurements w i l l  b e  f o r  two pr imary m i r r o r  b l a n k s  2.4 meters 
i n  d iameter  f o r  t h e  OTA. Each c o n t r a c t o r  w i l l  a l s o  p r e p a r e  f o r  a P r e l i m i n a r y  Requirements R e v i e w  which w i l l  
t a k e  p l a c e  approximate ly  t h r e e  months fo l lowing  c o n t r a c t  award. A s  a r e s u l t  o f  t h i s  review, t h e  c o n t r a c t o r s  
b a s e l i n e s  w i l l  b e  e s t a b l i s h e d  f o r  proceeding  w i t h  p l a n n i n g  and implementat ion of t h e  p r e l i m i n a r y  d e s i g n  which 
w i i l  cu imina te  i n  a P r e i i m i n a r y  Design R e v i e w  approximate iy  one y e a r  i a te r .  

Tile SS1.i c v ~ l i r a c i o r  wiii a i s v  be a c i i v e i y  involved w i t h  per iorming  a n a l y s e s  n e c e s s a r y  L O  a s s u r e  a c o c a i i y  
i n t e g r a t e d  Space Telescope system. 

S c i e n t i f i c  i n s t r u m e n t  c o n t r a c t o r s  w i l l  complete t h e i r  p l a n n i n g  and d e f i n i t i o n ,  conduct P r e l i m i n a r y  Require-  
Ins t rument  development teams w i l l  p a r t i c i p a t e  ments Reviews and i n i t i a t e  p r e l i m i n a r y  des igns  of i n s t r u m e n t s .  

i n  t h e  p r e l i m i n a r y  d e s i g n  of  t h e  i n s t r u m e n t a t i o n .  
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BASIS OF FY 1 9 7 8  FUNDING REQUIREMENTS: 

SHUTTLE/SPACELA.B SCIENCE PAYLOAD DEVELOPMENT 

7 n-to 
L Y l O  

7 0 - 7 -  L r a r i s i L i u r i  L Y I  I 

1976 Q u a r t e r  Budget C u r r e n t  Budget 

(Thousands of  D o l l a r s )  
E s t i m a t e  Actua l  A c t u a l  Estimate E s t i m a t e  

Experiments  206 2,600 5,600 5 ,600  2 6 , 1 0 0  
- - -  - -- - - -  - - -  600 I n t e g r a t i o n  ................................. 

Miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  ........ 
................................. 

894 - - -  400 400 2,200 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.100 2 600 6.000 6.000 28.900 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h e  S h u t t l e / S p a c e l a b  S c i e n c e  Payload Development program i s  t o  advance s c i e n t i f i c  r e s e a r c h  
i n  t h e  major d i s c i p l i n e s  o f  a s t r o p h y s i c s ,  s o l a r  p h y s i c s ,  s p a c e  plasma p h y s i c s ,  as t ronomy,  and a tmospher ic  
s c i e n c e  by c a p i t a l i z i n g  on t h e  unique  c a p a b i l i t i e s  of  t h e  Space S h u t t l e  and S p a c e l a b .  
development a c t i v i t i e s  w i l l  p r o v i d e  f o r  t h e  d e s i g n ,  development ,  and i n t e g r a t i o n  of  exper iments  and s p e c i a l  
s u p p o r t i n g  subsystems t o  b e  flown on S h u t t l e  o r b i t a l  f l i g h t  t e s t  and S p a c e l a b  m i s s i o n s .  
a l s o  i n c l u d e  p r o v i s i o n  f o r  payload  m i s s i o n  o p e r a t i o n s  and d a t a  a n a l y s i s .  

These s c i e n c e  payload 

The e f f o r t s  w i l l  

S h u t t l e  O r b i t a l  F l i g h t  Test  (OFT) S c i e n c e  Payload Development 

The s c i e n c e  payloads  t o  b e  flown on S h u t t l e  OFT miss ions  w i l l  i n c l u d e  s e l e c t e d  exper iments  i n  s p a c e  astronomy,  
h i g h  energy a s t r o p h y s i c s ,  s o l a r  p h y s i c s ;  and atmospheric, magnetospheric, z-d plzcrL=, phys ics .  paj-lsads 
w i l l  p r o v i d e  f o r  e a r l y  d e m o n s t r a t i o n  and e v a l u a t i o n  of t h e  S h u t t l e ' s  r e s e a r c h  c a p a b i l i t i e s .  The O f f i c e  of 
Space Sc ience  h a s  o v e r - a l l  management r e s p o n s i b i l i t y  f o r  payload  a c t i v i t i e s  on t h e  f o u r t h  and s i x t h  OFT miss ions .  

Shut  t le /Space  1ab .payloads  Development 

The S h u t t l e / S p a c e l a b  Payload program w i l l  p r o v i d e  t h e  c a p a b i l i t y  f o r  major  space-borne  r e s e a r c h  i n l r e s t i g 2 -  
Lions i n  t h e  L Y t W - L Y Y O  t i m e  p e r i o d .  
ments and o r b i t a l  f a c i l i t i e s  and t h e  conduct  of S h u t t l e / S p a c e l a b  s c i e n c e  m i s s i o n s .  

This  prngr?m cc:'crs ths d s s i g i i  aiid d r v r l u p i r i e n ~  of major s c i e n t i f i c  i n s t r u -  

The O f f i c e  o f  Space S c i e n c e  h a s  t h e  overall payload management r e s p o n s i b i l i t y  f o r  Space labs  1 and 2 scheduled  
Space lab  1, a j o i n t  u n d e r t a k i n g  by NASA and t h e  European 

The secondary  o b j e c t i v e  
Tho Announcements of Oppor tuni ty  w e r e  

f o r  f l i g h t  a f t e r  t h e  S h u t t l e  becomes o p e r a t i o n a l .  
Space Agency (ESA), i s  scheduled  f o r  launch  i n  J u l y  1980, and Space lab  2 i n  October  1980. 
t i v e  of t h e  miss ions  i s  t h e  v e r i f i c a t i o n  of Space lab  performance and c a p a b i l i t i e s .  
i s  t o  o b t a i n  v a l u a b l e  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and technology d a t a .  
i s s u e d  by NASA i n  1976, s o l i c i t i n g  p r o p o s a l s  a d d r e s s i n g  s p e c i f i c  experim.enta1 o b j e c t i v e s  i n  Atmospheric 

The pr imary  o b j e c -  
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S c i e n c e s ,  E a r t h  Observa t ions ,  L i f e  S c i e n c e s ,  Astronomy, S o l a r  P h y s i c s ,  High Energy Ast rophys ics ,  Communications 
and Space Technology. 
were r e c e i v e d  f o r  Spacelab 1, and more than 150 w e r e  r e c e i v e d  f o r  Spacelab 2 .  E v a l u a t i o n  of t h e  p r o p o s a l s  i s  
ilnderway-, and t h e  experiment  s e l e c t l o r i s  w i l l  be made Fr: I???. 

The response t o  these announcements was s i g n i f i c a n t ,  i n  t h a t  more than i i 0  p r o p o s a l s  

The long-range S h u t t l e / S p a c e l a b  Payloads Development program w i l l  b e  s c i e n t i f i c a l l y  more ambi t ious  once 
S h u t t l e / S p a c e l a b  v e r i f i c a t i o n  i s  complete. This  program w i l l  f o l l o w  a n  e v o l u t i o n a r y  approach,  expanding upon 
t h e  compara t ive ly  s imple  experiments  planned f o r  O r b i t a l  F l i g h t  Tests 4 and 6 and Spacelab 1 and 2 miss ions ,  
p roceeding  t o  t h e  development of more e l a b o r a t e  experiments  which w i l l  e v e n t u a l l y  evolve  t o  t h e  d e d i c a t e d  
d i s c i p l i n e  " l a b o r a t o r y  i n  space.  

The s c i e n t i f i c  o b j e c t i v e s  t y p i c a l  o f  miss ions  t o  b e  flown on t h e  Space S h u t t l e / S p a c e l a b  are: (1) To o b t a i n  
d a t a  from c o n t i n u i n g  i n v e s t i g a t i o n s  of  h i g h  energy a c c e l e r a t i o n  p r o c e s s e s  on t h e  sun  and i n  o t h e r  c e l e s t i a l  
b o d i e s ;  (2)  To conduct c o n t r o l l e d  act ive experiments  i n  a tmospher ic ,  magnetospheric ,  and space  plasma p h y s i c s ;  
(3)  To per form new o b s e r v a t i o n s  i n  X-ray and gamma r a y  astronomy and cosmic r a y  a s t r o p h y s i c s  which cannot  b e  
conducted from e a r t h ;  ( 4 )  To o b t a i n  d a t a  f o r  c o n t i n u i n g  i n v e s t i g a t i o n s  i n t o  t h e  n a t u r e  of a c t i v e  g a l a x i e s ,  
t h e  c r e a t i o n  of  t h e  e lements ,  supernova remnants,  g l o b u l a r  c l u s t e r s ,  c o l l a p s e d  o b j e c t s ,  and t h e  i n t e r s t e l l a r  
medium; (5) To per form remote s e n s i n g  o b s e r v a t i o n s  of a tmospher ic  composi t ion and dynamics. 

BASIS OF FY 1978 ESTIMATE: 

During FY 1978, e f f o r t s  w i l l  b e  d i r e c t e d  t o  deve loping  experiment  hardware and s o f t w a r e ,  d e f i n i n g  i n t e g r a t i o n  
requi rements ,  and p l a n n i n g  and developing mission o p e r a t i o n s  f o r  t h e  S h u t t l e  OFT miss ions  and Spacelab 1 and 2. 

The FY 1978 r e q u e s t  a l s o  s u p p o r t s  t h e  d e s i g n  and development of  experiments  and a s s o c i a t e d  i n s t r u m e n t s /  
f a c i l i t i e s  i n  t h e  s o l a r  p h y s i c s ,  h igh  energy a s t r o p h y s i c s ,  a tmospher ic  and magnetospheric  p h y s i c s  areas f o r  
fol low-on miss ions .  This  i n i t i a l  e f f o r t  i s  d i r e c t e d  toward t h e  development of  i n s t r u m e n t s  and  o r b i t a l  f a c i l -  
i t i e s  which can b e  reused  f o r  r e p e a t e d  s c i e n t i f i c  i n v e s t i g a t i o n s ,  w i t h  a r e a l i z a t i o n  of an  o v e r a l l ,  long-term 
c o s t  s a v i n g s .  F a c i l i t i e s  such as s o l a r  o p t i c a l  o b s e r v a t i o n s  (1-1/4 meter o p t i c a l ,  EW, XW, X-ray) and LIDAR 
(Light D e i e c t i o n  and Ranging) i n s t r u m e n t s ,  f o r  exampie, can  b e  modified by changing s e n s o r s  o r  f i i t e r s ,  o r  by 
making changes i n  t h e  f o c a l  p l a n e s  of t h e  i n s t r u m e n t s ,  and then  ref lown t o  conduct  c o n t i n u i n g  i n v e s t i g a t i o n s .  
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

ORBITING EXPLORERS 

Transition 1977 1978 
Budget 1976 Quarter Budget Current 

Actual Actual Estimate Estimate E s t ima t e 
(Thousands of Dollars) 

Solar Terrestrial Explorers ............... Atmosphere explorers (AE).. 6,810 1 , 290 2,700 3,518 2,758 
6,751 International sun-earth explorers (ISEE).. 14 , 248 3,513 7,961 8,161 

--- --- 3,500 6 , 000 
Other solar terrestrial explorers... 1,898 219 2,747 3 , 922 3 , 300 
Dynamic explorer program.................. --- ...... 

............................ 18,809 22,956 5,022 13,408 1 9  , 101 Subtotal.... 

Astrophysics Explorers 
Small astronomy satellites (SAS) .......... 1,350 353 1,056 1.165 1.392 
International ultraviolet explorer (IUE).. 41536 695 3 , 500 3,174 2; 586 

10 , 600 
Other astrophysics explorers 1,080 430 9,036 2,798 1,613 

...... --- 6 , 000 4,000 Infrared astronomy satellite (IUS). --- 
.............. 
............ 11,137 16,191 6 , 966 1,478 19,592 Subtotal.................... 

............................. Total.... 29,922 6.500 33.000 30 .. 238 35,000 

(Expendable Launch Vehicles Program) .......................... Delta........... (3,900 j (1-,900> ( 7  , 300) (8 ,300)  (9,400) 
scout.................. ................... (1,200) (900) (---) ( - - ->  (LC,t iOO) 

OBJECTIVES AND STATUS : 

The Explorer Program, comprised of many individual projects and spacecraft, provides the principal means of 
conducting astronomical studies and long-term investigations of the geophysical and near-earth interplanetary 
environment which do not require large observatories. Included in the present program are missions to study 
atmospheric and magnetospheric physics, the several magnetospheric boundaries; interplanetary phenomena; and 
X-ray, gamma-ray, ultraviolet, radio, and infrared astronomy. 
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Explorer  s p a c e c r a f t  have been launched a t  a n  average  ra te  of about  t h r e e  t o  f o u r  miss ions  p e r  year  on both 
Delta and Scout  launch v e h i c l e s .  F u t u r e  p l a n n i n g  i n c l u d e s  use of  t h e  Space S h u t t l e  as a launch v e h i c l e .  The 
d e s i g n  of  Explorer  s p a c e c r a f t  depends upon t h e  n a t u r e  of t h e  p a r t i c u l a r  miss ions  involved .  Often,  miss ions  
have been g r v u p e d  inLo f a m i l i e s  which can b e  accommodated by a b a s i c  s p a c e c r a f t  d e s i g n  such as t h e  I n t e r p l a n e -  
t a r y  Moni tor ing  P la t form,  Atmosphere Explorer ,  and S m a l l  Astronomy S a t e l l i t e  se r ies .  Conceptual and systems 
s t u d i e s  t o  s u p p o r t  p r o j e c t e d  miss ions  are  c a r r i e d  o u t  on a c o n t i n u i n g  b a s i s .  I n  a d d i t i o n ,  NASA engages i n  
c o o p e r a t i v e  miss ions  w i t h  o t h e r  Government a g e n c i e s  and f o r e i g n  c o u n t r i e s  whenever t h e s e  miss ions  w i l l  a s s i s t  
i n  a c h i e v i n g  NASA o b j e c t i v e s .  These c o o p e r a t i v e  miss ions  have averaged about  two launches  p e r  year .  

S o l a r  Terrestr ia l  Explorers  p r o v i d e  t h e  means f o r  conduct ing s t u d i e s  o f  t h e  E a r t h ' s  near -space  environment. 
The program r e q u i r e s  a wide v a r i e t y  of s a t e l l i t e s  ex tending  from t h e  v e r y  lowest  r e a c h e s  of  t h e  upper atmos- 
p h e r e ,  b e i n g  i n v e s t i g a t e d  by t h e  Atmosphere E x p l o r e r s ,  t o  t h e  i n t e r p l a n e t a r y  medium beyond t h e  E a r t h ' s  magneto- 
s p h e r e ,  b e i n g  i n v e s t i g a t e d  by t h e  I n t e r p l a n e t a r y  Monitor ing P l a t f o r m  (IMP) series.  The s o l a r  t e r r e s t r i a l  pro-  
gram i s  i n  a t r a n s i t i o n  from t h e  e a r l y  d i s c o v e r y  and mapping phase  conducted o v e r  t h e  p a s t  decade t o  a phase  
i n  which t h e  cause and e f f e c t  i n t e r a c t i o n s  o f  t h e  f l u c t u a t i n g  s o l a r  wind on t h e  E a r t h ' s  environment w i l l  
b e  s t u d i e d  by means of  s imultaneous measurements a t  d i f f e r e n t  l o c a t i o n s  by p r o j e c t s  such as t h e  I n t e r n a t i o n a l  
Sun-Earth E x p l o r e r s  ( I S E E ) ,  a c o o p e r a t i v e  e f f o r t  w i t h  t h e  European Space Agency (ESA). I n t e g r a t i o n  and s t a r t  
of  f l i g h t  acceptance  tes t s  f o r  t h e  ISEE-A and -B miss ions  are on s c h e d u l e  f o r  launch i n  1977. I S E E - C  i s  
scheduled  f o r  launch a y e a r  l a te r .  Other  a c t i v i t i e s  underway i n c l u d e  i n i t i a t i o n  of development a c t i v i t i e s  f o r  
a dynamics e x p l o r e r  program designed t o  i n v e s t i g a t e  f o r  t h e  f i r s t  t i m e  t h e  c o u p l i n g  of energy and mass be- 
tween t h e  c o l d  ionosphere  plasma and t h e  h o t  magnetosphere. I n  a d d i t i o n ,  work w i l l  b e g i n  on t h e  San Marco D 
miss ion ,  a c o o p e r a t i v e  program w i t h  I t a l y .  A c q u i s i t i o n ,  p rocess ing ,  and a n a l y s i s  of  d a t a  from o p e r a t i o n a l  
s a t e l l i t e s  are c o n t i n u i n g ,  as are d e f i n i t i o n  s t u d i e s  f o r  p o s s i b l e  f u t u r e  miss ions .  

A s t r o p h y s i c s  Explorers  p r o v i d e  t h e  means f o r  c a r r y i n g  o u t  a s t r o n o m i c a l  s t u d i e s  r e l a t i n g  t o  t h e  stars,  ga lax-  
i es ,  and p l a n e t s  which do n o t  r e q u i r e  l a r g e ,  complex as t ronomica l  o b s e r v a t o r i e s .  Inc luded  h e r e  a r e  t h e  Small  
Astronomy Sa te l l i t e s  (SAS) w i t h  SAS-Cy t h e  l a s t  of t h e  ser ies ,  s u c c e s s f u l l y  launched i n  May 1975; t h e  I n t e r n a -  
t i o n a l  U l t r a v i o l e t  Explorer  (IUE), which i s  an i n t e r n a t i o n a l  c o o p e r a t i v e  e f f o r t  w i t h  t h e  i ini ted Kingdom (VK) 
and t h e  European Space Agency (ESA); t h e  I n f r a r e d  Astronomy S a t e l l i t e  (IRAS), a c o o p e r a t i v e  program w i t h  t h e  
>Jcthcrlands 2nd t h e  vnrted l<ingdom. A s t r o p h y s i c s  C;;plorers have been I f i s t r U m e i - i L i l  Iii opeiiliig up t h e  x - r a y ,  
gamma r a y  and l o w  frequency r e g i o n s . o f  t h e  e l e c t r o m a g n e t i c  spectrum by performing a l l - s k y  surveys.  The 
s ~ g r i i f i c a n t  r e s u l t  o f  these aissiofis IS the d i ~ ~ u v r r y  u f  i i ew  sc ie r i i i i i c  i r i i o r n l a ~ i v n  LIirough appi icaEion  of 
low c o s t  approaches i n  t h e  newly emerging d i s c i p l i n e s  of s c i e n c e .  Once t h e  f r o n t i e r s  are d e f i n e d ,  more 
e f f i c i e n t  u s e  can  be made of  t h e  l a r g e  complex o b s e r v a t o r i e s  such as t h e  HEAO i n  performing t h e  d e t a i l e d  
i n v e s t i g a t i o n s  t h a t  fo l low.  

. .  . .  
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Major e f f o r t s  b e i n g  suppor ted  i n  FY 1977 f o r  t h e  a s t r o p h y s i c s  program i n c l u d e  f i n a l  i n t e g r a t i o n ,  t e s t ,  and 
launch of t h e  I U E  mission;  hardware and subsystems procurement and experiment  f a b r i c a t i o n  f o r  t h e  IUS, planned 
f o r  launch i n  1981; and c o n t i n u a t i o n  of  a c q u i s i t i o n ,  p r o c e s s i n g ,  and a n a l y s i s  of  d a t a  from o p e r a t i o n a l  satel- 
l i t e s .  i n  a d d i t i o n ,  d e l i n i t i o n  s t u d i e s  w i l l  b e  conducced on a i i m i t e d  number of p o s s i b l e  f u t u r e  miss ions  
s e l e c t e d  from p r o p o s a l s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The d e c r e a s e  of $2.8 m i l l i o n  r e f l e c t s  t h e  requirement  t o  p r o v i d e  a d d i t i o n a l  FY 1977 funds f o r  t h e  HEAO pro-  
gram i n  o r d e r  t o  s o l v e  u n a n t i c i p a t e d  t e c h n i c a l  problems. R e d i s t r i b u t i o n s  w i t h i n  t h e  Explorer  program are  t h e  
r e s u l t  of rephas ing  of  funding  requi rements  f o r  ISEE,  IUE and I U S ;  and i n i t i a t i o n  of development e f f o r t  f o r  
a dynamics e x p l o r e r  program and t h e  San Marco D mission.  

BASIS OF FY 1978 ESTIMATE: 

F i s c a l  Year 1978 funds are r e q u i r e d  f o r  f i n a l  i n t e g r a t i o n ,  t es t  and launch of I S E E - C ;  c o n t i n u a t i o n  o f  hard-  
ware and subsystems procurement and experiment f a b r i c a t i o n  f o r  t h e  dynamics e x p l o r e r  program; c o n t i n u a t i o n  
o f  work on San Marco D miss ion;  c o n t i n u a t i o n  o f  hardware and subsystems procurement and experiment f a b r i c a -  
t i o n  f o r  IRA’S; f u t u r e  m i s s i o n  d e f i n i t i o n  s t u d i e s ;  and c o n t i n u a t i o n  of a c q u i s i t i o n ,  p r o c e s s i n g ,  and a n a l y s i s  
of  d a t a  from ISEE-A and - B y  I U E ,  and o t h e r  o p e r a t i o n a l  s a t e l l i t e s .  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

T r a n s i t i o n  1977 1977 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  Estimate Estimate E s  t i m a  t e 
(Thousands of D o l l a r s )  

S p a c e c r a f t  ............................... 
Mission o p e r a t i o n s  and d a t a  a n a l y s i s .  .... Experiments .............................. 

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

1 , 900 62 5 1,000 1 , 000 1,270 

3 .. 600 62 5 1.000 1 > 000 1.270 

RD 4-16 



OBJECTIVES AND STATUS: 

The Sun p l a y s  a dominant r o l e  i n  t h e  c r e a t i o n  and maintenance of a n  environment n e c e s s a r y  t o  s u s t a i n  l i f e  on 
Ear th .  
p h y s i c a l  p r o c e s s e s  of t h e  Sun and of their  i n t e r a c t i o n  w i t h  t h e  E a r t h ' s  environment.  

The o b j e c i i v e  VI the O r b i t i n g  S o l a r  O b s e r v a t o r i e s  program i s  t o  i n c r e a s e  o u r  unders tanding  o f  t h e  b a s i c  

The OS0 series of miss ions  h a s  provided  f o r  a s y s t e m a t i c  s t u d y  of  t h e  Sun, bo th  i n  t e r m s  o f  i t s  c y c l i c  varia- 
t i o n s  and of  a more d i r e c t e d  s t u d y  of s p e c i f i c  phenomena i n  response  t o  t h e  knowledge gained on previous  miss ions .  
The OSO's have provided  s i g n i f i c a n t  d i s c o v e r i e s  about  t h e  Sun and the E a r t h  and have  provided  a foundat ion  f o r  
d e s i g n  o f  t h e  Apollo Telescope Mount flown on Skylab and f o r  t h e  S o l a r  Maximum Mission.  OSO-7, launched i n  
1971, took d a t a  on t h e  s o l a r  corona and t h e  spectrum of  s o l a r  and cosmic X-rays u n t i l  o p e r a t i o n s  w e r e  t e rmina ted  
i n  June  1974. 

OSO-8 w a s  launched i n  June 1975, n e a r  s o l a r  minimum. The l a s t  i n  t h e  ser ies ,  which began i n  1962, i t  i s  con- 
t i n u i n g  i t s  s t u d y  of energy t r a n s p o r t  i n  t h e  Sun ' s  lower atmosphere and corona.  I n  a d d i t i o n ,  t h e r e  a r e  e x p e r i -  
ments onboard which are  measuring X-ray emiss ions  from a v a r i e t y  of  s t e l l a r  and g a l a c t i c  sources  and o b t a i n i n g  
i n f o r m a t i o n  about  t h e  E a r t h ' s  atmosphere.  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, funding  w i l l  be  used t o  s u p p o r t  t h e  s c i e n t i f i c  experiment  teams n e c e s s a r y  t o  o p e r a t e  t h e  i n s t r u -  
ments and a n a l y z e  o p e r a t i o n s  of t h e  OSO-8 s p a c e c r a f t  i n  o r b i t .  This i n c l u d e s  s t a f f i n g ,  by c o n t r a c t o r s ,  of t h e  
OS0 c o n t r o l  c e n t e r  a t  t h e  Goddard Space F l i g h t  C e n t e r ,  as w e l l  as s u p p o r t i n g  computer personnel  r e q u i r e d  t o  
a d a p t  s o f t w a r e  used for commanding t h e  observa tory  ir? c r b i t .  %Acsc funds  w L 1 1  a l so  prot-lde f o r  ailalysis v i  
d a t a  o b t a i n e d  by t h e  s c i e n t i f i c  experiments .  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

ORB1 T I  NG ASTRONOMICAL OBSERVATORIES (OAO ) 

T r a n s i t i o n  1977 197 8 
1976 Quarter ~ u d g e  i C urrenc  Budge t 

Actua l  Actua l  Estimate E s t i m a t e  E s t i m a t e  

n 

(Thousands of D o l l a r s )  

OAO miss ion  o p e r a t i o n s  and d a t a  
a n a l y s i s  .................................. 2,300 490 2 , 600 2 , 600 1 , 980 
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OAO-3 (Copernicus) ,  launched i n  1972 and s t i l l  o p e r a t i o n a l ,  i s  p r o v i d i n g  an  a c c u r a t e l y  s t a b i l i z e d  alltlomate? 
f a c i l i t y  f o r  o b s e r v i n g  c e l e s t i a l  o b j e c t s  and i n t e r s t e l l a r  s p a c e  i n  t h e  s p e c t r a l  range  from t h e  X-ray through 
t h e  u l t r a v i o l e t  and i n t o  t h e  v i s i b l e  reg ion .  

OAO-3 carr ies  t h e  P r i n c e t o n  U n i v e r s i t y  32-inch t e l e s c o p e  sys tem f o r  i n v e s t i g a t i n g  b o t h  s ta rs  and the i n t e r -  
s t e l l a r  medium a t  h i g h  r e s o l u t i o n ,  and t h e  u n i v e r s i t y  Col lege  of  London ins t rument  t o  i n v e s t i g a t e  ce l e s t i a l  
X-ray sources .  FY 1977 funds suppor t  t h e  o p e r a t i o n  of OAO-3 and t h e  a n a l y s i s  of d a t a  o b t a i n e d  by t h e  P r i n c e t o n  
experiment.  Support  i s  a l s o  be ing  provided f o r  30 of t h e  120 Guest  I n v e s t i g a t o r s  approved t o  d a t e  from univer -  
s i t i e s ,  Government i n s t i t u t i o n s  and seven f o r e i g n  c o u n t r i e s .  These Guest I n v e s t i g a t o r s ,  u t i l i z i n g  b o t h  t h e  
P r i n c e t o n  and U n i v e r s i t y  C o l l e g e  (London) i n s t r u m e n t s ,  have covered a wide v a r i e t y  of problems r a n g i n g  from 
a s t u d y  of  t h e  c h l o r i n e  c o n t e n t  of t h e  t e r r e s t r i a l  atmosphere t o  a s e a r c h  f o r  X-ray sources  i n  t h e  u l t r a v i o l e t .  
One of  t h e  most s i g n i f i c a n t  r e s u l t s  from t h e  Guest I n v e s t i g a t o r  Program w a s  t h e  d e t e c t i o n  i n  t h e  u l t r a v i o l e t  
of a s t a r  which had remained a hidden enigma f o r  40 years - -a  d e t e c t i o n  which so lved  a long-s tanding  d e b a t e .  

During t h e  p a s t  f o u r  y e a r s ,  new techniques  have been developed which have extended t h e  u s e f u l n e s s  of  OAO-3 
by a l l o w i n g  t h e  o b s e r v a t i o n  of o b j e c t s  s i x  times f a i n t e r  t h a n  could  b e  observed a t  launch and which have ex- 
tended t h e  u s e f u l  s p e c t r a l  range  i n  t h e  n e a r  u l t r a v i o l e t .  A s  a r e s u l t ,  many new c l a s s e s  of o b j e c t s  can  now 
be s t u d i e d  by t h i s  o b s e r v a t o r y .  

BASIS OF FY 1978 ESTIMATE: 

F Y  1978 iunds w i i i  s u p p o r t  u A v - 3  i n - o r b i t  o p e r a t i o n s  and p r o v i d e  f o r  da ta  p r o c e s s i n g  and a n a l y s i s  o f  d a t a  
obta ined  by t h e  s c i e n t i f i c  experiments .  These funds w i l l  a l s o  p r o v i d e  c o n t i n u i n g  suppor t  f o r  t h e  OAO Guest 
I n v e s t i g a t o r  program. 
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BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

SUBORB I TA4L PROGRAPE 

T r a n s i t i o n  1977 
1976 Q u a r t e r  Budget Cur ren t  

Ac tua l  A c t u a l  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

Sounding rockets . . . . .  ....................... 20 , 000 6 , 200 20,700 20,700 
Ai rborne  research. . . . .  ...................... 3,800 1 , 000 3 , 800 3,800 
Bal loon  program............................. 1 , 000 300 1,500 1 500 

................................. 26.000 Total . . . .  24.800 7 500 26.000 

(Expendable Launch Veh ic l e s  Program) 
scout.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (400)  (---> ( - - -> (---> 

Sounding Rockets  

20,000 6,200 20,700 20,700 

1978 
Budget 

Estimate 

20,700 
3 , 800 
1 500 

26.000 

( - - -> 

20 , 700 

OBJECTIVES AND STATLJS : 

The Sounding Rocket Program p rov ides  a l o w  c o s t  and versa t i le  t o o l  f o r  s c i e n t i f i c  r e s e a r c h  i n  t h e  s u b o r b i t a l  
space  environment.  This program p rov ides  broad-based suppor t  of a l l  of  t h e  s c i e n t i f i c  d i s c i p l i n e s ,  i n c l u d i n g  
t h e  s t u d y  of  t h e  e a r t h ' s  upper a tmosphere and ionosphere ,  magnetospheric  phys i c s ,  s t e l l a r  astronomy, s o l a r  
astronomy, and h igh  energy  a s t r o p h y s i c s .  Act iv i t ies  a r e  conducted bo th  on a domest ic  and a n  i n t e r n a t i o n a l  
c o o p e r a t i v e  b a s i s .  The c u r r e n t  level  of  a c t i v i t y  i s  approximate ly  60 r o c k e t  f l i g h t s  p e r  year .  

The s p e c i f i c  o b j e c t i v e s  of  t h e  Sounding Rocket Program are as f o ~ ~ o w s :  

1. To conduct  a coord ina ted  research program u t i l i z i n g  exper iments  w i t h  f l i g h t  r equ i r emen t s  which 
cannot  be  m e t  by v e h i c l e s  w i t h  d i f f e r e n t  performance c h a r a c t e r i s t i c s  such as b a l l o o n s ,  a i r c r a f t  
and s a t e l l i t e s  and which do n o t  r e q u i r e  long  d u r a t i o n  s a t e l l i t e  obse rva t ion .  S p e c i f i c  areas 
of  s t u d y  inc lude :  
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a. The n a t u r e ,  c h a r a c t e r i s t i c s ,  and composi t ion of  t h e  upper  atmosphere,  magnetosphere, and 
near space.  

b. The e f f e c t s  nf  incorn-ing e n e r g e t i c  p a r t i c l e s  and s c l a r  and s t e l l a r  r a d i a t i o r r  oii t h e  uppe:r 
atmosphere and magnetosphere. 

c. The n a t u r e ,  characterist ics,  and s p e c t r a  of r a d i a t i o n  o f  t h e  sun,  s tars ,  and o t h e r  c e l e s -  
t i a l  o b j e c t s .  

2. To suppor t  t h e  b a s i c  o b j e c t i v e s  of  t h e  Phys ics  and Astronomy Program by provid ing  t h e  means f o r  
f l i g h t  t e s t i n g  i n s t r u m e n t s  and experiments  b e i n g  developed f o r  f l i g h t  on s a t e l l i t e s ,  o b s e r v a t o r i e s ,  
and space  probes ;  and f o r  c a l i b r a t i n g  o r  o b t a i n i n g  v e r t i c a l  p r o f i l e s  i n  c o r r e l a t i o n  w i t h  c u r r e n t l y  
o r b i t i n g  s p a c e c r a f t .  

I n  t h e  magnetospheric p h y s i c s  area, cont inued  emphasis i s  b e i n g  p l a c e d  on lower i o n o s p h e r i c  measurements and 
v e r t i c a l  p r o f i l e s  which can o n l y  b e  done w i t h  sounding r o c k e t s .  I n  January  1976, as p a r t  of a NASArDoD coop- 
erative program, a series of 26 sounding r o c k e t s  w a s  launched from t h e  Wallops F l i g h t  Center  i n  s u p p o r t  of t h e  
Winter  D-Region Campaign. This  campaign w a s  a coord ina ted  program t o  s t u d y  w i n t e r  days of "normal and "anom- 
a l o u s "  e l e c t r o n  d e n s i t i e s  i n  t h e  i o n s o p h e r i c  D reg ion .  Cont inuing  a u r o r a  measurements were conducted i n  1976 
u s i n g  r o c k e t s  f i r e d  from Alaska,  Canada, Norway, Greenland, and Sweden. 

The S o l a r  Phys ics  sounding r o c k e t  program cont inues  t o  p l a y  a major  r o l e  i n  t h e  NASA s o l a r  program. S i n c e  
1976 w a s  t h e  y e a r  of minimum a c t i v i t y  i n  t h e  c u r r e n t  s o l a r  c y c l e ,  c o n s i d e r a b l e  emphasis w a s  p laced  on t h e  
i n v e s t i g a t i o n  of minimum a c t i v i t y  c o n d i t i o n s  i n  t h e  s o l a r  chromosphere,  t r a n s i t i o n  region and  corona-  C o q l e -  
mentary s t u d i e s  from t h e  OSO-8 s a t e l l i t e  b e n e f i t e d  from t h e  f l i g h t  o f  a c a l i b r a t i o n  r o c k e t  which enabled  i n -  
s t r u m e n t a l  d r i f t s  i n  t h e  two s a t e l l i t e  u l t r a v i o l e t  s p e c t r o m e t e r s  t o  b e  a c c u r a t e l y  determined. An accurate 
measurement w a s  a l s o  made of t h e  t o t a l  r a d i a t i v e  o u t p u t  from t h e  s u n  d u r i n g  i t s  q u i e t e s t  per iod .  This w i l l  
b e  compared wi th  similar moasuremencs from r o c k e t s ,  t h e  S o l a r  Maximum Miss ion ,  and Spacelab d u r i n g  i n c r e a s -  
i n g l y  active p e r i o d s  of  t h e  c y c l e ,  t o  de te rmine  whether  t h e r e  i s  a c y c l i c  v a r i a t i o n  i n  t h e  s o l a r  c o n s t a n t .  

I n  t h e  astronomy a r e a ,  c o n t i n u i n g  emphasis i s  be ing  p laced  on measurements of s tars  and extended s o u r c e s  
i n  b o t h  t h e  UV and X-ray r e g i o n s  and on c o r r e l a t i v e  measurements of the same n h j e c t s  ig d i f f e r e n t  p c r t i m s  
of  t h e  e l e c t r o m a g n e t i c  spectrum. Many o b s e r v a t i o n s  are  fo l lowing  up on t h e  e a r l i e r  measurements o b t a i n e d  
by sa te l l i t es  such as UHURU and OAO-2. The Grav.ity Probe-A p r o j e c t ,  des igned  t o  confirm w i t h  improved 
accuracy  t h e  g r a v i t a t i o n a l  r e d s h i f t  ( r e l a t i v i s t i c  f requency s h i f t )  p r e d i c t e d  by E i n s t e i n ' s  Theory of  Rela- 
t i v i t y ,  was s u c c e s s f u l l y  launched i n  June  1976; d a t a  a n a l y s i s  i s  underway and f i h a l  r e p o r t s  w i l l  b e  prepared  
d u r i n g  FY 1977. Of s p e c i a l  i n t e r e s t  i s  t h e  p r e p a r a t i o n  f o r  a ser ies  of  seven  sounding r o c k e t  f l i g h t s  t o  i n a h  
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X-ray, W and i o n o s p h e r i c  o b s e r v a t i o n s  i n  t h e  s o u t h e r n  s k i e s  from t h e  launch s i t e  a t  Woomera, A u s t r a l i a  d u r i n g  

t h e  Northern Hemisphere and must, t h e r e f o r ,  b e  observed from t h e  Southern Hemisphere. 
1977. ~ c F e n t i f - j c a 1 1 y  :-+-----+:- L l l L ~ ~ ~ ~ ~ ~ l ~ g  o b j e c t s  l i i  our  ga laxy  and i n  c e r t a i n  nearby g a l a x i e s  cannot  be viewed from 

BASIS OF FY 1978 ESTIMATE: 

FY 1978 w i l l  see a c o n t i n u a t i o n  of most of  t h e  above e f f o r t s  w i t h  emphasis on t h e  c o o r d i n a t i o n  of near-s imul-  
taneous launches  of  s e v e r a l  r o c k e t  payloads  and on c o r r e l a t i o n  w i t h  s a t e l l i t e  o b s e r v a t i o n s .  FY 1978 payloads 
w i l l  b e  used t o  f u r t h e r  r e f i n e  t h e  i n s t r u m e n t s  needed f o r  ver t ica l  p r o f i l e  s t u d i e s  as w e l l  as t o  f l i g h t - t e s t  
new t y p e s  of  i n s t r u m e n t s  f o r  a c t i v e  s t u d i e s  of  t h e  ionosphere  and magnetosphere. These ins t ruments  i n c l u d e  a n  
e l e c t r o n  a c c e l e r a t o r ,  a W spec t rograph ,  a chemical  release package, a n  X-ray d e t e c t o r ,  a shaped-charge system 
t o  accelerate bar ium i o n s  t o  h i g h  speeds as magnetospheric  t r a c e r  p a r t i c l e s ,  and a n  a i r g l o w  d e t e c t o r .  New 
i n s t r u m e n t  development i n  t h e  s o l a r  p h y s i c s  area w i l l  be  cont inued  and t h e  two newly developed h igh  r e s o l u t i o n  
u l t r a v i o l e t  imaging systems w i l l  b e  u t i l i z e d  t o  s t u d y  t h e  d e t a i l e d  s t r u c t u r e  of t h e  c o o l e r  p o r t i o n s  of  t h e  
s o l a r  atmosphere.  In t h e  astronomy area, s p e c i a l  i n s t r u m e n t a t i o n  w i l l  be  flown i n  o r d e r  t o  t es t  new types  of  
equipment and t o  make measurements, such as t h o s e  which depend upon f i l m  f o r  d a t a  r e c o r d i n g ,  which cannot  b e  
made w i t h  e x i s t i n g  s a t e l l i t e s .  

Airborne  Research 

T r a n s i t i o n  1977 1978 
1976 Quarter Budget C u r r e n t  Budget 

A c t u a l  Actua l  Estimate E s t i m a t e  E s  t i m a  t e 
(Thousands of Dollars) 

3,800 1,000 3,800 3,800 3,800 

OBJECTIVES Am STATUS : 

Research w i t h  inq t r i imen te r l !  j e t  aFrcrift hzs beer, 2~ I n t c g r z ?  -,art of the ovii-a:l NASA prugram i n  Phys ics  and 
Astronomy s i n c e  1965. The a i r c r a f t  p l a t f o r m  p r o v i d e s  a l a r g e  payload c a p a c i t y  and f a c i l i t i e s  f o r  ex tending  
o b s e r v a t i o n s  o v e r  any r e g i o n  of t h e  e a r t h .  It a l s o  may b e  t r a n s p o r t e d  r e a d i l v  t o  h i g h  o p e r a t i o n a l  a l t i t i i d e q j  
n e a r  15 km (50,000 f e e t )  i n  o r d e r  t o  provide  a c l o u d - f r e e  s i t e  f o r  a u r o r a l  geophysics  experiments  and a s t r o -  
nomical o b s e r v a t i o n s .  The p o s s i b i l i t y  of  conduct ing  o b s e r v a t i o n s  a t  t h i s  c i o u d - f r e e  a l t i t u d e  has  been essen-  
t i a l  i n  opening t o  astronomy t h e  i n f r a r e d  r e g i o n  o f  t h e  e l e c t r o m a g n e t i c  spectrum from one micrometer t o  1 
m i l l i m e t e r .  The a i r b o r n e  p l a t f o r m  h a s  t h e  f u r t h e r  advantage o f  e n a b l i n g  s c i e n t i s t s  t o  p a r t i c i p a t e  d i r e c t l y  
i n  space  r e s e a r c h .  
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The Airborne  Research program u t i l i z e s  two a i r c r a f t ,  t h e  C-141 ins t rumented  w i t h  t h e  91-cm I R  t e l e s c o p e  and 
t h e  Lear J e t  ins t rumented  f o r  unique i n d i v i d u a l  miss ions .  

The 91-cm I R  t e l e s c o p e  on t h e  C-14lA a i r c r a f t  began o p e r a t i o n a l  f l i g h t s  i n  1974 and i s  now i n  a c t i v e  o p e r a t i o n .  
The Airborne OLservaiory i s  a f u i i - s c a l e ,  manned f a c i l i t y .  
p o r t ,  w i t h  a p r e s s u r e  bulkhead g i v i n g  t h e  astronomers  a comfor tab le ,  s h i r t s l e e v e  environment i n  which t o  work. 
The t e l e s c o p e  f l o a t s  on a l a r g e  a i r  b e a r i n g  t h a t  p e r m i t s  hours  of a c c u r a t e  s t a b i l i z a t i o n  w i t h i n  a few arc  
seconds.  The weight  of t h i s  o b s e r v a t o r y  i s  about  16  tons  (14.5 metric t o n s ) .  

Lhe 4 i - c m  f i13 .5  t e l e s c o p e  o p e r a t e s  through a n  open 

During t h e  p a s t  y e a r ,  t h e  p r i n c i p a l  s c i e n t i f i c  i n v e s t i g a t i o n s  w e r e  i n  t h r e e  areas: s t e l l a r  format ion  u s i n g  
f a r  i n f r a r e d  photometers ,  p l a n e t a r y  atmosphere spec t roscopy w i t h  h i g h  s p e c t r a l  r e s o l u t i o n  i n t e r f e r o m e t e r s ,  and 
emiss ion  spec t roscopy of t h e  i n t e r s t e l l a r  medium. Long wavelength photometers  used w i t h  t h e  h igh  s p a t i a l  r e s o -  
l u t i o n  a t t a i n a b l e  i n  t h e  a i r b o r n e  o b s e r v a t o r y  have begun t o  reveal t h e  i n n e r  s t r u c t u r e  r e g i o n s  i n  our  g a l a x y  
where p r o t o s t e l l a r  format ion  i s  i n  p r o g r e s s .  High r e s o l u t i o n  F o u r i e r  spec t roscopy of J u p i t e r  from t h e  a i r c r a f t  
h a s  r e v e a l e d  t h e  e x i s t e n c e  of PH (phosphene) i n  t h e  J o v i a n  atmosphere and I R  emiss ion  spec t roscopy of  t h e  3 i n t e r s t e l l a r  medium i n  t h e  i n f r a r e d ,  10 t o  100 microns,  h a s  f o r  t h e  f i r s t  t i m e  succeeded i n  observ ing  t h e  
l i n e s  from doubly i o n i z e d  s u l p h u r  and oxygen a t  18 and 88 microns.  

The FY 1977 Airborne Research Program funds are  be ing  used t o  s u p p o r t  approximate ly  s i x t e e n  s c i e n t i f i c  
groups u s i n g  t h e  C-141A. This i n c l u d e s  a n  e x p e d i t i o n  t o  A u s t r a l i a  t o  observe  Uranus o c c u l t a t i n g  SA0 s t a r  
No. 158687 i n  March 1977. The Lear Jet  a s t r o n o m i c a l  program c o n t i n u e s  t o  s u p p o r t  i n f r a r e d  astronomy objec-  
t ives  u t i l i z i n g  a 30-cm t e l e s c o p e  c a r r i e d  aboard t h e  a i r c r a f t .  A t  p r e s e n t ,  about  e i g h t  groups are involved  
i n  t h i s  program. 

I n  FY 1978, Ai rborne  Research funds w i l l  b e  used t o  c o n t i n u e  o p e r a t i o n s  of  t h e  Airborne  Observatory.  The 
requi rements  cover  s u p p o r t  f o r  t h e  a s t r o n o m i c a l  groups,  a c q u i s i t i o n  o f  subsystems, and o p e r a t i o n s  of t h e  
C-1418 and t h e  Lear Jet. 

* n - n  

I Y l G  
7 n 7 7  
171 I Tl----:  L t  

I L Qllb I L IO 1-1 

1976 Q u a r t e r  Budget Curren t  Budget 
Ac t u a l  Ac t u a l  E s t i m a t e  Estimate Est imate  

(Thousands o f  D o l l a r s )  

1,000 300 1 , 500 1,500 1,500 
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OBJECTIVES AND STATUS : 

In t h e  development of  s c i e n t i f i c  experiments  f o r  space  f l i g h t  and o t h e r  independent s c i e n t i f i c  miss ions ,  i t  
i s  necessary  t o  t e s t  t h e  i n s t r u m e n t a t i o n  i n  t h e  space environment and t o  m k e  o b s e r v a t i o n s  a t  a l t i t d e s  which 
a r e  above most of t h e  o b s c u r i n g  atmosphere and t h e r e f o r e  w e l l  s u i t e d  f o r  many a s t r o p h y s i c s  payloads.  I n  
many i n s t a n c e s ,  i t  i s  least  expensive t o  f l y  t h e s e  experiments  on b a l l o o n s .  I n  a d d i t i o n ,  t h e  a b i l i t y  t o  
remain i n  t h e  upper a tmosphere f o r  long  p e r i o d s  o f  t i m e  makes b a l l o o n s  a v a l u a b l e  t o o l  f o r  upper a tmospher ic  
r e s e a r c h .  The f e a s i b i l i t y  o f  ba l looning  as an  economical t o o l  f o r  conduct ing r e s e a r c h  h a s  been e s t a b l i s h e d  
by impor tan t  s c i e n t i f i c  d i s c o v e r i e s  i n c l u d i n g  t h e  d e t e c t i o n  of  rare u l t a  heavy cosmic r a y s ,  and t h e  d e t e c t i o n  
of an  event  f o r  which t h e  c u r r e n t  e x p l a n a t i o n  i n v o l v e s  t h e  p o s s i b i l i t y  of a magnetic monopole o r  a heavy 
nucleus  of  a n t i - m a t t e r .  The funding f o r  t h i s  program i s  u t i l i z e d  f o r  b a l l o o n s ,  hel ium, launch services,  
t r a c k i n g  and recovery ,  w h i l e  funding f o r  t h e  experiments  i s  p r o v i d e d  f r o m j u p p o r t i n g  Research and Technology 
(SR&T) . 

The FY 1977 funding  p r o v i d e s  suppor t  f o r  about  50 f l i g h t s ,  i n c l u d i n g  11 f l i g h t s  f o r  upper afzmospheric 
r e s e a r c h .  

B A S I S  OF FY 1978 ESTIMATE: 

The FY 1978 funding  i s  r e q u i r e d  t o  suppor t  e s s e n t i a l l y  t h e  same number of f l i g h t s  as i n  FY 1977, i n c l u d i n g  
some "superpressure"  b a l l o o n s  t o  meet t h e  l o n g e r  d u r a t i o n  r e q u i r e m e n t s  of t h e  s c i e n c e  i n v e s t i g a t o r s .  These 
funds h 7 i l l  a l s o  p r o v i d e  f o r  several b a l l o o n  f l i g h t s  i n  s u p p o r t  of t h e  FY 1978 upper a tmospher ic  r e s e a r c h  
program. 
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BASIS OF FUND REQUIREMENTS: 

SUPPORTING A C T I V I T I E S  

T r a n s i t i o n  1977 
1976 Q u a r t e r  Budget Current  

Actua l  Actua l  Est imate  Estimate 
(Thousands of D o l l a r s )  

Suppor t ing  r e s e a r c h  and technology (SR&LT).. . 14,478 3 , 600 
Upper a tmospheric  r e s e a r c h .  ................. 3,500 1,000 
Data a n a l y s i s . .  ............................. 10 , 882 2 , 800 
Space lab  s c i e n c e  payload d e f i n i t i o n . . . . . . .  .. 3 , 500 900 
0 u t  - o f - the-  ec 1 i p  t i c  (00 E) advanced 

Space t e l e s c o p e  (ST) - advanced 

S o l a r  maximum miss ion  (SMM) - advanced 

--- --- t e c h n o l o g i c a l  development ................. 
t e c h n o l o g i c a l  development ................. 5 , 000 2,000 

t e c h n o l o g i c a l  development ................. 1,000 975 

14,700 15,200 
11,600 11,600 

4,000 4 , 000 
9,000 9,000 

Tota l . .  ................................... 38.360 11.275 39.300 39.800 

Suppor t ing  Research and Technology (SR&T) 

14,478 3 , 600 14,700 15 , 200 

197 8 
Budget 

E s  t i m a  t e 

16  , 800 
11 , 600 

8 , 600 
4 , 000 

1 , 000 

--- 

--- 

42 .OOO 

16,800 

OBJECTIVES AND STATUS : 

The Suppor t ing  Research and Technology e f f o r t s  enhance t h e  o v e r a l l  s c i e n t i f i c  and t e c h n o l o g i c a l  r e t u r n  from 
M S A  flight p i x j e c ~ s ,  d d  I i e i c ,  d s s u r e  r h e  continued v i a b i i i t y  n t  the tuture resp,arcf! prcgrzm in space sciencs. 
The o b j e c t i v e s  cover  t h e  f o l l o w i n g  t h r e e  broad c a t e g o r i e s :  
miss ions  by supplementary s imultaneot is  groiind-haserl  b b s e r v a t i o n s  and labcratcry e x p e r i n c n t s ;  (2) development 
o f  t h e o r i e s  t o  e x p l a i n  observed phenomena and p r e d i c t  new ones;  and (3)  o p t i m i z a t i o n  of  t h e  r e t u r n  expec ted  
from f u t u r e  miss ions  by problem d e f i n i t i o n ,  development of  advanced experiments  and Goncepts , and sound 
d e f i n i t i o n  of proposed new miss ions .  

(1) enhancement of t h e  v a l u e  of c u r r e n t  space 
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Research is supported in several disciplines of space physics and astronomy. The work in space physlcs is 
largely devoted to tasks related to the physics of the Earth's environment and comparative studies of other 
planetary environments. It includes the study of Sun-Earth environmental factors. The work in solar physics 
involves s t u d i e s  of t h e  soiar atmosphere and the influence 01 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 phys- 
ical 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 1977, about 225 tasks are being supported at universities, nonprofit and industrial research 
institutions, NASA centers, and other Government agencies. These include continuing studies of advanced 
missions; advanced technological development 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 test Einstein's Theory of Relativity. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

FY 1977 funding has been increased by $500 thousand, consistent with Congressional Authorization action 
providing for additional SRSLT effort to help assure the viability of future research in Physics and Astronomy. 

BASIS OF FY 1978 ESTIMATE: 

During F Y  1978, cnnt inner!  suppc?rt  vi11 be gFTv7en tc t hssc  t a s k s  yhtch  a r e  critics: t o  ,i&iiiLiiiuiiig d i i r ~ u  bdse 
for a viable Physics and Astronomy Program. Special emphasis will be placed on studies for advanced instru- 
mentation involving image tubes and solid state devices which will increase both the sensitivity and resolu- 
tion of detectors. These instruments will be designed to derect and display astronomical data with extreme 
fide 1 it y . 

In s o l a r  p h y s i c s  initL11 e f f z r t s  zrc planncd on t he  d e f i i i i t i o i i  of a coiiipreiietlsive ground-based soiar optical 
and radio flare observing program to complement the Solar Maximum Mission. Some new ground-based solar veloc- 
ity field neasuremcnts uill a l so  be i i- i ir iated io p r u v i d e  ii Leiier undersranding of the soiar convection and 
circulation processes and to probe the convective envelope of the sun. A variety of new instrument develop- 
ments will also be initiated, including possible miniaturized magnetographs and coronagraphs to study the 
structure of the solar poles and the strength and the polar longitudinal magnetic fields from the Out-of- 
Ecliptic Mission, and large-scale high energy (X-ray and gamma ray) experiments for flight on Spacelab 
missions. 
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Space plasma p h y s i c s  r e s e a r c h  w i l l  p l a c e  i n c r e a s e d  emphasis on developing  t h e o r i e s  which p r e d i c t  t h e  i n t e r -  
acLions of  t h e  d i f f e r e n t  space  p a r t i c l e  and f i e l d  regimes,  i n c l u d i n g  i n s t a b i l i t i e s  t h a t  cause  F-region i r r e g -  
u l a r i t y  s t r u c t u r e s  o r  t h e  g e n e r a t i o n  o f  t e r r e s t r i a l  k i l o m e t r i c  r a d i a t i o n .  More work w i l l  b e  devoted t o  deve l -  
opment n f  instr i iments  t o  be  employed ' i s in0 0 the  Shuttle!Spacelab 2s 2 labcratcry F:: s p a c c  t~ p c r f c r a  a c t t v s ,  COG- 

t r o l l e d  experiments  by p e r t u r b i n g  t h e  plasma medium w i t h  a known s t i m u l u s  and d e t e c t i n g  t h e  response.  

I n  astronomy, i n t e n s i v e  work w i l l  c o n t i n u e  on t h e  development of  advanced d e t e c t o r s  f o r  f u t u r e  space astronomy 
miss ions .  
t h e  area of i n f r a r e d  d e t e c t o r s .  I n  s u p p o r t  of t h e  launch o f  I U E  ( I n t e r n a t i o n a l  U l t r a v i o l e t  E x p l o r e r ) ,  i n c r e a s e d  
emphasis w i l l  b e  p laced  on t h e  t h e o r e t i c a l  and ground-based o b s e r v a t i o n a l  s t u d i e s  of s te l la r  chromospheres and 
coronae which are  t h e  s u b j e c t s  of a s u b s t a n t i a l  number of  t h e  I U E  Guest I n v e s t i g a t o r  programs. S t u d i e s  i n  
i n f r a r e d  astronomy w i l l  c o n t i n u e  t o  c o n c e n t r a t e  on t h e  problem of s t a r  format ion  and t h e  p h y s i c s  o f  c o o l ,  dense ,  
i n t e r s t e l l a r  c l o u d s ;  as p a r t  o f  t h i s  e f f o r t ,  t h e r e  w i l l  b e  an  emphasis p laced  on an o b s e r v i n g  program from t h e  
Southern  Hemisphere. 

I n  a d d i t i o n  t o  c o n t i n u i n g  previous  work on u l t r a v i o l e t / o p t i c a l  d e t e c t o r s ,  work w i l l  b e  s t a r t e d  i n  

I n  h i g h  energy  a s t r o p h y s i c s ,  i n s t r u m e n t  development w i l l  b e  cont inued  l e a d i n g  toward f u t u r e  Spacelab and 
post-High Energy Astronomy Observa tory  (HEAO) f r e e  f l y e r  missions.  Impor tan t  p r e l i m i n a r y  t e s t i n g  of t h e s e  
i n s t r u m e n t s  w i l l  b e  accomplished w i t h  b a l l o o n  f l i g h t s .  Emphasis w i l l  a l s o  be g iven  t o  t h e o r e t i c a l  s t u d i e s  
t o  i n c o r p o r a t e  t h e  d i v e r s e  r e s u l t s  o b t a i n e d  t o  d a t e  i n t o  a more c o h e r e n t  unders tanding  of e n e r g e t i c  n a t u r a l  
phenomena. 

Upper Atmospheric Research 

T r a n s i t i o n  1977 197 8 
1976 Q u a r t e r  Budget Curren t  Budget 

A c t u a l  Actua l  E s t i m a t e  E s  t i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

3,500 1,000 11 , 600 11,600 11,600 

OBJECTIVES AND STATUS : 

The o v e r a l l  g o a i  of  the NASA Upper Atmospheric Research Program i s  t o  a c q u i r e  s u f f i c i e n t  unders tanding  of 
t h e  p h y s i c a l  and chemical p r o c e s s e s  o c c u r r i n g  i n  t h e  E a r t h ' s  atmosphere so  t h a t  p e r t u r b a t i o n s  i n  t h e  s t r a t -  
osphere  caused by man's a c t i o n s  can b e  a c c u r a t e l y  a s s e s s e d  and a s s o c i a t e d  changes i n  t h e  atmospheric  t r a n s -  
miss ion  of  s o l a r  r a d i a t i o n  can b e  determined.  The long-term b a s i c  s c i e n c e  o b j e c t i v e  i n v o l v e s  development 
of a n  organized  s o l i d  body of knowledge of t h e  p h y s i c s ,  chemisixy, and t r a n s p o r t  p r e c e s s e s  occf i r r ing  i n  t h e  
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E a r t h ' s  s t r a t o s p h e r e .  For t h e  shor t - te rm,  program r e s o u r c e s  are  a p p l i e d  t o  focus ing  resu l t s  of  t h e  b a s i c  

methane (CFM) releases, S h u t t l e  and a i r c r a f t  e f f l u e n t s ,  and o t h e r  chemicals. A program p l a n  f o r  Upper Atmos- 
p h e r i c  Research has  been p u b l i s h e d  which o i i t l i n e s  t hese  goa l s  and objectives IS vel1 IS chc ??MA prograrn 
f o r  a c h i e v i n g  them. 

science ~ L U ~ L ~ L L L  ~ ---- c------ L U W ~ L ~  assessitig iiie e f f e c t s  on s t r a t o s p h e r i c  ozone of p e r t u r b a t i o n s  due t o  c h l o r o f l u o r o -  

The s h o r t - t e r m  assessment  program i s  w e l l  underway. An assessment  of t h e  e f f e c t  of S h u t t l e  e x h a u s t s  on 
s t r a t o s p h e r i c  ozone h a s  been completed and a f i n a l  r e p o r t  w r i t t e n .  Assessment of t h e  s t r a t o s p h e r i c  e f f e c t s  
of CFM releases i s  p r o g r e s s i n g  toward a s c i e n t i f i c  workshop i n  J a n u a r y  1977 and a f i n a l  r e p o r t  f o r  use  by 
t h e  F e d e r a l  r e g u l a t o r y  a g e n c i e s  by September 1977. Basic s c i e n c e  r e s u l t s  a r e  c o n t r i b u t i n g  t o  t h e  long-term 
o b j e c t i v e  of deve loping  knowledge of t h e  s t r a t o s p h e r e .  Measurements of CFM c o n c e n t r a t i o n s  i n  t h e  s t r a t o s p h e r e  
have confirmed t h a t  t h e s e  compounds do r e a c h  t h a t  p o r t i o n  o f  t h e  atmosphere.  The f i r s t  s t r a t o s p h e r i c  measure-  
ments of  c h l o r i n e  and c h l o r i n e  oxide  provided v a l i d a t i o n  of t h e  concept  of ozone d e s t r u c t i o n  i n  t h e  s t r a t o s -  
phere.  Labora tory  s t u d i e s  have provided v a l u e s  f o r  impor tan t  chemica l  r e a c t i o n  ra tes ,  spec t roscopy of s t ra t -  
o s p h e r i c  s p e c i e s ,  and d a t a  on t h e  p o t e n t i a l l y  impor tan t  s t r a t o s p h e r i c  c o n s t i t u e n t , c h l o r i n e  n i t r a t e .  Both t h e  
f i e l d  measurements and l a b o r a t o r y  s t u d i e s  focus on t h e  development and v a l i d a t i o n  of 1-, 2- and 3-dimensional  
t h e o r e t i c a l  models of  t h e  s t r a t o s p h e r e ,  and t h e s e  models p r o v i d e  the means f o r  a s s e s s i n g  t h e  e f f e c t s  of many 
a c t i v i t i e s  on t h e  s t r a t o s p h e r e .  

BASIS OF FY 1978 ESTIMATES: 

I n  FY 1978, t h e  f o c u s  of  t h e  Upper Atmospheric Research Program w i l l  be  on the c o n t i n u i n g  development of  a 
long-term b a s i c  s c i e n c e  program aimed a t  p r o v i d i n g  an  o r g a n i z e d  body of  knowledge concerning t h e  s t r a t o s p h e r e  
and s t r a t o s p h e r i c  p r o c e s s e s .  Extens ive  t r e a t m e n t  w i l l  be  g iven  t o  t h e  p h y s i c s  and chemis t ry  of ozone i n  t h e  
s t r a t o s p h e r e  i n c l u d i n g  t h e  photochemis t ry  and dynamic p r o c e s s e s  which determine ozone d i s t r i b u t i o n  and varia- 
b i l i t y .  I n v e s t i g a t i o n s  of  s t r a t o s p h e r i c  s p e c i e s  o t h e r  than ozone which could a f f e c t  s o l a r  t r a n s m i s s i o n s  w i l l  
be  inc luded .  A c o n t i n u i n g  g o a l  of t h e  program i s  t o  be a b l e  t o  a p p l y  t h e  i n c r e a s i n g  body of  b a s i c  knowledge 
t~ unders tanding  arid e v a l u a t i n g  o t h e r  p o t e n t i a l  t h r e a c s  EO t h e  s t r a t o s p h e r e .  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  Es t imate  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

10,882 2 , 800 9,000 9,000 8,500 
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OBJECTIVES AND STATUS : 

The purpose of  t h i s  e f f o r t  i s  t o  o b t a i n  t h e  maximum r e t u r n  on t h e  investment  r e p r e s e n t e d  by t h e  d a t a  ga thered  
i n  t h e  Phys ics  and Astronomy Program. S i n c e  a number of s p a c e c r a f t  have surv ived  w e l l  beynnrl t h e i r  o r i g i n a l l y  
planned l i f e t i m e s ,  cont inued  o p e r a t i o n  i s  sometimes a u t h o r i z e d  f o r  s p e c i f i c  i n v e s t i g a t i o n s  t h a t  have h i g h  
s c i e n t i f i c  p o t e n t i a l ,  w i t h  p r e f e r e n c e  be ing  g iven  t o  c o r r e l e t i v e  o p e r a t i o n s  des igned  t o  i l l u m i n a t e  p h y s i c a l  
problems and t o  t h e  e x p l o i t a t i o n  of  unusual  s c i e n t i f i c  o p p o r t u n i t i e s  such a s  unexpected encounters  w i t h  comets. 
Work u s i n g  e x i s t i n g  d a t a  i s  a l s o  suppor ted  w i t h  emphasis on c o r r e l a t i v e  s t u d i e s  u s i n g  d a t a  a c q u i r e d  from two 
o r  more s p a c e c r a f t .  

Cons iderable  s u p p o r t  i s  s t i l l  b e i n g  given t o  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  of  t h e  171,000 photographs,  
2,920 hours  of  p h o t o e l e c t r i c  d a t a ,  and t h e v a s t q u a n t i t y o f c o m p l e m e n t a r y g r o u n d - b a s e d  o b s e r v a t o r i e s a n d  s a t e l l i t e  
s o l a r  wind measurements which were c o l l e c t e d  as p a r t  o f  t h e  Skylab Apollo Telescope Mount (Am) program. I n  
a d d i t i o n  t o  a s i g n i f i c a n t  ongoing d a t a  a n a l y s i s  e f f o r t  i n v o l v i n g  i n v e s t i g a t i o n s  of t h e  p h y s i c s  of  s o l a r  
f l a r e s ,  c o r o n a l  h o l e s ,  act ive r e g i o n s ,  b r i g h t  p o i n t s ,  s o l a r  a tmospher ic  h e a t i n g  p r o c e s s e s ,  and a v a r i e t y  of  
o t h e r  s o l a r  f e a t u r e s  and phenomena, a series of  Skylab S o l a r  Workshops have been e s t a b l i s h e d  t o  encourage 
t h e  s y n t h e s i s  of  t h e  many complementary s o l a r  d a t a  se ts .  The f i r s t  of t h e s e  workshops, on t h e  s u b j e c t  of 
c o r o n a l  h o l e s  and t h e i r  r o l e  i n  s o l a r  wind g e n e r a t i o n ,  has  j u s t  been completed. The second,  on t h e  s u b j e c t  
of  s o l a r  f l a r e s ,  commenced i n  October  1976. 

A s  a r e s u l t  of t h e  c o n s i d e r a b l e  s u c c e s s  enjoyed by t h e  workshops, a n  ATM Guest I n v e s t i g a t o r  Program h a s  
now been e s t a b l i s h e d  t o  p r o v i d e  suppor t  f o r  some of  t h e  noh-ATM t h e o r e t i c i a n s  and ground-based s c i e n t i s t s  
who, as a r e s u l t  of workshop ac t iv i t i e s ,  a re  now working w i t h  t h e  pr ime ATM d a t a .  

The o p e r a t i o n  of  t h e  N a t i o n a l  Space Sc ience  Data Center  (NSSDC) i s  a l s o  suppor ted  under t h i s  p r o j e c t .  The 
NSSDC, l o c a t e d  a t  t h e  Goddard Space F l i g h t  C e n t e r ,  w a s  e s t a b l i s h e d  t o  s e r v e  as a c e n t r a l  r e p o s i t o r y  and c lear-  
inghouse f o r  s c i e n t i f i c  d a t a  r e s u l t i n g  from space  i n v e s t i g a t i o n s .  The S a t e l l i t e  S i t u a t i o n  Center  a t  NSSDC 
computes t h e  expec ted  posltlons of o p e r a t i o n a l  spacecraft , so t h a t  OUT e f f o r t s  of data a c q u i s i t i v r i  and analysis 
can b e  c o n c e n t r a t e d  a t  t i m e s  when several s p a c e c r a f t  are e s p e c i a l l y  f a v o r a b l y  s i t u a t e d  f o r  c o r r e l a t i v e  geo- 
=hysirizl ctuc’,’,es. 

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funds w i l l  p r o v i d e  suppor t  f o r  t h e  o p e r a t i o n  of  t h e  NSSDC and f o r  t h e  d a t a  a n a l y s i s  a c t i v i t i e s  of 
more t h a n  100 p r i n c i p a l  i n v e s t i g a t o r s  a t  approximate ly  45 i n s t i t u t i o n s  i n c l u d i n g  NASA f i e l d  c e n t e r s .  Funding 
i n  FY 1978 w i l l  p r o v i d e  f o r  s t u d y  of magnetospheric  d a t a  on J u p i t e r  and Mercury and a d d i t i o n a l  s t u d i e s  i n  
h i g h  energy  a s t r o p h y s i c s  us ing  d a t a  r e t u r n e d  from SAS 1 and 3 ,  P i o n e e r  10 and 11, and Mariner  10. 
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Also included i n  t h e  FY 1978 program are  t h e  ongoing A'1M Data A n a l y s i s  Program, t h e  Skylab S o l a r  Workshops, 
and t h e  Am- G w s t  Lnves t iga tm Prsgram. Tt-ese p r o g r a r s  s u p p o r t  approxin-e te iy  70 s c i e n t i s t s  and d a t a  t e c h n i -  
c i a n s  who are involved d i r e c t l y  i n  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  o f  t h e  ATM d a t a ,  and approximate ly  30 
o t h e r  s c i e n t i s t s  who are  involved  i n  t h e  workshop a c t i v i t i e s  b u t  who r e c e i v e  t h e i r  pr imary r e s e a r c h  s u p p o r t  
from o t h e r  sources .  

Spacelab Sc ience  Payload D e f i n i t i o n  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  E s t i m a t e  Estimate Estimate 
(Thousands of D o l l a r s )  

3,500 900 4,000 4,000 4,000 

OBJECTIVES AND STATUS: 

I n i t i a l  Spacelab Sc ience  Payload s t u d i e s  have provided t h e  d a t a  n e c e s s a r y  f o r  t h e  development of programmatic 
and budgetary p l a n s  f o r  Space Sc ience  program o p e r a t i o n s  i n  t h e  Space T r a n s p o r t a t i o n  System (STS) era. The 
i n i t i a l  s t u d i e s  c o n c e n t r a t e d  on e s t a b l i s h i n g  t h e  f e a s i b i l i t y  of per forming  d i s c i p l i n e - d e d i c a t e d  miss ions  and 
m u l t i d i s c i p l i n e  miss ions  employing b o t h  f a c i l i t y - c l a s s  and p r i n c i p a l  i n v e s t i g a t o r - c l a s s  (sounding r o c k e t  and 
b a l l o o n )  i n s t r u m e n t a t i o n  i n  t h e i r  c o n c e p t u a l  payload c o n f i g u r a t i o n .  These s t u d i e s  have i d e n t i f i e d  the b e n e f i t s  
which can be r e a l i z e d  by r e - f l y i n g  i n s t r u m e n t s  and f a c i l i t i e s  and have e s t a b l i s h e d  t h e  f e a s i b i l i t y  of  S h u t t l e -  
borne  r e s e a r c h  l a b o r a t o r i e s  and exper iments  employing many common, r e u s a b l e  f a c i l i t y - t y p e  and i n v e s t i g a t o r -  
class insizruments t o  s t u d y  phenomena i n  a l l  astronomy and p h y s i c s  d i s c i p l i n e  areas. During FY 1977, f u r t h e r  
payload d e f i n i t i o n  i n v o l v i n g  d e t a i l e d  d e s c r i p t i o n s  of i n s t r u m e n t s ,  payload  c o n f i g u r a t i o n s ,  and o p e r a t i o n a l  
miss ion  p r o f i l e s  i s  c o n t i n u i n g .  

BASIS OF FY 1978 ESTLMATES: 

During FY i978 ,  d e t a i i e d  s t u d i e s  of  s p e c i f i c  f a c i l i t y - c l a s s  i n s t r u m e n t s  w i l l  b e  cont inued.  D e f i n i t i o n  of 
t h e  new genera t ion ,  h i g h  r e s o l u t i o n  o p t i c a l  o b s e r v a t o r y  f a c i l i t y  w i t h  d i f f e r e n t  o p t i c a l  c o n f i g u r a t i o n s  f o r  
several major i n s t r u m e n t s  h a s  a l r e a d y  been cons idered  f o r  t h e  S o l a r  Space lab  Program. The f a c i l i t y  i n s t r u -  
ments which have t h e  h i g h e s t  p r i o r i t y  f o r  e a r l y  development are c u r r e n t l y  i d e n t i f i e d  as t h e  S o l a r  O p t i c a l  
Observa tory  and t h e  g r a z i n g  i n c i d e n c e  extreme u l t r a v i o l e t  o b s e r v a t o r y .  
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Tf?ese s tudies  w F 1 1  a l s o  incli.de f u r t h e r  d e f i n i t i o n  o f  i n s t r u m e n t  p o i n t i n g  systems app l i cab le  t c  f a c i l i t y -  
class i n s t r u m e n t s  and t e l e s c o p e s .  FY 1978 funding  w i l l  b e  used t o  c o n t i n u e  s t u d i e s  begun i n  p r e v i o u s  y e a r s  
and t o  i n i t i a t e  s t u d i e s  f o r  new t y p e s  of i n s t r u m e n t s  t h a t  have emerged d u r i n g  t h e  p a s t  year .  Before c o n s t r u c -  
t i o n  of some of t h e  more complex i n s t r u m e n t s  i s  under taken ,  more d e t a i l e d  s t u d i e s  w i l l  b e  n e c e s s a r y  on s e l e c t e d  
i n s t r u m e n t s  and subsystems. 

O u t - o f - t h e - E c l i p t i c  (OOE) - Advanced Technologica l  Development 

T r a n s i t i o n  1977 1978 
197 6 Quarter Budget C u r r e n t  Budget 

Actua l  Estimate E s  t i m a  t e 
(Thousands of D o l l a r s )  

E s  t i m a  t e  -- Actua l  

OBJECTIVES AND STATUS: 

E x p l o r a t i o n  of t h e  Sun and i t s  emiss ions  from a s p a c e c r a f t  a t  h i g h  s o l a r  l a t i t u d e  h a s  become recognized  as 
a s c i e n t i f i c a l l y  impor tan t  miss ion  o p t i o n .  It h a s  become i n c r e a s i n g l y  clear t h a t  o b s e r v a t i o n s  made w i t h i n  t h e  
narrow s l i c e  o f  s o l a r  l a t i t u d e s  t o  which w e  a r e  p r e s e n t l y  r e s t r i c t e d  a r e  n o t  ty-pical  o f  t h e  r i c h  assor tment  of 
s o l a r  phenomena. 

I n  t h e  second h a l f  o f  1 9 7 4 ,  a miss ion  d e f i n i t i o n  s t u d y ' o f  a n  "Out-of - the-Ecl ip t ic  and S o l a r  S t e r e o s c o p i c  
?J;-n;r\nll T 7 a -  ---Cnw--d I..- tL, v..------ P - - - -  
llL.,.,LV.. y L L L u L L L L c u  u y  Lilt: LuLupcall  apaLc f i g ; r ~ ~ ~ y  as p a r t  uLr ail a r i a i y s i s  or' severai c o o p e r a t i v e  space  
miss ions  between NASA and t h e  European Space Agency. I n  t h e  European Space Agency s t u d y ,  two d i f f e r e n t  
miss ions  w i t h  a g o a l  of  p l a c i n g  one o r  more s c i e n t i f i c a l l y  ins t rumented  s p a c e c r a f t  i n t o  a h i g h  i n c l i n a t i o n  
s o l a r  o r b i t  w e r e  examined. One s p a c e c r a f t  t r a j e c t o r y  i s  designed t o  t a k e  i t  o v e r  t h e  n o r t h  p o l e  n f  the  sun 
and t h e  o t h e r  o v e r  t h e  south  p o l e .  This  method i s  i d e n t i f i e d  as t h e  J u p i t e r  Swingby (JSBj  method. 

The s u c c e s s f u l  J u p i t e r  encounters  of P ioneer  10 and 11 demonstrated,  t o  a l a r g e  e x t e n t ,  t h e  f e a s i b i l i t y  o f  
us ing  t h e  J u p i t e r  g r a v i t a t i o n a l  ass i s t  t o  i n j e c t  a s p a c e c r a f t  i n t o  a h i g h  inclination ~ n l x  m h i t .  
f i c  s p a c e c r a f t  in s u c h  an o r b i t  could make f i r s t - t i m e  measurements of t h e  sun and i t s  emiss ions  from s i g n i f i -  
c a n t l y  more t h a n  7 degrees  from t h e  s o l a r  e q u a t o r i a l  p lane .  
o f - t h e - E c l i p t i c  miss ion  i s  t o  enhance our  knowledge of t h e  sun,  i t s  emiss ions ,  atmosphere and environment by 
making e x p l o r a t o r y  measurements f a r  o u t  of t h e  s o l a r  e q u a t o r i a l  p lane .  
t o  man's unders tanding  of t h e  i n t e r p l a n e t a r y  medium by employing two s p a c e c r a f t  t o  h e l p  r e s o l v e  s p a t i a l  from 
temporal e f f e c t s .  RD 4-30 

d scFer,tF- 

Thus t h e  pr imary s c i e n t i f i c  o b j e c t i v e  of t h e  O u t -  

A secondary o b j e c t i v e  i s  t o  c o n t r i b u t e  
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During FY 1977 NASA i s  conduct ing  s t u d i e s  t o  i d e n t i f y  t h e  s c i e n t i f i c  reqiiirements 2nd spacecraft c a p a b i l i t i e s  
f o r  an  O u t - o f - t h e - E c l i p t i c  miss ion .  
o f  s h a r i n g  development and o p e r a t i o n s  t a s k s  t o  reduce  t h e  c o s t  o f  such a miss ion .  

NASA i s  working c l o s e l y  w i t h  t h e  European Space Agency t o  develop a p l a n  

BASIS OF FY 1978 ESTIMATE: 

During 1978 i t  i s  planned t o  conduct  a d e f i n i t i o n  s t u d y  o f  s p e c i f i c  s c i e n t i f i c  payloads and t o  
i d e n t i f y  s p e c i f i c  s p a c e c r a f t  systems r e q u i r e d  t o  s u p p o r t  an  O u t - o f - t h e - E c l i p t i c  mission.  These s t u d i e s  w i l l  
p r o v i d e  d e t a i l e d  i n f o r m a t i o n  on t e c h n i c a l ,  management, schedule ,  and c o s t  approaches.  These d a t a  w i l l  b e  
n e c e s s a r y  f o r  making d e c i s i o n s  l e a d i n g  t o  a p o s s i b l e  O u t - o f - t h e - E c l i p t i c  miss ion  w i t h  a launch d a t e  of 1983. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 
~~ 

LUNAR AND PLANETARY EXPLORATIC 

SUMMARY OF RESOURCES REQUIREMENTS 

T r a n s i t i o n  1977 
1976 Q u a r t e r  Budget Curren t  

A c t u a l  A c t u a l  E s t i m a t e  E s  t i m a  t e 
(Thousands o f  D o l l a r s )  

Viking ....................................... 
Pioneer  Venus... . . . . . . . . . . . . .  ................ 
Mariner  J u p i t e r I S a t u r n  1977. ................. 
J u p i t e r  O r b i t e r I P r o b e  ........................ 
Pioneer  6-11 ................................. 
Hel ios . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......... 
P l a n e t a r y  F l i g h t  Support .  .................... 
S u p p o r t i n g  Ac t iv i t i e s . . . . . . . . . . . . . . . . . . . . . . . .  

39 , 500 
56,600 
82 , 400 

3 , 900 

29,200 
41,450 

- - -  

1 , 200 

11,600 
15,300 
22 , 100 

--- 
87 9 
200 

8 , 700 
8,685 

24 , 200 25,400 
42 , 800 42 , 800 

50 , 300 50 , 300 

3,700 2 , 600 
900 900 

27 , 900 27 , 900 
41,300 42 , 000 

- - -  --- 

..................................... T o t a l .  254 , 250 67,464 191,100 1 9 1  > 900 

PROGRAM 

1978 
Budget 

E s  t i m a  t e 

20,000 
19,000 
14,300 
20 , 700 

3 , 600 
700 

25,000 
44 , 900 

148.200 
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D i s t r i b u t i o n  of  Program Amount by I n s t a l l a t i o n :  -. 

.Tohnson Space ~ ~ n t e r  .......................... 
Marsha l l  Space F l i g h t  Center . . . . . . . . .  ......... 
Goddard Space F l i g h t  Cen te r . . . . . . . . . . . . . . . . . . .  

Wallops F l i g h t  Center . . . . . . . . . . . .  ............. 
A m e s  Research Center . . . . . . . . . . . . . . . . . . . . .  ..... 
Headquar te rs  .................................. 

Je t  P r o p u l s i o n  Labora to ry  ..................... 

Langley Research C e n t e r . . . . .  .................. 

Tota l . . . . . . . .  ............................... 

P r o j e c t  

Mariner  J u p i t e r I S a t u r n  1977 

P ionee r  Venus 

1976 
Ac tua l  

10:815 
22 

9,564 
97,306 

55 
62 , 103 
49,002 
25,383 

254.250 

- ,.-- ,Trans i t i  on 
Q u a r t e r  
Ac tua l  

L Y /  1 
Budget Curren t  

E s  t i m a t  e 
(Thousands of D o l l a r s )  

E s t i m a  t e 

1:364 

3 ,271  
25,693 

11 
16,628 
1 5 , 7 2 9  
4 , 768 

67.464 

- - -  

LAUNCH SCHEDULE 

Miss ion  

MJS77 -A  
-B 

O r b i t e r  
Probe 

.TOP 

11 925 

8 , 625 
70 , 150 

50 
48 , 220 
27 008 

- - -  

25,122 
191,100 

9$516  

6,866 

11 
46 628 
25,465 
27,489 

191.900 

- - -  

75,925 

- ,.-- 
l Y I 6  

Budget 
E s t i m a t e  

7 942 

3 , 862 
61,843 

32,347 
20 , 068 
22,138 

148.200 

- - -  

- - -  

Calendar  Year 

1977 
1977 

1978 
197 8 

1981 
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RESEARCH AND DEVELOPMENT 

PICCGLLY OBJECTIVES ANI JUSTIFICATION: b 

The Lunar and P l a n e t a r y  E x p l o r a t i o n  program i n c l u d e s  s c i e n t i f i c  i n v e s t i g a t i o n s  o f  t h e  Moon, t h e  p l a n e t s  and 
t h e i r  s a t e l l i t e s ,  meteoroids ,  a s t e r o i d s ,  comets,  and t h e  p a r t i c l e s  and f i e l d s  o f  i n t e r p l a n e t a r y  space.  The 
major o b j e c t i v e s  of  t h e  program a r e  t o  unders tand  t h e  o r i g i n  and e v o l u t i o n  of  the s o l a r  system and t o  apply  
t h e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  toward a b e t t e r  unders tanding  o f  t h e  p l a n e t  E a r t h .  
h i g h l y  s u c c e s s f u l  , provid ing  p i o n e e r i n g  i n f o r m t i o n  on t h e  n a t u r e  and c h a r a c t e r i s t i c s  o f  t h e  Moon and t h e  
p l a n e t s  Mercury, Venus, Mars, and J u p i t e r .  

The program h a s  been 

The s c i e n t i f i c  i n v e s t i g a t i o n  of Mars i s  c u r r e n t l y  r e c e i v i n g  major a t t e n t i o n  i n  t h e  wake o f  t h e  s u c c e s s f u l  
l a n d i n g s  of  Vikings 1 and 2. While t h e  two O r b i t e r s  cont inue  mapping t h e  p l a n e t ,  t h e  two Landers a r e  g i v i n g  
us our  f i r s t  measurements from t h e  s u r f a c e  of  a n o t h e r  p l a n e t  and t h e i r  b i o l o g y  i n s t r u m e n t s  are  s e a r c h i n g  f o r  
ev idence  of l i f e  on Mars. FY 1978 funding  w i l l  c o n t i n u e  support  of t h e  Viking extended miss ion ,  p e r m i t t i n g  
s c i e n t i f i c  o b s e r v a t i o n s  through an  e n t i r e  M a r t i a n  year  of 25 months. D a i l y  and s e a s o n a l  v a r i a t i o n s  w i l l  be  
measured and a d d i t i o n a l  b i o l o g i c a l  d a t a  w i l l  b e  a c q u i r e d .  Several a l t e r n a t i v e s  are b e i n g  cons idered  f o r  a 
Mars fol low-on miss ion  which would t a k e  advantage  of t h e  s c i e n t i f i c  r e s u l t s  of Viking and u t i l i z e  i t s  tech-  
n o l o g i c a l  i n h e r i t a n c e .  These a l t e r n a t i v e s  and t h e  a s s o c i a t e d  technology w i l l  b e  s t u d i e d  i n  d e t a i l  i n  FY 1978. 

Our f i r s t  c lose-up  views of  Mercury and Venus were provided by Mariner  10 i n  1974. I n  1978, two Pioneer  
m i s s i o n s  w i l l  b e  launched t o  conduct  d e t a i l e d  i n v e s t i g a t i o n s  of Venus. One of t h e  two miss ions ,  a mult i -  
p r o b e ,  w i l l  g i v e  us our  f i r s t  i n  s i t u  measurements of t h e  Venusian atmosphere.  The Pioneer  Venus s p a c e c r a f t  
w i l l  b e  launched i n  May and August of  1978. 
c r a f t / e x p e r i m e n t  systems, launch o p e r a t i o n s ,  and t h e  d e s i g n  and development of t h e  miss ion  o p e r a t i o n s  system. 

FY 1978jfunds w i l l b e u s e d  f o r  f i n a l  assembly and t e s t  of  t h e s p a c e -  

'I'he program of  e x p i o r a t i o n  of E'ne o u c e r  p i a r i t l ~ s ,  'ueguil w L t h  T l o n e e r s  IC) and 11, ;ill c c n t i n u e  wi th  the launch 
of  two Mariner  J u p i t e r j S a t u r n  s p a c e c r a f t  i n  t h e  f a l l  of 1977. P ioneer  10 i s  now e s c a p i n g  t h e  s o l a r  system and 
P i o n e e r  11 i s  on  i t s  way t o  encotinter Sa t r l rn  i n  September 1979. The Mariner  J u p i t e r / S a t u r n  1977 miss ions  w i l l  
expand o u r  knowledge of t h e s e  two p l a n e t s ,  and w i l l  a l s o  make t h e  f i r s t  s c i e n t i f i c  measurements of s e v e r a l  of 
t h e  s a t e l l i t e s  of t h e s e  two g i a n t  p l a n e t s .  An o p t i o n  ex is t s  t o  t a r g e t  one of  t h e  s p a c e c r a f t  t o  proceed on 
t o  Uranus. FY 1978 funding w i l l  s u p p o r t  miss ion  o p e r a t i o n s  dur ing  t h e i r  c r u i s e  p e r i o d s  t o  J u p i t e r .  I n i t i a l  
s r , ie~?ce dzta vi11 h e  analyzed a.nd encoi inter  p e r i o d  sof tware  development w i l l  c o n t i n u e .  The J u p i t e r  O r b i t e r /  
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Probe mission, planned for initiation in FY 1978 and launch in 1981, will sample the Jovian atmosphere with 
an instrument-bearing probe, obtain data on the planet's magnetosphere and atmosphere, and observe the Jovian 
satellites. 

During FY 1978, planetary flight support funds will continue to support Pioneers 6-11, Helios, and Viking. 
Flight operations for Mariner JupiterISaturn 1977 and for Pioneer Venus will also be supported. 

A strong science research and technology effort is continuing in support of the lunar and planetary program. 
Laboratory and theoretical research provide both new data and new understanding of existing information. 
Earth-based remote observations gather important data via optical, radio, and airborne instruments, which 
complement and supplement the spacecraft measurements and provide a test bed for new techniques. Laboratory 
analyses of meteorites and lunar samples provide a reference base for better understanding of remote measure- 
ments. A concentrated scientific effort is underway to analyze and synthesize the large amount of data avail- 
able from past flight programs and earth-based sources to gain new insight into the history of the solar 
system and to aid in planning of new missions. The development of instruments which can provide answers 
to increasingly sophisticated questions is also an important part of the supporting research program. The 
lunar laser ranging program has provided information from which the orbit of the Moon around the Earth has 
been well determined. With this data base, and the establishment of new operating stations in Hawaii and 
by the government of Australia, we will begin to correlate measurements of the movements of Earth's crust. 
A portable ranging station now being constructed will allow measurement of relative movements within the 
continental United States, as well as at other locations around the world. 

The supporting activities funding for FY 1978 will provide for the advanced technological development and 
scientific studies required to undertake future planetary missions and, most importantly, will support the 
scientific activities described above that have grown out of past missions. These activities are directed 
toward achieving the fundamental goals of NASA's lunar and planetary exploration: to understand (1) the 
origin, evolution, and current state o t  the solar system; (2) the past and present processes that affect 
Earth through comparative studies of solar system bodies; and ( 3 )  the relation of the chemical history of 
the s o l 3 r  system tc the m i g i n  and e v e l u t i e n  ef l i f e .  
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

V I K I N G  

1976 
Actua l  

O r b i i e r  o p e r a i i v t i s  a d  data aiialjrs'ls.. . . . . . . . . . . i t .  LLt,Juu c n n  

Lander o p e r a t i o n s  and d a t a  a n a l y s i s .  ............ 25,000 
Extended miss ions  o p e r a t i o n s  and da ta  a n a l y s i s . .  --- 

T o t a l  ......................................... 39.500 

OBJECTIVES AND STATUS: 

Trans i t i o n  1977 1978 
Q u a r t e r  Budget Curren t  Budget 
Actua l  E s t i m a t e  E s t i m a t e  E s t i m a  t e 

(Thousands of D o l l a r s )  

3 2nn --- 7 ,?GG 2 , 3c)c) &,a"" 

3,900 1 , 600 2,300 - - -  
20,000 20 , 800 - - -  20 , 300 

11.600 24.200 25.400 20.000 

The o b j e c t i v e  of t h e  Viking program i s  t o  s i g n i f i c a n t l y  advance o u r  knowledge o f  t h e  p l a n e t  Mars by means 
o f  o b s e r v a t i o n s  f r o m M a r t i a n  o r b i t  and d i r e c t  measurements i n  t h e  atmosphere and on t h e  s u r f a c e .  
b e i n g  p l a c e d  on o b t a i n i n g  b i o l o g i c a l ,  chemica l ,  and environmental  d a t a  r e l e v a n t  t o  t h e  e x i s t e n c e  of l i f e  
on t h e  p l a n e t .  

Emphasis i s  

Vik ing  began a new c h a p t e r  i n  t h e  e x p l o r a t i o n  of Mars when t h e  two Viking Landers made t h e i r  h i s t o r i c  
touchdown on t h e  p l a n e t ' s  s u r f a c e  and began t h e i r  d e t a i l e d  s c i e n t i f i c  i n v e s t i g a t i o n s .  The s c i e n t i f i c  g o a l s  
of  t h e s e  miss ions  are t o  s e a r c h  f o r  l i f e - r e l a t e d  ev idence  on Mars and t o  o b t a i n  a d i v e r s i t y  of o t h e r  s c i e n t i -  
f i c  i n f o r m a t i o n  which w i l l  h e l p  u s  t o  b e t t e r  understand t h e  e v o l u t i o n  of Mars and i t s  r e l a t i o n  t o  Ear th  and 
t h e  e n t i r e  s o l a r  system. 

The Viking 1 s p a c e c r a f t  w a s  launched on August 20, 1975, and w a s  i n s e r t e d  i n t o  a M a r t i a n  o r b i t  on June 1 9 ,  
1976. Viking 1 landed on J u l y  20, 1976. 

Viking 2 w a s  launched on September 9 ,  1975, and w a s  i n s e r t e d  i n t o  M a r t i a n  o r b i t  on August 7 ,  1976. Viking 
2 landed on September 3, 1976. 

The Viking pr imary mission w a s  s u c c e s s f a l l y  completed and t h e  extended miss ion  vas i n i t i a t e d  ix mid-November, 
1976. 
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of $1.2 m i l l i o n  r e s u l t s  from e f f o r t s  a s s o c i a t e d  w i t h  t h e  landing  d e l a y  o t  t h e  Viking 1 
Lander,  and f i n a l  c o n t r a c t  ad jus tments .  

BASIS OF FY 1978 ESTIMATE: 

A t  t h e  beginning  of FY 1978, t h e  extended miss ion  p o r t i o n  of  t h e  Viking program w i l l  b e  about  h a l f  completed.  
The f o u r  s p a c e c r a f t  (two o r b i t e r s  and two l a n d e r s )  w i l l  c o n t i n u e  t o  be o p e r a t e d  by a reduced f l i g h t  team t o  
accomplish s c i e n c e  which c o u l d  n o t  b e  performed d u r i n g  t h e  pr imary  mission.  
t h e  extended miss ion  w i l l  b e  t o  use t h e  f u n c t i o n i n g  s p a c e c r a f t  t o  o b t a i n  d a t a  on s e a s o n a l  v a r i a t i o n s ,  t o  permi t  
long t e r m  sampling f o r  s t a t i s t i c a l l y  impor tan t  experiments ,  and t o  o b t a i n  a d d i t i o n a l  d a t a  t o  t r y  t o  b e t t e r  
understand t h e  r e s u l t s  a l r e a d y  o b t a i n e d  r e l a t i n g  t o  t h e  b i o l o g y  q u e s t i o n .  
through June  1, 1978 t o  complete  o p e r a t i o n s  of t h e  Vikings f o r  one f u l l  M a r t i a n  year .  

I n  p a r t i c u l a r ,  t h e  o b j e c t i v e s  of 

These a c t i v i t i e s  w i l l  b e  cont inued  

BASIS OF FY 1978 FUNDING REQUIREMENTS: 
PIONEER VENUS 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a t e  E s t i m a t e  E s  t i m a  t e 
(Thousands of D o l l a r s )  

S p a c e c r a f t .  ................................... 36 , 900 8 , 000 24 , 500 24,500 9 , 300 
Experiments.  .................................. 17,700 5 600 12 , 300 12  , 300 5,400 
Mission o p e r a t i o n s  and d a t a  a n a l y s i s . .  ........ 2 000 1,700 6,000 6 000 4 , 300 

.............................. 42.800 19.000 15.300 42.800 Total.. . . . . . . .  56.600 

A t l a s I C e n t a u r  (Expendable Launch V e h i c l e s  
Program).. .................................. (6,400) (2 ,700)  (16 , 100) (15 , 300) (12 , 800) 

OBJECTIVES AND STATUS: 

There are  two complementary miss ions  i n  t h e  P ioneer  Venus P r o j e c t :  an  o r b i t e r  mission and a m u l t i p r o b e  
mission.  These miss ions  are des igned  t o  i n v e s t i g a t e  t h e  Venusian atmosphere and t o  perform s c i e n t i f i c  i n v e s -  
t i g a t i o n s  of many o t h e r  a s p e c t s  of t h e  p l a n e t ' s  environment.  
M2>7 1978, ZEC! vi11 h e g i n  orhiring \I!p_ni~s i n  lkcemher 1978= m.p mill t i p r o b e  mission w i l l  be  launched i n  

The Pioneer  Venus o r b i t e r  w i l l  b e  launched i n  
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August 1978 and t h e  probes  w i l l  p e n e t r a t e  t h e  dense Venusian atmosphere i n  
t h e  p r i m a r y  goal of t h e s e  missions;  which i s  t o  de te rmine  t h e  n a t u r e ,  dvnamics and e v o l u t i o n  of t h e  Venusian 
atmosphere,  w i l l  s i g n i f i c a n t l y  advance o u r  unders tanding  of t h e  dynamic p r o c e s s e s  t a k i n g  p l a c e  i n  t h e  E a r t h ' s  
a t r e s p h e r e .  These miss ions  w i l l  also determine  t h e  r e l a t i v e  abundance of t h e  c o n s t i t u e n t s  of  t h e  Venusian 
atmosphere and t h e  mass p r o p e r t i e s  of t h e  p l a n e t ,  which w i l l  p r o v i d e  s c i e n t i f i c  da ta  t o  h e l p  understand t h e  
o r i g i n  and e v o l u t i o n  of t h e  s o l a r  system. 

December 1978. Achievement of 

. .  

Development e f f o r t s  l e a d i n g  t o  t h e  l a u n c h e s  i n  1978 are p r o g r e s s i n g .  The s p a c e c r a f t  f i n a l  des ign  review 
w a s  h e l d  i n  May 1976, and s p a c e c r a f t  q u a l i f i c a t i o n  t e s t i n g  i s  i n  process .  T e s t i n g  of d e s i g n  v e r i f i c a t i o n  
;;;cde?s Fs 5:: preczss  f e r  t h e  science t ns t rumen ts .  S t r u c t u r a l  zzld thermal t e s t t n g  of  t h e  total spacecraft 
systems will b e  completed i n  1977, and assembly of t h e  two f l i g h t  s p a c e c r a f t  w i l l  fol low.  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funds w i l l  s u p p o r t  f i n a l  assembly and tes t  of t h e  P ioneer  Venus s p a c e c r a f t  and experiment systems,  
as w e l l  as a c t u a l  launch o p e r a t i o n s  f o r  t h e  o r b i t e r  i n  May 1978, and t h e  mul t iprobe  miss ion  i n  August 1978. 
Design and development of t h e  miss ion  o p e r a t i o n s  system w i l l  b e  completed,  and p l a n e t a r y  c r u i s e  o p e r a t i o n s  
w i l l  b e  supported.  

BASIS OF FY 1978 FUNDING REQUIREMENTS: 
MARINER JWITER/SATURN 1977 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

E s t i m a t e  E s  t i m a  t e Estimate Actua l  Actua l  
(Thousands of  D o l l a r s )  

S p a c e c r a f t  58,400 16,000 29 , 100 29,100 - -- 
Experiments ................................... 18,700 4,200 13,300 13,300 5,300 

.................................... 
Miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  .......... 5 300 1 , 900 7 900 7,900 9,000 

T o t a l  82,400 ....................................... 22,100 50,300 50,300 14,300 

T i  t an jC en  t a u r  (Exp endab i e Launch 
V e h i c l e  Program) ............................ (30 , 200) (3,400) (11,100) (9,900) (1,000) 
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OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h i s  miss ion  t o  t h e  o u t e r  p l a n e t s  i s  t o  conduct  comparat ive s t u d i e s  o f  t h e  J u p i t e r  and Saturn 
sys tems,  i n c l u d i n g  t h e i r  numerous s a t e l l i t e s  and t h e  r i n g s  of Sa tu rn .  
per form new i n v e s t i g a t i o n s  i n  t h e  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  media. 
t h e  major p o r t i o n  o f  t h e  p l a n e t a r y  mass i n  o u r  s o l a r  system. 

p l a n e t s  are l o c a t e d .  In fo rma t ion  from J u p i t e r  and S a t u r n  h a s  g r e a t  s i g n i f i c a n c e  i n  t h e  s t u d y  and unders tand-  
i n g  vi the o r i g i n  and e v d i i t l o i i  o f  t h e  s o l a r  sys t em and w i l l  aid FII unders tanding  t h e  dynam-i_c p r o c e s s e s  which 
shape t h e  E a r t h ' s  environment.  

There w i l l  a l s o  b e  an o p p o r t u n i t y  t o  
The massive o u t e r  p l a n e t s  c o n s t i t u t e  

This miss ion  w i l l  y i e l d  s c i e n t i f i c  i n fo rma t ion  
can be by seLld iLlg  spdceLiaft 6Li& as - L - - -  - . . G  e- +-LA - - r \n t  d : m t n - n n e  r~hnrn t h e  o i n a n t i r  

L I I C J C  V U L  L" L l ' L  6 L L U L  UIL .CU11CC"  " " L . G . . L  -..- ....-- 

I n  1977, two M a r i n e r - c l a s s  s p a c e c r a f t  w i l l  b e  launched on t r a j e c t o r i e s  which enab le  them t o  r e a c h  t h e  o u t e r  

The launch  v e h i c l e  
p l a n e t s  o f  J u p i t e r  and Sa tu rn .  
s p a c e c r a f t  t o  arr ive a t  S a t u r n  may b e  t a r g e t e d  t o  proceed on t o  a n  encounter  w i t h  Uranus. 
f o r  t h e s e  s p a c e c r a f t  w i l l  be  t h e  T i t a n  I I IE /Cen tau r  D- IT ,  and t h e  s p a c e c r a f t  w i l l  c a r r y  a j e t t i s o n a b l e  pro-  
p u l s i o n  module t o  p r o v i d e  t h e  f i n a l  r e q u i r e d  increment  o f  v e l o c i t y .  
by a rare  a l ignment  of  J u p i t e r  and S a t u r n  which p e r m i t s  a s p a c e c r a f t  launched t o  J u p i t e r  t o  reach S a t u r n  and 
e v e n t u a l l y  e scape  from the s o l a r  system through t h e  a c c e l e r a t i o n  provided  by J u p i t e r ' s  g r a v i t y .  The oppor- 
t u n i t y  t o  per form such  a g r a v i t y - a s s i s t e d  swingby miss ion  o n l y  occur s  approximate ly  eve ry  20 y e a r s .  The 
two s p a c e c r a f t  w i l l  encounter  J u p i t e r  i n  March and J u l y  1979, and w i l l  r each  S a t u r n  i n  November 1980 and 
August 1981. 
J anua ry  1986. 

I f  t h e  p r imary  o b j e c t i v e s  are  m e t  and cond i t ions  are  f a v o r a b l e ,  t h e  second 

These space  f l i g h t s  are made p o s s i b l e  

I f  t h e  o p t i o n  i s  e x e r c i s e d  t o  go t o  Uranus,  one s p a c e c r a f t  would encoun te r  t h a t  p l a n e t  i n  

During FY 1977, t h e  proof  t e s t  model s p a c e c r a f t  systems t e s t  and environmental  tes t  e f f o r t s  w i l l  be  
completed.  The assembly,  t e s t  and s c i e n c e  in s t rumen t  i n t e g r a t i o n  a c t i v i t i e s  f o r  t h e  two f l i g h t  s p a c e c r a f t  
are  underway i n  p r e p a r a t i o n  f o r  s h i p p i n g  t h e  s p a c e c r a f t  t o  t h e  E a s t e r n  T e s t  Range i n  t h e  s p r i n g  of  1977. 
Miss ion  o p e r a t i o n s  p l ann ing  a c t i v i t i e s  are  p roceed ing  w e l l .  
and S a t u r n  have been s e l e c t e d  and s i g n i f i c a n t  p r o g r e s s  h a s  been made on developing  t h e  s c i e n c e  p r o f i l e s  f o r  
t h e s e  t r a j e c t o r i e s .  
f l i g h t  o p e r a t i o n s  w i l l  be  completed.  
S p a c e  Network, and t h e  i n t e g r a t e d  ground d a t a  system, w i l l  be  demonstrated.  
September 1977, t h e  two s p a c e c r a f t  w i l l  be  launched.  Immediately a f t e r  launch,  s c i e n t i f i c  measurements 
w i l l  be  made of t h e  Earth-Moon system and near -Ear th  i n t e r p l a n e t a r y  medium. 

S p e c i f i c  encounter  t r a j e c t o r i e s  a t  J u p i t e r  

During t h e  remainder  o f  FY 1977, p l ann ing ,  t e s t i n g  and t r a i n i n g  f o r  launch  and e a r l y  
F i n a l  s p a c e c r a f t  c o m p a t i b i l i t y  w i th  t h e  launch v e h i c l e ,  t h e  Deep 

During t h e  p e r i o d  of August - 

During FY 1978, bo th  s p a c e c r a f t  w i l l  be  i n  t h e i r  c r u i s e  p e r i o d s  t o  J u p i t e r ,  
w i l l  p r o v i d e  suppor t  f o r  t h e  mission o p e r a t i o n s  team involved  i n  o p e r a t i n g  t h e  s p a c e c r a f t ,  performing t h e  
c ie ia i led  p la t i t i i t ig  Cor iiie L eiiiairider o i  iiie i l i g h i  , developing  iiie s o i i w a r e  ior iiie ericouriier periods and 
ana lyz ing  e a r l y  s c i e n c e  d a t a .  

FY 1978 funding  requi rements  
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B A S I S  OF FY 1978 FUNDING REQUIREMENTS: 
JUPITER ORBITER/PROBE (JOP) 

Tra.ns i t i n n  1977 1978 
Budget Cur ren t  Budget 1976 Q u a r t e r  

-A- A r  t i l  ---- a 1 Actiial ---- E s t i m a  t e Es t i m a  t e Estimate  
(Thousands of  D o l l a r s )  

S p a c e c r a f t  ................................... --- --- - -- --- 11,800 
Experiments. . .  ............................... 8 , 900 --- - - -  --- --- 

a n  L U .  -Inn I uu --- --- --- --- T o t a l . .  .................................... 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  conduct  a comprehensive e x p l o r a t i o n  o f  J u p i t e r ,  i t s  atmosphere,  p h y s i c a l  
environment ,  and i t s  s a t e l l i t e s  by combined o b s e r v a t i o n s  from an o r b i t i n g  s p a c e c r a f t  and an a tmospher ic  e n t r y  
probe.  Pr imary emphasis w i l l  be  on e n t r y  measurements, c h a r a c t e r i z a t i o n  of t h e  magnetosphere,  and o b s e r v a t i o n  
o f  t h e  Jov ian  s a t e l l i t e s .  S c i e n t i f i c  i n t e r e s t  i n  J u p i t e r  has  been enhanced by t h e  remote sens ing  d a t a  provided  
by  t h e  P ionee r  10 and 11 f l y b y s ,  which w i l l  be  augmented by r e s u l t s  expec ted  from t h e  Mariner  J u p i t e r I S a t u r n  
mis s ions  t o  be  launched i n  1977. 
e x p l o r a t i o n  of  t h e  s o l a r  system. 

The J u p i t e r  O r b i t e r I P r o b e  miss ion  r e p r e s e n t s  t h e  next  l o g i c a l  s t e p  i n  t h e  

The JOP s p a c e c r a f t  w i l l  c o n s i s t  o f  an o r b i t e r  and an  atmospheric  e n t r y  probe.  The o r b i t e r  w i l l  be  of dua l -  
s p i n  des ign ,  a concept  used p r e v i o u s l y  on o p e r a t i o n a l  s p a c e c r a f t ,  where in  p a r t  o f  t h e  s p a c e c r a f t  i s  sp inn ing  
t o  p r o v i d e  s t a b i l i t y  and t h e  o t h e r  p a r t  i s  de-spun. The probe  and f i e l d s  and p a r t i c l e s  i n s t r u m e n t a t i o n  w i l l  
b e  mounted on t h e  sp inn ing  s e c t i o n ,  w h i l e  imaging w i l l  be  conducted from t h e  de-spun p o r t i o n .  

The o r b i t e r l p r o b e  combinat ion w i l l  be  launched i n  December 1981 by t h e  S h u t t l e / I n t e r i m  Upper S tage  ( I U S ) .  
The e n t r y  probe,  designed t o  survive a d e s c e n t  t o  a p r e s s u r e  of a t  l e a s t  10 t o  20 Ea r th  atmospheres ,  w i l l  
b e  s e p a r a t e d  from t h e  o r b i t e r  p r i o r  t o  J u p i t e r  encounter .  S c i e n t i f i c  d a t a  ga the red  by t h e  probe  du r ing  
e n t r y  w i l l  be  r e l a y e d  t o  Ea r th  via  t h e  o r b i t e r .  S h o r t l y  t h e r e a f t e r ,  t h e  o r b i t e r  w i l l  be  i n s e r t e d  i n t o  
J o v i a n  o r b i t  and t h e  o r b i t  w i l l  be  a d j u s t e d  t o  pe rmi t  m u l t i p l e  s a t e l l i t e  encoun te r s .  

I n  FY 1977, p re l imina ry  des ign  e f f o r t s  are  be ing  c a r r i e d  o u t  under Advanced Technica l  Development. These 
i n c l u d e  probe  and o r b i t e r  system d e f i n i t i o n  s t i l d i e s  and t e n t a t i v e  experiment  s e l e c t i o n .  I n  a d d i t i o n ,  d i s -  
c u s s i o n s  have been h e l d  wi th  t h e  F e d e r a l  Republ ic  of Germany (FRG) concern ing  t h e  p o s s i b i l i t y  of t he  FRG 
p r o v i d i n g  equipment t o  p e r m i t  p r e - e n t r y  s c i e n c e  measurements from t h e  probe  and p rov id lng  t h e  o r b i t  i n s e r t l o n  
motor f o r  t h e  JOP o r b i t e r .  These d i s c u s s i o n s  w i l l  be concluded e a r l y  i n  FY 1978. 
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The c u r r e n t  p l a n n i n g  estimate f o r  t h e  J u p i t e r  O r b i t e r / P r o b e  i s  $275 t o  $295 m i l l i o n .  This i n c l u d e s  deve l -  
opment through launch and i n - f l i g h t  checkout  f o r  an  a d d i t i o n a l  30 days.  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, d e s i g n  and development a c t i v i t y  w i l l  b e  i n i t i a t e d  f o r  bo th  t h e  probe  and o r b i t e r .  A probe 
system c o n t r a c t o r  w i l l  b e  s e l e c t e d  and probe  d e s i g n  a c t i v i t y  w i l l  b e  t a r g e t e d  toward a p r e l i m i n a r y  d e s i g n  
r e v i e w  by t h e  end of t h e  f i s c a l  y e a r .  
s t a r t  of subsystem d e s i g n  i n  FY 1979. 
b e  i n i t i a t e d .  
scheduled  t o  be under d e f i n i t i v e  c o n t r a c t  b e f o r e  t h e  end of Lhe  f i s c a l  year .  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

O r b i t e r  system d e s i g n  w i l l  b e  c a r r i e d  t o  t h e  p o i n t  of p e r m i t t i n g  
Procurement of p a r t s  f o r  b o t h  probe and o r b i t e r  systems w i l l  a l so  

Experiment d e f i n i t i o n  w i l l  r e s u l t  i n  f i n a l  s e l e c t i o n  e a r l y  i n  FY 1978, and experiments  are  

PIONEER 6-11 
T r a n s i t i o n  1977 1978 

1976 Q u a r t e r  Budget Curren t  Budget 
Actua l  Actua l  E s t i m a t e  E s t i m a t e  E s t i m a  t e 

(Thousands of D o l l a r s )  

Miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  ............ 3 , 900 87 9 3,700 2 , 600 3 , 600 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h e  P ioneer  6-9 series i s  t o  e x p l o r e  t h e  i n t e r p l a n e t a r v  r e g i o n  n e a r  t h e  e a r t h  o r b i t  d i s t a n c e  
from t h e  sun,  d e f i n e d  as one a s t r o n o m i c a l  u n i t  ( A . U . ) .  
p l a n e t a r y  r e g i o n  beyond one A.U.,  t h e  A s t e r o i d  B e l t ,  and t h e  environment of J u p i t e r .  P i o n e e r s  6-9 are  s t i l l  
o p e r a t i o n a l  i n  h e l i o c e n t r i c o r b i t s a n d  c o n t i n u e  t o  p r o v i d e  d a t a  on s o l a r  a c t i v i t i e s  and e v e n t s  as t h e y  are  
propagated  throclgh rhe  i n t e r p l a n e t a r y  medium. P i o n e e r  10 w a s  launched on March 2,  1972, encountered J u p i t e r  
i n  December 1973, and i s  now on i t s  way o u t  of t h e  s o l a r  system. 
encountered  J u p i t e r  i n  December 1974, and h a s  been r e t a r g e t e d  t o  encounter  S a t u r n  i n  September 1979. 
r i o n e e r s  10 and ii are UperaLing s a t i s f a c t o r i l y .  

P ioneer  10 and 11 were designed t o  e x p l o r e  t h e  i n t e r -  

P ioneer  11 w a s  launched on A p r i l  5 ,  1973, 
Both 

n 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

11 d u r i n g  i n t e r p l a n e t a r y  c r u i s e  p e r i o d s .  
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BASIS OF FY 1978 ESTIMATE: 

FY 1978 funds w i l l  s u p p o r t  cont inued  f l i g h t  o p e r a t i o n s  f o r  t h e  P ioneer  6-11 s p a c e c r a f t .  P i o n e e r s  6-9 w i l l  
b e  suppor ted  t o  t h e  e x t e n t  a l lowed by t h e  a v a i l a b i l i t y  of t h e  Deep Space Network. Pioneer  10 and 11 f l i g h t  

medium. I n  a d d i t i o n ,  a n a l y s i s  of  P i o n e e r  10 and 11 d a t a  w i l l  c o n t i n u e .  
o p e r a ~ i o i i s  w i l l  cuiii-iLiue, wi t l ,  tf i i lplidsL~ uii i i c q t i i ~ i t i o ~  of p ~ i - t i c l e ~  ~ i i d  f L e l d ~  data f r o m  the  L ~ t ~ r p I ~ ~ e t ~ r y  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 
HELIOS 

1976 
Actual  

Miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  ........... 1 , 200 

Ti tanICentaur  (Expendable Launch 
V e h i c l e  Program) ............................. (1,300) 

T r a n s i t i o n  1977 1978 
Q u a r t e r  Budget Curren t  Budget 
A c t u a l  E s t i m a t e  E s  t i m a  t e 

(Thcusands of D o l l a r s )  
E s t i m a  t e 

200 - - 

( - - - I  (---> (---> (---I  

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h e  H e l i o s  program i s  t o  i n v e s t i g a t e  t.he p r o p e r t i e s  of and p r o c e s s e s  i n  i n t e r p l a n e t a r y  space  
i n  t h e  d i r e c t i o n  of and c l o s e  t o  t h e  Sun. United S ta tes  p a r t i c i p a t i o n  i n  t h i s  two-mission, c o o p e r a t i v e  e f f o r t  
w i t h  t h e  Federa l  Republ ic  o f  Germany (FRG) i n c l u d e s  p r o v i s i o n  of  t h e  launch v e h i c l e s ,  t e c h n i c a l  s u p p o r t ,  and 
t h r e e  ins t ruments  as w e l l  as t r a c k i n g ,  f l i g h t  o p e r a t i o n s  and d a t a  a n a l y s i s  suppor t .  
s p a c e c r a f t  and seven i n s t r u m e n t s ,  and i s  a l s o  r e s p o n s i b l e  f o r  t r a c k i n g ,  f l i g h t  o p e r a t i o n s  and d a t a  a n a l y s i s .  

The FRG provided  t h e  

H e l i o s  A w a s  launched i n t o  h e l i o c e n t r i c  o r b i t  on December 10, 1974 and H e l i o s  B followed on January  15, 1976. 
Both s p a c e c r a f t  are o p e r a t i n g  normal ly ,  i n  o r b i t s  which t a k e  them t o  w i t h i n  0.3 AU of t h e  Sun once every  s i x  
months. 
having many shock t r o n t s  and i r r e g u l a r i t i e s ;  t h a t  s t r o n g  s o i a r  wind streams w i t h  marked wave structure appear  
t o  be a s s o c i a t e d  w i t h  c o r o n a l  h o l e s ;  and t h a t  s o l a r  cosmic r a y s  appear  t o  b e  a c c e l e r a t e d  by t h e  waves i n  t h e  

o f  p e r i h e l i o n .  

Analys is  o f  t h e  H e l i o s  d a t a  h a s  shown t h a t  t h e  s o l a r  wind i s  much more t u r b u l e n t  c l o s e  t o  t h e  Sun, 

solar  plasnz. c , c s c  studles will ccfit infie next y e z r  w i t h  nmnhacic  -."r""" -.., - D - - - -  a o a i n  d i i r i n g  --- --* the  A p r i l  . I E ~  C ) C ~ Q ~ P _ L .  times 
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BASIS OF FY 1978 ESTIMATE: 

~y 1978 funds :.ill prcxji& fsr the Ii.s. p o r t t o n  of +he mission operations and a n a l y s i s  of d a t a  c o l l e c t e d  
by t h e  U.S. experiments .  
EXISIS ry y ? ~  ~ T J ? J D X C  psnLiIpsm?JTS: 

PLANETARY FLIGHT SUPPORT 

T r a n s i t i o n  i977 i 9 7 8  
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  Actua l  E s  t i m a  t e E s  t i m a  t e Estimate 
(TE.CUSlr?dS nf  Enll2rs) 

27 , 900 27 , 900 25,000 29 , 200 8,700 

OBJECTIVES AND STATUS: 

The purpose of t h e  p l a n e t a r y  f l i g h t  s u p p o r t  program i s  t o  p r o v i d e  f o r  r e q u i r e d  i n t e g r a t e d  computing and 
computer - re la ted  a c t i v i t i e s  which suppor t  t h e  t r a c k i n g ,  t e l e m e t r y  and command f u n c t i o n s  f o r  a l l  p l a n e t a r y  
automated s p a c e c r a f t .  
t h e  Jet P r o p u l s i o n  Labora tory ,  and s e l e c t e d  p r o j e c t - p e c u l i a r  a c t iv i t i e s ,  such as p r e p a r a t i o n  of d a t a  r e c o r d s ,  
computer a n a l y s i s  t i m e ,  and p r o v i s i o n  f o r  t h e  miss ion  s u p p o r t  areas. 

The requi rements  a l s o  i n c l u d e  g e n e r a l  purpose s c i e n t i f i c  and e n g i n e e r i n g  computing a t  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, funds w i l l  c o n t i n u e  t o  p r o v i d e  miss ion  c o n t r o l  and computing suppor t  f o r  P i o n e e r s  6 through 11, 
F l i g h t  o p e r a t i o n s  f o r  t h e  Mariner  J u p i t e r I S a t u r n  1977 s p a c e c r a f t ,  which H e l i o s  A and B ,  and Vikings 1 and 2. 

w i l l  b e  launched i n  August/September 1977,  w i l l  a l s o  be suppor ted .  

Test and t r a i n i n g  f o r  t h e  P i o n e e r  Venus miss ions  w i l l  c o n t i n u e ,  w i t h  launch and f l i g h t  s u p p o r t  s t a r t i n g  i n  
May 1978 f o r  t h e  o r b i t e r  m i s s i o n  and i n  August 1978 f o r  t h e  mul t iprobe  
f o r  f u t u r e  l u n a r  and p l a n e t a r y  miss ions  w i l l  a l s o  c o n t i n u e  d u r i n g  t h i s  p e r i o d .  

mission.  P lanning  and implementat ion 

During FY 1978, t h e  P l a n e t a r y  F l i g h t  Support  funds w i l l  c o n t i n u e  t o  suppor t  t h e  t r a c k i n g  system a n a l y t i c  
c a l i b r a t i o n  e f f o r t s  t o r  a i l  miss ions ;  the deveiopment of i u n a r  and p i a n e t a r y  d a t a  systems scandards ;  and cfie 
d e f i n i t i o n  of S h u t t l e / I n t e r i m  Upper S t a g e  i n t e r f a c e s  w i t h  l u n a r  and p l a n e t a r y  s p a c e c r a f t .  These are  a l l  on- 
going a c t i v i t i e s  a t  t h e  J e t  P r o p u l s i o n  Laboratory.  
t e s t i n g  of t h e  improved s u p p o r t  system u t i l i z i n g  minicomputers 
Mariner  J u p i t e r I S a t u r n  1977 m i s s i o n s  d u r i n g  FY l Y 7 8  and t o r  a l l  subsequent  missions.  

Xi; a d d i t i o n ,  t h e  p lanning ,  d e s i g n ,  development, and 
f o r  real  t i m e  suppor t  w i l l  c o n t i n u e  f o r  t h e  
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BASIS OF FY 1978 FUNDING REOUIREMENTS: 

SUPPORTING ACTIVITIES 

Transition 1977 1978 
1976 Quarter Rudget Current Budget 

Actual Aceual Es t ima t e ~s t ima t e E s ti ma ie 
(Thousands of Dollars) 

........... 1 3  , 100 13 ,OOO-> 
12,200 ) 

Supporting research and technology.. 14 , 6 5 4 ~  3,267 13 , 200 
Data analysis .................................. 9,320 i 1,682 11,500 11 , 500 
Advanced technicai devehpuieiii. ................ .A K , 3nn L U U  , ,' 1,3n(! - 5 > - -  3111) - 6,000 5,2004' 
Mars follow-on mission definition.............. --- - - -  - - -  --- 5 ,oow' ', 

Advanced studies............................... 1 , 200 236 1,200 1,200 1 , 200 
Lunar science operations... .................... 5,126' 1 , 000 5,000 5,000 4,500 
Lunar sample analysis .......................... 5,950 1 , 200 5,200 5,200 3,800 

Total....... ................................. 41.450 8.685 41.300 42 .OOO 44,900 

Supporting Research and Technology 

14 , 654 3 , 267 13,200 13,100 13,000 

OBJECTIVES AND STATUS : 

Supporting Research and Technology sponsors research efforts that provide new data necessary to interpret 
information obtained from spacecraft missions and to formulate science objectives for new missions. The 
Supporting Research and Technology objectives include early definition of advanced instrumentation, as 
well as necessary steps t o  insure technological readiness of instruments for new flight missions. Specific 
research tasks fall into 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 n f  the continuing planetary exploration program and contribute to the fundamental 
objectives of the Lunar and Planetary Exploration Program. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

'1"ne reduction of $100 thousand rellects procurement deferral of  a scanning eleccron microscope f o r  meteorite 
studies. 
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BASIS OF FY 1978 ESTIMATE: 

During FY 1978, the Supporting Research and Technology project will continue investigations within the 
d i s c i p l i n p q  of  p7an~ta1-y  atmospheres, pianerrary geoio#y. planetary astronomy, cometary scier;ce, an2 lttnar 
science. Laboratory studies of molecular reaction rates and spectroscopic properties of  atmospheric gases 
will be used to interpret flight experiment data and to understand and predict the response of  atmospheres 
to solar and other energy inputs and to perturbations by contaminates or other influences. Geological analog 
and surface process studies will continue wherein comparisons between planetary bodies will be made with 
regard to such phenomena as wind-produced, glacial and volcanic features. A number of laboratory studies 
of chemical ditferentiation processes wiii continue EO provide b a s i c  &id ~lecessai-y t o  i n t e r p r e t  the G r i g L r ; s  

of the various rock types on the Moon and inner planets. Over forty planetary observational research programs 
will continue, with the major areas of emphasis being the outer planets and their satellites and planetary 
radar astronomy. Studies of analogs of lunar and planetary craters will continue to provide insight into 
the cratering processes that have modified the surfaces of all inner planets. Emphasis will be placed on 
studies of meteorites and interplanetary dust, using the scientific knowledge obtained from lunar sample 
analysis, because these materials provide vital information regarding the composition of the primitive solar 
system and condensation process. 

. .  

Advanced instrumentation concepts will also be developed to support the scientific preparation for new flight 
programs. Instrument development will emphasize experiments for the outer planets, experiments to detect the 
important atmospheric components in small or trace amounts, planetary subsurface water detectors, chemical 
analysis instruments, and instrumentation capable of in situ mineralogic identification of soil and rocks. 

Data Analysis 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

9 , 320 1,682 11 , 500 11,500 12 , 200 
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OBJECTIVES AND STATUS: 

The objective is to provide for post-project analysis of the wealth of data obtained from previous lunar 
and planetary programs. TI.&ese e f f o r t s  s u p p n r t  cmtinuaticn of data analysis by flight experimenters after 
the period of Eunding by the flight project has passed; analysis and interpretation of flight data by other 
investigators not associated with or funded by flight projects; 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 results of the synthe- 

ation. Interdisciplinary studies of results from Apollo, Mariner, Pioneer, and Viking missioiis, as well as 
from Earth-orbital satellites, such as Atmospheric Explorers, will be undertaken. 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 extract mission information from existing spacecraft data with regard to planetary structure, composition 
processes and history, but will emphasize comparative planetology studies to take advantage of the enhanced 
capability for discovery that this mode of study offers. 

sis sfforts wiG? pro."7Ade tL& ir,forrGt~on base for intel?&ent p l  -- ,F c,.+ ..-- --^+-I-- . .--l-- L a r i r i L r r g  uL i U L u L C  p I a r i c L a i y  GApiuL- 

BASIS OF FY 1978 ESTIMATE: 

During FY 1978, atmospheric scientists will initiate intensive analysis of atmospheric data resulting from 
the Viking missions to Mars and the valuable data available from previous Earth-orbital satellites and the 
Mariner and Pioneer missions to Mercury, Venus, Mars, and Jupiter. Critical analysis and examination of all 
these data, reflecting a wide range of planetary characteristics, is expected to improve our grasp of the 
theoretical and mathematical models used to describe atmospheric behavior, and to lead to a more detailed 
understanding of the behavior of the Earth's atmosphere. 
of lunar sample studies and Apollo Lunar Surface Experiments to obtain a refined view of the Moon's history, 
and will extend their interpretations of planetary history and processes through photogeological studies 
using Apollo, Mariner 9 and 10, and Viking 1 and 2 data sources. The Viking data will provide a major new 
resource that will impact the scope of work to be performed in a significant way. With these data, geoscien- 
tists will have comparable kinds of information for the Earth, Moon, Mars, and Mercury, and correlative 
analysis of these data is expected to provide significant advances in our understanding of the Earth, its 
terrestrial planetary neighbors, and the evolution of the solar system as a whole. 

Geoscientists will continue to synthesize results 
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Advanced Technica l  Development 

Trans i t  i o n  1977 1978 
I976  y u a L  L ~ L  "Dudaei Currenr  Budget n .._- +- - -  

Actua l  Actua l  E s t i m a t e  E s t i m a t e  E s  timate 
(Thousands of D o l l a r s )  

5 , 200 1,300 5 , 200 6,000 5 , 200 

The Advanced Technica l  Development (Am) program s u p p o r t s  t h e  p l a n n i n g  and t h e  advanced development of  new 
and improved s p a c e c r a f t  t e c h n o l o g i e s  c r i t i c a l l y  r e q u i r e d  f o r  f i i t u r e  p l a n e t a r y  missions.  It i s  under t h i s  
program t h a t  t h e  d e t a i l e d  p l a n n i n g  f o r  p o t e n t i a l  p r o j e c t s  i s  Performed and t h e  technology r e a d i n e s s  achieved  
t h a t  w i l l  p l a c e  them on a f i r m  b a s i s  f o r  t h e  development of r e a l i s t i c  s c h e d u l e s  and c o s t  estimates. Methods 
f o r  a c h i e v i n g  c o s t - e f f e c t i v e  miss ions  through optimum u t i l i z a t i o n  of e x i s t i n g  s p a c e c r a f t  and subsystem d e s i g n  
are a pr ime c o n s i d e r a t i o n .  

During FY 1977, t h e  major area of emphasis i s  suppor t  of p r e l i m i n a r y  s p a c e c r a f t  d e s i g n  and experiment d e f i n i -  
This  e f f o r t  i n c l u d e s  t h e  i s s u a n c e  of an  Announcement of Oppor tuni ty  t i o n  f o r  t h e  J u p i t e r  O r b i t e r / P r o b e  miss ion .  

and t e n t a t i v e  experiment  s e l e c t i o n  f o r  o r b i t e r  and probe,  c o m p e t i t i v e  probe  system d e f i n i t i o n  s t u d i e s  and sup- 
p o r t i n g  technology t a s k s ,  o r b i t e r  m i s s i o n  and system d e s i g n  w i t h  s u p p o r t i n g  advance development i n  a p p r o p r i a t e  
subsystem t e c h n o l o g i e s ,  and s c i e n c e  working group experiment d e f i n i t i o n  ac t iv i t i e s .  

Two o t h e r  ac t iv i t i e s  c a r r i e d  o u t  i n  FY 1977 a r e  t h e  development of s o l a r  s a i l i n g  technology f o r  h i g h  energy 
miss ions ,  and advance p l a n n i n g  f o r  a pos t -Vik ing  Mars mission. S o l a r  s a i l i n g  i s  t h e  technique  by which a 
s p a c e c r a f t ,  us ing  a v e r y  l a r g e  and ex t remely  l i g h t w e i g h t  s a i l ,  may b e  p r o p e l l e d  by t h e  s o l a r  wind. The s o l a r  
s a i l i n g  e f f o r t  i s  conducted i n  c o o p e r a t i o n  w i t h  technology development supported by t h e  O f f i c e  o f  Aeronaut ics  
and Space Technology, and c o n c e n t r a t e s  p r i m a r i l y  on t h e  s p a c e c r a f t ,  t o t a l  system and miss ion  a n a l y s i s  a s p e c t s .  
P lanning  f o r  a post-Viking Mars miss ion  w i l l  be  d i r e c t e d  toward assessment of s e v e r a l  missior? a l t e r n a t i t . e s ,  
such as a n  o r b i t e r  miss ion  w i t h  p e n e t r a t o r s ,  o r  a miss ion  w i t h  semiautonomous roving  v e h i c l e s ,  w i t h  a long-  
range  g o a l  of a Mars s u r f a c e  sample r e t u r n  mission i n  t h e  l a t e  1980's. In a d d i t i o n ,  advanced development o f  
several technoiogies  w i t h  mui t imiss ion  a p p l i c a t i o n s  i s  underway. This e f f o r t  i n c l u d e s  work on a n  advanced 
s ta r  t r a c k e r  w i t h  r e l i a b i l i t y  and l i f e t i m e  c h a r a c t e r i s t i c s  s u i t a b l e  f o r  f u t u r e  long d u r a t i o n  miss ions ,  long- 
term l i f e  t e s t i n g  of p r o p e l l a n t s  w i t h  v a r i o u s  propcllsion system materials,  cechniques f o r  n a v i g a t i o n  w i t h  
low t h r u s t  p r o p u l s i o n ,  and s t u d i e s  d i r e c t e d  toward d e f i n i n g  p o t e n t i a l  areas of commonality i n  f u t u r e  p l a n e t a r y  
o r b i r e r s .  
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

In response to Congressional recommendations on strengthening activity in Supporting Research and Technology, 
as reflected in the FY 1977 Authorization Conference Committee report; the FY 1977 funding support was increased 
I,:, ymn t+,nus2rzd, 2dd;,,icnsl funds s,Lppcr- thz ~y 1 A,. a77 , rJVLUL -,- om: L)UAL*I*b I : - -  L L U V L L I I L G U  -a------a t-,.L--i L C L l l l L U L U & J  ---- u c v v e u p l l r v r l L  a - - - - i  - - - - -&  QLLL- - - A :  

vities and preliminary Mars Follow-On Mission planning. 

BASIS O F  FY 1978 ESTIMATE: 

During F Y  1978, emphasis will be placed on definition of a possible Halley rendezvous mission and on advanced 
technological effort associated with a possible Venus Orbital Imaging Radar (VOIR) mission. The Halley rendez- 
vous mission would utilize low thrust propulsion, either solar sail or solar electric, and the advanced efforts 
will concentrate on spacecraft definition and mission design consistent with low thrust propulsion and the 
interfaces peculiar to it. Advanced preparation for VOIR will include study of the application of existing 
synthetic aperture radar technology, development of radar compatible data system technology, and supporting 
mission and system design activity. 

Additional activities will include the completion of effort: on the advanced star tracker, continuation of 
orbiter commonality studies and propellant/materials testing, and the study of spacecraft interfaces with 
the Space Shuttle that are unique to future possible planetary missions. 

Mars Follow-on Mission Definition 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

OBJECTIVES Uu'D STATUS : 

The immediate objective of the Mars follow-on mission activity is to provide for definition of 2 logical a d  
productive next step to the highly successful Viking mission. The Viking spacecraft are returning extremely 
valuable scientific information and at the same time raising important questions to be answered by future 
missions to Mars. The most obvious need is for further investigations to clarify and expand our initial 
findings with respect to the existence of l i f e  nn M a r s ,  Alternatives ~ i x - r e n t l y  i~ncl_pr s t l d > 7  h c l d p :  (1) 
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a surface rover to address the local diversity of the Mars surface; (2) instruments which directly address the 
chemistryjbioiogy ambiguity issues raised by Viking; ( 3 )  or’oiier itistruiiients t o  coX?.;Ct 2 g?Cba? r e S C X X C e S  

survey of the planet, and (4) means for implanting on Mars an instrument network. 

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding will provide for the identification of new instruments and exploration techniques that can 
most effectively respond to Viking results with a mission during the 1984 launch opportunity. Efforts will 
include rover technology and science instrument studies, and preliminary mission and system design. 

Advanced Studies 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

1 , 200 1 , 200 1 , 200 236 1 , 200 

OBJECTIVES AND STATUS: 

The objective of the Advanced Studies project 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 
conducting mission concept definition and feasibility studies; identifying new mission opportunities (e.g., 
multiple planet flybys); and developing implementation schedules, science objectives, and resources require- 
ments. 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, 
a l l ~  , - a  ~ ~ u ~ ~ u l L l ~ L Q l  --_-- tJluhLain of solar sys tem e x p l ~ r a t i ~ n  be iqlemented. 

During FY 1977, studies of mission performance capabilities of solar electric propulsion and solar sailing 
concepts will allow evaluation of these technologies for application to a Halley Comet mission and other high 
energy missions which require propulsive augmentation beyond the Shuttle-Interim Upper Stage capability. 
Mission concept definitionlfeasibility studies are being conducted during FY 1977 for Mars, Mercury, Venus, 
Jupiter, Saturn, and Uranus. 
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BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funding requi rements  w i l l  p r o v i d e  f o r  miss ion  s t u d i e s  f o r  t h e  i n n e r  and o u t e r  p l a n e t s ,  t h e i r  
s a t e l l i t e s ,  and s m a l l  bodies  of t h e  s o l a r  system (cornets and asteroids), a n d  c n n t i n u i n g  general s t u d i e s  
a d a p t i n g  p l a n e t a r y  s p a c e c r a f t  t o  t h e  Space T r a n s p o r t a t i o n  System. 

A d e t a i l e d  s t u d y  f o r  an o r b i t e r  m i s s i o n  w i t h  s y n t h e t i c  a p e r t u r e  radar t o  map the s u r f a c e  of Venus w i l l  be 
conducted i n  FY 1978. 
s e q u e n t  new s t a r t  p r o j e c t  p roposa l .  A Saturn-Uranus probe miss ion ,  des igned  t o  s t u d y  t h e  atmospheres of 
Sat i i rn  and TTraniis i n  t h e  m i d - 1  980's w i  11 rPcPi.t~e greater st iudy as the  J u p i t e r  Orbi te r /Probe  d e s i m  h o r n m n c  

b e t t e r  d e f i n e d  and i t s  a p p l i c a b i l i t y  t o  t h e  Saturn-Uranus miss ion  can be a s s e s s e d .  E f f o r t  w i l l  c o n t i n u e  on 
s p a c e c r a f t  d e s i g n  c h a r a c t e r i s t i c s  f o r  a p p l i c a t i o n  o f  s o l a r  e l ec t r i c  p r o p u l s i o n  o r  s o l a r  s a i l  technology based 
on t h e  FY 1977 technology e v a l u a t i o n .  
s a t e l l i t e s  conducted d u r i n g  FY 1977 w i l l  b e  expanded i n t o  b a s e l i n e  miss ion  d e f i n i t i o n s  f o r  p lanning  a c t i v i t i e s  
t o  b e  conducted d u r i n g  FY 1978. 
and programmatic d a t a  necessary  t o  s u p p o r t  n e a r - t e r m  t o  long-range NASA p l a n n i n g  f o r  f u t u r e  missions.  

This e f f o r t  w i l l  p r o v i d e  n e c e s s a r y  miss ion ,  system, and s c i e n c e  d e f i n i t i o n  f o r  a sub- 

0-- -----.--" 

Assessments of e x p l o r a t i o n  techniques  f o r  a s t e r o i d s  and o u t e r  p l a n e t  

The r e s u l t s  of t h e s e  s t u d i e s  w i l l  b e  focused toward g e n e r a t i o n  of  t e c h n i c a l  

Lunar Sc ience  Opera t ions  

T r a n s i t i o n  1977 1978 
Budget 1976 Q u a r t e r  Budget Curren t  

A c t u a l  Actua l  E s t i m a t e  E s t i m a t e  Estimate 
(Thousands of  D o l l a r s )  

5 , 126 1,000 5 , 000 5,000 4,500 

OBJECTIVES AND STATUS: 

This  program h a s ,  i n  t h e  p a s t ,  suppor ted  t h e  c u r a t i o n  and d i s t r i b u t i o n  of l u n a r  samples f o r  s c i e n t i f i c  r e s e a r c h ,  
t h e  performance of Lunar Laser Ranging exper iments  from Earth-based o b s e r v a t i o n s  and t h e  o p e r a t i o n  of  t h e  Apollo 
Lunar S u r f a c e  Experiment Packages (ALSEPs). Continued suppor t  i s  r e q u i r e d  f o r  c u r a t i o n  and d i s t r i b u t i o n  of l u n a r  
samples and f o r  t h e  very  act ive Lunar L a s e r  Ranging experiment p r o j e c t .  Both of  t h e s e  e f f o r t s  suppor t  e s s e n t i a l  
s c i e n t i f i c  programs and provide  a c o n t i n u i n g  s o u r c e  of  b a s i c  s c i e n t i f i c  d a t a .  

The Lunar Sample C u r a t o r i a l  F a c i l i t y  a t  t h e  Johnson Space Center  p r o v i d e s  p r o t e c t i o n  f o r  t h e  lunar  sample  
c o l l e c t i o n  a g a i n s t  p h y s i c a l  damage and chemical  contaminat ion.  It a l s o  s u p p o r t s  a n  act ive r e s e a r c h  program 
by several hundred s c i e n t i s t s  by p r o c e s s i n g ,  a l l o c a t i n g ,  and documenting s e v e r a l  thousand sample t r a n s a c t i o n s  

RD 5-19 



each y e a r .  The f a c i l i t y  h a s  developed unique p r o c e s s i n g  and d a t a  management techniques.  I t  i s  an  e s s e n t i a l  
component of pos t -Apol lo  l u n a r  s c i e n c e ,  and i t  c o n t i n u e s  t o  b e  an  impor tan t  r e s o u r c e  f o r  t h e  f u t u r e  c u r a t i o n  
and s t u d y  of a l l  k i n d s  of  extraterrestr ia l  material. 

To p r o v i d e  long-term s e c u r i t y  f o r  t h e  sample c o l l e c t i o n ,  about  15 p e r c e n t  of  t h e  samples have been t r a n s f e r r e d  
t- 2 n e ~ d y - c q - ~ s t r i ~ c t e d  F-emnte S t e r ~ m a  Fzari 1 i t v  at Er-~lrs b-Ul2, b-qtrni_n T n v a c  

0- " - - - - - J  Y - ----- - 
Highly a c c u r a t e  measurements of the Earth-Noon distamc-e c o n t i n u e  t o  h e  made a t  McDonald Observa tory  Texas 

u s i n g  p a s s i v e  laser r e t r o r e f l e c t o r s  p l a c e d  on t h e  Moon by Apollo miss ions .  
d i s t a n c e  v a r i e s  w i t h  t i m e ,  w e  can  o b t a i n  new informat ion  about  t h e  dynamics of the  Earth-Moon system, t h e  
i n t e r n a l  s t r u c t u r e  o f  t h e  moon, and t h e  r e l a t ive  motions of  t h e  E a r t h ' s  c r u s t a l  p l a t e s .  A d d i t i o n a l  measure- 
ments have j u s t  begun a t  a new s t a t i o n  a t  Haleaka la  Observatory,  H a w a i i .  Complementary measurements from 
t h e  two s t a t i o n s  w i l l  p r o v i d e  more p r e c i s e  i n f o r m a t i o n  about  t h e  i n t e r n a l  s t r u c t u r e  of t h e  Moon and t h e  
c r u s t a l  motions of t h e  E a r t h .  A T r a n s p o r t a b l e  Laser Ranging S t a t i o n  i s  be ing  designed,  The c o n t r u c t i o n  of 
t h i s  s t a t i o n ,  combined w i t h  upgrading of  several f o r e i g n  o b s e r v a t o r i e s  (e.g., a t  Canberra ,  A u s t r a l i a ) ,  w i l l  
p r o v i d e  a g l o b a l  network of  r a n g i n g  s t a t i o n s  t h a t  can p r o v i d e  b e t t e r  d a t a  on t h e  c r u s t a l  motions and i n t e r n a l  
d p a m i c s  of t h e  Earth. 

By measuring how t h e  Earth-Moon 

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding p r o v i d e s  cont inued  s u p p o r t  of t h e  C u r a t o r i a l  F a c i l i t y  o p e r a t i o n s  and Laser  Ranging s t u d i e s .  
I n  a d d i t i o n ,  t h e s e  funds w i l l  s u p p o r t  t h e  Transpor tab le  Laser Ranging S t a t i o n  o p e r a t i o n s  scheduled t o  begin  
i n  FY 1978. 

Lunar Sample A n a l y s i s  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a t e  E s t i m a t e  E s  t i m a  t e  
(Thousands of D o l l a r s )  

3,950 1,200 5,200 5,200 3,800 

OBJECTIVES AND STATUS: 

This  p r o j e c t  s u p p o r t s  a wide v a r i e t y  o f  . s c i e n t i f i c  s t u d i e s  of  r e t u r n e d  l u n a r  samples, i n c l u d i n g  t h e i r  chemis t ry ,  
minera l  composition, age,  p h y s i c a l  p r o p e r t i e s ,  and e f f e c t s  from exposure t o  s o l a r  and cosmic r a d i a t i o n .  Lunar 
samples are  a unique s o u r c e  of o t h e r w i s e  unobta inable  i n f o r m a t i o n  about  t h e  Moon and t h e  res t  of t h e  S o l a r  System, 
and t h i s  r e s e a r c h  h a s  long- te rm importance f o r  i n v e s t i g a t i n g  major l u n a r  and p l a n e t a r y  problems. 
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One g o a l  of t h i s  work i s  t o  l e a r n  more about  t h e  Moon's composi t ion,  o r i g i n ,  and h i s t o r y .  A second g o a l  i s  
t o  a p p l y  r e s u l t s  of l u n a r  sample d a t a  a n a l y s i s  t o  such g e n e r a l  q u e s t i o n s  as t h e  natr i re  of  planetary surfaces, 
t h e  e a r l y  h i s t o r i e s  of t e r r e s t r i a l  p l a n e t s  such as Mercury and Mars, and t h e  p a s t  h i s t o r y  of t h e  Sun's a c t i v i t y .  
I n  a d d i t i o n ,  t h e s e  s t u d i e s  c o n t i n u e  t o  p r o v i d e  impor tan t  "ground t r i i t h "  fnr i n t e r p r e t i n g  remotely-sensed l u n a r  
ciieruicai & L a  and. f o r  p lanning  f u t u r e  l u n a r  and p l a n e t a r y  e x p l o r a f i o n .  Lunar sample r e s e a r c h  a l s o  c o n t i n u e s  
t o  be a n  impor tan t  s o u r c e  of knowledge r e g a r d i n g  i n s t r u m e n t  development f o r  p l a n e t a r y  and t e r r e s t r i a l  geologi -  
ca l  s t u d i e s .  

S t u d i e s  of l u n a r  samples have a l r e a d y  provided  much e s s e n t i a l  i n f o r m a t i o n  about  t h e  n a t u r e  and c h a r a c t e r i s t i c s  
of  t h e  Moon. For  example, t h e  sample d a t a  haire established the existezlce pf  v i d e s p r e d  melting, bcxbardmznt, 
and magnet ic  e f f e c t s  d u r i n g  t h e  Moon's e a r l y  h i s t o r y ,  from 4.6 t o  4.0 b i l l i o n  y e a r s  ago. More r e c e n t l y ,  l u n a r  
sample r e s e a r c h  has  evolved i n t o  more complex and g e n e r a l  s t u d i e s  t h a t  u s e  l u n a r  d a t a  t o  h e l p  understand t h e  
o r i g i n  and h i s t o r y  O F  m e t e o r i t e s ,  a s t e r o i d s ,  and terrestr ia l  p l a n e t s .  

Lunar Sample Analys is  has  a unique and long-term r o l e  i n  t h e  c o n t i n u i n g  s t u d y  o f  t h e  s o l a r  system. The 
cont inued  v a l u e  of t h i s  a c t i v i t y  depends on m a i n t a i n i n g  a c a p a b i l i t y  and s u p p o r t  level  s u f f i c i e n t  t o  i n s u r e  
t h e  cont inued  p a r t i c i p a t i o n  of  e s t a b l i s h e d  s c i e n t i s t s  w i t h  unique s k i l l s ,  as w e l l  as t h e  e n t r y  of new i n v e s -  
t i g a t o r s  and techniques  i n t o  t h e  program. 

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 budget w i l l  m a i n t a i n  a program broad and d i v e r s e  enough t o  i n s u r e  h i g h  q u a l i t y  sample d a t a  and 
p e r m i t  c e r t a i n  new d i r e c t i o n s ,  w i t h  emphasis on such g e n e r a l  l u n a r  problems as: t h e  s e a r c h  f o r  young l u n a r  
lavas; t h e  o r i g i n  and t iming of l u n a r  volcanism; t h e  n a t u r e  of  t h e  gas  produced i n  l u n a r  v o l c a n i c  e r u p t i o n s ;  
and t h e  o r i g i n  of t h e  p u z z l i n g  magnetism found i n  l u n a r  rocks .  Another group of s t u d i e s  w i l l  examine t h e  
r e c o r d s  of  s o l a r  and cosmic r a d i a t i o n  t r a p p e d  i n  l u n a r  rocks  and s o i l  d u r i n g  t h e  p a s t  f o u r  b i l l i o n  years .  
For  t h e s e  s t u d i e s ,  m u l t i d i s c i p l i n a r y  groups of  s c i e n t i s t s  w i l l  c a r e f u l l y  examine complex l u n a r  rocks  
( b r e c c i a s )  and c o r e s  of l u n a r  s o i l .  Other  s c i e n t i s t s  w i l l  under take  comparat ive s t u d i e s  of l u n a r  samples 
and m e t e o r i t e s  i n  o r d e r  t o  understand t h e  s u r f a c e  l a y e r s  of a s t e r o i d s  and terrestrial  p l a n e t s .  

S tudy  of Russ ian  Luna-16 and Luna-20 samples w i l l  p rovide  new informat ion  about  a r e a s  of t h e  Moon not v i s i t e d  
d u r i n g  t h e  Apollo program. N e g o t i a t i o n s  are  now underway f o r  a n  exchange of t h e  Luna-24 samples c o l l e c t e d  i n  . .  August 1976 froin Mare C r i s i i i i i i .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 

SUMMARY OF RESOURCES REQUIREMENTS 

Common Opera t ing  Research  Equipment .......... 
V e s t i b u l a r  Func t ion  Research . . . . . .  ........... 
I n t e g r a t e d  L i f e  Sc iences  S h u t t l e / S p a c e l a b  

Experiments. ............................... 
Suppor t ing  Ac t iv i t i e s . . . . . . . . . . .  ............. 

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

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n :  

Johnson Space Ce~ter.....................-~+* 
Kennedy Space Center. . . . . . . . . . . . . . . . . . . . . . . . .  

Goddard Space F l i g h t  Center. . . . . . . . . . . . . . . . . .  

Ames  Research  Center.. . . . . . . . . . . . . . . . . . . . . . . .  
Dryden F l i g h t  Research  Center. . . . . . . . . . . . . . . .  
Headquar te rs .  ................................ 

............ X a r s h z l l  S p x e  Flight Cente r  ........... 

Je t  P r o p u l s i o n  Labora to ry  .................... 

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

LIFE SCIENCES PROGRAM 

T r a n s i t i o n  1977 
Cur ren t  1976 Q u a r t e r  Budget 

Ac tua l  A c t u a l  Estimate Estimate 
(Thousands of D o l l a r s )  

1,000 500 1 , 500 1,500 - - -  --- 900 900 

- - -  --- - - -  --- 
19,576 4,936 19,725 19,725 

22.125 20.576 5.436 22.125 

5,925 
55 

366 

1,498 
8 , 574 

100 
4,058 

--- 

20.576 

2,077 
- - -  

5,436 

6,000 
1,000 

500 
2 , 100 
8,375 

- - -  

100 
4 , 050 

22,135 

7,530 
60 

--- 
_ _ _  

1,911 

100 
3 , 667 

0 O K 7  
V , V J I  

22.125 

1978 
Budget 

E s  t i m a  t e 

8 , 000 
1,500 

1,000 
22,800 

33.300 

14 , 446 
200 

- - -  
1 , 900 

12 ,725  
100 

3 , 929 

33 , 300 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF SPACE SCIENCE LIFE SCIENCES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e  of  t h e  L i f e  S c i e n c e s  program i s  t o  p r o v i d e  a sound r e s e a r c h  and development b a s e  f o r  enhancing 
human h e a l t h ,  s a f e t y ,  and e f f e c t i v e  performance i n  space  f l i g h t ;  advancing knowledge i n  E a r t h  medicine and 
b i o l o g y ;  and unders tanding  t h e  o r i g i n  and d i s t r i b u t i o n  of l i f e  i n  t h e  universe .  Major areas of  emphasis focus 
on p r o v i d i n g  access t o  space t o  s c i e n t i s t s  w i t h o u t  s p e c i a l  f l i g h t  t r a i n i n g ;  p r e p a r i n g  f o r  long d u r a t i o n  space  
f l i g h t  l i f e  s u p p o r t  requi rements ;  and c o n t i n u i n g  t h e  s e a r c h  f o r  ex t ra te r res t r ia l  l i f e  and r e l a t ed  o r g a n i c  
a c  t i v i  t y . 

The knowledge gained from t h e  L i f e  S c i e n c e s  program i s  made a v a i l a b l e  t o  t h e  s c i e n t i f i c  and t e c h n i c a l  
community f o r  a p p l i c a t i o n  t o  and advancement of  medical r e s e a r c h ,  e d u c a t i o n ,  and technology.  The a p p l i c a b i l i t y  
o f  knowledge d e r i v e d  from l i f e  s c i e n c e s  r e s e a r c h  c o n t i n u e s  t o  be s i g n i f i c a n t .  Program requi rements  t o  i n v e s -  
t i g a t e  b a s i c  b i o l o g i c a l  i n t e r a c t i o n s  i n  t h e  c l o s e d  e c o l o g i c a l  environment of space  c a p s u l e s  h a s  d i r e c t  feed-  
back i n t o  environmental  modeling of t h e  e a r t h ‘ s  b iosphere .  Research i n t o  t h e  d e c o n d i t i o n i n g  d u e  t o  z e r o  
g r a v i t y  i n d i c a t e s  a s t r o n g  p a r a l l e l  e x i s t s  between space .  d e c o n d i t i o n i n g  and t h e  problems a s s o c i a t e d  w i t h  t h e  
l o n g  i n a c t i v i t y  of t h e  bed-r idden.  Necessary concern w i t h  t h e  p r e i l l g h t  and l i i f lLght  d c t c c t t o n  35 d i s e ~ s e  
h a s  provided t h e  impetus t o  develop v a l u a b l e  d i a g n o s t i c  techniques  and i n s t r u m e n t s  f o r  h e a l t h  maintenance. 

Z v i i t i i i u l i i g  cooperation x l t h  t h e  ESSE L i f e  S c i e n c e s  community and j o i n t  working group meetings w i t h  t h e  USSR 
have r e s u l t e d  i n  s e l e c t i o n  of f i v e  U.S. experiments  t o  b e  flown on t h e  next  USSR b i o s a t e l l i t e  i n  1977. The 
C o r r ~ ~ o n  Opcrattr,;; Eeceirch v n r i i n m e n t  - i - - r  ( C n R F )  i t e m s  r e q u i r i n g  long  l e a d - t i m e  development f o r  Spacelab u s e  have 
been i d e n t i f i e d  and procurement h a s  been i n i t i a t e d .  Curren t  a c t i v i t y  i n v o l v e s  t-he p r e p a r a t l o n  of =. work 
s t a t e m e n t  f o r  use  i n  a c q u i r i n g  a d e s i g n ,  e n g i n e e r i n g  and o p e r a t i o n s  c o n t r a c t o r  f o r  CORE i n  FY 1978 and t h e  
i n i t i a t i o n  of des ign  d e f i n i t i o n  s t u d i e s  f o r  developmental  hardware. Tine Vestibular F u t ~ ~ t l o n  Research (E”) 
h a s  progressed  t o  t h e  p o i n t  of s e l e c t i n g  an exper imenter  f o r  t h e  f i r s t  f l i g h t  and i n i t i a t i n g  procurement o f  
f l i g h t  hardware.  Announcements of Oppor tuni ty  t o  f l y  on t h e  Space labs  1 and 2 miss ions  e l i c i t e d  g r a t i f y i n g  
r e s y o n s e s  i n  terms of t h e  number of L i f e  Sc iences  experiments  proposed f o r  f l i g h t .  From t h i s  response ,  
L i f e  Sc iences  h a s  e s t a b l i s h e d  a c a n d i d a t e  group of experiments  of t h e  type  t o  be flown a s  p a r t  of t h e  I n t e g r a t e d  
L i f e  Sc iences  S h u t t l e / S p a c e l a b  Experiments (ILSSE) program. 
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FY 1978 funding  will pro~~r ide ,  f o r  deijelopment of i n r l i ~ ? i d ~ ~ a l  CQF.E i t e m s  2nd t h e  F ~ i t i ~ t - i o ~  of  the  d e s i g n ,  
eng inee r ing  and o p e r a t i o n s  c o n t r a c t o r  a c t i v i t i e s .  Development and t e s t i n g  a s s o c i a t e d  w i t h  t h e  VFR experiment  
and o t h e r  f l i g h t  hardware w i l l  con t inue .  The d e f i n i t i o n  phase  of t h e  ILSSE program w i l l  be  i n i t i a t e d  d u r i n g  
FY 1978. I n  a d d i t i o n ,  s o l u t i o n s  t o  problems of space  f l i g h t ,  such  as motion s i c k n e s s ,  and i d e n t i f i c a t i o n  and 
assessment  of problems which may a r i s e  when a wide spectrum o f  t h e  p o p u l a t i o n  i s  given a c c e s s  t o  space  w i l l  
con t inue  t o  be  emphasized i n  FY 1978. The P l a n e t a r y  Biology research program w i l l  con t inue  t o  i n v e s t i g a t e  
t h e  Viking r e s u l t s  and a p p l y  them i n  t h e  s e a r c h  f o r  new knowledge o f  s o i l  and o rgan ic  chemis t ry .  

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

COMMON OPERATING RESEARCH EQUIPMENT (CORE) 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua l  A c t u a l  E s t i m a t e  Estimate E s  t i m a  t e 
(Thousands o f  D o l l a r s )  

................................. 100 100 2,000 I n t e g r a t i o n  --- - - -  

Opera t iona l  checkout. . . . . . . . . . . . . . . . . . . . . . . .  - - -  --- --- --- --- 
Equipment ................................... 1,000 500 1,400 1,400 6,000 

T o t a l .  .................................... 1 000 500 1,500 1.500 

The L i f e  Sc iences  S h u t t l e / S p a c e l a b  Labora tory  w i l l  p rov ide  s c i e n t i s t s  w i t h  an  i n - o r b i t ,  " s h i r t - s l e e v e "  work 
envfronment.  These c a p a b i l i t i e s  w i l l  pe rmi t  r e s e a r c h  o b s e r v a t i o n  and change i n  experiment approach d i ~ r i n g  
f l i g h t ,  as w e l l  as s o p h i s t i c a t e d  specimen manipula t ion  d u r i n g  complex exper iments .  The l a b o r a t o r y  w i l l  be  
n i i t f i t t e d  w i t h  eqii iprnent commonly u s e d  by a l l  l i f e  s c i e n c e  r e s e a r c h e r s  s u c h  as specimen ho ld ing  f a c i l i t i e s ,  
animal  s u r g i c a l  c a p a b i l i t y ,  t r e e z e r s ,  microscopes and suppor t  services of  power, s t o r a g e ,  d a t a  hand i ing ,  and 
r e l a t e d  requi rements .  This  equipment w i l l  be  procured "off  t h e  s h e l f " ,  t o  t h e  e x t e n t  p o s s i b l e ,  and w i l l  be  
adapted  t o  a modular bu i ldup  form s o  t h a t  i n t e g r a t i o n  and mis s ion - to -mis s ion  change w i l l  b e  ea sy ,  r a p i d  and 
economical.  This modular c h a r a c t e r i s t i c  w i l l  p r o v i d e  t h e  v e r s a t i l i t y  t o  b u i l d  up from s i n g l e  experiment  
packages t o  any level  of  m u l t i p l e  experiment  c o n f i g u r a t i o n s .  Thus, ca r ry -on  packages are f e a s i b l e  f o r  
l o c a t i o n  i n  t h e  S h u t t l e ' s  c a b i n  and c a r g o  bay, as w e l l  as i n  o t h e r  d i s c i p l i n e  ded ica t ed  Space labs .  
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Schedules ,  p r i o r i t i e s ,  and f l i g h t  requi rements  a re  be ing  developed f o r  t h e  CORE items as a r e s u l t  of s t u d i e s ,  
ground t e s t  s i m u l a t i o n s  and p l ann ing  schedu les  b e i n g  de r ived  i n  FY 1977. P r i o r  s t u d i e s  developed t h e  r e q u i r e -  
ments f o r  f l i g h t  of t h e  v a r i o u s  L i f e  Sc iences  C O E  i t e m s .  Each of the items Ls b e i n g  ana lyzed  ts de termine  t h e  
scope  of t h e  work r e q u i r e d  and t h e  t ime i t  w i l l  t ake .  Ground t e s t  s i m u l a t i o n s  of  e n g i n e e r i n g  and s c i e n t i f i c  
approaches are c a r r i e d  o u t  t o  i d e n t i f y  and r e s o l v e  p o t e n t i a l  problems. In FY 1977, a t e s t  w i l l  f ocus  on a 
b i o l o g y  t y p e  mis s ion  w i t h  emphasis on t h e  specimen ho ld ing  f a c i l i t i e s  and t h e  s c i e n t i s t ‘ s  manipula t ion  of  t h e  
exper iments .  T e s t  r e s u l t s  i n d i c a t i n g  needed changes w i l l  be  used t o  modify hardware d e s i g n s  i n  FY 1978 and 
p l ann ing  f o r  s p e c i f i c  miss ions  w i l l  p r o v i d e  t h e  t i m e t a b l e  tha t  must b e  m e t  t o  d e l i v e r  f l i g h t - r e a d y  hardware.  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, two major types  of a c t i v i t i e s  w i l l  b e  c o n t i n u i n g  i n  p a r a l l e l .  F i r s t ,  t h e  development of t h e  
i n d i v i d u a l  equipment i t e m s  f o r  CORE w i l l  b e  b u i l d i n g  up. Long l ead - t ime  developments s t a r t e d  i n  FY 1977 w i l l  
be  c o n t i n u i n g  as t h e  remainder  of  t h e  equipment developments are  begun. A des ign ,  e n g i n e e r i n g  and o p e r a t i o n s  
c o n t r a c t  w i l l  b e  awarded i n  e a r l y  FY 1978 f o r  the a n a l y s i s ,  m o d i f i c a t i o n ,  f a b r i c a t i o n / p a c k a g i n g ,  and t e s t i n g  
o f  a m u l t i p l i c i t y  of systems and subsystems. Second, t h e  f i n a l  des ign  l a y o u t s  f o r  t h e  f i r s t  ded ica t ed  L i f e  
Sc iences  Space lab  and a min i l ab  f o r  u se  on Space lab  1 w i l l  be  i n i t i a t e d .  Based on proposed f l i g h t  payloads ,  
work w i l l  b e  s t a r t e d  on t h e  development and l o c a t i o n  of work areas; t h e  i n t e g r a t i o n  and a n a l y s i s  of specimens,  
power, thermal and d a t a  requi rements ;  and the assessment  of  manpower and s k i l l s  r equ i r emen t s .  

BASIS OF FTf 1 9 7 8  FUNDI?U’G REQUIPXMENTS : 
VESTIBULAR FUNCTION RESEARCH (VFK) 

T r a n S i  t i o n  1977 1978 
1976 Quar t e r  Budget Curren t  Budget 

Ac tua l  A c t u a l  E s t i m a  t e E s t i m a  t e Es t ima te  
(Thousands o f  D o l l a r s )  

................................... 900 900 1 , 500 Experiment --- - - -  - - - - 

T o t a l  . . . . . . . . . . . . . . . . . . . . . .  

OBJECTIVES AND STATUS: 

. . . . . . . . . . . . .  

The o b j e c t i v e  o f  t h e  V e s t i b u l a r  Funct ion  Research  program i s  t o  s t u d y  e q u i l i b r i u m  and p o s t u r a l  ( v e s t i b u l a r )  
mechanisms, t h e i r  response  t o  t h e  z e r o - g r a v i t y  environment,  and t h e  ways i n  which t h e s e  responses  can h e  
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modif ied.  It i s  planned t o  use  small an imals ,  w i th  v e s t i b u l a r  systems s imi l a r  t o  human ones ,  flown on a 
ser ies  of z e r o - g r a v i t y  miss ions  and compared wi th  a c o n t r o l  group on t h e  ground where a l l  t e s t  parameters  w i l l  
b e  d u p l i c a t e d  excep t  foi- z e r o - g r a u i i y .  
t o  e a r t h  f o r  r e fu rb i shmen t  and r e l aunch  w i t h  new experiments .  

Die i i r s i  miss ion  i s  p lanned  f o r  a 1980 S h u t t i e  iaunch ,  w i th  r e t u r n  

I n  FY 1977,  a P r i n c i p a l  I n v e s t i g a t o r  f o r  t h e  f i r s t  miss ion  w i l l  b e  s e l e c t e d .  The P r i n c i p a l  I n v e s t i g a t o r  
needs t o  t es t  t h e  experiment  s u b j e c t s  i n  an  extended d u r a t i o n  mode. 
v i a b i l i t y  of  specimen p r e p a r a t i o n  t echn iques  f o r  extended d u r a t i o n s  and w i l l  de te rmine  t h e  e f f e c t s  on t h e  
specimen l i f e  suppor t  sys tem ( s k i n  shedding ,  urea  bu i ldup ,  e t c . ) .  I n  a d d i t i o n ,  i t  i s  necessa ry  t o  s t a r t  tes t -  
i n g  t o  p r o v i d e  the ground d a t a  b a s e  f o r  comparison w i t h  f l i g h t  r e s u l t s .  
p roposa l s  (RFP) w i l l  be i s s u e d  f o r  p r e l i m i n a r y  des ign  of  t h e  VFR f l i g h t  hardware.  

This t e s t i n g  ass i s t s  i n  e s t a b l i s h i n g  t h e  

A l s o  d u r i n g  FY 1977, a r e q u e s t  f o r  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978 t h e  P r i n c i p a l  I n v e s t i g a t o r  w i l l  con t inue  t o  do l a b o r a t o r y  t e s t i n g  t o  develop t h e  procedures  and 
ground d a t a  base  f o r  t h e  f l i g h t  experiment  and f o r  t h e  p o s t f l i g h t  d a t a  a n a l y s i s .  To suppor t  t h i s  t e s t i n g ,  
t h e  f l i g h t  hardware c o n t r a c t o r  w i l l  f a b r i c a t e ,  t e s t  and d e l i v e r  t o  the P r i n c i p a l  I n v e s t i g a t o r  a b o i l e r p l a t e  
specimen l i f e  suppor t  subsystem. The c o n t r a c t o r  will a l s o  do component development and q u a l i f i c a t i o n  t e s t s  
f o r  several  of t h e  f l i g h t  subsystems.  

8ASIS OF FY 1978 FUNDING REQUIREMENTS: 

INTEGRATED LIFE SCIENCES SHUTTLE/SPACELAB EXPERIMENTS (ILSSE) 

T r a n s i t i o n  1977 1978 
Euuclgei o..---- - . - L  

b U L  L C l l L  
D,..?,.-+ 1976 Q z a r t e r  UUU6LL 

Actua l  Ac tua l  E s  t i m a  t e E s  t i m a  t e E s  t i m a t  e 
(Thousands of  D o l l a r s )  

The  o b j e c t i v e s  o f  + h e  IF - teg r l t ed  L i f e  sc'LcyLccs Shiit t :s/Spacelab Experiments  ( I L h S k )  program are  t o  p rov ide  an  
oppor tun i ty  t o  i n v e s t i g a t e  t h e  e f f e c t s  of  we igh t l e s sness  and o t h e r  un ique  space  c o n d i t i o n s  ( e . g . ,  hard  vacuum and 
r a d i a t i o n )  on l i f e  systems;  and t o  u t i l i z e  t h e  uniqueness  of t h e  s p a c e  environment t o  an  e x t e n t  h e r e t o f o r e  
imposs ib le .  I n v e s t i g a t i o n s  a re  planned t o  i n c l u d e  de te rmina t ion  of  e f f e c t s  of space  exposure on l i v i n g  organ- 
i s m s ;  development of  countermeasures  t o  any d e l e t e r i o u s  e f f e c t s  r e s u l t i n g  from long- te rm space  f l i g h t ;  develop-  
ment of s p e c i a l  systems f o r  o p t i m i z i n g  human performance i n  space ;  r e s e a r c h  i n  t h e  f i e l d  of  b i o l o g i c a l  materials;  
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and b a s i c  r e s e a r c h  t o  improve understanding of  t h e  l i v i n g  organisms i n  t h e  Ear th  environment.  These a c t i v i t i e s  
w i l l  b e  conducted by r e s e a r c h  s c i e n t i s t s  and t e c h n i c i a n s  i n  s p a c ~ .  

I n  p r e p a r a t i o n  f o r  t h e  FY 1978 s ta r t  of ILSSE, f a c i l i t y  requi rements  surveys ( b u i l d i n g  s p a c e ,  s p a c e l a b  mockup, 
s p e c i a l  tes t  equipment, ground suppor t  equipment) are b e i n g  conducted ,  and g e n e r a l  l o g i s t i c  s u p p o r t  r e q u i r e -  
ments are  b e i n g  determined.  Development of  g e n e r i c  requi rements  f o r  a S h u t t l e / S p a c e l a b  L i f e  S c i e n c e s  d a t a  
system i s  under review as i s  t h e  development of an i n t e r i m  d a t a  system t o  suppor t  L i f e  S c i e n c e s  Space lab  Mission 
Development (SMD) tes ts .  The SMD tes t  series u t i l i z e s  a ground-operated s i m u l a t i o n ,  t es t  and checkout f a c i l i t y  
c o n f i g u r e d  l i k e  t h e  S h u t t l e / S p a c e l a b  f o r  t h e  purpose  of s u p p o r t i n g  L i f e  S c i e n c e s  i n  p l a n n i n g ,  deve loping ,  
i n t e g r a t i n g ,  and o p e r a t i n g  L i f e  Sc iences  payloads i n  the S h u t t l e / S p a c e l a b  era. 

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funding  w i l l  suppor t  t h e  e s t a b l i s h m e n t  of a n  o p e r a t i o n a l  c a p a b i l i t y  f o r  t h e  L i f e  S c i e n c e s  
experiments  program, a t  Ames Research Center  (ARC), Johnson Space Center  (JSC), and Kennedy Space Center  (KSC). 
This  w i l l  i n c l u d e  t h e  procurement of equipment t o  o u t f i t  l a b o r a t o r i e s  a t  t h e s e  Centers .  Requirements f o r  
Common Opera t ing  Research Equipment (CORE) w i l l  b e  j o i n t l y  e s t a b l i s h e d  by t h i s  program and t h e  CORE program. 
L i f e  S c i e n c e s  S h u t t l e  miss ion  p lanning  w i l l  b e  suppor ted  a t  JSC,  ARC, KSC, and NASA Headquar te rs .  

S e l e c t i o n  of and i n i t i a l  p lanning  f o r  L i f e  S c i e n c e s  experiments  f o r  Spacelab miss ions  w i l l  s t a r t  a f t e r  t h e  
f i r s t  two-year Announcement of Opportuni ty  i s  developed and r e l e a s e d  i n  FY 1978. Spacelab Miss ion  Development 
t es t  a c t i v i t i e s  w i l l  c o n t i n u e  i n  FY 1978. 

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 
S W POR T I NG AC TIV I T I E S 

m-- - .- - - 7 n77 _1 *-In i L a i i s i i i o n  L Y l  I L Y I  b 

1976 Q u a r t e r  Budget Curren t  Budget 

(Thousands of  D o l l a r s )  

r.-*: -- L - 
L > L I l l U L C  

77- L : - -  L - La L I L l l a . L t z  n-A-2  L a  L I l l U L t z  -- * - A ..&.--l 
nL LUaL 

h ..&..--I 
nLLuaL 
=~ ___ 

L i f e  s c i e n c e s  s u p p o r t i n g  r e s e a r c h  
and technology ............................. 14,926 3,800 14,925 14,925 18 , 000 

P l a n e t a r y  biology... . . . . . .  ................... 3,300 836 3,300 3,300 3 , 300 
P l a n e t a r y  q u a r a n t i n e  ......................... 1,350 300 1 , 500 1,500 1 , 500 

Total...................................... 19.576 4,936 19.725 19.725 
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OBJECTIVES AND STATUS : 

The Suppor t ing  A c t i v i t i e s  of  t h e  L i f e  Sc iences  program p r o v i d e  t h e  ground-based r e s e a r c h  t o  develop t h e  m d e r -  
s t a n d i n g  and technology n e c e s s a r y  t= permi t  humans t o  f u x t i o n  e f f e c t i v e l y  I n  space  and iw delermine  t h e  b i o i o g -  
i ca l  e f f e c t s  of t h e  space  environment.  This m u l t i d i s c i p l i n a r y  r e s e a r c h  program encompasses medical ,  b e h a v i o r a l  
and b i o l o g i c a l  r e s e a r c h ,  t h e  i n v e s t i g a t i o n  of  a l l  p e r t i n e n t  a s p e c t s  of  known and a n t i c i p a t e d  problems of  human 
r e s p o n s e  t o  space  f l i g h t ,  and t h e  i d e n t i f i c a t i o n  of  l i f e  s u p p o r t  and p r o t e c t i v e  systems necessary  t o  s u s t a i n  
humans d u r i n g  space  f l i g h t .  

I n  t h e  Suppor t ing  Research and Technology a r e a s ,  r e s e a r c h  i s  p r o g r e s s i n g  toward s o l u t i o n s  t o  t h e  problems 
of  space  motion s i c k n e s s ;  c a r d i o v a s c u l a r  decondi t ion ing;  and bone, muscle ,  f l u i d  and e l e c t r o l y t e  changes.  This 
ground-based a c t i v i t y  u s e s  ana logs  of  s p a c e  f l i g h t ,  such as bed rest ,  which c l o s e l y  s i m u l a t e  zer0-gravi t -y  
e f f e c t s  . 

B i o l o g i c a l  r e s e a r c h  i s  b e i n g  conducted i n  t h e  s y n t h e s i s  of b i o l o g i c a l l y  s i g n i f i c a n t  0rgani.c molecules ,  and 
i n  t h e  metabol ic  a c t i v i t y ,  growth and r e p r o d u c t i o n  of microorganisms. The development of second g e n e r a t i o n  
p r o t o t y p e  ins t ruments  f o r  d e t e c t i o n  and c h a r a c t e r i z a t i o n  of l i f e - r e l a t e d  o r g a n i c  molecules  on p l a n e t a r y  s u r -  
f a c e s  o r  i n  p l a n e t a r y  atmospheres i s  proceeding.  

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 Suppor t ing  A c t i v i t i e s  funding  provides  f o r  c o n t i n u a t i o n  o i  r e s e a r c h  t o  develop t h e  unders tanding  
and technology n e c e s s a r y  t o  p e r m i t  humans t o  f u n c t i o n  e f f e c t i v e l y  i n  space.  I n  FY 1978, funding i s  i n c l u d e d  
f o r  common e n g i n e e r i n g ,  s c i e n t i f i c  and t e c h n i c a l  s u p p o r t ,  and support c n n t r a c t n r  personnel  at the ~ e h n s m  
Space Center .  

Support ing Research and Technology e f f o r t  i n  FY 1978 w i l l  c o n t i n u e  t o  b e  d i r e c t e d  toward d e l i n e a t i o n  o f  
anticlpat-d f l i g h t  stresses which "y r e p r e s e n t  hazards t~ t h e  tnd+;ld*da? o r  + A  Lu +LA L L I c  -:--:A* LiuaaLuii, aiiu --,I methods f o r  
p r e d i c t i n g  i n d i v i d u a l  r e s p o n s e s  t o  them, 

changes.  
s p a c e c r a f t  atmospheres and water f o r  human sus tenance .  

Areas which w i l l  receive s p e c i a l  emphasis i n  FY 1978 are  t h e  
cardjg,?asc-lsr sz.1 ..?-sti"..lar systems , a?%! m-2scIe s l t 2 r a t i c n s  , and fl-2i.1 2-6 e l z c t r c l y t z s  r 2 e t 2 h c l l s m  

Research w i l l  a l s o  b e  expanded t o  s e a r c h  f o r  more economical  methods o f  r e c y c l i n g  and r e g e n e r a t i n g  

I n  FY 1978,  P l a n e t a r y  Biology r e s e a r c h  w i l l  c o n t i n u e  i n  t h e  a r e a s  of c h e m i s t r y ,  geochemistry,  and b i o l o g y  
t o  understand how s imple  o r g a n i c  compounds formed on t h e  p r i m i t i v e  E a r t h  and whether  t h e y  a r e  now o r  have 
ever formed on o t h e r  p l a n e t s ;  under what c o n d i t i o n s  s imple  o r g a n i c  molecules  become more complex and l e a d  
u l t i m a t e l y  t o  t h e  o r i g i n  of  l i f e ;  and how we can de tec t  e x t r a t e r r e s t r i a l  l i f e .  K c s u l t s  of t h e  b i o l o g i c a l  
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experiments  conducted on Viking have opened new r e s e a r c h  areas i n  s o i l  chemis t ry  and provided  new unders tand-  
i n g  of t h e  complex n a t u r e  of p l a n e t a r y  s u r f a c e s .  

During FY 1978, i n  a d d i t i o n  t o  t h e  ongoing r e s e a r c h ,  P l a n e t a r y  Quarant ine  r e s e a r c h  w i l l  focus  on t h e  quaran- 
t i n e  measures which need t o  b e  a p p l i e d  t o  t h e  J u p i t e r  O r b i t e r j P r o b e  p l a n e t a r y  e x p l o r a t i o n  mission.  
measures which w i l l  b e  r e q u i r e d  should a Mars s o i l  sample b e  r e t u r n e d  t o  t h e  E a r t h  w i l l  a l s o  b e  s t u d i e d .  

Quarant ine  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

BUDGET S W Y  

OFFICE OF APPLICATIONS SPACE APPLICATIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

E a r t h  r e s o u r c e s  d e t e c t i o n  and mon i to r ing  ............. 
Ear th -dynamics  mon i to r ing  and f o r e c a s t i n g  ............ 
Ocean c o n d i t i o n  mon i to r ing  and f o r e c a s t i n g  ........... 
Environmental  q u a l i t y  mon i to r ing  ..................... 
Weather and c l i m a t e  o b s e r v a t i o n  and f o r e c a s t i n g  ...... 
M a t e r i a l s  p r o c e s s i n g  i n  space  ........................ 
Space communications ................................. 
A p p l i c a t i o n s  e x p l o r e r  mis s ions  ....................... 
E a r t h  r e s o u r c e s  o p e r a t i o n a l  sys t ems .  ................. 

Trans i t i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  E s t i m a t e  E s t i m a t e  Es t ima te  A c t u a l  
(Thousands of  D o l l a r s )  

60. 600 
8. 000 

22. 200 
22. 000 
40.  630 

5.  900 
13. 000 

5.900 
... 

12. 978 
1. 900 
8. 100 
9. 039 
9.  783 
1. 100 
2. 600 
2.200 
... 

67. 300 
4. 600 

30. 600 
26. 100 
36. 300 

9.  200 
13.  800 
10.300 
... 

64. 700 
4. 900 

30. 800 
27. 200 
36. 700 

8.  900 
15 .  500 

9. 300 
200 

92. 000 
7 .  900 

19. 200 
27. 500 
30. 700 
15.  500 
22. 800 
13. 200 
... 

47.700 198.200 198. 200 228.800 T o t a l  A p p l i c a t i o n s  ................................. 178.230 
Space a p p l i c a t i o n s  ............................... (178. 230) (47,700 ) (198,200 ) (198,ooo ) (228,800 ) 

(... ) E a r t h  r e s o u r c e s  o p e r a t i o n a l  s y s  Lems .............. (... (... ) (... > (200) 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ................................. 

M a r s h a l l  Space F l i g h t  Center  ......................... 
Kennedy Space Cen te r  ................................. 
N a t i o n a l  Space Technology L a b o r a t o r i e s  ............... 
GUCiddTI: Space  F:Lg:it Ccnter  .......................... 
J e t  P r o p u l s i o n  Labora to ry  ............................ 
Wallops F l i g h t  Center  ................................ 
A m e s  Research Center  ................................. 
Langley Research Center  .............................. 
L e w i s  Research Center  ................................ 
Headquar t e r s  ......................................... 

T o t a l  .............................................. 

31. 585 
6 10 

6. 926 
611 

18.  109 
5.  168 
8. 078 
9. 327 
3. 647 
5.  655 

88. 514 

6. 650 
95 

1. 924 
137 

24. 451 
6 .  186 
1. 888 
2 .  065 
2. 967 

518 
819 

32. 815 
700 

11. 155 
548 

sp. 9 5 7  
28. 980 

5.  542 
s . 553 
9 .  324 
2. 732 
7. 898 

32. 515 
605 

600 

30. 220 
5.  950 
7 .  506 
9 .  941 
2. 269 
8.070 

12. 010 

X X ; > 1 4  

198.200 
I- 

34. 320 
650 

19.  480 
300 

120 :  0 3u 
25. 100 
5.  450 
4 .  650 
7 .  840 

8.  770 

228.800 

2.  210 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF APPLICATIONS 

PROJECT 

FLIGHT SCHEDULE 

MISSION 

E a r t h  Resources De tec t ion  and Monitor ing:  
Ea r th  Resources Technology Sa te l l i t e s  Launch of LANDSAT-C 

Launch o f  LANDSAT-D 

Ocean Condit ion Monitor ing and 
Forecas t ing :  
Ocean Dynamics S a t e l l i t e s  

Environmental  Q u a l i t y  Monitor ing:  
A i r  P o l l u t i o n  and Oceanographic 

Observing S a t e l l i t e  

Weather and Climate Observa t ion  
and Forecas t inp :  
O p e r a t i  o n n l  Temper-tilre sac~cj_ing 

Global Atmospheric Research Program 
S a t e l l i t e  

M a t e r i a l s  P rocess ing  I n  Space: 
Sounding Rocket Missions 

Launch of SEASAT -A 

Launch of NIMBUS -G 

Launch of TIROS-N 
F i r s t  GARP Global  Experiment 

Launch about 3 annua l ly  

Ins t rumen t s  t o  be launched on N O M  
(TIROS-N s e r i e s )  s p a c e c r a f t .  

SPACE APPLICATIONS PROGRAM 

CALENDAR YEAR 

1977 
1981 

1978 

1978 

1978 
1978-79 

A s  e a r l y  a s  
1980 
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PROJECT 

ADDlications ExDlorers:  
Heat Capac i ty  Mapping Mission 
S t r a t o s p h e r i c  Aerosol and Gas 

Magnetic F i e l d  S a t e l l i t e  
Experiment 

S h u t t l e I S p a c e l a b  Miss ions  

Reimbursable Miss ions :  
GOES:? 

FLIGHT SCHEDULE 

M I S S I O N  

Launch of HCMM 

Launch of SAGE 
Launch of MAGSAT 

O r b i t a l  F l i g h t  T e s t  #2 
O r b i t a l  F l i g h t  Tes t  #5 
Space lab  Payloads 

Launch of GOES B th rough F 

Launch of N O M  A-G 

CALENDAR YEN? 

1978 

1979 
1979 

1979 
1980 

Beginning 
i n  1981 

19 7 7 - 1985 
( S u b j e c t  t o  
c a l l - u p  by 
NOAA) 

1978- 1984 
(Sub jec t  t o  

- 9 1  1 - 1 - n  h-7 
- Y  W J  C U I -  

NOAA) 

; 'National Oceanic and Armospheric Adminis t ra t ion  (NOAA) funded. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF APPLICATIONS SPACE APPLICATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION 

The o b j e c t i v e  of t h e  Space A p p l i c a t i o n s  program i s  t o  conduct r e s e a r c h  and development a c t i v i t i e s  t h a t  de- 
m o n s t r a t e  and t r a n s f e r  t h e  a p p l i c a t i o n s  of s p a c e - r e l a t e d  technology,  systems and o t h e r  c a p a b i l i t i e s  which can 
be e f f e c t i v e l y  a p p l i e d  and used €or  down-to-ear th  p r a c t i c a l  b e n e f i t s .  These R&D a c t i v i t i e s  are grouped i n  
t h e  fo l lowing  g e n e r a l  a r e a s :  E a r t h  Resources  D e t e c t i o n  and Moni tor ing ,  E a r t h  Dynamics Monitor ing and Fore-  
c a s t i n g ,  Ocean Condit ion Monitor ing and F o r e c a s t i n g ,  Environmental  Q u a l i t y  Monitor ing,  Weather and C l i m a t e  
Observa t ion  and F o r e c a s t i n g ,  M a t e r i a l s  P r o c e s s i n g  i n  Space, Space Communications, and A p p l i c a t i o n s  E x p l o r e r  
Miss ions .  

I n  each of t h e s e  a r e a s ,  programs are  be ing  conducted and planned t o  c o n t r i b u t e  t o  t h e  s o l u t i o n  of p r e s s i n g  
n a t i o n a l ,  a s  w e l l  a s  i n t e r n a t i o n a l ,  problems and needs.  

E a r t h  Resources D e t e c t i o n  and Moni tor ing  - The e f f e c t i v e  u t i l i z a t i o n  of t h e  w o r l d ' s  f i n i t e  n a t u r a l  r e s o u r c e s  
r e q u i r e s  t h a t  t h e i r  e x t e n t  and a c c e s s i b i l i t y  be surveyed ,  t h a t  t h e i r  changes be monitored and t h a t  systems f o r  
w i s e l y  managing t h e i r  e x p l o r a t i o n  be developed,  I n  t h e  e a r t h  r e s o u r c e s  survey  a r e a ,  t w o  o b j e c t i v e s  have been 
e s t a b l i s h e d :  (1) t o  develop t h e  c a p a b i l i t i e s  f o r  remotely s e n s i n g  the e a r t h ' s  r e s o u r c e s  from a i r c r a f t  and 

w a t e r  management, minera l  and pe t ro leum e x p l o r a t i o n ,  land  u s e  assessment ,  and improving t h e  q u a l i t y  of world 
maps. Achieving t h e s e  o b j e c t i v e s  w i l l  p r o v i d e  an  i n f o r m a t i o n  b a s e  t h a t  can be used i n  t h e  management of t h e  
w o r l d ' s  r e s o u r c e s .  

c,nqonnrnFt  UyUbLLL U L L  :- L I I  V L U ~ L  ,.--I--- L -  LU p e i - f u ~ ~  cuiiipreiirrisive g l o b a l  s u r v e y s ;  and ( 2 )  t o  apply  t h e  r e s u l t s  t o  a g r i c u l t u r e ,  

S i g n i f i c a n t  a c t i v i t i e s  a r e  underway i n  t h e  A p p l i c a t i o n s  Systems Veri ficition snc! T r i n s f e r  (ASVT) 2,nd. LAL??DSAT-C 
, , , ; , , tc  VL- n c r 7 m  
p , L V J Z - L L a .  ~ I I C  A ~ V I  d c i i v i i i e s  a re  des igned  t o  demonst ra te  t o  t h e  u s e r  community t h a t  remote ly  o b t a i n e d  i n f o r -  
mat ion (from s a t e l l i t e s  and a i r c r a f t )  p r o v i d e s  new c a p a b i l i t i e s  t h a t  may e f f i c i e n t l y  supplement and/or  comple- 
iiient E x F s i i i i g  d a ~ a  gac 'np r ing  systems.  he mcst s i g n i f i c a z t  demonst ra t ion  t a k i n g  p l a c e  i s  t h e  Large Area Crop 
I n v e n t o r y  Experiment (LACIE), an experiment  u s i n g  LANDSAT d a t a  t o  de te rmine  wheat product ion  over  t h e  North 
American c o n t i n e n t  w i t h  e x t e n s i o n  t o  t h e  e n t i r e  world.  LANDSAT-C, t h e  t h i r d  E a r t h  Resources  Technology 
S a t e l l i t e ,  i s  being prepared  f o r  launch i n  e a r l y  FY 1978; i t  w i l l  c o n t i n u e  t o  g a t h e r  m u l t i s p e c t r a l  d a t a  on 
e a r t h  r e s o u r c e s  a f t e r  LANDSATS-1 and -2  c e a s e  t o  o p e r a t e .  
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The major new initiative proposed for FY 1978 is LANDSAT-D, a project which will advance the technology and 
techniques for earth resources remote sensing by utilizing the capabilities of the second generation experimental 
multispectral. scanner (the m'- L L L ~ L L L ~ L I C  - -  Napper) --curren~iy under development. This projecc wiil also test a totai 
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) OR a routine basis over a ~ r o j e c t e d  
three-year test period. 

The Thematic Mapper to be flown on LANDSAT-D will provide a significant improvement in the quality and use- 
fulness of remotely-sensed multispectral imagery due to its higher resolving power and additional spectral cover- 
age. 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 assessment; improvement of geo- 
detic 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 usefui information 
for location of natural resoiirces 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 associated 
with ship routing, offshore activities, fishing, and for improved weather forecasting. The program objectives 
W A L L  u c L L i c v c u  L I I L V U ~ l ~  Lllc development of space piaiivrms and reiaced 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 
t ~ n n ~ ~ ~ n h ~ ~  r -0- - rL-l  z r e  c u r r e ~ t l y  b c l z g  acqcirec! wFth the Gsodyria-iilic C A p c i ; i i i e i i i d l  G ~ e d i i  S d ~ e i i i ~ e  ( w w s - 3 ;  launched in 
1975. SEASAT-A will be the first satellite having the extensive capability for observing and monitoring ocean 
conditions; upon its launch in mid-1978, SEASAT is expected to demonstrate and validate the use of ocean data 
for achieving operating economies in the marine environment. 

T7:ll be o - ~ ; ~ . - - A  +L--..-L *I-- 

/ - - A ^  

Environmental Quality Monitoring - The Pollution Monitoring program has as its objective the development and 
demonstration of systems capable of identifying and measuring pollutants in the air and water on global and re- 
gional scales. A major focus of attention is upper atmospheric pollution; in this particular area, efforts are 
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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. 

Weather and Climate Observation and Forecasting - Reliable short- and long-term weather forecasts can mean 
savings of life, property, and money. The Weather and Climate program is directed toward the application of 
satellite data to problems in detection, prediction, and early warning of severe storms and the improvements 
of our capability for mid-range (1-14 days) and long-range (climatic) weather prediction. The atmospheric 
processes associated with these phenomena, i.e., severe storms and daily weather and climate, require different 
approaches and satellite systems to provide data to achieve better forecasts. The major activities will include: 
(1) continued emphasis on research and technology; (2) severe storm research; ( 3 )  the prototype development of 
third generation NOAA operational weather satellite (TIROS-N); ( 4 )  planning for the first international Global 
Atmospheric Research Program experiment to be conducted in 1978-1979; and (5) definition and development of 
experiments and payloads to be flown on early ShuttleISpacelab missions. 

Materials Processing in Space - The objective of this program is to exploit the unique characteristics of the 
space environment to prepare and process materials in ways that are not possible or economically practical on 
earth. The eventual benefits of the program are expected to include new knowledge of materials and technology 
improvements. These will be directly applicable to industrial and biomedical processes on the ground, as well 
as to the production of unique new products produced 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 available 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 investi- 
gate materials processes in space prior to the Shuttle era. The preliminary design of Space Processing Shuttle 
payioads was initiated in Fii i 9 7 7  in preparation for beginning the t u i i  scaie payioad deveiopment i n  FY i 978 .  
These Shuttle payloads will provide for systematic materials research and development in the early years of 
S h i i t t l e  o p e r a t i n n s  sn  a s  + n  make p r a c t i c a l  a p p l i c a t i o n s  possible in +he l a t e r  19SO's. 

Space Communications - From the inception of the space age, NASA has engaged in a vigorous research and de- 
velopment 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 consultation on communications satellites to various Government departments and agencies. The highly 
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successful series of Applications Technology Satellites (ATS-1, 3, 5, 6) and the cooperative U.S./Canadian 
Satellite (CAS-C)  w i l l  continue tc be used k.7 “ J  various domestlc and international experimenters to demonstrate 
innovative application of communications satellites. A significant effort will be undertaken to provide 
technical consultation and support to U.S. Agencies, including NASA, participating in the  1979 World Admin- 
istrative Radio Conference (WARC), the first of its kind since 1959. NASA involvement is important to assure 
frequency assignments for all types of satellites. Based on NASA experiments and systems studies, the Inter- 
agency Committee on Search and Rescue--comprised of members from the Departments of Commerce, Defense and 
Transportation, the Federal Communications Commission and NASA--plus observers from the Aircraft Owners 
and Pilots Association and the National Association for Search and Rescue, has studied the application of 
space technology to aid search and rescue operations and has recommended that demonstration of a satellite- 
aided search and rescue system be implemented. The proposed Search and Rescue Satellite System is a 
cooperative U.S.-Canadian program, which will employ sensitive receivers and high gain antennas to be carried 
on operational polar-orbiting meteorological spacecraft to demonstrate the feasibility of obtaining a signi- 
ficant increase in the capability to detect and locate the distress signals carried by general aviation air- 
craft and certain marine vessels. 
these signals to an accuracy of about 15-20 kilometers. 

Preliminary calculations indicate that such a satellite can position-fix 

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 requirements. 
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 Tor studies 
of soil moisture, mapping of thermal effluents, measurement of plant canopy temperature, and for the mapping 
of snow coverage; (2) the Stratospheric Aerosol and Gas Experiment (AEM-B), which will help develop measure- 
iiieiit ‘Lecliiiiques ior r‘ne detection and mapping o t  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 improved accuracy. Magsat 
data are needed to refine magnetic field models  and charts, t~ *-..A-+,. uyuaLc L U L L c l l L  -.-----& --I- l~g~letlc f i e i d  d a i a  for appiicabie 
exploration of natural resources and to enhance our knowledge of the geologic structure of the earth. 
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BASIS OF FUND REQUIREMENTS: 

EARTH RESOURCES DETECTION AND MONITORING 

LANDSAT-1 and ..................................... 5 , 100 
LANDSAT-C .......................................... 13,000 
LANDSAT-D .......................................... 
Thematic mapper - - -  
S h u t t l e f S p a c e l a b  payload development ............... ---  
S h u t t l e / S p a c e l a b  miss ion  d e s i g n  and i n t e g r a t i o n  .... 

Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  ............. - - -  

--- 
.................................... 

- - -  
A p p l i c a t i o n s  t r a n s f e r  and demonst ra t ion  program .... 10,400 
A p p l i c a t i o n s  r e s e a r c h  and technology development ... 32,100 

T r a n s i t  i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands o f  D o l l a r s )  

3,500 

2,500 
6,278 

700 

T o t a l  ............................................ 60.600 12.978 

- - -  
14 , 800 
32,500 

2,500 

- - -  
13,500 

4 , 000 
- - -  

- - -  
13 , 900 
31,300 
2,000 

- - -  
3 , 200 

21,900 
14 , 800 

3 , 300 
2 , 400 

13,400 
32,000 

1,000 

64.700 92.000 67.300 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of t h i s  program a r e  t o  develop remote s e n s i n g  technology s p a c e  systems and a s s o c i a t e d  a i r -  
c r a f t  and ground suppor t  systems t o  improve t h e  c a p a b i l i t y  f o r  moni tor ing ,  a n a l y z i n g  and managing t h e  e a r t h ' s  
r e s o u r c e s ;  and t o  a s s i s t  t h e  p u b l i c  and p r i v a t e  u s e r  community i n  d e v e l o p i n g  p r a c t i c a l  a p p l i c a t i o n s  and 
e f f e c t i v e  u t i l i z a t i o n  of t h e s e  c a p a b i l i t i e s .  Examples of  t h e  k i n d s  of u s e s  t o  which s a t e l l i t e  d a t a  can be 
p u t  a r e :  woridwide c rop  product ion  e s t i m a t i o n ,  minera i  and pe t ro leum e x p l o r a t i o n ,  flood hazard a s s e s s m i i t s  
and w a t e r  r e s o u r c e s  s t u d i e s .  

The f i r s t  d e d i c a t e d  e a r t h  r e s o u r c e s  s a t e l l i t e  w a s  LANDSAT-1, launched i n  1972. LANDSAT-2 followed i n  
1975; LANDSAT-C i s  t o  be readv  f o r  launch i n  l a t e  1977. The major new t h r u s t  i n  EY 1978 w i l l  be t h e  
i n i t i a t i o n  of t h e  LANDSAT-D program which w i l l  t e s t  t h e  second g e n e r a t i o n  h i g h  r e s o l u t i o n ,  remote s e n s i n g  
i n s t r u m e n t  c a l l e d  t h e  Thematic Mapper, t h e  development of which i s  b e i n g  i n i t i a t e d  i n  ET' 1977; and which 
w i l l  p r o v i d e  a s e v e r a l - y e a r  t es t  p e r i o d  f o r  t h i s  ins t rument  f o r  c u r r e n t  and p r o s p e c t i v e  u s e r s  of m u l t i -  
s p e c t r a l  e a r t h  r e s o u r c e s  survey d a t a .  
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The r e s e a r c h  technology and a p p l i c a t i o n s  development a c t i v i t i e s  w i l l  emphasize f o u r  major a r e a s  i n  FY 1978: 

1. I n  t h e  a r e a  o f  renewable r e s o u r c e s ,  t h e  major goa l  i s  t o  c o n t i n u e  t h e  development of t echn iques  f o r  
moni tor ing  from space  t h e  e a r t h ' s  changing p o t e n t i a l  c a p a b i l i t y  t o  produce food, f i b e r  and f r e s h  w a t e r .  
p r i n c i p a l  a c t i v i t y  invo lves  work w i t h  t h e  USDA and NOAA on t h e  Large Area Crop I n v e n t o r y  Experiment (LACIE) 
whose o b j e c t i v e  i s  t o  a r r i v e  a t  g l o b a l  wheat p roduc t ion  f o r e c a s t s  t h a t  a r e  more a c c u r a t e  and t ime ly  than  those  
now a v a i l a b l e ;  r e s e a r c h  w i l l  be conducted t o  improve t h e  e f f i c i e n c y  of e x i s t i n g  t echn iques  and 
t o  ex tend  LACIE r e s u l t s  t o  o the r  c rops  of world s i g n i f i c a n c e .  Emphasis w i l l  a l s o  be p l a c e d  on developing  t h e  
c a p a b i l i t y  f o r  mon i to r ing  water supply  and de te rmin ing  t h e  water  demands f o r  i r r i g a t i o n  and h y d r o e l e c t r i c  
purposes .  

The 

2.  I n  t h e  a r e a  of nonrenewable r e s o u r c e s  such  as mine ra l  and pe t ro l eum s u p p l i e s ,  t h e  major g o a l  i s  t o  
improve e x i s t i n g  techniques  f o r  t h e  a c q u i s i t i o n ,  p r o c e s s i n g  and a n a l y s i s  of s p e c i a l i z e d  space  d a t a  concern ing  
g e o l o g i c a l  s t r u c t u r e s  and f e a t u r e s .  When i n t e g r a t e d  i n t o  a t o t a l  e x p l o r a t i o n  program u s i n g  s t a n d a r d  geo- 
p h y s i c a l  e x p l o r a t i o n  t echn iques ,  t h e s e  d a t a  w i l l  s i g n i f i c a n t l y  enhan.ce t h e  c a p a b i l i t y  f o r  e x p l o r a t i o n  and 
e x p l o i t a t i o n  of t h e  e a r t h ' s  mine ra l  and energy r e s o u r c e s .  
v a l u a b l e  i n  t h e  q u e s t  f o r  new sources  t o  meet t h e  expanding demand f o r  e x t r a c t i v e  r e s o u r c e s .  
con t inue ,  w i t h  t h e  a c t i v e  involvement of t h e  u s e r  community, t o  deve lop  t h e  c a p a b i l i t i e s  of thermal  i n f r a r e d  
s e n s i n g  (LANDSAT-C and Heat Capac i ty  Mapping M i s s i o n ) ,  microwave sys tems,  s t e r e o  systems and s p e c i a l i z e d  
o r b i t s  f o r  t h e  d e t e c t i o n  and unde r s t and ing  of  b a s i c  g e o l o g i c a l  s t r u c t u r e s  n e c e s s a r y  f o r  mine ra l  and pe t ro l eum 
e x p l o r a t i o n .  

Space-acquired d a t a  have a l r e a d y  proven t o  be 
NASA w i l l  

3 .  I n  t h e  a r e a  o f  land  u s e ,  NASA p l a n s ,  w i t h  t h e  a c t i v e  involvement of t h e  Department of t h e  I n t e r i o r ,  
t h e  Environmental  P r o t e c t i o n  Agency, t h e  Census Bureau and a number of s t a t e  and l o c a l  a g e n c i e s ,  t o  a s s i s t  
i n  t h e  development of remote s e n s i n g  t echn iques  and procedures  t o  m e e t  t h e  r equ i r emen t s  of t h o s e  agenc ie s .  
These i n c l u d e  mon i to r ing  changes i n  t h e  e x t e n t  o f  urban  and suburban a r e a s  f o r  measuring popu la t ion  s h i f t s ,  
moni tor ing  t h e  e x t e n t  o f  land s u r f a c e  d i s r u p t i o n  and r ec l ama t ion  a s s o c i a t e d  w i t h  s u r f a c e  mining,  and upda t ing  
maps of s e l e c t e d  r e g i o n s  i n  t h e  U.S. The major g o a l  i s  t o  develop t h e  c a p a b i l i t y  t o  d e l i v e r  l and  cover  i n -  
format ion  f o r  u s e  i n  e x i s t i n g  management systems. 

4 .  To daie, i n  iile area u i  i e c i u i u i u g y  develupi i i r i i i ,  NASA lids piui ieercd iii tht: ~ise of  iiiii:tispectr~l d a t a  
i n  t h e  v i s u a l  and i n f r a r e d  wavelengths .  
v e r y  h i g h  p r i o r i t y  because of t h e  p o s s i b i l i t y  i t  o f f e r s  t o  a c q u i r e  d a t a  a t  n i g h t  and through c louds .  

For t h e  f u t u r e ,  a c t i v e  and p a s s i v e  microwave remote s e n s i n g  has  a 

The accomplishments of t h e  E a r t h  Resources  D e t e c t i o n  and Moni tor ing  program over  t h e  p a s t  y e a r s  have i n -  
c luded t h e  s u c c e s s f u l  o p e r a t i o n  of t h e  expe r imen ta l  LANDSAT-1 and -2 s a t e l l i t e s ;  t h e  conduct  of exper iments  
u s i n g  t h e  E a r t h  Resources  Experiment Package on Sky lab ;  and, e v e r - i n c r e a s i n g  c o l l a b o r a t i o n  w i t h  u s e r  groups 
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a t  t h e  F e d e r a l ,  r e g i o n a l  and s t a t e  l e v e l s  and w i t h  p r i v a t e  e n t e r p r i s e ,  bo th  i n  p r o j e c t s  conducted a s  p a r t  of 
t h e  A p p l i c a t i o n s  T r a n s f e r  and Demonstration Program and i n  less formal  p r o j e c t s  conducted a s  p a r t  of t h e  
App l i ca t ions  Research and Technology Development a c t i v i t i e s .  

The p r i n c i p a l  t h r u s t  du r ing  t h e  ba l ance  of FY 1977 w i l l  be t h e  comple t ion  of t h e  assembly and t e s t  of t h e  
LANDSAT-C s p a c e c r a f t ;  development of improved d a t a  management systems t o  hand le  t h e  d a t a  t o  be r e t u r n e d  from 
t h a t  s a t e l l i t e  a f t e r  launch;  complet ion of t h e  des ign  of  t he  Thematic Mapper which i s  being developed f o r  
f l i g h t  on t h e  newly proposed LANDSAT-D; and,  f o r m a l i z a t i o n  of agreements w i t h  coope ra t ing  F e d e r a l ,  s t a t e  and 
p r i v a t e  s e c t o r  groups f o r  t h e  conduct  of  new App l i ca t ions  T r a n s f e r  and Demonstrat ion p r o j e c t s .  

I n  FY 1978, major emphasis w i l l  be p laced  on i n i t i a t i o n  of development of t h e  LANDSAT-D p r o j e c t  which w i l l  
be a major s t e p  i n  t h e  con t inued  development of advanced r e s e a r c h  and development techniques  f o r  s a t e l l i t e -  
based e a r t h  r e s o u r c e s  remote s e n s i n g  systems.  Inc reased  emphasis w i l l  be p l aced  on t h e  development of pay- 
loads  f o r  t h e  S h u t t l e / S p a c e l a b  era i n c l u d i n g  p r o v i s i o n s  f o r  advanced imaging s e n s o r s  i n  both  o p t i c a l  
and microwave p o r t i o n s  of t h e  spectrum. 

Al so ,  a major e f f o r t  w i l l  be i n i t i a t e d  i n  FY 1978 t o  e s t a b l i s h  a c o n s o l i d a t e d  S h u t t l e I S p a c e l a b  Mission 
Design and I n t e g r a t i o n  program w i t h i n  t h e  E a r t h  Resources De tec t ion  and Moni tor ing  Program t o  suppor t  a l l  
of t h e  programs of t h e  O f f i c e  of App l i ca t ions .  

I n  FY 1978, i n  a d d i t i o n  t o  t h e  ongoing A p p l i c a t i o n s  Trans fe r  and Demonstrat ion Program p r o j e c t s ,  new 
pro . jec ts  w i l l  be i n i t i a t e d ,  such a s :  

o A Water Demand p r o j e c t  w i t h  t h e  C a l i f o r n i a  Department of Water Resources  t o  demonst ra te  t h e  u t i l i t y  
of LANDSAT d a t a  f o r  measuring t h e  ac reage  of i r r i g a t e d  l ands  and o t h e r  t ypes  of h y d r o l o g i c a l  land  
use  t o  improve e s t i m a t e s  of water demand f o r  i r r i g a t i o n ,  power g e n e r a t i o n  and urban u s e ;  

o An E a s t e r n  Land Cover Monitor ing p r o j e c t  w i t h  s e v e r a l  e a s t e r n  s t a t e s  and t h e  Appalachian Regional  
Cui iu i i i s s ioI i  io monitor  su r i ace  changes due t o  mining, urban expansion and the l i k e ;  and, 

o A Coas t a l  Zone Management p r o j e c t  i n  con junc t ion  w i t h  s e v e r a l  s t a t e s  t o  demonst ra te  t h e  u t i l i t y  of 
of LANDSAT d a t a  t o  inven to ry  and monitor c o a s t a l  wet land  areas a s  mandated by t h e  Coas t a l  Zone 
Management Act of 1972. 
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E a r t h  Resources  Technology S a t e l l i t e  (LANDSAT-C) 

T r a n s i t i o n  1977 1978 
Quar t e r  Budget Cur ren t  Budget 

Actua l  Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

S p a c e c r a f t  .......................................... 7,855 2 , 765 8 , 430 8,655 2 , 425 

Ground o p e r a t i o n s  ................................... 105 30 2,400 3 , 290 7 75 
............................................. - - -  Sensors  5 ,040 705 2 , 670 1,555 

T o t a l  ............................................. 13.000 3.500 13,500 13.500 

.......... D e l t a  (Expendable launch v e h i c l e s  program) (1,800) (800) ( 3 , 0 0 0 )  ( 2  9 100) ( - - - I  

OBJECTIVES AND STATUS: 

The pr imary o b j e c t i v e  of t h e  LANDSAT-C p r o j e c t  i s  t o  c o n t i n u e  t h e  development of technology which signi- 
f i c a n t l y  c o n t r i b u t e s  t o  t h e  more e f f i c i e n t  management and u t i l i z a t i o n  of t h e  e a r t h ' s  r e s o u r c e s .  LANDSAT-C 
w i l l  accomplish t h i s  by c o l l e c t i n g ,  on a g l o b a l  b a s i s ,  r e p e t i t i v e  imagery i n  s e v e r a l  d i s c r e t e  c o l o r  bands,  
which a r e  ana lyzed  by both  computer and p h o t o i n t e r p r e t i v e  techniques  t o  improve our unde r s t and ing  of 
t e r r e s t r i a l  c o n d i t i o n s  i n  a t ime ly  f a s h i o n .  
f o r  and demonst ra ted  by LANDSAT-1 and -2 .  T h i s  i s  accomplished by an improved M u l t i s p e c t r a l  Scanner  (MSS) 
and an improvement i n  t h e  s p a c e c r a f t  t e l e v i s i o n  camera sys tem r e f e r r e d  t o  as t h e  Re tu rn  B e a m  Vidicon (RBV) 
system. The LANDSAT-C MSS d i f f e r s  from those  p r e v i o u s l y  flown i n  t h a t  a s p e c t r a l  band i n  t h e  thermal  range 
has  been added t o  more e f f e c t i v e l y  c l a s s i f y  d a t a  c h a r a c t e r i z e d  by t empera tu re  changes.  
c a p a b i l i t y  w i l l  a l l o w  improved moni tor ing  of a g r i c u l t u r e  i n  t h e  p r e h a r v e s t  s t a g e  and w i l l  a l s o  improve 
LANDSAT'S r~nahi1 ;+ ,7  c"y " L L L L J  t~ rncxitcr dynamic changes in e t h e r  v l t a l  a r e a s  siich as wate r  pol?.citiofi, geology,  
hydro logy ,  and oceanography. 
l i i t i nn  

t o  l o c a t e  and i d e n t i f y  sma l l  a g r i c u l t u r a l  f i e l d s  and improve the  ca r tog raphy  i n  poor ly  mapped a r e a s  of t h e  
world.  

LANDSAT-C r e p r e s e n t s  an improvement on t h e  technology developed 

Th i s  a d d i t i o n a l  

The RBV system has  been modi f ied  t o  p rov ide  a two-fo ld  improvement i n  r e s o -  
( f r n m  80 t o  b0 meters) ~ x . m r  t h e  p r e ~ . ~ F c u s 1 ~  fl~:,~. p.nx? cyste-s. Th-js ::<I1 -j-cr-ssz t h ~  c-pab<lFty 

S p a c e c r a f t  f a b r i c a t i o n  and assembly i s  w e l l  underway i n  suppor t  of launch  r e a d i n e s s  scheduled  f o r  t h e  
end of Fy 1977. 
of FY 1977, r e s p e c t i v e l y .  

The d e l i v e r i e s  of t h e  MSS and RBV systems a r e  scheduled  f o r  t h e  f i r s t  and second q u a r t e r s  
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CHANGES FROM E'Y 1977 ESTIMATE: 

The f i s c a l  y e a r ' s  t o t a l s  remain unchanged a l though  some ad jus tmen t s  took p l a c e  i n  t h e  a l l o c a t i o n  of re- 
sources  among p r o j e c t  e lements .  Some funds a v a i l a b l e  because senso r  development exper ienced  fewer problems 
than  expec ted  were s h i f t e d  t o  ground o p e r a t i o n s  i n  o r d e r  t o  i n s u r e  t i m e l y  system implementat ion.  

BASIS OF FY 1978 ESTIMATE: 

€3' 1978 funding w i l l  p rov ide  f o r  t h e  maintenance of a 90-day c a l l - u p  launch c a p a b i l i t y  f o r  t h e  p e r i o d  
from October  1977 t o  March 1978 a s  w e l l  as f o r  o p e r a t i o n s  of t h e  LANDSAT Cont ro l  Center  f o r  LANDSAT-C 
o r b i t a l  o p e r a t i o n s .  

E a r t h  Resources  Technology S a t e l l i t e  (LANDSAT-D) 

LAND SAT -D 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budget 

Ac tua l  Ac t u a  1 Es t ima te  E s t i m a t e  Es t ima te  
(Thousands of D o l l a r s )  

- - -  12 500 

- - -  6 200 
- - -  3 200 

S p a c e c r a f t  (mul t i -mis s ion  modular s p a c e c r a f t )  - - -  - - -  - - -  

unique equipment - - -  - - -  - - -  
Ground d a t a  p r o c e s s i n g  s y s t e m  . . . . . . . . . . . . . . . . . . . . . .  - - -  - - -  - - -  

...... 
S p a c e c r a f t  systems i n t e g r a t i o n  and miss ion  

................................. 

- -- - - -  21,900 - - -  T o t a l  - - -  ............................................ 
OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  LANDSAT-D p r o j e c t  i s  t o  c o n t i n u e  t h e  e x p l o r a t i o n  of advanced r e s e a r c h  and develop-  
merrt techrriq12es fer satellite-besed e 2 r t h  TeP"UTC2s r 2 z E t e  se-si-g s y s t e z s  With t h e  experi-e-tal Thematic 
Mapper. 

The major t e c h n i c a l  focus  of t h e  LANDSAT-D p r o j e c t  i nvo lves  a tes t  of both  t h e  Thematic Mapper i n s t r u m e n t ' s  
The Thematic Mapper--on which development i s  be ing  c a p a b i l i t i e s  and an improved ground d a t a  hand l ing  system. 

i n i t i a t e d  i n  FY 1 9 7 7 - - o f f e r s  h i g h e r  r e s o l v i n g  power and g r e a t e r  s p e c t r a l  coverage than  e x i s t i n g  i n s t r u m e n t s .  
These advantages  promise t o  open up a s i g n i f i c a n t  number of new u s e s  o f  LANDSAT d a t a  and t o  enhance many 
c u r r e n t  u s e s .  The improvements i n  d a t a  q u a l i t y  w i l l  i n c r e a s e  t h e  u t i l i t y  of remote ly  sensed  s a t e l l i t e  d a t a  
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f o r  mine ra l  and pe t ro leum e x p l o r a t i o n ,  expand t h e  a p p l i c a t i o n  o f  c rop  inven to ry  t echn iques  t o  worldwide s m a l l  
f i e l d  a g r i c u l t u r a l  a r e a s ,  and s i g n i f i c a n t l y  i n c r e a s e  t h e  number and p r e c i s i o n  of land  i n v e n t o r y  a p p l i c a t i o n s  
i n  t h e  United S t a t e s .  

LANDSAT-D w i l l  a i s o  p rov ide  t h e  o p p o r t u n i t y  f o r  t h e  u s e r  community t o  t es t ,  under r e a l i s t i c  c o n d i t i o n s ,  
a t o t a l  i n fo rma t ion  system ( s p a c e c r a f t ,  ground p r o c e s s i n g  and d a t a  a n a l y s i s ) ,  by b r i n g i n g  t h e  s a t e l l i t e -  
sensed  e a r t h  r e s o u r c e s  d a t a  t o  t h e  u s e r s  i n  a t ime ly  f a s h i o n  ( f i v e  t o  seven days)  and on a r o u t i n e  b a s i s  
ove r  a p r o j e c t e d  t h r e e - y e a r  t e s t  p e r i o d .  

The space  segment of t h e  LANDSAT-D p r o j e c t  i nvo lves  t h e  u s e  o f  t h e  Mul t imiss ion  Modular S p a c e c r a f t  bus ,  
an  in s t rumen t  module, miss ion  unique hardware,  and t h e  expe r imen ta l  Thematic Mapper which w i l l  have 30- 
meter ground r e s o l u t i o n  c a p a b i l i t y .  
o r b i t ,  w i l l  p rov ide  16-day r e p e t i t i v e  coverage of t h e  e a r t h .  
c o n t r o l  and p o i n t i n g  system, which w i l l  s i g n i f i c a n t l y  reduce  t h e  ground p r o c e s s i n g  c o r r e c t i o n s  needed t o  
use  t h e  d a t a  f o r  a c c u r a t e  map p r o j e c t i o n s .  
t h e  Tracking  and Data Relay S a t e l l i t e  System (TDRSS) f o r  rea l  t i m e  world coverage  and t h e  o t h e r  a s  a down- 
l i n k  t o  U.S.  and i n t e r n a t i o n a l  ground s t a t i o n s  f o r  d i r e c t  ground coverage.  The s p a c e c r a f t  i s  t o  be launched 
on a D e l t a  launch v e h i c l e  from t h e  Western T e s t  Range i n  t h e  f i r s t  h a l f  of 1981. 

A s i n g l e  s a t e l l i t e ,  o p e r a t i n g  i n  an approximate ly  700 km c i r c u l a r  
The s a t e l l i t e  w i l l  have a p r e c i s i o n  a t t i t u d e  

The s a t e l l i t e  w i l l  a l s o . i n c l u d e  two d a t a  l i n k s - - o n e  through 

LANDSAT-D w i l l  u t i l i z e  a Mul t imis s ion  Modular S p a c e c r a f t  (MMS). The MMS i s  comprised o f  a common b a s i c  
s p a c e c r a f t  s t r u c t u r e  and systems modules which w i l l  form t h e  b a s i c  s p a c e c r a f t  systems f o r  u se  on a number 
of f u t u r e  e a r t h  o r b i t a l  mi s s ions .  These s p a c e c r a f t  systems w i l l  be des igned  t o  t ake  advantage  of t h e  
c a p a b i l i t i e s  of t he  Space T r a n s p o r t a t i o n  System, such a s  o n - o r b i t  s e r v i c i n g  and r e t r i e v a l  and r e u s e .  The 
development of t h e  MMS i s  be ing  i n i t i a t e d  i n  FY 1977 under t h e  S o l a r  MaximumMission, which w i l l  be t h e  
f i r s t  i l s e r .  T h e  system3 rnnditleg being d e ~ r e l o p e d  i n c l i i d e  an a t t i t i l d e  c o n t r o l  module, a power module, and 
a communications and d a t a  hand l ing  module. The Mul t imiss ion  Modular S p a c e c r a f t  hardware f o r  LANDSAT-D 
w i l l  be procured  by e x e r c i s i n g  i n  FY 1978  t h e  o p t i o n s  i n  t h e  b a s i c  MMS c o n t r a c t s  p rov id ing  f o r  a d d i t i o n a l  
f l i g h t  u n i t  procurement. 

The ground d a t a  p r o c e s s i n g  system w i l l  be des igned  t o  r e c e i v e  t h e  Thematic Mapper d a t a  as t r a n s m i t t e d  
through t h e  TDRSS t o  t h e  White Sands T e s t  F a c i l i t y  and then  t o  t h e  Goddard Space F l i g h t  Center  f o r  i n i t i a l  
p r o c e s s i n g .  
r e c e i v e  t h e  Thematic Mapper processed  d a t a  f o r  f i n a l  p r o c e s s i n g  and d i s t r i b u t i o n  t o  the  p u b l i c .  

The Department of I n t e r i o r ' s  E a r t h  Resources  Obse rva t ion  System (EROS) Data Center  w i l l  
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The total cost estimate for the proposed LANDSAT-D project is $160-185 million. This represents a planning 
estimate, in addition, the cost of  developing the Thematic Mapper instrument which will be flown on the 
LANDSAT-D spacecraft is estimated at $40-50 million; and, the cost of the Delta launch vehicle hardware is 
$8-9 million. 

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding will be used to initiate the design and procurement of the mission unique equipment and 
the ground data processing system. A systems integration contractor will be selected in FY 1978 to perform 
these functions. In addition, FY 1978 funding will provide for the start of subsystem procurement and 
fabrication activities for the Multimission Modular Spacecraft which will include exercising the options 
in the existing MMS contracts for the Solar Maximum Mission. 

Thematic MaDDer 

- - -  Sensor development ................................ 
OBJECTIVES AND STATUS: 

Trans i ti on 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

14 .  BOO 4,000 

The objective of this project is to develop a second generation multispectral scanner (an instrument 
which samples reflected energy from the earth in discrete spectral bands) which will permit the acquisition 
of data of suitable quality to permit the development of "thematic" maps at a 1:250,000 scale over a scene 
format of dpproximately 185 x 185 km. A ground resoiution of 30 meters from an aititude of 705 km is 
planned. Optimization of the spectral bands and radiometric resolution will permit a significant improve- 
L L L G L I L  L L L  C L I F  a u i i i L y  L u  L L a a a L i Y  Ills I u L  L"i iui iuCl i iy  L L U L ) ~  sucii ds w i i e c r i ,  corn, rice, cocron, bariey, soybeans, 
etc. In addition, crop and forest stress due to disease, infestation, or lack of moisture will be dis- 
cernable as subtle changes in reflectance values. 

,..--+ :... r L -  - L : l - L _ _  L^ - 1  ---2c-- ---.--- 

The Thematic Mapper will utilize six spectral bands (the ability to add a seventh will be built in to 
provide cost-effective growth potential) to provide the capabilities discussed above and also to aid in 
oil exploration and water pollution, geology, hydrology, and oceanography investigations. Accurate snow- 
cover mapping will also be possible. 
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The Thematic Mapper s p e c i f i c a t i o n s  have been developed and r e l e a s e d  t o  i n d u s t r y .  P r o p o s a l s  have been 
r e c e i v e d  and a r e  c u r r e n t l y  be ing  e v a l u a t e d .  The prime c o n t r a c t o r  w i l l  be s e l e c t e d  i n  e a r l y  1977 and w i l l  
b e g i n  work on d e s i g n  and c o n s t r u c t i o n  of  a breadboard Thematic Mapper. 

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funds a r e  r e q u i r e d  t o  begin  t h e  development of t h e  e n g i n e e r i n g  and p r o t o t y p e  models of t h e  
Thematic Mapper and t o  conduct t e s t i n g  n e c e s s a r y  t o  v e r i f y  t h e  performance c a p a b i l i t i e s  of t h e  i n s t r u m e n t .  

Shut t le /SDacelab  Pavload DeveloDment 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

- - -  - - -  - - -  3,300 Sensor  development ................................ - - -  

OBJECTIVE AND STATUS: 

Among t h e  many s e r i o u s  problems f a c i n g  t h e  world i n  t h e  coming y e a r s ,  one of t h e  most impor tan t  i s  
s u p p l y i n g  i t s  minera l  and energy r e s o u r c e s  needs .  These r e s o u r c e s  are b a s i c a l l y  nonrenewable and a r e  be-  
coming more and more s c a r c e  a s  they a r e  used a t  an incr .easing r a t e .  Improved e x p l o r a t i o n  techniques  u s i n g  
s a t e l l i t e  remote s e n s i n g  must be developed t o  f i n d  new sources  and m a i n t a i n  an adequate  level of m i n e r a l  
gna onfi,-cI.7 ,-nnrrr.rn,.n ..-- I.. TL- -L:--&:--- -c L ~ : -  -..- L L L C L 6 1  LLLIVULC-L-i) a ' u y y L y .  L I I c  u v J e L t - L v t :  U L  L L L L ~  p ~ u j e c t  i s  i u  e v a l u d i e  d i d  demonst ra te  tile a p p i i c a b i i i E y  

) of spaceborne imaging r a d a r s  and l a r g e  format  f i l m  cameras f o r  m i n e r a l  and pe t ro leum e x p l o r a t i o n  and f o r  
o t h e r  g e o l o g i c a l  a p p l i c a t i o n s .  Experimental  demonst ra t ions  w i l l  be conducted on e a r l y  S h u t t l e / S p a c e l a b  
m i s s i o n s .  

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funds w i l l  be  used t o  begin t h e  a c q u i s i t i o n  of two s e n s o r s .  One ins t rument  i s  a l a r g e  format 
Ct",-c" ,.qmn.-o -.--+e-. - - a  &I-- 
aLLL LUIL1c;la J y J c c l l t  allu L L l e  other  i s  an a c t i v e  i i i i C L u w d v e  imaging sysrem. The i i i m  camera system wiii i n -  
c o r p o r a t e  f e a t u r e s  t o  p r o v i d e  h i g h  q u a l i t y  s t e r e o  coverage from space .  The a c t i v e  microwave imaging s e n s o r  
w i l l  be  e i t h e r  an a d a p t a t i o n  of t h e  S e a s a t  S y n t h e t i c  Aper ture  Radar ( S A R )  now under development o r  a n o t h e r  
e x i s t i n g  SAR. Modi f ica t ions  w i l l  be made t o  meet t h e  requirements  f o r  t h e  geology mission.  Both t h e  S A R  
and t h e  s t e r o  camera system, a f t e r  r e t u r n  from f l i g h t  and upon complet ion of  a n a l y s i s  of t h e  d a t a  by t h e  
p r i n c i p a l  u s e r s ,  w i l l  be scheduled f o r  r e u s e  on subsequent  S h u t t l e / S p a c e l a b  m i s s i o n s .  
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Shuttle/SDacelab Mission Desizn and Inteeration 

Trans i ti on 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Mission design and integration ..................... - - -  2.400 

OBJECTIVES AND STATUS 

The availability of the Space Transportation System will provide a new flexibility to the space appli- 
cations programs: access to space will be more frequent; weight and volume of experimental hardware can 
be greater; short duration experimentation and instrument checkout can be accomplished in the Spacelab 
mode; and automated, continuous-monitoring satellites can be retrieved, refurbished, and redeployed--thus 
avoiding the l o s s  of these structures and instruments after their useful lifetime is completed. In order 
to efficiently utilize this new capability, a focused activity is required to integrate a set of appli- 
cations experiments into the Orbiter andfor Spacelab hardware that effectively allocates the available 
resources (e.g., weight, volume, power, cooling) across the requirements of the individual instruments. 
Preliminary mission analyses have been carried out in prior years with limited study funds. However, 
with the impending launches of the Shuttle and the increased activity associated with this effort, in- 
creased resources are required to perform this integration function and to provide centralized management 
attention. 

At present the Office of Applications has been assigned management responsibility for experiments on 
three Shuttle orbiters. These flights will have mission objectives that are of primary interest to 
Applications programs, and will include tests of the orbiter in an earth viewing mode and zero-G experi- 
mentation, especially for materials processing. The funds will be utilized for mission definition and 
i n t e g r a t t o n  of i n d i v i d u a l  l n s t r u m e n t s  i i i t o  a t o t a l  payload ~oiiip1tfiiierii ivr t h e  iaLcer mission, for coordi- 
nation of instrument candidates t o  be flown on missions emphasizing other disciplines, and for definition 
cf suhscqucnt Iauncf; requirements far  app.I iLdi ivLis  invesEigarions. Tndividuai ins trumentjexperiment 
development, packaging for flight, and data analysis will be funded and accomplished by the discipline 
projects. 
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Amlications Transfer and Demonstration Program 

Applications transfer and demonstration program .... 10,400 

Trans i t ion 1977 1978 
Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

13.400 14.800 13.900 

OBJECTIVES AND STATUS: 

The Applications Transfer and Demonstration Program consists of both relatively large scale projects-- 
termed Application Systems Verification and Transfer (ASVT)--and smaller projects known as Regional Appli- 
cations Transfer projects. 

The objective of the ASVT program is to select the most technically promising and potentially useful 
areas of utilization of remote sensing data and--through concerted and cost-shared efforts with user 
organizations and resources managers--to define, demonstrate, and transfer the practical capability to 
the user organizations. In contrast, Regional Applications Transfer projects are smaller in scale and 
involve direct cooperation between NASA Center personnel and local user organizations. 

C W G E S  FROM FY 1977 ESTIMATE: 

The decrease of $900 thousand in F Y  1977 reflects a transfer of funds from Earth Resources Detection and 
Mnr , i t n r i ng  ASVT funds Eo Space C o ~ m u i i l L d i i u r l s  Programs E O  permit initiation during FY 1977 oE two ASVT's 
that were developed after submission of the FY 1977 budget. 

BASIS OF E'Y 1-978 ESTIMATE: 

The largest of the ASVT activities in FY 1977 and F Y  1978 is t h e  T-arge Area C r q  I c v e n t ~ r y  E x p e r h e n t  
(L IC IE) ,  2 Sotii t  Li ivsst lgat iui i  by iiie K.S. Department of Agriculture (USDA), the National Oceanic and 
Atmospheric Administration of the Department of Commerce, and the National Aeronautics and Space Adminis- 

improve timeliness and accuracy of major crop forecasts. In FY 1977-FY 1978, the geographic scope of 
LACIE will be increased to include most of the major wheat producing regions of the world. In late FY 
1977 and FY 1978 the design, installation and initial testing of portions of the data analysis and re- 
porting system for the USDA will be completed. Other elements of this ASVT will extend beyond FY 1978. 

t.-^t. LLa~ioi i  t o  t e s i  wl i e i i i e r  che use o f  data gathered by spacecraft and analyzed with the aid of computers can 
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I n  a d d i t i o n ,  s i x  ASVT's i n i t i a t e d  i n  FY 1 9 7 7 ,  w i l l  c o n t i n u e  through FY 1978 a s  fo l lows:  

o The  P a c i f i c  Northwest Land Resources Inventory  ASVT i s  a j o i n t  i n v e s t i g a t i o n  by t h e  P a c i f i c  North-  
west Regional  Commission, NASA, U . S .  Department o f  I n t e r i o r  E a r t h  Resources Observa t ion  System, 
and t h e  s t a t e s  of  Idaho ,  Oregon arid Washington, t o  tes t  t h e  u t i l i t y  of U Y D S A ' Y  d a t a  i n  r e s o u r c e  
p lanning  and management a c t i v i t i e s  performed by a v a r i e t y  o f  a g e n c i e s  i n  t h e s e  s t a t e s .  

o The F o r e s t  Resources Informat ion  System i s  t h e  r e s u l t  o f  a p r o p o s a l  by t h e  S t .  Regis  Paper Company 
t o  develop remote s e n s i n g  techniques  f o r  up- to-da te  i n f o r m a t i o n  on t h e  q u a n t i t i e s  and q u a l i t y  of 
t imber  and t h e  c o n d i t i o n  of t h e  land  base  on which i t  grows. Repor ts  on t h i s  e f f o r t  w i l l  be  i n  
t h e  p u b l i c  domain and w i l l  p r o v i d e  a mechanism whereby remote s e n s i n g  techniques  f o r  f o r e s t  re-  
sources  can be developed and d isseminated  t o  t h e  f o r e s t  i n d u s t r y  i n  g e n e r a l .  

o The Wildland V e g e t a t i o n  I n v e n t o r y  ASVT i s  t h e  r e s u l t  of an  e x p r e s s e d  d e s i r e  of  t h e  Bureau of  Land 
Management (BLM) t o  conduct  a j o i n t  p r o g r a m w i t h  NASA which would involve  t h e  use  of remote s e n s i n g  
t o  i n v e n t o r y  and monitor  w i l d l a n d  v e g e t a t i o n .  I n v e s t i g a t i o n s  w i t h  LANDSAT-1 have demonstrated t h e  
c a p a b i l i t y  of s a t e l l i t e  remote s e n s i n g  t o  monitor range c o n d i t i o n s .  
f i n e d  t o  m e e t  s p e c i f i c  BLM i n f o r m a t i o n  requi rements .  

These techniques  w i l l  b e  re- 

o The Water Resources Management and Cont ro l  P r o j e c t  w i l l  be conducted w i t h  t h e  Corps of Engineers  
t o  tes t  t h e  u t i l i t y  of  LANDSAT d a t a  i n  water supply  s i t u a t i o n s  t h a t  r e q u i r e  t h e  use  of hydro-  
l o g i c a l  l and  use  c l a s s i f i c a t i o n .  The water supply /s tormwater  runoff  f o r e c a s t i n g  e f f o r t  would b e  
r e s p o n s i v e  t o  t h e  needs of t h e  Corps of Engineers .  

o The Census-Urbanized Area P r o j e c t  i s  a j o i n t  e f f o r t  between NASA and t h e  U.S.  Bureau of  t h e  Census 
t o  t e s t  t h e  u t i l i t y  o f  s a t e l l i t e  d a t a  f o r  census a p p l i c a t i o n s  and t o  t r a n s f e r  t h e  technology t o  
t h e  Bureau of t h e  Census. More s p e c i f i c a l l y ,  LANDSAT d i g i t a l  m u l t i s p e c t r a l  scanner  d a t a  w i l l  be  
u t i l i z e d  t o  d e f i n e  t h e  major land  cover types  inc luded  i n  t h e  b u i l t - u p  a r e a s  a d j a c e n t  t o  t h e  
nation's i a r g e r  m e t r o p o i i t a n  c e n t e r s .  i n i s ,  i n  t u r n ,  w i i i  assistr i n  t h e  d e i i n e a t i o n  of t h e  f i n a i  
u rbanized  a r e a  boundar ies  and w i l l  form a d a t a  base f o r  s o l v i n g  o t h e r  c e n s u s - r e l a t e d  problems. 

_. 

o The Land Cover Change and Update Program i n v o l v e s  t h e  U.S. G e o l o g i c a l  Survey (USGS) and NASA i n  
a j o i n t  endeavor t o  update  t h e  USGS Land Use and Data A n a l y s i s  System by u s i n g  LANDSAT t o  d e t e c t  
change i n  s u r f a c e  land  c o v e r .  
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Four new ASVT'S a r e  planned f o r  i n i t i a t i o n  i n  FY 1978 a s  fo l lows :  

o The F o r e s t r y  and Rangeland Renewable Resource Inven to ry  w i l l  be a j o i n t  unde r t ak ing  between NASA 
and the  U.S.  F o r e s t  S e r v i c e  t o  t e s t  t h e  u t i l i t y  of LANDSAT d a t a  i n  t h e  inven to ry  of f o r e s t  and 
rangeland  renewable r e s o u r c e s  r e q u i r e d  by t h e  Resource P lann ing  Act of 1974. The Act r e q u i r e s  a 
c u r r e n t  assessment  of f o r e s t  and rangeland  r e s o u r c e s  i n  t e r m s  of type ,  c o n d i t i o n ,  l o c a t i o n  and 
acreage .  

o The Water Demand P r o j e c t  w i l l  be conducted w i t h  t h e  C a l i f o r n i a  Department of Water Resources t o  
demonst ra te  t h e  u t i l i t y  of LANDSAT d a t a  f o r  improving estimates of water  demand by measuring 
i r r i g a t e d  l ands  ac reage  and o t h e r  p e r t i n e n t  h y d r o l o g i c a l  l and  use  c l a s s i f i c a t i o n s .  These 
e s t i m a t e s  a r e  needed f o r  e f f i c i e n t  management of wa te r  r e s o u r c e s  f o r  i r r i g a t i o n ,  power g e n e r a t i o n  
and urban needs.  

o The E a s t e r n  Sur face  Mine Monitor ing and Re la t ed  Land Cover Change De tec t ion  Program i s  t h e  r e s u l t  
of t h e  expressed  i n t e r e s t  of s e v e r a l  e a s t e r n  s t a t e s  and t h e  Appalachian Regional  Commission i n  
deve loping  remote sens ing  techniques  as an o p e r a t i o n a l  t o o l  f o r  t h e  i d e n t i f i c a t i o n  and moni tor ing  
of s u r f a c e  mining a c t i v i t i e s  and urban development. The c r i t i c a l  n a t i o n a l  concerns over  energy  
r e sources  and environmental  p r e s e r v a t i o n  have i n c r e a s e d  p r e s s u r e s  on s t a t e  governments t o  monitor  
s u r f a c e  mining o p e r a t i o n s  and r ec l ama t ion  e f f o r t s .  A t  t h e  same t i m e ,  newly developed remote 
sens ing  t echn iques ,  i nvo lv ing  s a t e l l i t e  and a i r c r a f t ,  have shown t h e  p o t e n t i a l  f o r  g a t h e r i n g  
c r u c i a l  i n fo rma t ion  on t h e  e f f e c t s  of s u r f a c e  mining and urban  development i n  a t ime ly  and accu-  
r a t e  manner. 

o A Coas ta l  Zone Management ASVT i s  planned i n  c o n j u n c t i o n  w i t h  several s t a t e s  t o  demonst ra te  t h e  
u s e  of  LANDSAT d a t a  t o  inven to ry  and monitor c o a s t a l  wet land  a r e a s .  These areas of t h e  U . S .  a re  
recognized  as be ing  of major impor tance ,  b i o l o g i c a l l y  and economical ly .  L e g i s l a t i o n ,  t y p i f i e d  
by t h e  Coas t a l  Zone Management A c t  of 1972, p l a c e s  t h e  burden cf managernext ~f these ~ r e s s  oii 
s t a t e  and l o c a l  governments. Research has  shown t h a t  LANDSAT d a t a  i s  u s e f u l  i n  t h e  inven to ry  
and change d e t e c t i o n  of c o a s t a l  wetland a r e a s -  

I n  FY 1978, a d d i t i o n a l  emphasis w i l l  be p laced  on t h e  s m a l l e r - s c a l e  r e g i o n a l  a p p l i c a t i o n s  t r a n s f e r  
a c t i v i t i e s .  NASA Centers  a r e  being encouraged t o  work c l o s e l y  w i t h  i n d u s t r y ,  s t a t e  and r e g i o n a l  govern- 
ments and u n i v e r s i t i e s  t o  conduct r e l a t i v e l y  s h o r t  t e r m  p r o j e c t s  t o  t r a n s f e r  a l r e a d y  developed t e c h n i c a l  
c a p a b i l i t i e s  based on remote-sens ing  t o  l o c a l  p l a n n e r s  and r e s o u r c e  managers f o r  subsequent  o p e r a t i o n a l  
use .  
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Appl i ca t ions  Research and Technology Development 

l ' r a n s i t i o n  1977  1978 
1976 Quar t e r  Budget Current  Budget 

.4c t u a  1 Ac tua l  Es t ima te  Es t imate  Es t ima te  
(Thousands of Do l l a r s )  

Data  i n t e r p r e t a t i o n  t echn iques ,  s p e c i a l  i n -  

Development of advanced f l i g h t  experiments  f o r  

A i r c r a f t  suppor t  f o r  development of c a p a b i l i t i e s  

S t u d i e s  i n  a p p l i c a t i o n s  of e a r t h  r e s o u r c e s  

D e f i n i t i o n  and des ign  of payloads f o r  e a r t h  

v e s t i g a t i o n s  and d a t a  ana lyses  .................. 22,600 4,218 22,300 22,200 22 500 

e a r t h  r e sources  d e t e c t i o n  and moni tor ing  ........ 6 00 300 600 400 500 

i n  remote sens ing  of e a r t h  r e s o u r c e s . . . . . . . . . . . .  5,500 960 6,000 5,200 5 000 

d e t e c t i o n  and monitor ing technology ............. 1,600 200 1,500 1,400 1 , 500 

r e s o u r c e s  a p p l i c a t i o n s  .......................... 1,100 600 2,100 2,100 2,500 
- - -  - - -  - - -  - - -  Other  s t u d i e s  and suppor t  ......................... 700 

T o t a l  ........................................... 32.100 6.278 32.500 31.300 32.000 

OBJECTIVES AND STATUS : 

The o b j e c t i v e s  of t h i s  e f f o r t  a r e  t o  improve d a t a  handl ing  t echn iques ,  d a t a  p rocess ing  equipment, and 
machine-aided i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n  techniques  needed t o  i n c r e a s e  e f f i c i e n c y  i n  t h e  t r a n s -  
format ion  of space de r ived  d a t a  i n t o  in fo rma t ion  f o r  u t i l i z a t i o n  by t h e  u s e r  community. An a d d i t i o n a l  
o b j e c t i v e  i s  t o  develop new remote s e n s o r s  o p e r a t i n g  p r i m a r i l y  i n  t h e  microwave wavelengths .  The micro-  
wave sensors a r e  of p a r t i c u l a r  i n t e r e s t  s i n c e  they  permit  t he  c o l l e c t i o n  of e a r t h  s u r f a c e  images through 
c:o.Gd cover. *L2 - - - - - - - i . - - - -  L I I L S  ~ L U ~ L ~ I I I  a l s o  i n c l u d e s  the  a i r c r a f t  suppor t  f o r  t h e  deveiopment of remote s e n s o r s ,  
s ens ing  techniques  and c o l l e c t i n g  of "ground t r u t h "  d a t a ;  Space S h u t t l e  f l i g h t  s t u d i e s  inc lud ing  senso r  

concept  phase ,  of advanced f l i g h t  experiments  a s s o c i a t e d  wi th  remote s e n s i n g  of e a r t h  r e sources .  
a r e  an Ac t ive  (Laser )  - P a s s i v e  M u l t i s p e c t r a l  Scanner ,  and an advanced d a t a  r e c o r d i n g  system. 

YLLI.I_L t; cIv.., en u.lu --..I u c a 1 6 L L ,  ..I--: ,.n and m~aaur~m~nt-tec~-,i-'lque vei-ii-iciiLi"I1, diid deve iupn ien i ,  iiiruugh the  proof  of 
Examples 

CHANGES FROM FY 1977 E S T I m T E :  

The r e d u c t i o n  i n  Advanced F l i g h t  Experiments r e f l e c t s  a d e c i s i o n  t o  reduce  t h e  scope of e f f o r t  i n  t h e  
development of a s y n t h e t i c  a p e r t u r e  r a d a r .  The dec rease  i n  A i r c r a f t  Suppor t  r e f l e c t s  a reduced need f o r  
suppor t  t o  r e sea rch  t a s k s .  
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BASIS OF E'Y 1978 ESTIMATE: 

The t h r u s t  of t h i s  program i n  FY 1978 i s  s h i f t i n g  from e x p l o r a t o r y  r e s e a r c h  toward t e s t i n g  of i n f o r m a t i o n -  
g a t h e r i n g  systems under  r e a l i s t i c  r e s o u r c e s  management c o n d i t i o n s  and adopt ion  of t h e s e  techniques  t o  m e e t  
u s e r  requi rements .  In  order  t o  c a r r y  o u t  a c o h e r e n t ,  phased approach, t h i s  program i n c l u d e s  a i r c r a f t  sup-  
p o r t ,  S h u t t l e  payload s t u d i e s  and advanced ins t rument  development. The a i r b o r n e  p l a t f o r m s  w i l l  be  used i n  
FY 1978 t o  conduct f l i g h t s  i n  suppor t  of E a r t h  Resources programs such a s  s o i l  m o i s t u r e  measurement ex- 
per iments .  Ai rborne  measurements w i l l  focus  on t h e  a p p l i c a t i o n  of microwave s e n s o r s  t o  a g r i c u l t u r e  and 
hydrology and water problems. Support  w i l l  be  provided  f o r  Heat Capac i ty  Mapping Mission (HCMM) s e n s o r  
and a l g o r i t h m  development. The a v a i l a b i l i t y  of t h e  S h u t t l e  w i l l  p r o v i d e  o p p o r t u n i t i e s  f o r  s e n s o r  develop-  
m e n t ,  v e r i f i c a t i o n  of  measurement t e c h n i q u e s ,  and i n - f l i g h t  c a l i b r a t i o n  of f r e e - f l y i n g  satel l i tes .  Plans 
are be ing  made t o  use  t h e  S h u t t l e  a s  an i n t e g r a l  p a r t  of t h e  development p r o c e s s  f o r  t h e  f u t u r e  a c t i v e  
and p a s s i v e  imaging microwave systems. S t u d i e s  w i l l  a l s o  be performed t o  o p t i m i z e  t h e  d e s i g n  of S h u t t l e -  
launched s p a c e c r a f t  and suppor t  systems f o r  f u t u r e  long  t e r m  o r b i t a l  miss ions .  

Follow-on Data A n a l v s i s  and ODerations 

T r  ans i t i on 1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

LANDSAT-1 and - 2  extended o p e r a t i o n s  ............. - - -  700 2.000 1.000 

Both t h e  LANDSAT-1 and - 2  s p a c e c r a f t  have c o n s i d e r a b l y  exceeded t h e i r  d e s i g n  l i f e t i m e  b u t  c o n t i n u e  t o  
t ransmi t useft11 d a t a .  T h e s e  extended operations permi t  the c~n t inup_d  rlp_~.rp_lopment 2nd ann1 -rr-------*- i r a  t i  nn of 
m u l t i s p e c t r a l  d a t a  i n  t h e  c l a s s i f i c a t i o n  and measurement of  c rop  a c r e a g e ,  and i n  t h e  a r e a s  of geology,  
hvdrology,  l a n d  u s e ,  f o r e s t r y ,  and c o a s t a l  zone management. The ohje-ct ives  o f  the TANWAT follow-on 
d a t a  a n a i y s i s  and o p e r a t i o n s  p r o j e c t  a r e ,  t h e r e f o r e ,  t o  c o n t i n u e  t h e  a c q u i s i t i o n  o f  d a t a  trom t h e  
IANDSAT s p a c e c r a f t  now i n  o r b i t .  

CHANGES FROM FY 1977 ESTIMATE: 

The p r e v i o u s  FY 1977 budget e s t i m a t e  inc luded  estimates f o r  i n v e s t i g a t o r  sGpport  requi rements  and f o r  
c o n t r a c t o r  award f e e s  f o r  extended s p a c e c r a f t  o p e r a t i o n s .  These requi rements  a r e  less  t h a n  a n t i c i p a t e d .  
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BASIS OF FY 1978 ESTIMATES: 

A c t i v i t i e s  a t  t h e  Opera t ions  Cont ro l  Center  f o r  LANDSAT-1 and -2 w i l l  c o n t i n u e  dur ing  FY 1978 i n  o r d e r  
t o  c o n t i n u e  t o  manage t h e s e  s p a c e c r a f t  i n  o r b i t  and t o  c o n t i n u e  t o  c o l l e c t  d a t a  from them. 

BASIS OF FUND REQUIREMENTS: 

EARTH DYNAMICS MONITORING AND FORECASTING 

Trans i t  i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a t e  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

- - -  - - -  - - -  - - -  Laser geodynamic s a t e l l i t e  (Lageos) .............. 200 -- 
T e c t o n i c  p l a t e  motion ............................ 2,600 700 1 , 900 1,900 2 , 200 

Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  ........... 1,900 300 1 , 400 1,400 1 , 900 

A p p l i c a t i o n s  r e s e a r c h  and technology 
development (ARTD) ............................. 3,300,  900 1 , 300 1 , 600 3 , 800 

T o t a l  .......................................... 8.000 1.900 4.600 4.900 7.900 

OBJECTIVES AND STATUS: 

Tf;c cbjcctj.-;cs cf the E a r t h  >J7namFcs M c ~ i t c r i n g  2nd F ~ r e c a s t l n ~  0 P r ~ g a m  d i r e c t e d  to~a?ards t h e  d e ~ ~ l  o?- 
ment and v a l i d a t i o n  of methods, u s i n g  space  t e c h n i q u e s ,  f o r  o b s e r v i n g  t h e  p h y s i c a l  c h a r a c t e r  and dynamic 
motions of t h e  e a r t h .  A p p l i c a t i o n s  of t h e s e  t e c h n i q u e s  a r e  expec ted  t o  l e a d  t o :  
l edge  of  t h e  e a r t h ' s  g r a v i t y  and magnet ic  f i e l d  f o r  r e s o u r c e  assessment ;  r e f i n e m e n t  of  t h e  g l o b a l  geoid  
and e x t e n s i o n  of g e o d e t i c  c o n t r o l  t o  i n a c c e s s i b l e  a r e a s  i n c l u d i n g  t h e  ocean f l o o r s ;  improvement of geo- 
d e t i c  surveying  techniques ;  t h e  moni tor ing  of l o c a l  topographic  changes;  and improvement of our knowledge 

c a t i o n  of ground and space  systems,  a d d i t i o n a l  work i s  needed t o  s u p p o r t  t h e  demonst ra t ion  and v e r i f i c a t i o n  

c o n c e r t  w i t h  t h e  U.S. Geologica l  Survey (USGS), N a t i o n a l  Geodet ic  Survey (NGS), Department of Defense and,  
t o  a lesser e x t e n t ,  o t h e r  government o r g a n i z a t i o n s .  

improvement i n  our  know- 

of  eartf;quake mcchanisrLs. $,+LFlc p r ~ g r e s s  is being =-de in t he  i d e n t i f i c a t i c n ,  de~.relcnrnont r------ Y ---- and ann1 -rr-- i - 
of CL L l l ~ s e  sj;st-rls i n  spec i f ic  app?icat-ons areas. Thn L L L C  " Y C L a L I  m - - e w - l l  w n c n  I ' I ' L U A  c L L L L " * L J  - m t < . v < t . -  4 -  A I L  t h 4 r  L L I A O  U L C U  q r n l  is be ing  Fz 
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The Laser  Geodynamic S a t e l l i t e  (Lageos) i s  a n e a r l y  permanent r e f e r e n c e  p o i n t  i n  space  f o r  use i n  e a r t h  
dynamFcs s t u d i e s .  Launched t n  May 1976, 1,ageos p e r m i t s  very  a c c u r a t e  laser r a n g i n g  measurements and i s  
t h e  f i r s t  s a t e l l i t e  compat ible  w i t h  t h e  p r e c i s i o n  e a r t h  motion measurements r e q u i r e d  f o r  c r u s t a l  motion 
and e a r t h q u a k e  s t u d i e s .  As an example, i n  1976, ranging  Lo Lageos was used  t o  measure t h e  d i s t a n c e s  
a c r o s s  t h e  San Andreas F a u l t  i n  an  e f f o r t  t o  de te rmine  any p l a t e  motion t h a t  may have occurred s i n c e  t h e  
1972 and 1974 surveys of t h e  f a u l t  w e r e  conducted. 

A r e l a t e d  s p a c e c r a f t  development p r o j e c t ,  which i s  s e p a r a t e l y  budgeted under  t h e  A p p l i c a t i o n s  E x p l o r e r  
Miss ions  (AEM) Category, i s  t h e  Magnetic F i e l d  S a t e l l i t e  (Magsat) .  T h i s  m i s s i o n ,  planned f o r  launch i n  
CY 1979, w i l l  p rovide  a c c u r a t e  magnet ic  f i e l d  mapping of t h e  e a r t h .  This  i n f o r m a t i o n  i s  r e q u i r e d  by t h e  
U.S .  Geologica l  Survey (USGS) t o  update  maps and c h a r t s  used i n  n a v i g a t i o n  and w i l l  p rovide  impor tan t  
new d a t a  f o r  s c i e n t i f i c  s t u d i e s ,  g l o b a l  f i e l d  model development, and i n v e s t i g a t i o n s  of t h e  p o t e n t i a l  
f o r  r e s o u r c e  e x p l o r a t i o n s .  

The o b j e c t i v e  of t h e  T e c t o n i c  P l a t e  Motion p r o j e c t  i s  t o  develop t e c h n i q u e s  f o r  t h e  d e t e c t i o n  and 
f o r e c a s t i n g  of t h e  r e l a t i v e  motion of t h e  l a r g e  p l a t e s  which form t h e  e a r t h ' s  c r u s t  and a r e  b e l i e v e d  
t o  be one of t h e  prime f o r c e s  t h a t  cause  ear thquake .  The p r o j e c t  i n c l u d e s  several  j o i n t  e f f o r t s  i n -  
v o l v i n g  t h e  U . S .  Geological  Survey and t h e  N a t i o n a l  Geodetic Survey (NGS). These i n c l u d e  t h e  use  of 
l a s e r  t r a c k i n g  of s a t e l l i t e s  t o  de te rmine  s u r f a c e  motions a long  an  a c t i v e  f a u l t  (San Andreas F a u l t  
Experiment - SAFE) and t h e  u s e  of  Very Long Base I n t e r f e r o m e t r y  (VLBI) f o r  c r u s t a l  motion s t u d i e s .  I n  
FY 1978, i t  i s  planned t o  c o n t i n u e  t h e s e  experiments  i n c l u d i n g  t h e  a c q u i s i t i o n  of  a d d i t i o n a l  d a t a  a t  
t h r e e  ins t rumented  s i t e s  i n  suppor t  of SAFE; t h e  e x t e n s i o n  of a r e g i o n a l  e f f o r t  i n  C a l i f o r n i a  t o  de-  
m o n s t r a t e  t h e  use of  VLBI t echniques  f o r  measurement of r e g i o n a l  c r u s t a l  motion;  and t h e  e s t a b l i s h m e n t  
of a d d i t i o n a l  b a s e l i n e s  i n  a m u l t i f a c e t e d  e f f o r t  t o  determine t h e  r e l a t i v e  motions of t h e  P a c i f i c  P l a t e  
and t h e  North American p i a t e ,  u s i n g  'V'LfiI i e c i i r i i q u e s .  

The A p p l i c a t i o n s  Research and Technology Development (ARTD) Program s u p p o r t s  exper imenta l  s t u d i e s  of 
t h e  e a r t h ' s  g r a v i t y  and magnetic f i e l d s ,  of c r u s t a l  and p o l a r  motion, of  v a r i a t i o n s  i n  t h e  e a r t h ' s  
r o t a t i o n a l  speed,  and of l o c a l  topographic  changes.  These s t u d i e s  a r e  r e q u i r e d  because of t h e i r  
p o t e n t i a l  a p p l i c a t i o n  t o  r e s o u r c e  assessment ,  g e o d e t i c  surveying  and h a z a r d s  f o r e c a s t i n g .  

The Follow-on Data Analys is  and Opera t ions  Program i s  des igned  t o  s u p p o r t  t h e  c o n t i n u i n g  a n a l y s e s  
0.t d a t a  a c q u i r e d  +rom s a t e l l i r e s  and ground-based instrumenrs  so rhac L i i i s  &id dlld associated aiial-fsis 
can  be a p p l i e d  t o  r e s o u r c e  assessment ,  g e o d e t i c  surveying ,  hazard  p r e d i c t i o n  and improved t imekeeping. 
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Tectonic Plate Motion 

Tectonic plate motion ............................. 2.600 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

OBJECTIVES AND STATUS: 

700 1.900 

The objective of the Tectonic Plate Motion project is to develop techniques for the detection and 
forecasting of the relative motion of the large plates which form the earth's crust. This motion is one 
of the prime forces that cause earthquakes. 
activity: the refinement of the national horizontal and vertical geodetic networks (in support o,f N G S ) ;  
the monitoring of vertical motions in certain regions (in support of NGS and U S G S ) ;  the monitoring of 
horizontal motion associated with the accumulation of strain in faulted zones; and the determination of 
polar motion and earth rotation (in support of NGS and the Naval Observatory). 
are associated with rectifying discrepancies in coastal sea level slopes, monitoring crustal deformation 
in southern California, and detecting relative plate motion along the San Andreas fault system. 

Support is provided to the following primary areas of 

Specific experiments 

In the past year, experiments related to the detection of plate motion and to evaluation of the feasi- 
bility of precursor earthquake monitoring systems have included: 
logical Service ( U S G S )  to demonstrate the feasibility of using satellite tracking lasers to determine 
surface motions aiong an accive fauic (San Andreas -r'auit Experimenr - > M I L ) ;  ( b j  A r eg iona l  e i i o r i  i t t  

California to demonstrate the use of Very Long Baseline Interferometry (VLBI) techniques for the measure- 
ment of regional crustal motion, using distant stars as a reference; and (c) A multifaceted effort to 
determine the relative motions of the Pacific plate and the North American plate, using VLBI techniques. 

(a) A joint effort with the U.S. Geo- 

" a n n \  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding will provide for continuation of  these experiments. Lageos, together with new and 
improved lasers being deveinped by the Office of Iracking an6 Dara Acquisition, wiii be used in suppori 
of the FY 1978 SAFE Program including the acquisition of additional data at three instrumented sites in 
support of SAFE and the extension of VLBI measurements to regions beyond the Los Angeles basin area in 
support of NGS and USGS.  In addition, the new experimental programs associated with monitoring of the 
coastal sea surface slope and crustal uplift in southern California are to be initiated. 
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ADDlications Research and Technoloav DeveloDment ( E a r t h  Dvnamics) 

1976 
Ac tua l  

Measurement sys tems,  f o r e c a s t i n g  techniques  
and modelingfadvanced s t u d i e s  ................... 

Advanced e a r t h  dynamics f l i g h t  exper iments  ........ 
F l i g h t  suppor t  f o r  e a r t h  dynamics ................. 
Ear th  dynamics systems a n a l y s e s  ................... 
Space lab  payload d e f i n i t i o n  f o r  e a r t h  dynamics 

experiment  ...................................... 
T o t a l . .  ......................................... 

2 , 200 
300 
300 
300 

200 

3,300 

T r a n s i t i m  1 9 7 7  
Q u a r t e r  Budget Curren t  

Ac tua l  E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

900 - 1.600 

1978 
Budget 

E s t i m a  t e 

3.800 

OBJECTIVES AND STATUS : 

The a p p l i c a t i o n  of e a r t h  dynamics t echn iques  t o  r e s o u r c e  a s ses smen t ,  g e o d e t i c  surveying  and haza rds  f o r e -  
c a s t i n g  r e q u i r e s  e x t e n s i v e  a n a l y t i c a l  and exper imenta l  s t u d i e s  of t h e  e a r t h ' s  g r a v i t y  and magnet ic  f i e l d s ,  
o f  c r u s t a l  and p o l a r  motion,  of v a r i a t i o n s  i n  t h e  e a r t h ' s  r o t a t i o n a l  speed ,  and of l o c a l  topographic  
changes. The o b j e c t i v e  of t h e  .UTD program i s  t o  suppor t  s t u d i e s  of advanced systems and senso r  technology,  
t h e  d e f i n i t i o n  of sys tem requ i r emen t s ,  t h e  v e r i f i c a t i o n  of t echn iques  through ground and a i r c r a f t  measure- 
ments ,  t h e  e v a l u a t i o n  of t h e  economic e f f e c t i v e n e s s  of e a r t h  dynamic t echn ique  a p p l i c a t i o n s ,  and demon- 
s t r a t i o n  o t  these a p p l i c a t i o n s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The a d d i t i o n  of $300 thousand i n  FY 1977 r e f l e c t s  an ad jus tment  t o  p rov ide  f o r  development of a space -  
ho rnp  l a s e r  r a n g i n g  system f o r  m o n i t o r i n g  h n r i  7 o n t a l  and ver-jral mntjnng i n  l o c a l  reg tans  f o r  detect_ian 
o f  subs idence  and c r u s t a l  u p l i t t i n g .  

BASIS O F  FY I978 ESTIYATE: 

I n  FY 1978, funding i s  r e q u i r e d :  t o  proceed w i t h  an improved model of t h e  e a r t h ' s  g r a v i t y  f i e l d  based 
on d a t a  ob ta ined  from t h e  GEOS-3 s p a c e c r a f t  a l t i m e t e r ;  t o  o b t a i n  improved l a s e r  ranging  d a t a  f o r  u s e  i n  
r e s o u r c e  assessment  s t u d i e s  planned w i t h  Magsat; t o  c o n t i n u e  t h e  a p p l i c a t i o n  of l a s e r  ranging  t o  g e o d e t i c  
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surveying  and subs idence ;  t o  develop an exper imenta l  device  f o r  improved s p a c e c r a f t  o r b i t  d e t e r m i n a t i o n s ;  
and t o  improve techniques f o r  t h e  d e t e c t i o n  of t h e  c r u s t a l  u p l i f t i n g  a s s o c i a t e d  w i t h  ear thquakes .  

Follow-on Eata A n a l y s i s  and Opera t ions  ( E a r t h  Dynamics) 

T r a n s i t  i o n  1977 1978 
1976 Q u a r t e r  Budget Current  Budget 

Actua l  Actua l  E s t i m a t e  Estimate Es t imate  
(Thousands of D o l l a r s )  

Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  ............ 1.900 300 

OBJECTIVES AND STATUS: 

T h i s  p r o j e c t  s u p p o r t s  t h e  c o n t i n u i n g  a n a l y s i s  of d a t a  a c q u i r e d  through t h e  u s e  of s a t e l l i t e  and ground- 
based i n s t r u m e n t a t i o n .  These d a t a  i n c l u d e  o b s e r v a t i o n s  of p h y s i c a l  d i s t a n c e s  made through l a s e r  ranging  
t o  s a t e l l i t e s  and i n t e r f e r o m e t e r  t e c h n i q u e s ;  g r a v i t y  f i e l d  p o t e n t i a l  i n f e r r e d  from p e r t u r b a t i o n  of s a t e l -  
l i t e  o r b i t s ,  from d i r e c t  geoid measurements u s i n g  s a t e l l i t e  a l t i m e t e r s  and from g r a v i t y  gradiometer  
t r a v e r s e s ;  magnetic f i e l d  p o t e n t i a l  measured by s a t e l l i t e  and ground i n s t r u m e n t a t i o n ;  and o b s e r v a t i o n s  
of motions of t h e  e a r t h  i n c l u d i n g  wandering of t h e  p o l a r  a x i s  and changes i n  r o t a t i o n a l  speed. These 
d a t a  and a s s o c i a t e d  a n a l y s i s  have a p p l i c a t i o n  t o  a g l o b a l  i n v e n t o r y  assessment  of t h e  p o t e n t i a l  m i n e r a l  
and energy resources  a v a i l a b l e ;  g e o d e t i c  s u r v e y i n g  f o r  d e t e c t i n g  and mapping of subs idence ;  ear thquake  and 
o t h e r  hazard  p r e d i c t i o n  models; and improved s t a n d a r d  t imekeeping. 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, d a t a  a c q u i r e d  from s a t e l l i t e s  and ground-based i n s t r u m e n t s ,  and s p e c i f i c a l l y  GEOS-3  and 
Lageos d a t a ,  w i l l  be analyzed i n  s u p p o r t  of t h e  o b j e c t i v e s  o u t l i n e d  above. S p e c i f i c  i n v e s t i g a t i o n s  w i i i  
be  selected on t h e  b a s i s  of  p r o p o s a l s  s i lbmit ted by u s e r s  i n  response  t o  an  announcement of o p p o r t u n i t y  
t o r  Lagens and a tnLLow-nn announcement t o r  W O S -  i, ( x o s - 3  h a v i n g  demonst ra ted  t h a c  che ins t rument  has 

gone w e l l  beyond i t s  performance s p e c i f i c a t i o n s ,  has  made p o s s i b l e  a d d i t i o n a l  experiments ,  such a s  
~ o p o g r a p h t c  zapp ing ,  :."cE, c s u l d  ~ c t  be nl a n n o d  fer n r e 7 . r ;  n r i c l v ~  r ----_--- r-- - - - - - J  

E a r t h  r e l a t e d  s t u d i e s  and a n a l y s e s  o f  d a t a  o b t a i n e d  from t h e  Seasat-A program w i l l  a l s o  be i n i t i a t e d  
i n  FY 1978. 
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BASIS OF FUND REQUIREMENTS: 

Ocean Condi t ion  Monitor ing and F o r e c a s t i n g  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

Ocean dynamics s a t e l l i t e  (Seasat-A) ................ 15,800 6,000 25 , 300 25,300 11,400 
A p p l i c a t i o n s  r e s e a r c h  and technology 

development (ARTD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,800 1 , 600 3,500 3,700 5,000 
Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  ............. 1,600 500 1,800 1 , 800 2 , 800 

T o t a l  ............................................ 22.200 

OBJECTIVES AND STATUS: 

8.100 30.600 30.800 19.200 

The o b j e c t i v e s  of t h e  Ocean Condit ion Monitor ing and F o r e c a s t i n g  Program are d i r e c t e d  toward a c h i e v i n g  
o p e r a t i n g  economies f o r  a c t i v i t i e s  i n  t h e  marine environment such as s h i p p i n g ;  o f f - s h o r e  o i l  e x t r a c t i o n ,  
gas  w e l l  and g e n e r a l  c o n s t r u c t i o n  and o p e r a t i o n s ;  and f i s h i n g .  I n  a d d i t i o n ,  t h e  moni tor ing  and f o r e -  
c a s t i n g  of ocean c o n d i t i o n s  i s  expected t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  development of b o t h  s h o r t -  and 
long-range  g l o b a l  weather  and s e a  c o n d i t i o n  f o r e c a s t i n g .  The o b j e c t i v e s  w i l l  be achieved  through t h e  
development and demonstrated a p p l i c a t i o n  of measurement techniques  a s s o c i a t e d  w i t h  de te rmining  and 
m c l n i t n r i n e  o f  n r p a n  r o n d i  t i  ons incliidin7g c u r r e n t  systems and c i r c u l a t i o n  p a t t e r n s  .. a i r l s e a  boundary 
c o n d i t i o n s ,  and sea s u r f a c e  topography. 

A major goa l  of t h i s  program i s  t o  de te rmine ,  through a j o i n t  NASA and u s e r  e f f o r t ,  t h e  f e a s i b i l i t y  of 
deve loping  a s a t e l l i t e  system c a p a b l e  of o p e r a t i o n a l  u s e  i n  the mid-iY8U’s. Seasat-A,  c u r r e n t i y  under 
development and scheduled f o r  launch i n  mid-1978, w i l l  p r o v i d e  f o r  t h e  f i r s t  t i m e  t h e  g l o b a l  o c e a n i c  
d a t a  needed t o  demonstrate  and v a i i d a t e  t h e  use  o f  s a r e i i i c e s  f o r  ocean a p p i i c a t i o n s .  Daia acquired 
by t h e  Geodynamic Experimental  Ocean S a t e l l i t e  (GEOS-3), launched i n  A p r i l  1975, i s  p r o v i d i n g  new i n f o r -  
mat ion on t h e  ocean g e o i d  a n d  r e l a t e d  topographic  f e a t u r e s  of t h e  ocean bottom, s e a  s t a t e  o r  roughness ,  
ocean c u r r e n t s ,  and deep ocean t i d e s .  
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Ocean Dynamics S a t e l l i t e  (Seasat-A) 

Trans i t i  on 1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actual  Actua l  E s t i m a t e  Es t imate  E s t i m a t e  
(Thousands o f  D o l l a r s )  

S p a c e c r a f t  and suppor t  ............................. 9,875 1 ,065  15,315 15,315 7,147 
Sensor  development ................................. 5,840 4,875 8,715 8,715 738 
Mission o p e r a t i o n s  ................................. 85 60 1,270 1,270 3,515 

T o t a l  ............................................ 15.800 25.300 25.300 11,400 

A t l a s  F (Expendable launch v e h i c l e  program) ........ (1,400) ( - - -> (3,400) (2,600) (6,000) 

OBJECTIVES AND STATUS: 

The Seasat-A mission w i l l  p r o v i d e  f o r  t h e  f i r s t  t i m e  an e x t e n s i v e  c a p a b i l i t y  f o r  observ ing  and moni tor ing  
ocean c o n d i t i o n s .  Experimental  d a t a  a c q u i r e d  w i t h  Seasat-A are  expec ted  t o  make impor tan t  c o n t r i b u t i o n s  
t o  t h e  d e f i n i t i o n  and development of f o r e c a s t i n g  systems which w i l l  more a c c u r a t e l y  d e f i n e  ocean c o n d i t i o n s  
( s e a  s t a t e ,  g l o b a l  c i r c u l a t i o n ,  and c u r r e n t  movements) and t o  extended worldwide weather  f o r e c a s t i n g .  

The s a t e l l i t e  w i l l  weigh 2,300 kg and b e  launched i n t o  a n e a r l y  p o l a r ,  c i r c u l a r  800-km h i g h  o r b i t .  
I t  w i l l  u t i l i z e  a s p a c e c r a f t  bus equipped w i t h  t h r e e  a c t i v e  s e n s o r s :  r a d a r  a l t i m e t e r ;  s y n t h e t i c  a p e r t u r e  

v i s i b l e  and i n f r a r e d  scanning rad iometer  a r e  p a s s i v e  s e n s o r s  t h a t  complete  t h e  payload. These i n s t r u m e n t s  
w i l l  p r o v i d e  t h e  c a p a b i l i t y  t o  monitor  t h e  w o r l d ' s  oceans every  36 h o u r s ,  and t o  d e t e c t  s e a  s t a t e  (wave 
h e i g h t ) ,  wind speed,  wind and wave d i r e c t i o n ,  ocean tempera ture ,  and ocean s u r f a c e  topography from which 
ocean c u r r e n t s  and geoid  parameters  can be  d e r i v e d .  

i m a g i n g  r a d a r ;  a n d  a rni~rowp~re  ~ 7 i n r J  s~atterometer. 4- ~ ~ a ~ ~ j ~ a  m i l  -._-- t i  -- fronriency -- -=----- m i_~ rya~ .~e_  l a d i e m e t e r  2nd 2 

py 1978 flmIir.0 T . 7 i 1 1  h e  tc c q l e t e  t e s t<zg  cf cz&L =f  =hc Szas2.t $, sczs=rs ar;d t h e  sa=.c??L=e bas. 
0 * " - - -  

I n t e g r a t i o n  o f  s e n s o r s  i n t o  a s e n s o r  module t h a t  i s  a t t a c h e d  t o  t h e  bus w i l l  beg in  i n  J u l y  1977 and w i l l  
c o n t i n u e  through e a r l y  CY 1978 i n  p r e p a r a t i o n  f o r  a mid-CY 1978 launch .  
a t  t h a t  t i m e  f o r  a planned one-year  d u r a t i o n .  

Mission o p e r a t i o n s  w i l l  beg in  
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Applications Research and Technology Development (Ocean Condition) 

Transition 1977 
1976 Quarter Budget Current 

Actual Actual Estimate Estimate 
' (Thousands of Dollars) 

Measurement systems, forecasting techniques, 

Advanced ocean dynamics flight experiments ........ 900 400 

Ocean dynamics systems analysis ................... 600 100 700 7 00 

and modeling/advanced studies ................... 900 300 900 900 

Ocean surface truth measurements .................. 2,400 800 1,900 2 100 
- - -  - - -  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.800 1,600 3.500 3.700 

LY78 
Budget 
Estimate 

1,900 
700 

1 700 
700 

OBJECTIVES AND STATUS: 

The objective of this program is to support modeling of ocean-related phenomena and the development of 
experimental techniques and systems. 
ments of ocean data users, definition and development of sensor technology and support systems required 
to meet these requirements, the design of advanced sensors for future planned flight missions, and the 
evaluation of the economic effectiveness of ocean satellite systems. 

These activities include theoretical studies, assessment of require- 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The increase of $200 thousand in the FY 1977 budget estimate reflects an adjustment in the number of 
flight hours for aircraft in support of Seasat-A flight sensor software development. 

BASIS OF FY 1978 ESTIMATES 

tn FY i 3 i x j  s t i i d i ~ s  w i i i  be  expanded to emphasize the deveiopmenc of sensor and syscem cechnoivgies re- 
quired for the evolutionary growth toward future ocean satellite system capability for the mid-1980's. 
t c c l ~ ~ d e ~ , s  deI:elonrnon+ - of c_e.r.? s e c s m ~ ,  i n c l u d i n g  enhanced satellite p o s i t i n n  l o c a t i n n  and  o r b i t  d e t e r m i n a t i o n  
technology, expansion of mesoscale modeling of ocean currents, and advanced techniques of modeling and 
verification through the surface truth program. 

This 
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Follow-on Data Analys is  and Opera t ions  (Ocean Condi t ion)  

T r a n s i t i o n  1977 1978 
19 76 Quarter Budget C u r  r e n  t Budge i 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousacds cf D n l l a r s )  

Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  . . . . . . . . . . . .  1,600 500 1.800 1,800 2,800 

OBJECTIVES AND STATUS : 

The a n a l y s i s  of d a t a  a c q u i r e d  by s a t e l l i t e s ,  p r i m a r i l y  GEOS-3 and Seasat-A, provides  t h e  b a s i s  f o r  t h e  
development of techniques  and models t o  be used i n  moni tor ing  and f o r e c a s t i n g  ocean c o n d i t i o n s .  
a n a l y s e s  a r e  impor tan t  t o  unders tanding  t h e  format ion  and development of t h e  v a r i o u s  l e v e l s  of s e a  s t a t e ;  
t h e  g l o b a l  ocean c i r c u l a t i o n  p a t t e r n ;  t h e  meandering of ocean c u r r e n t  systems (such a s  t h e  Gulf Stream); 
and t h e  s i g n i f i c a n c e  of t h e  a i r l s e a  boundary i n t e r a c t i o n  f o r  long-range g l o b a l  weather  f o r e c a s t i n g .  

These 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, i t  i s  planned t o  c o n t i n u e  i n v e s t i g a t i o n s  of t h e  ocean geoid ,  c i r c u l a t i o n ,  c u r r e n t  systems 
With t h e  launch of Seasat-A i n  1978, b o t h  new and improved d a t a  w i l l  mapping, and weather  f o r e c a s t i n g .  

b e  a v a i l a b l e .  I n  a d d i t i o n ,  t h e  cont inued  s u c c e s s f u l  performance of GEOS-3 i n d i c a t e s  t h a t  extended 
o p e r a t i o n s  can be a n t i c i p a t e d .  To provide  f o r  t h e  a n a l y s i s  of d a t a  from t h e s e  m i s s i o n s ,  an  announcement 
of o p p o r t u n i t y  f o r  Seasat-A and a follow-on announcement f o r  GEOS-3 w i l l  be i s s u e d ,  
demonstrated t h a t  i t s  i n s t r u m e n t s  have gone w e l l  beyond t h e i r  performance s p e c i f i c a t i o n s ,  i t  i s  p o s s i b l e  
tc ccnduc: 2ddFtinnil experiments r e l a t i n g  t o  sea s t a t e  and ocean c u r r e n t  boundary d e t e c t i o n .  

Because GEOS-3 h a s  

BASIS OF FUND REQUIREMENTS: 

Envir  onmen t a  1 Qual i  t y  Moni tor ing  

,IFF p=lluf--=n 2nd cceanQuyanhi P n h s ~ r ~ . ~ l n g  
o--r---- - - - - -  

s a t e l l i t e  (Nimbus-G) ............................ 13,000 6,700 15,400 15,400 14,700 
ShutL?c/Spacc?ab p a y l m d  devel9~aent .............. --- - - -  800 800 2,600 
A p p l i c a t i o n s  r e s e a r c h  and technology development. .  9,000 2,339 9,900 11,000 9,200 
Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  . . . . . . . . . . . .  --- - - -  - - -  - - -  1,000 

T o t a l  ........................................... 22.000 9,039 27.500 26.100 27.200 
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OBJECTIVES AND STAYUS : 

The b a s i c  o b j e c t i v e s  of t h e  Environmental  Q u a l i t y  Monitor ing Program are:  (1) t o  develop a n a l y t i c  t e c h -  
n i q u e s  and models t o  i n t e r p r e t  sensor  d a t a  t o  e s t a b l i s h  and p r e d i c t  t h e  s t a t e  of: t h e  environment;  (2)  t o  
develop remote s e n s o r s  t o  d e t e c t  p o l l u t i o n ;  and (3) t o  e v a l u a t e  and apply  remote s e n s o r s  t o  environmental  
moni tor ing  p r o j e c t s  tiirough c o o p e r a t i v e  e f f o r t s  w i t h  iisers. 

P o l l u t i o n  of  t h e  e a r t h ' s  a i r  and w a t e r  environment occurs  on l o c a l  t o  g l o b a l  scales. The lower atmosphere,  
o r  t r o p o s p h e r e ,  and t h e  water  a r e  s t r o n g l y  impacted by man's a c t i v i t i e s ,  and i t  h a s  been shown t h a t  l o c a l  
problems i n  b o t h  a i r  and water  o f t e n  become r e g i o n a l  i n  t h e i r  e x t e n t .  Global  p o l l u t i o n  e f f e c t s  such a s  
occur  i n  t h e  s t r a t o s p h e r e  a r e  o f t e n  r e l a t e d  t o  man's a c t i v i t i e s  as w e l l .  A s  a b a l a n c e  i s  sought  between 
t h e  demands p laced  on t h e  environment by man's economic and s o c i a l  a c t i v i t i e s  and t h e  d e s i r e  t o  main ta in  
envi ronmenta l  q u a l i t y ,  i t  i s  c l e a r  t h a t  t h e  environment must be monitored t o  de te rmine  i t s  p r e s e n t  s t a t e  
t o  e s t a b l i s h  t h e  b a s i s  f o r  de te rmining  p o s s i b l e  consequences of c o n t i n u i n g  u n c o n t r o l l e d  a c t i v i t y ,  t o  e v a l -  
u a t e  t h e  e f f e c t i v e n e s s  of c o n t r o l  s t r a t e g i e s ,  and t o  p r o v i d e  t h e  u n d e r s t a n d i n g  needed t o  p r e d i c t  more accu-  
r a t e l y  t h e  consequence of a l t e r n a t i v e  c h o i c e s  f o r  t h e  f u t u r e .  

Most p o l l u t i o n  of t h e  lower atmosphere ( t r o p o s p h e r e )  i s  of l o c a l i z e d  o r i g i n .  Ambient a i r  s t a n d a r d s  and 
emiss ion  c o n t r o l  r e g u l a t i o n s  have been promulgated t o  p r o t e c t  t h e  h e a l t h  and w e l f a r e  of t h e  n a t i o n ,  b u t  
t h e i r  consequences a r e  being i n c r e a s i n g l y  q u e s t i o n e d ,  e s p e c i a l l y  i n  t h e  l i g h t  of o t h e r  a c t i v i t i e s  of b e n e f i t  
t o  t h e  n a t i o n .  A l s o ,  i t  has  been found t h a t  many l o c a l e s  cannot  meet ambient a i r  s t a n d a r d s  because they a r e  
s e r i o u s l y  a f f e c t e d  by p o l l u t a n t s  t r a n s p o r t e d  from a d j a c e n t  r e g i o n s  i n  a d d i t i o n  t o  p o l l u t i o n  from l o c a l  s o u r c e s .  
The r e q u i r e d  moni tor ing  f u n c t i o n s  are  now be ing  performed almost  e x c l u s i v e l y  by i n  s i t u  s e n s o r s .  Remote 
s e n s o r s  now be ing  developed w i l l  supplement i n  s i t u  s e n s o r s  both i n  c h a r a c t e r i z i n g  p o l l u t i o n  sources  and i n  
p r o v i d i n g  t h e  s y n o p t i c  coverage needed t o  a d d r e s s  l o c a l  and r e g i o n a l  s c a l e  problems. Comprehensive f i e l d  
test: i ~ t i l i z i n g  n i r r r 2 f t  f l i g h t s  of  e x i s t i n g  p a s s i v e  and remote t r o p o s p h e r i c  p o l l u t i o n  s e n s o r s  w i l l  be con- 
duc ted  t o  e s t a b l i s h  t h e  a p p l i c a b i l i t y  of t h e s e  t e c h n i q u e s  t o  t h e  r e g i o n a l  moni tor ing  and c o n t r o l  of t r o -  
p o s p h e r i c  p o l l u t a n t s .  The moni tor ing  c a p a b i l i t y  f o r  carbon monoxide, ammonia, methane, and s u l f u r  d i o x i d e  
w i l l  be  extended t o  p e r m i t  t h e  e v e n t u a l  mapping of t h e s e  c o n s t i t u e n t s .  Comparative e v a l u a t i o n  of s e v e r a l  
i n s t r u m e n t  concepts  w i l l  permi t  focus ing  of  r e s e a r c h  e f f o r t  on s e l e c t i v e  development f o r  f u t u r e  space  miss ion  
o p p o r t u n i t i e s .  Also planned i s  a program of u n i v e r s i t y  r e s e a r c h  t o  s t u d y  t h e  b a s i c  p h y s i c s  of remote s e n s i n g  
n t  atmospheric ~ Q L L I L E I Q ~  t r n m  g i r c r a t t  2nd satel i1teS7 a< w e i i  a s  t h e  anaiyrr ic  rrechniques r e q u i r e d  L U  i l l i e r -  

p r e t  measurements and p r e d i c t  p o l l u t i o n  d i s p e r s i o n .  

A t  t h e  p r e s e n t  t i m e ,  t h e  a tmospher ic  l a y e r  of  pr imary concern on a g l o b a l  scale i s  t h e  upper atmosphere 
( s t r a t o s p h e r e ) .  The technology e i t h e r  e x i s t s  o r  i s  b e i n g  developed t o  d e t e c t  many of t h e  n a t u r a l  and man- 
made p o l l u t a n t s  t h a t  e n t e r  t h e  s t r a t o s p h e r e  e i t h e r  d i r e c t l y ,  a s  from volcanoes  o r  s u p e r s o n i c  t r a n s p o r t s ,  
o r  i n d i r e c t l y  by d i f f u s i o n  from t h e  t r o p o s p h e r e  through o r g a n i c  p r o c e s s e s  o r  i n d u s t r i a l  a c t i v i t i e s .  A s  a 
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part of the NASA Upper Atmosphere Research Program that is coordinated by the Office of Space Science, the 
O f f i c e  of  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 com- 
prehensive information required to describe the global base1is;e stratosphere. Currently, aircraft flights 
and sounding rockets are providing data on the distribution and variabiiity 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 
of important gaseous constituents such as 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 pro- 
vide similar coverage of atmospheric aerosols. Future plans include the development of advanced instru- 
mentation, such as the Mark I1 interferometer to be flown on the Shuttle, to permit measurements of other 
constituents of environmental importance. This baseline 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 use in guiding and 
planning regulatory actions. 

The detection from space of water pollution can be accomplished whenever pollutants give rise to variations 
in water color. For example, acid wastes and sewage sludge dumps, industrial effluents, heavily sedimented 
rivers, and algal blooms have already been detected from space. Understanding the optical properties of water 
pollutants remains the basic and continuing research objective needed to establish sensor design requirements 
and analytical techniques for data interpretation. This research, accomplished through laboratory investi- 
gations, 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. 
- 7  l',e r e s u l k  of suc;-i L - -  1 - A  + ^  tL- A -.I,, l,,.,,..t 

l lda  LcU Lu L L L c  ucvLLu,,,L,LLLL ~f th2 C x s t a l  7 ~ ~ 1 9  Cn lc r  S c a x e r  ( r 7 C S )  \ - - - -  to he  flown 
on Nimbus-G. The CZCS will permit quantitative measurements of sediment, chlorophyll, and salinity. These 
tasks are conducted cooperatively with other federal and state participation. The thrust of the increased 
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. 
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Air Pollution-_and - ~~ Oceanographic Observing Satellite (Nimbus-G) 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Spacecraft ....................................... 6,309 3 246 5,300 3,400 4,800 
Sensors and data analysis ........................ 6,671 3,454 7,100 10,000 7,900 

20 --- 3 000 2 000 2,000 Ground support ................................... 
Total .......................................... 13,000 6,700 15.400 15.400 14.700 

Delta (Expendable launch vehicles program) ....... (---I (---I (2,500) (2,800) (3 Y 100) 

OBJECTIVES AND STATUS : 

The detection and measurement of atmospheric and water pollution constituents on a global basis requires 
the collection of remotely sensed repetitive data from space. The Nimbus-G spacecraft will provide this 
capability 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. 
tc ~nalyze p o l l u t i r ? t  c c n c e n t r i t t o n s  2nd movements 2nd t o  dp_tp_rmjnp_ t h e i r  so1-zrces and life c y c l e s ,  

Taken on a global basis, these measurements will be used 

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 oceanlatmosphere 
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 
i n t e r a c t i o n s  betT.Teen t h e  ocea?, atmosphere, 2nd s=n. 

 he rer?,sining spacec ra f t  sensor ;;ill be used to ccntinue t he  ccllecti~n Of datz  n n r t - i n i n n  r-' - - - ' L - L L ~  tc the  e l r t h ' s  
radiation budget begun on earlier Nimbus spacecraft. This will be accomplished in order to establish a 
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. 
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

U n a n t i c i p a t e d  s e n s o r  development problems r e s u l t e d  i n  c o s t  growth f o r  t h e  FY 1977 p e r i o d ,  t h u s  r e q u i r i n g  
These l a t t e r  two a r e a s  w e r e  n o t  sub- s h i f t i n g  of funding from t h e  s p a c e c r a f t  and ground s u p p o r t  e lements .  

s t a n t i a l l y  a f f e c t e d ,  however, s i n c e  t h e i r  development i s  p r o g r e s s i n g  Se t te r  than  a n t l c i p a t c d .  

BASIS OF FY 1978 ESTIMATE: 

A l l  s e n s o r  and s p a c e c r a f t  equipment w i l l  have been d e l i v e r e d  by t h e  f i r s t  q u a r t e r  of FY 1978. During 
FY 1978, t h e  Nimbus-G s p a c e c r a f t  w i l l  undergo subsystem and system t e s t i n g  and w i l l  be p r e p a r e d  f o r  de-  
l i v e r y  t o  t h e  E a s t e r n  Test  Range. 
v e r i f i c a t i o n  i n  p r e p a r a t i o n  f o r  launch and f l i g h t  o p e r a t i o n s  suppor t .  Launch i s  scheduled  f o r  f i r s t  
q u a r t e r  FY 1979. 

Ground d a t a  p r o c e s s i n g  systems w i l l  undergo f i n a l  systems checkout and 

S h u t t l e / S p a c e l a b  Payload Development (Environmental  Q u a l i t y )  

Trans i t  i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  Actua l  E s t i m a t e  E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

--- Payload development ............................... 800 

OBJECTIVES AND STATUS: 

The S h u t t l e / S p a c e l a b  o f f e r s  a v a l u a b l e  o p p o r t u n i t y  t o  o p e r a t e  l a r g e  survey  t y p e  i n s t r u m e n t s  i n  o r b i t  which 
a r e  c a p a b l e  of making d e t a i l e d  measurements over  a wide range  of t h e  spectrum. Data  from t h i s  kind of exper -  
iment w i l l  be used i n  developing s m a l l e r  d e d i c a t e d  i n s t r u m e n t s  €or use  i n  measurements of  s p e c i f i c  atmo- 
s p h e r i c  c o n s t i t u e n t s  i n  much narrower s p e c t r a l  r e g i o n s .  O f  p a r t i c u l a r  concern a r e  t h o s e  gaseous p o l l u t a n t s  
i n t r o d u c e d  by man i n t o  t h e  atmosphere which, through chemical r e a c t i o n s ,  c o u l d  p o s s i b l y  modify t h e  e a r t h ’ s  
s t r a t o s p h e r i c  oznne I i r r ~ v .  J -- I)aylorc! development act ivi t57 i s  aimed at  d p v p ~ n p ~ n g  one  s i i c h  s e n s o r  an advanced 
v e r s i o n  of t h e  High Speed I n t e r f e r o m e t e r  (HSI) which w i l l  have c a p a b i l i t y  t o  make g l o b a l  measurements of 
?cucr atzcspheric ( t r q c s p h c r i c )  ar,d =.;per a t a o s p h e r i c  ( s t r a t o s ~ h e r i c )  t race, g ~ s e s  v h i c h  have a h s o r p t i  on 
bands i n  t h e  i n f r a r e d  s p e c t r a l  range .  This  s e n s o r  w i l l  make i t  p o s s i b l e  t o  develop a b a s e l i n e  of e x i s t i n g  
s t r a t o s p h e r i c  c o n s t i t u e n t s  and t h e i r  c o n c e n t r a t i o n s .  These i n c l u d e  such g a s e s  a s  hydrogen c h l o r i d e ,  w a t e r ,  
ammonia, methane, n i t r o u s  oxide ,  d e u t e r i u m  oxide  and ozone. These d a t a  a r e  needed i f  a long  term s t r a t o -  
s p h e r i c  moni tor ing  system i s  t o  be developed,  b o t h  t o  p r o v i d e  an i d e n t i f i c a t i o n  of  t h e  s p e c i e s  of i n t e r e s t  
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and t o  provide  t h e  parameters  needed f o r  t h e  d e s i g n  o f  o t h e r ,  more s p e c i f i c ,  moni tor ing  i n s t r u m e n t s .  
v e r s i o n s  of the i n s t r u m e n t  have flown on a i r c r a f t  and b a i i o o n s  and have provided such v a l u a b l e  d a t a  a s  t h e  
f i r s t  s t r a t o s p h e r i c  measurement of hydrogen c h l o r i d e  (HCI), an  impor tan t  gas  s p e c i e s  i n  t h e  chemis t ry  of ozone 
d e p l e t i o c .  

E a r l y  

BASIS OF FY 1978 ESTIMATE: 

The des ign  and development of t h e  Mark I predecessor  t o  t h e  Mark I1 High Speed I n t e r f e r o m e t e r  have been 
c a r r i e d  out  under A p p l i c a t i o n s  Research and Technology Development. 
o r a t o r y ,  i n  b a l l o o n  f l i g h t s ,  and i n  f l i g h t s  on t h e  U-2 and t h e  Anglo-French Concorde. 
of Mark I1 w i l l  f l y  on a b a l l o o n  i n  Fy 1977 and w i l l  p r o v i d e  d e s i g n  v e r i f i c a t i o n  f o r  t h e  S h u t t l e / S p a c e l a b  
f l i g h t  sensor .  I n  FY 1978, t h e  des ign  of  t h e  Spacelab f l i g h t  sensor  w i l l  b e  completed,  and f a b r i c a t i o n  
a c t i v i t i e s  w i l l  begin.  

That s e n s o r  h a s  been t e s t e d  i n  t h e  l a b -  
The i n i t i a l  v e r s i o n  

A p p l i c a t i o n s  Research and Technology Development (Environmental  Q u a l i t y )  

Trans i t i  on 1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  Actual  E s t i m a t e  E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

Sensor d e f i n i t i o n  and f e a s i b i l i t y  e v a l u a t i o n  

Development of advanced f l i g h t  experiments  f o r  

A i r c r a f t  suppor t  f o r  development o f  c a p a b i l i t i e s  

Studies i n  a p p l i c a t i o n s  of environmental  

modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,200 

environmental  q u a l i t y  moni tor ing  ............... 1,100 

i n  remote s e n s i n g  of  environmental  q u a l i t y  . . . . .  2,600 

q u a l i t y  moni tor ing  technology .................. 600 

mental  q u a l i t y  moni tor ing  a p p l i c a t i o n s  ......... 500 
Z l e T i i i i  i ii)ii of Spal;e:ab ~ A Y ~ G S ~ S  foi- ~ i i v 2 i - o ~ ~ -  

T o t a l  .......................................... 9.000 

1,039 4,200 4,200 4,700 

300 1 , 300 1,600 1,000 

700 2 , 600 4 , 000 2 , 300 

100 700 700 7 00 

200 1,100 500 5 00 

2.335 5,900 li .ooo 9,200 
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OBJECTIVES AND STATUS: 

This activity is directed toward the development and demonstration of remote sensing technology and the 
analytic t o o l s  to interpret sensor measurements and assess the impact of pollution. The basic techniques and 
instruments are developed as part of the sensor definition and advanced flight experiments activities and are 
supported by the airborne operations. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The principal changes in this area reflect a reallocation of resources associated with increased require- 
ments for aircraft support in conjunction with sensor development and field testing partially offset by a 
reduction in Spacelab payload definition studies. 

BASIS OF E'Y 1978 ESTIMATE: 

The application of remote sensing technology and analytic tools to the problems of the lower atmosphere 
will receive increased emphasis in FY 1978. Second-generation advanced sensors will be evaluated on local 
and regional scales using high and low altitude aircraft. Initial field testing will be completed on laser 
devices to measure vertical profiles of tropospheric constituents, and on extending present capabilities to 
include sulphur dioxide and ozone. Development of these devices has brought remote sensor capabilities to 
the point where comparative evaluation will allow selection of the best sensor for future aircraft or 
satellite missions. 

In FY 1978: stratospheric sensor development will focus on instruments for monitoring the constituents 
needed to understand and assess the potential depletion of stratospheric ozone. Aircraft measurements will 
continue in support of sensor development. Studies will continue on the definition of post-Nimbus-G 
pollution monitoring requirements with emphasis on utilizing the capabilities of the Space Shuttle and the 
Spacelab. 

Research in the detection and monitoring or' warrer poiiurivn is p r e s e r i i i y  L'vcused i i i  d ~ e d : ,  uLr app l i ca t ions  
related to ocean dumping, red tides, and the eutrophic classification of lakes. Each investigation uses 
m i i l t i s p e c t r a l  data from satellite and aircraft instruments. The work in eutrophic classification using 
remotely sensed data will be completed this year. Ocean dumping investigations, conducted cooperatively 
with NOAA, will use the capability to discriminate between and map sediment concentrations, sewage sludge, 
and acid wastes. This data will be used in mathematical models for predicting the dispersion and transport 
of these dumped materials. The red tide research will detect and discriminate between harmless algal blooms 
and harmful red tide blooms in the gulf coastal water of Florida. A new focus will be the application of 

RD 7-36 



remote s e n s i n g  i n  making environmental  b a s e l i n e  measurements i n  c o a s t a l  r e g i o n s  of t h e  U . S .  Moni tor ing  of 
t h e  Grea t  Lakes and t h e  e a s t  c o a s t  w i l l  p rov ide  d a t a  r e q u i r e d  f o r  t h e  n e a r - s h o r e  and o u t e r  c o n t i n e n t a l  s h e l f  
a c t i v i t i e s .  

I n c o r p o r a t e d  w i t h i n  t h i s  Environmental Q u a l i t y  Program i s  a program of u n i v e r s i t y  r e s e a r c h  t o  s tudy  t h e  
b a s i c  phys i c s  of remote s e n s i n g  of a tmospher ic  and wa te r  p o l l u t i o n  from a i r c r a f t  and s a t e l l i t e s .  
emphasis of t h e  r e s e a r c h  w i l l  be p laced  on t h e  development of d a t a  r e d u c t i o n  and a n a l y s i s  t echn iques  and 
t h e  i d e n t i f i c a t i o n  o f  r e q u i r e d  measurement c a p a b i l i t i e s .  

The 

Follow-on Data Ana lys i s  and Opera t ions  (Environmental  Q u a l i t y )  

T r a n s i t i o n  1977 1978 
1976 Quar t e r  Budget Cur ren t  Budge t 

Ac tua l  Actua l  E s t i m a t e  E s t i m a t e  Es t ima te  
(Thousands of D o l l a r s )  

- - -  Data a n a l y s i s  ..................................... 1.000 

OBJECTIVES AND STATUS: 

S e r i o u s  q u e s t i o n s  concern ing  p o s s i b l e  a l t e r a t i o n s  of t h e  s t r a t o s p h e r i c  ozone l a y e r  by man's a c t i v i t i e s  have 
been r a i s e d  i n  r e c e n t  y e a r s .  Th i s  l a y e r  abso rbs  much s o l a r  u l t r a v i o l e t  r a d i a t i o n  p r i o r  t o  i t s  r e a c h i n g  t h e  
e a r t h ' s  s u r f a c e ,  and t h e  l a y e r  hence a c t s  a s  a l i f e  p r e s e r v i n g  s o l a r  s h i e l d .  The a b s o r p t i o n  of t h e  s o l a r  
r a d i a t i o n  a l s o  h e a t s  t h i s  l a y e r  of t h e  atmosphere and hence has  an impor tan t  i n f l u e n c e  on c l i m a t e .  I t  i s  
s p e c u l a t e d  t h a t  t h e s e  a l t e r a t i o n s  occur as a r e s u l t  of h i g h  f l y i n g  a i r c r a f t ,  i n d u s t r i a l  a c t i v i t y ,  and 
a g r i c u l t u r a l  a c t i v i t y .  However, i t  i s  n o t  c u r r e n t l y  p o s s i b l e  t o  addres s  t h e s e  hypotheses  because  t h e  
s t r a t o s p h e r i c  ozone l a y e r  i s  v a r i a b l e  i n  bo th  space  and t i m e .  
t e n t  of which s o u r c e s  a r e  i n f l u e n c i n g  t h i s  v a r i a b i l i t y .  I n  o r d e r  t o  unde r s t and  t h e  causes  of t h i s  v a r i a -  
b i l i t y  i t  i s  n e c e s s a r y  t o  deveiop an extended se t  of b a s e l i n e  d a t a  concern ing  iiie s t r a t o s p h e r i c  ozone l a y e r .  
The s a t e l l i t e  d a t a  from t h e  Backsca t t e r  U l t r a v i o l e t  (BW) ins t rumen t s  on Nimbus-4 a r e  a v a i l a b l e .  Data a l s o  
a r e  a v a i i a b i e  from a number v i  b a i i v v r i .  d i ~ L ~ d L r i ,  ~ u ~ k e t ,  s a t e l l i t e ,  aiid ground-hased s e n s o r s .  These d a t c ,  
when p r o p e r l y  and comple te ly  reduced t o  u s e f u l  p h y s i c a l  pa rame te r s ,  ana lyzed ,  and d i s semina ted  t o  t h e  
s c t e n t i f i c  a n d  iiser communities i n  p r a c t i c a l  form, a r e  expec ted  t o  be a p p l i e d  d i r e c t l y  t o  t h e  impor tan t  
n a t i o n a l  and g l o b a l  problem of unders tanding  t h e  s t a b i l i t y  of t h e  e a r t h ' s  ozone l a y e r ,  i t s  n a t u r a l  v a r i a -  
b i l i t y ,  and i t s  s u s c e p t i b i l i t y  t o  changes caused by man's a c t i v i t i e s .  

I t  i s  n o t  y e t  p o s s i b l e  t o  e s t a b l i s h  t h e  ex- 
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BASIS OF FY 1978 ESTIMATE: 

The data reduction processing for the Nimbus-4 data has proceeded at a low level under Applications Research 
and Technology Development. It is important that this data reduction effort be augmented in FY 1978 to pro- 
vide a basis for addressing the following broadened requirements for the data: detailed analysis of data for 
applications to the important problem of ozone depletion, data-use investigations by the user community, and 
transfers of data-use capabilities to the user agencies. 

Weather and Climate Observation and Forecasting 

Transition 1977 1978 
19 76 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Operational temperature sounding satellite 
(TIROS-N) ...................................... 8,000 

- - -  Shuttle/Spacelab payload development ............. 
Global atmospheric research program (GARP) ....... 7,000 
Severe storm research program .................... 7,900 

Follow-on data analysis and operation ............ 
Applications research and technology 

development (ARTD) ............................. 12,030 
- - -  

A l l  weather atmospheric sounding experiment 
c 7nn sateiiites jiu'irn'ous-5 a i d - 6 )  .................... J , I W U  

Total 40.630 .......................................... 

2,100 8,600 

1 ,800  6,000 
2,200 7,100 

- - -  - - -  

3,383 13,000 
300 1,600 

10,100 2,100 
- - -  2,700 

5,100 5,000 
8,000 6,500 

11,900 11,900 
1,600 2,500 

9.783 36.300 36.700 30.700 

OBJECTIVES AND STATUS: 

_ _  NASA' s weather and Ciimate ObservdLivii d i d  F w r e c a s i i n g  program L i i c l ~ d e s  rsssarch  oii globs? wcathcr s y s t e m ,  
local forecasting, climate variation and change, and fundamental atmospheric processes. NASA contributes 
unique capabriities f r o m  space- reiared cec'nnoiogy E O  n a r i v i i a i  eL ' iwr  is i1-l neteoro:ogicEi: resc3 rCh  2nd f C r e -  

casting improvements. 

The understanding and extended prediction of weather requires that information be available and pro- 
cessed on a global basis. The length and accuracies of forecasts are dependent on the global models to 
describe the interaction of various atmospheric processes, and the utilization of these models with data 
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o b t a i n e d  on a g l o b a l  b a s i s .  Weather s a t e l l i t e s ,  w i t h  t h e i r  c a p a b i l i t i e s  t o  observe b a s i c  parameters  and 
dynamic p r o c e s s e s  of t h e  atmosphere,  a r e  p r o v i d i n g  t h e  b a s i c  g l o b a l  i n f o r m a t i o n  needed. O u a n t i t a t i v e  
soundings of t h e  g l o b a l  atmosphere f o r  use i n  weather  f o r e c a s t i n g ,  d a t a  f o r  advanced r e s e a r c h  of atmosphere 
p r o c e s s e s ,  and g l o b a l  viewing of c louds  and s t o r m  sysLerns a r e  be ing  provided by c u r r e n t  p o l a r - o r b i t i n g  
s a t e l l i t e s .  These s a t e l l i t e s  i n c l u d e  t h e  Improved TIROS O p e r a t i o n a l  S a t e l l i t e  (ITOS) ser ies  and t h e  
Synchronous Meteoro logica l  S a t e l l i t e / G e o s t a t i o n a r y  O p e r a t i o n a l  Environmental  S a t e l l i t e  (SMS/GOES) ser ies  
developed by NASA f o r  t h e  N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n ,  and t h e  Nimbus r e s e a r c h  and de- 
velopment weather  s a t e l l i t e  series.  
(TIROS-N) i s  c u r r e n t l y  under development. 

A p r o t o t y p e  of t h e  t h i r d  g e n e r a t i o n  o p e r a t i o n a l  s a t e l l i t e  of  t h i s  kind 

The Global  Atmospheric Research Program (GARP) f o c u s e s  on t h e  d e s i g n ,  development,  and t e s t i n g  of a 
series of  a tmospheric  models based on t h e  d a t a  provided on a g l o b a l  b a s i s .  Using c u r r e n t  o b s e r v a t i o n  
f a c i l i t i e s ,  t h e  Data Systems Test (DST) programs a r e  t e s t i n g  on a s m a l l e r  s c a l e  t h e  i n t e g r a t i o n  and mod- 
e l i n g  o f  measurements which w i l l  be a v a i l a b l e  d u r i n g  t h e  F i r s t  GARP Global Experiment (FGGE). The DST 
program i s  developing t h e  r e q u i r e d  d a t a  p r o c e s s i n g  and management techniques  and implementing d a t a  u t i l i -  
z a t i o n  methods. P lanning  and a s s o c i a t e d  r e s e a r c h  w i l l  c o n t i n u e  and w i l l  a c c e l e r a t e  as FGGE approaches.  
NASA i s  a l s o  p r o v i d i n g  s p a c e - r e l a t e d  technology i n  t h e  development of suppor t  systems t o  FGGE such as 
communications f a c i l i t i e s  and measurement of winds i n  t h e  t r o p i c s  w i t h  a i r c r a f t  and o t h e r  means. 

N A S A ' s  goa l  i n  t h e  a r e a  of l o c a l  f o r e c a s t i n g  i s  t h e  a p p l i c a t i o n  o f  unique space c a p a b i l i t i e s  t o  t h e  
h i g h  p r i o r i t y  n a t i o n a l  problem of t h e  d e t e c t i o n ,  moni tor ing ,  p r e d i c t i o n ,  and warning of  s e v e r e  s torms .  
To meet t h e  o b j e c t i v e s  of l o c a l  f o r e c a s t i n g ,  NASA h a s  a w e l l  c o o r d i n a t e d  program c o n s i s t i n g  of Appl i -  
c a t i o n s  Research and Technology Development (ARTD), s a t e l l i t e  o b s e r v a t i o n s ,  and s a t e l l i t e  s e n s o r  develop-  
ment. The ARTD e f f o r t  c o n s i s t s  of s t u d i e s  t o  deve lop  systems t o  d e t e c t  and l o c a t e  tornadoes  and o t h e r  

s p e c i a l i z e d  a i r c r a f t  f l i g h t s ,  and ground-based sys tems,  and a r e  be ing  used i n  computer model s i m u l a t i o n s  
t o  develop d i a g n o s t i c  and p r e d i c t i o n  techniques  f o r  s e v e r e  s torms .  

s ~ v e r e  storrL actit-.Ltj; fieoKL D a t a  foi- have "ueeii olotaiiied froiil sa'elj;te sy.6'e.iiis, 

The s h o r t - t i m e  d u r a t i o n  of  s e v e r e  l o c a l  s torms ,  such a s  t o r n a d o e s ,  n e c e s s i t a t e s  very  f r e q u e n t  o b s e r -  
v a t i o n s .  The p r e s e n t  SMS/GOES g e o s t a t i o n a r y  s p a c e c r a f t ,  w i t h  e s s e n t i a l l y  cont inuous  o b s e r v a t i o n s ,  
provides Liiforiiiatioi-i oii Llie ~ l u u d  diliuuiii aiicl i y p e  aiid c l u u d -  iwp ieiiiper a i u r e s .  Ail iiiipiuved s e i i s w r -  i w r  
SMS/GOES ( v i s i b l e  I n f r a r e d  Spin Scan Radiometer Atmospheric Sounder) i s  be ing  developed which w i l l  p r o -  
v i d e  i i i i u r i i i a i i u i i  uii i e i i i p e r a i u r e  arid iiurnidiiy w i t h  Liie i requency t h a c  i s  r e q u i r e d  f o r  det lect ing such 
s torms .  To p r o v i d e  f o r  more f r e q u e n t  and a c c u r a t e  i n f o r m a t i o n ,  t h e  t h r e e - a x i s  s t a b i l i z e d  S tormsat  
s a t e l l i t e  i s  be ing  s t u d i e d .  The b a s e l i n e  m e t e o r o l o g i c a l  s e n s o r s  on Stormsat  would be t h e  Advanced A t -  
mospheric Sounding and Imaging Radiometer (AASIR), and a microwave atmospheric  sounding rad iometer  which 
would p r o v i d e  v e r t i c a l  soundings i n  cloudy a r e a s .  
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The impact of c l imate  v a r i a b i l i t y  and cl imate  change on the  a g r i c u l t u r a l ,  economic, and s o c i a l  f a b r i c  
of the world has  focused the  need f o r  c l imat ic  research and necess i t a t ed  t h e  development of a c l imat ic  f o r e -  
cas t ing  capabi l i ty .  NASA i s  a major pa r t i c ipan t  i n  a na t iona l  c l imate  program with spec ia l  emphasis on the  
contr ibut ion t h a t  s a t e l l i t e  systems car, make t o  :he mo-’+o-;-- L I I L  L L L L 6  2nd c l imate  modeling elements cf  the  program. 
A key concern i n  c l imate  research i s  the  possible  deple t ion  of atmospheric ozone due t o  human a c t i v i t y ,  i n  
t h a t  s ign i f i can t  va r i a t ions  i n  ozone concentration may w e l l  a f f e c t  c l imate .  

Other fac tors  t h a t  may inf luence c l imate  a r e  the i c e  cover,  su r f ace  water ,  p rec ip i t a t ion  and ocean sur -  
face  temperatures. These are  being measured with inf ra red  and microwave imaging and nonimaging radiometers 
aboard Nimbus-5 and -6 and the  opera t iona l  weather s a t e l l i t e s .  S tudies  based on these da ta  w i l l  be con- 
t inued i n  FY 1978. 

The goa l s  i n  the bas i c  technology and fundamental atmospheric processes  a rea  are t o  develop and demon- 
s t r a t e  the appl ica t ion  of s a t e l l i t e  da t a  t o  the i rwes t iga t ion  of b a s i c  meteorological processes--an 
e s s e n t i a l  element t o  the  understanding of regional  and global  weather.  One objec t ive  i s  the development 
of new remote-sensing techniques.  New instruments w i l l  be developed and demonstrated on spec ia l ly-  
equipped a i r c r a f t ,  and eventual ly  flown i n  space. I n  addi t ion ,  t h i s  program w i l l  include the inves t i -  
gat ion of  bas ic  a reas  such as  r ad ia t ion  t r a n s f e r ,  atmospheric models, t h e  e a r t h ’ s  energy budget, a i r -  
sea in t e rac t ions ,  atmospheric composition, and s o l a r  rad ia t ion .  

A very important too l  i n  the e s s e n t i a l  inves t iga t ions  of the fundamental atmospheric processes w i l l  be the 
Atmospheric Cloud Physics Laboratory (ACPL) t o  be flown on e a r l y  Spacelab missions.  Operating i n  a near-  
zero gravi ty  environment , the ACPL w i l l  s i gn i f i can t ly  increase  the  present  knowledge of cloud microphysical 
processes by permit t ing experiments which cannot be accomplished e f f e c t i v e l y  i n  ground-based l abora to r i e s  
because of the e f f e c t s  of grav i ty .  

Operational Temperature Sounding S a t e l l i t e  (Tiros-N) 

Trans i t i on  1 9 7 7  1978 
1976 Quarter  Budget Current Budget 

Actual Actual E s t i m a t e  Estimate E s t i m a t e  
(Tiiiuusancis oi E o l l a r s j  

Spacecraft  and support  ............................ 5,515 1,511 6 , 500 8 , 025 2 , 100 ................................ - - -  Sensor development 2,332 399 1,875 1 , 850 
Operational s t a t i o n  equipment 153 190 225 2 25 ..................... - - -  

Total ........................................... 8.000 2.100 8.600 10.100 2.100 

Atlas-F (Expendable launch vehic les  program) ...... (2,000) ( - - - >  (2,800) ( 3 , 6 0 0 )  ( 3 , 3 0 0 )  
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OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h i s  p r o j e c t  i s  t o  develop a p r o t o t y p e  s a t e l l i t e  and s e n s o r s  capable  of meet ing s t a t e d  
f u t u r e  requi rements  o f  the  N a t i o n a l  Oceanic 2nd Atmospheric !xhin is t ra tFon (??Oh%) f o r  o b t a i x l n g  q u a n t i t a t i v e  
d a t a  of  t h e  e a r t h ' s  atmosphere on a d a i l y  b a s i s .  This  d a t a  w i l l  be used i n  numer ica l  models o f  t h e  e a r t h ' s  
atmosphere whose s o l u t i o n s  a r e  expected t o  s i g n i f i c a n t l y  improve long-range weather  p r e d i c t i o n s .  The s e n s o r s  
w i l l  c o n s i s t  of a b a s i c  sounder t o  measure t h e  tempera ture  and m o i s t u r e  p r o f i l e s  a t  s e v e r a l  a l t i t u d e s  i n  t h e  
t roposphere  and lower s t r a t o s p h e r e ;  a S t r a t o s p h e r i c  Sounding U n i t ,  provided by t h e  United Kingdom a t  i t s  
expense,  t o  p r o v i d e  s i m i l a r  d a t a  i n  t h e  upper s t r a t o s p h e r e ;  and a Microwave Sounding U n i t ,  t o  o b t a i n  a t -  
mospheric tempera ture  measurements even i n  t h e  presence  of c louds .  The Advanced Very High R e s o l u t i o n  Radio- 
meter w i l l  p r o v i d e  d e t a i l e d  cloud images as w e l l  a s  s e a  s u r f a c e  and cloud top  tempera tures  f o r  use  i n  i m -  
p roving  t h e  accuracy  of 12-to-36 hour weather  f o r e c a s t s .  A Data C o l l e c t i o n  System, t o  be f u r n i s h e d  by 
France a t  i t s  expense,  w i l l  g a t h e r  environmental  d a t a  from remote p l a t f o r m s  l o c a t e d  throughout  t h e  world.  
F i n a l l y ,  a Space Environment Monitor w i l l  make d a i l y  o b s e r v a t i o n s  of  e l e c t r o n ,  p r o t o n ,  and X-ray a c t i v i t y  
i n  t h e  n e a r - e a r t h  space  environment.  The Tiros-N i n s t r u m e n t s  are n e a r i n g  complet ion and w i l l  a l l  be de-  
l i v e r e d  i n  1977. The s p a c e c r a f t  bus w i l l  complete i n t e g r a t i o n  and tes t  by mid-FY 1977 a f t e r  which t i m e  
t h e  i n s t r u m e n t s  w i l l  be i n s t a l l e d .  

CHANGES FROM 1977 ESTIMATE: 

The i n c r e a s e  of  $1,500 thousand i n  t h e  FY 1977 budget e s t i m a t e  r e f l e c t s  c o s t  growth due t o  unexpected 
c o s t s  a s s o c i a t e d  w i t h  tape  r e c o r d e r  development, a d d i t i o n a l  s p a c e c r a f t  ground t e s t  equipment,  and 
t h e  cumula t ive  e f f e c t  of h i g h e r  than  expec ted  i n f l a t i o n  i n  r e c e n t  y e a r s .  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding  w i l l  p rovide  f o r  completing t h e  development,  t e s t ,  launch and o r b i t a l  checkout  of t h e  
integrated s p a c e c r a f t .  The launch i s  planned f o r  t h e  f i r s t  h a i f  of CY i978. 
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S h u t t l e I P a y l a b  Payload Development (Weather and Cl imate)  

- - -  Payload development ............................... 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Eudget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

OBJECTIVES AND STATUS: 

The i n i t i a l  o b j e c t i v e  i n  t h i s  area i s  t h e  development of t h e  Atmospheric Cloud P h y s i c s  Laboratory (ACPL) 
f o r  f l i g h t  on an e a r l y  Space S h u t t l e  miss ion .  The ACPL w i l l  p r o v i d e  a unique,  very- low-gravi ty ,  m u l t i -  
purpose l a b o r a t o r y  f a c i l i t y  i n  which r e s e a r c h  i n t o  t h e  v e r y - s m a l l - s c a l e  (microphys ica l )  a tmospheric  c loud 
p r o c e s s e s  w i l l  be conducted. 

Over t h e  p a s t  s e v e r a l  y e a r s ,  our unders tanding  of l a r g e - s c a l e  a tmospher ic  p r o c e s s e s  h a s  progressed  t o  t h e  
p o i n t  where w e  can p r e d i c t  w i t h  reasonably  good s u c c e s s  t h e  movement o f  l a r g e  masses of a i r  and t h e  s i g n i f -  
i c a n t  c loud and weather  c o n d i t i o n s  t h a t  accompany them. However, what man g e n e r a l l y  r e f e r s  t o  a s  "weather" ,  
and i s  a f f e c t e d  by, a r e  t h e  s m a l l - s c a l e  b u t  v e r y  impor tan t  p r o c e s s e s  t h a t  occur  i n s i d e  t h e  c louds .  These 
i n t e r n a l  f o r c e s  a r e  so smal l  t h a t  t h e i r  s t u d y  i n  e a r t h - b a s e d  l a b o r a t o r i e s  i s  s e v e r e l y  r e s t r i c t e d ,  w i t h  t h e  
" p u l l "  of t h e  e a r t h ' s  g r a v i t y  be ing  t h e  foremost handicap.  However, i n  t h e  very- low-gravi ty  c o n d i t i o n s  of 
t h e  ACPL, t h e s e  impor tan t  c loud p r o c e s s e s  can be s t u d i e d  i n  n e a r - t o t a l  i s o l a t i o n .  
formed under v e r y  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  can be measured w i t h  unprecedented p r e c i s i o n  over  re- 

The p r o p e r t i e s  of c l o u d s  

LLlLlt:. 
1 . L 1  ~ d ~ i v e l y  loiig pe : rLod~  of 

The experiments  planned f o r  t h e  ACPL w i l l  l e a d  t o  advances i n  our unders tanding  of v e r y - s m a l l - s c a l e  c loud  
p r o c e s s e s  which w i l l  l e a d  t o  improved weather  and c l i m a t e  p r e d i c t i o n .  
l a b  h a b i t a b l e  module and w i l l  be operaLed by t h e  payload s p e c i a l i s t  i n  c l o s e  c o o r d i n a t i o n  w i t h  t h e  ground- 
based i n v e s t i g a t o r s .  

The ACPL w i l l  be housed i n  t h e  Space- 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, t h e  f i n a l  d e s i g n  of t h e  p r o t o f l i g h t  ACPL w i l l  b e  completed,  and t h e  manufacture  and t e s t i n g  
of c r i t i c a l  components w i l l  be  s t a r t e d .  The c o n t i n u i n g ,  a c t i v e  p a r t i c i p a t i o n  of t h e  s c i e n t i f i c  community 
w i l l  e n s u r e  t h e  s c i e n t i f i c  i n t e g r i t y  of t h e  ACPL and t h a t  i t s  des ign  m e e t s  t h e  n e c e s s a r y  s c i e n t i f i c  r e q u i r e -  
ments. The P r i n c i p a l  I n v e s t i g a t o r  and h i s  s u p p o r t i n g  team w i l l  be  s e l e c t e d .  
s p e c i f i c  experiments  f o r  use  as i n p u t s  t o  t h e  ACPL's c r i t i c a l  d e s i g n  review.  

They w i l l  p l a n  and develop 
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Global Atmospheric Research Program (GARP) 

Trans i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget - 

Actua l  A c t u a l  Es t imate  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Data systems t e s t  s u p p o r t  ......................... 934 56 312 7 16  250 
S i m u l a t i o n  s t u d i e s  ................................ 4,880 1 ,563  4,170 3,699 2,845 
F i r s t  GARP g l o b a l  experiment  (FGGE) ............... 310 105 993 6 1,080 
Long range  f o r e c a s t i n g  (LRF) ...................... 90 --- --- 115 170 
Technology s u p p o r t  ................................ 786 76 5 25 564 655 

T o t a l  ........................................... 7.000 5,100 5.000 

OBJECTIVES AND STATUS: 

The major o b j e c t i v e s  of  t h e  Global Atmospheric Research Program (GARP) a r e  improvements i n  t h e  f o r e c a s t  
accuracy and l e n g t h  of t i m e  over which weather  f o r e c a s t s  can be made, and t h e  unders tanding  of t h e  p h y s i c a l  
p r o c e s s e s  t h a t  a f f e c t  climate and c l i m a t i c  changes.  The c u r r e n t  program c e n t e r s  on t h e  f o l l o w i n g  t a s k s :  
(1) t h e  conduct of  m e t e o r o l o g i c a l  r e s e a r c h  s t u d i e s  u s i n g  t h e  unique g l o b a l  d a t a  se ts  a c q u i r e d  d u r i n g  t h e  
Data Systems Tests (DST); (2)  t h e  development o f  d a t a  products  and techniques  f o r  t h e  F i r s t  GARP Global  
Experiment (FGGE); ( 3 )  t h e  implementation of  t h e  t r o p i c a l  wind sys tem f o r  FGGE; and ( 4 )  t h e  development of 
a c l i m a t e  modeling and long-range f o r e c a s t i n g  c a p a c i l i t y .  

A number of m e t e o r o l o g i c a l  r e s e a r c h  s t u d i e s  were i n i t i a t e d  u s i n g  t h e  DST d a t a  se t s .  These s t u d i e s  d e t e r -  
mined t h e  adequacy of  t h e  DST/FGGE observ ing  system, improved t h e  methods f o r  e x t r a c t i n g  t h e  m e t e o r o l o g i c a l  
parameters  f r m  sensor d a t a ,  developed Liiiproved ---I--d- Illt: L IW b f o r  d a t a  a n a l y s i s  and a s s i m i l a t i o n  i n  t h e  numer ica i  
f o r e c a s t  models, and improved those  models. A c o n c e n t r a t e d  e f f o r t  i s  c u r r e n t l y  be ing  made t o  demonst ra te  
the f l l l l  Z'ctenti21 t h z t  C ? t n , l l i t C  teyLp=r2tur= so.;nding cs= b'svs oc qei--t;oi-La: wezt;jeL fuyec;as ii,-l#. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The d e c r e a s e  i n  program t o t a l  r e s u l t s  from t e c h n i c a l  changes i n  a c t i v i t i e s  s u p p o r t i n g  t h e  T r o p i c a l  Wind 
Measuring System, an element  of FGGE. I n c r e a s e d  funding was a l l o c a t e d  t o  provide  f o r  a d d i t i o n a l  r e s e a r c h  
t a s k s  u s i n g  Data System Test  d a t a  sets and f o r  c l i m a t e  s t a t i s t i c a l  modeling e f f o r t s  i n  long range  f o r e -  
c a s t i n g .  

RD 7-43 



BASIS OF EY 1978 ESTIMATE: 

I n  FY 1978, the  me teo ro log ica l  r e s e a r c h  s t u d i e s  us ing  the  PST d a t a  s e t s  w i l l  be completed. Work w i l l  con- 
t i n u e  on t h e  developnent  of techri iques to e x t r a c t  r e l e v a n t  weather  and c l i m a t e  parameters  from o p e r a t i o n a l  
and exper imenta l  s a t e l l i t e s  du r ing  FGGE w i t h  i n c r e a s i n g  emphasis on t h e  development of systems t o  e f f i c i e n t l y  
p rocess  the  d a t a .  The products  i n c l u d e  r a i n f a l l  amounts and cloud cover  c h a r a c t e r i s t i c s  (amount, t ype ,  
h e i g h t ,  e t c . )  from t h e  o p e r a t i o n a l  GOES s a t e l l i t e s ,  e a r t h  r a d i a t i o n  budget parameters  from Nimbus-G, and 
s e a  i c e ,  r a i n  r a t e ,  ocean s u r f a c e  wind v e l o c i t y ,  s ea  s u r f a c e  tempera ture  and atmospheric  water  vapor from 
bo th  Nimbus-G and Seasat-A. Data a c q u i s i t i o n  and p rocess ing  f o r  FGGE w i l l  beg in  i n  September of 1978 and 
con t inue  through September 1979. NASA suppor t  t o  t h e  o b s e r v a t i o n a l  program i n c l u d e s  development of an 
automated a i r c r a f t - t o - s a t e l l i t e  d a t a  l i n k  t o  t r a n s f e r  a i r c r a f t  me teo ro log ica l  d a t a  i n  r e a l  t ime,  t h e  con- 
t r i b u t i o n  of d a t a  se ts  from a v a i l a b l e  exper imenta l  s a t e l l i t e s ,  and d i r e c t  suppor t  of t he  a i r c r a f t  drop-  
sonde p o r t i o n  of t h e  FGGE T r o p i c a l  Wind System. Long-range f o r e c a s t  a c t i v i t i e s  w i l l  con t inue  w i t h  t h e  
development of a d d i t i o n a l  c l i m a t e - r e l a t e d  d a t a  products  such as monthly mean sea  i c e  maps, e a r t h  s u r f a c e  
a lbedo ,  s o i l  mois ture  and snow e x t e n t .  Cl imate  model development w i l l  con t inue  w i t h  i n c r e a s i n g  emphasis 
on t h e  i n v e s t i g a t i b n  of p o s s i b l e  c l i m a t i c  feedback mechanisms. 

Severe  Storm Research Program 

Advanced techniques  i n  observ ing  and f o r e c a s t i n g . .  
Research and development f o r  improvements t o  

o p e r a t i o n a l  s a t e l l i t e  systems. .................. 
A i r c r a f t  suppor t  f o r  t e s t i n g  s e n s o r s  and 

techniques  i n  seve re  s torm r e s e a r c h  ............. 
Management of  s eve re  s torm r e s e a r c h  d a t a .  ......... 
D e f i n i t i o n  of Spacelab payloads f o r  m o n i t o r i n g  

and d e t e c t i o n  of s e v e r e  s t o r m s . . . . . . . . . . . . . . . . . .  

c c  ----- L J - s : . - : ~ z .  
o C u L u m a L  U C L L ~ ~ L L L U L ~  s i u c l i e s . .  ..................... 

T o t a l . . . . . . .  .................................... 

1976 
Actua l  

2 , 700 

2,400 

1 , 000 
ti I) 0 

1,000 

200 

7.900 

T r a n s i t i o n  1977 
Q u a r t e r  Budget Curren t  

Ac tua l  E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

800 2 700 2,800 

500 1,100 1,600 

300 1,000 1 , 000 

300 1 , 000 1 , 000 
- - -  .io0 7nn 6Oc! 

- -- 1 000 1,000 

2,200 7.100 

1978 
Budget 

Estimate 

3 , 500 

2,100 

900 
- _ _  
--- 
- - -  

6.500 
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OBJECTIVES AND STATUS: 
~~ 

The prirnary o b j e c t i v e  of s e v e r e  s torm r e s e a r c h  i s  t o  deve lop  and demonst ra te  s p a c e - r e l a t e d  c a p a b i l i t i e s  
f o r  t h e  d e t e c t i o n ,  p r e d i c t i o n ,  and e a r l y  warning of s h o r t - l i v e d  v i o l e n t  and d e s t r u c t i v e  s torms .  The re -  
s e a r c h  program i n c l u d e s  ground-based s t u d i e s ,  a i r c r a f t  f i e l d  work, modeling s t u d i e s  and s a t e l l i t e  sys tem 
s t u d i e s .  Basic  r e s e a r c h  on t h e  microphys ica l  p r o c e s s e s  t a k i n g  p l a c e  i n  c l o u d s  i s  a l s o  needed f o r  under- 
s t a n d i n g  cloud development and dynamics and t h e i r  r e l a t i o n  t o  s e v e r e  s torms.  
models of c loud p r o c e s s e s  i n  experiments  t o  be conducted i n  t h e  Atmospheric Cloud Phys ics  Labora tory  on 
Spacelab.  
t h e  Severe Storm Research Program i n  FY 1977. 

NASA w i l l  develop t h e o r e t i c a l  

Development of t h i s  payload i n  FY 1978 b u i l d s  on t h e  d e f i n i t i o n  a c t i v i t i e s  be ing  conducted i n  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The i n c r e a s e  of $900 thousand i n  FY 1977 provided f o r  i n c r e a s e d  funding  f o r  development of t h e  Atmos- 
p h e r i c  Sounder ins t rument  f o r  t h e  GOES-D s p a c e c r a f t ;  and a d d i t i o n a l  funding  t o  s t u d y  payload o p t i o n s  f o r  
a f u t u r e  Stormsat  miss ion .  

BASIS OF FY 1978 ESTIMATE: 

E f f o r t s  t o  s p e c i f y  s e n s o r  c h a r a c t e r i s t i c s  and p h y s i c a l  measurement concepts  f o r  d e t e c t i n g  and moni tor ing  
tornado development and growth w i l l  be  cont inued  d u r i n g  FY 1978. I n  s t u d y i n g  t h e  c h a r a c t e r i s t i c  f e a t u r e s  
of s e v e r e  s torms ,  t h e  Atmospheric and Oceanographic I n f o r m a t i o n  P r o c e s s i n g  System (AOIPS) w i l l  be used 
f o r  t h e  management, d i s p l a y ,  and enhancement of m e t e o r o l o g i c a l  d a t a .  Microwave radiometer  technology w i l l  
h e  d e ~ e l ~ p e c !  ir? E 1978 fer the g 1 e h ~ l  s u r v e i l l z n c e  cf t r c p i c a l  stcrms ( h u r r l c z n e s )  tc c b t a l n  c s s z n t i a ?  
d e s c r i p t i v e  d a t a  such a s  p r e c i p i t a t i o n  ra tes ,  c loud l i q u i d  w a t e r  c o n t e n t ,  c loud s t r u c t u r e ,  and s u r f a c e  
wind speeds.  

A i r c r a f t  measurements w i l l  be o b t a i n e d  i n  FY 1978 on t h e  growth and decay of overshoot ing  c loud  domes, 
temperature  d i f f e r e n c e s  between t h e  dome and t h e  sur rounding  a n v i l  c l o u d ,  and o t h e r  parameters  around 

N a t i o n a l  Severe Storm Center  u t i l i z i n g  t h e i r  ground-based i n s t r u m e n t a t i o n  and r a d a r .  Concurrent  SMS/GOES 
uL.u  Yy'CLL-UL bLVUiLU uuuLU U C L V I L a  W L L L  p L u v A u c  a c o o r d i n a t e d  three-d imens iona l  d e s c r i p t i o n  of the 
s torm and i t s  environment.  Development of s p e c i a l i z e d  remote-sensing ins t ruments  f o r  t h e  a i r c r a f t  p r o -  
gram w i l l  cont inue .  These i n s t r u m e n t s  w i l l  a l s o  suppor t  NASA p a r t i c i p a t i o n  i n  t h e  N O M  n a t i o n a l  s e v e r e  
s torm p r o j e c t s ,  Stormfury and t h e  Severe Environmental  Storms and Mesoscale  Experiment (SESAME). 

9 n A  i n c i a o  t h o  e l n t r A  c x ~ c t a m  Thnco ? i r o r . ~ F t  :m.7not:nqt:nno T . < l l  h- , . - - . l , . - t -d :- ,------+:-- --:+L GL- 
c.Lc u,. Lblll. L l l ~ Y ~  -I& LLCILL L L I V L ~ L L ~ U L L V I I ~  W L I L  u c  LUIIUULLCU L I I  L U U ~ C L Q L L U L I  W L L I I  L L I ~  

qnJ 91  nrn,,nrl .h l rnr l  nhcov.7- t :  ..: 1 1  -.--..: d n  
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Applications Research and Technology Development (Weather and Climate) 

Advanced techniques in observing and forecasting.. 
Research and development for improvement of 

Exploration of the atmosphere using 

Development of advanced flight experiments for 
research in weather and climate ................. 

Aircraft support for development of techniques 
in observing and forecasting .................... 

Studies in application of weather and climate 
observations and forecasting systems ............ 

Spacelab payload definition. ...................... 

operational satellite systems ................... 
meteorological sounding rockets....... .......... 

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

1976 
Actual 

3,049 

3,181 

1,900 

1,600 

1,300 

1,000 
- - -  

12,030 

Trans it i on 1977 
Quarter Budget Current 
Actual Estimate Estimate 

(Thousands of Dollars) 

683 3,000 3,000 

1 , 4 0 0  3,400 3,400 

400 2,100 2,100 

2 00 1,600 1,300 

400 1,600 800 

2 00 1,000 1,000 
100 300 300 

3,383 13.000 11.900 

1978 
Budget 

Estimate 

4,000 

3,500 

2,100 

100 

2 00 

1 ,500 
5 00 

11.900 

OBJECTIVES AND STATUS: 

The objective of this project is to apply space technology to the achievement of improved understanding 
of the physical principles of the earth's atmosphere upon which new remote sensors can be based and to 
improved techniques for the acquisition of descriptive atmospheric data. In support of program planning 
and decLsLons, studies of the ecvnvmic benefics co be reaiized from the deveiopment and use of space- 
related sensors and satellite systems are conducted. 

The application of satellite technology to the development of a climate-monitoring system will be con- 
tinued. A number of studies related to climate are underway and will continue t h rough  FY 1978. Examples  
are the s h ~ d y  of atmosphere ozone and its relationship to solar activity and climate change, and the de- 
finition of future satellite systems to measure the long-term variability of incoming and out-going 
radiation. Effort will also continue on the development of climatic models to provide new insights into 
the understanding and prediction of climatic change. 
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The development and demonstration of s a t e l l i t e  appl ica t ions  i n  t h e  inves t iga t ion  of meteorological pro- 
cesses  covering mul t ip le  sca les  of weather requi re  the development of  an improved microwave radiometer,  a 
cloud ,L,,-, pL,y3;L-3 - -  radiometer,  an - - s - -  L I I L L ~ ~ ~ U  --' L - L -  llr Lrrodyiie sounder , atid an wean temperature scanner. Cai ibra t ion  
and preliminary t e s t i n g  of these instruments w i l l  be performed on NASA a i r c r a f t  i n  order t o  specify the 
requirements fo r  fu tu re  s a t e l l i t e  systems and instruments.  Present  and fu tu re  operat ional  s a t e l l i t e  
systems w i l l  continue t o  be supported through the  development of new instruments and the conduct of 
spec i f i c  system improvement tasks .  This e € f o r t  involves the provis ion  of advanced sensors ,  spacecraf t  
subsystems, and ground equipment and techniques s p e c i f i c a l l y  i n  support  of the  ITOS, SMS/GOES, and TIKOS-N 
s a t e l l i t e  systems. 

CHANGES FROM FY 1977 ESTIMATE: 

The reduct iqn i n  FY 1977 r e s u l t s  pr imari ly  from lower than planned u t i l i z a t i o n  of the  NASA research  
a i r c r a f t  due t o  technica l  delays experienced i n  the development of  advanced sensors f o r  a i r c r a f t  f l i g h t  
t e s t i n g  . 
BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978 the work i n i t i a t e d  i n  p r i o r  years  f o r  the TIROS-N series w i l l  continue: the addi t ion  of the 
f i f t h  channel t o  t h e  Advanced Very High Resolution Radiometer t o  provide g rea t ly  improved sea sur face  
temperature sensing accuracies  w i l l  be completed; and the t ropospheric  sounding u n i t ,  High r e so lu t ion  
Inf ra red  Sounder which w i l l  use the 4.3 micrometer carbon dioxide band f o r  the purpose of reso lv ing  the 
v e r t i c a l  temperature s t r u c t u r e  p a r t i c u l a r l y  i n  the lower and middle troposphere,  w i l l  en t e r  the f l i g h t  
hardware phases. Development w i l l  continue on instruments t o  monitor the  incoming s o l a r  energy and 
r ad ia t ion  budget of the e a r t h .  Also i n  FY 1978, the study of a microwave sounding capab i l i t y  t o  follow- 
on s a t e l l i t e s  of  t h e  TIROS-N ser ies  w i l l  be i n i t i a t e d .  I n  t h e  a i r c r a f t  program, e f f o r t  w i l l  be devoted 
t o  supporting cl imate  v a r i a b i l i t y  research and the development of remote sensing techniques. E n g i n e e r i n g  
models of advanced instruments w i l l  be flown aboard appropr ia te  a i r c r a f t  t o  ga in  performance da ta  which 
w i l l  f u r the r  the development of optimized s a t e l l i t e  sensors .  

FG~?GV=G:: Data AnaIysLs and Operatiom (Yeather and Climate) 

Trans i t i  on 1977 1978 
i 9 7 6  qua r t e r  budget Current Budget 

Actual E s t i m a t e  Estimate E s t i m a t e  Actual 
i-iiiousands or' Doiiars)  

Nimbus follow-on operat ions ........................ - - -  300 1 , 600 1,600 1 , 500 
- - -  - - -  1,000 Data ana lys i s  - --  - - -  

............................................ 300 1,600 1.600 2.500 Tota l  

...................................... 
- - -  
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OBJECTIVES AN”’ STATUS : 

In addition to prn~riding for the continued cperation of the tu’inibus-5 a d  -6 spacecraft, this effort wiii 
provide the analysis and data use investigations of atmospheric environmental data collected by rocket 
and satellite sensors for which development and flight project support has been completed. Data which 
has been only initially analyzed can yield vital information when additional analyses and user investi- 
gations 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 Nimbus-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. 
diction, and land use change detection. 

Such problems include the trend of regional and world climate, severe storm analysis and pre- 

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funds will support the continued operation of the Nimbus control center, and the reduction and 

Data 
analysis of the data from Nimbus-4, -5, and -6. These data will be applied to investigations of critical 
physical, chemical and meteorological atmospheric problems by in-house and University researchers. 
utilization support will be provided by the operational Atmospheric and Oceanographic Information Pro- 
cessing System (AOIPS). Particular emphasis will be placed on investigations of large-scale climatic 
change and the development of future predictive techniques. 

BASIS OF FUND REOUIREMENTS 

iviAiERiALS YKUCKSSLNC; I N  SPACE 

Transition 1977 1978 
1976 n,,g,ter YUUL Budget C u r r e n t  Budget 

Actual Actual Estimate Estimate Estimate 
(Thc!lsar.ds cf D c l l z r e )  

Space processing applications rocket 

Applications research and technology development.. 5 , 300 900 6,300 
.................................. 600 2 00 2,900 2,900 3,900 program j > r ~ n j  -- .-. 

5 , 300 
- - -  6 , 300 

6,000 
Shuttle/Spacelab payload development .............. - - -  - - -  --- 

Total.... ....................................... 5.900 1.100 9.200 8,900 15.500 
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OBJECTIVES AND STATUS: 

Experiments on t h e  Skylab and Apol lo  Soyuz T e s t  P r o j e c t  (ASTP) mis s ions  as  w e l l  a s  ground-based s t u d i e s  
have showL t h a t  space  can be an e f f e c t i v e  s e t t i n g  f o r  b a s i c  and a p p l i e d  m a t e r i a l s  r e s e a r c h ,  and have 
i d e n t i f i e d  some types  o f  p roduc t s  t h a t  may be f e a s i b l e  t o  manufac ture  i n  space  f o r  use  on e a r t h .  Among 
t h e  l a t t e r  are c e l l  p r e p a r a t i o n s  p u r i f i e d  by e l e c t r o p h o r e s i s ,  s i n g l e  c r y s t a l  s i l i c o n  r ibbon ,  ultrahomogeneous 
semiconductors ,  h igh  q u a l i t y  semiconductor  and ox ide  c r y s t a l s  produced by vapor  and s o l u t i o n  growth, u l t r a -  
pu re  r e f r a c t o r y  me ta l s  and o x i d e s ,  new types  of o p t i c a l  g l a s s ,  and c o n t r o l l e d  e u t e c t i c  m a t e r i a l s  f o r  o p t i c a l ,  
e l e c t r o n i c ,  and s p e c i a l t y  s t r u c t u r a l  a p p l i c a t i o n s .  A l l  o f  t h e s e  p r o s p e c t s  r e q u i r e  t h e  low c o s t ,  e a s i l y  
a c c e s s i b l e  p rocess ing  c a p a b i l i t i e s  i n  o r b i t  o f f e r e d  by t h e  Space T r a n s p o r t a t i o n  System. 

Space P rocess ing  s t u d i e s ,  i n v e s t i g a t i o n s ,  and a n a l y s i s  of p o t e n t i a l  a p p l i c a t i o n s  of space  p r o c e s s i n g  w i l l  
be cont inued ,  and w i l l  i n c l u d e  s y n t h e s i s  of space  experiment  r e s u l t s  t o  i d e n t i f y  p o t e n t i a l  a p p l i c a t i o n s  t h a t  
a r e  n o t  p r e d i c t a b l e  from ground d a t a  a lone .  R e s u l t s  are now a v a i l a b l e  from t h e  experiments  performed on t h e  
i n i t i a l  two Space P rocess ing  A p p l i c a t i o n s  Rockets (SPAR) mis s ions .  The SPAR P r o j e c t  o f f e r s  a c o n t i n u i n g  
o p p o r t u n i t y  t o  i n v e s t i g a t e  mater ia l s  p rocesses  i n  space  p r i o r  t o  t h e  S h u t t l e  era .  The p re l imina ry  d e s i g n  
of Space P rocess ing  S h u t t l e  payloads  was i n i t i a t e d  i n  FY 1977 i n  p r e p a r a t i o n  f o r  beginning t h e  f u l l  scale 
payload development i n  FY 1978. These S h u t t l e  payloads w i l l  p r o v i d e  f o r  s y s t e m a t i c  m a t e r i a l s  r e s e a r c h  and 
development i n  t h e  e a r l y  y e a r s  of  S h u t t l e  o p e r a t i o n s  so  as t o  make p r a c t i c a l  a p p l i c a t i o n s  p o s s i b l e  i n  t h e  
l a t e  1980 ' s .  

Space P rocess ing  App l i ca t ions  Rocket P r o j e c t  

T r a n s i t i o n  1977 1978 
L Y  / o  Q u a r t e r  budget Curren t  Budget 

Actua l  Ac tua l  Es t ima te  Es t ima te  E s t i m a t e  

3 n - r  

(Thousands of D o l l a r s )  

Space p rocess ing  a p p l i c a t i o n s  r o c k e t  p r o j e c t  (SPAR). 600 200 3,900 

m h -  - - ~ -  n _ _ _ -  
1 1 1 ~  s p a ~ ~  L L U L E S S ~ L - L ~  e ~ p e r i i i i e i i i  r e s u i ~ s  i r o m  Skyi a b  and t h e  u p o l i o  boynz l e s t  P r o j e c t  (ASTP) havc 

i d e n t i f i e d  a number o f  s t r i k i n g  e f f e c t s  i n d i c a t i v e  o f  t h e  promise f o r  f u t u r e  a p p l i c a t i o n s .  These r e s u l t s  
have e l i c i t e d  s h a r p l y  i n c r e a s e d  i n t e r e s t  i n  space  p rocess ing  from academic and i n d u s t r i a l  materials s c i -  
e n t i s t s ,  as evidenced by t h e  u s e r  community response  t o  t h e  ASTP and SPAR P r o j e c t  f l i g h t  o p p o r t u n i t i e s .  
The u s e r  community has  submi t ted  114 p roposa l s  i n  response  t o  t h e  f i r s t  t w o  SPAR P r o j e c t  Announcements 
of Oppor tuni ty  . 
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The i n i t i a l  SPAR miss ion  was launched on December 11, 1975, from White Sands Missile Range (WSMR) i n  New 
Mexico. The f l i g h t s  are  con t inu ing  through 1980. Each payload i s  c c n f i g u r c d  Fn response  t o  i1ser r equ i r emen t s  
and p r o c e s s e s  from 5 t o  10 s e p a r a t e  exper iments .  The i n d i v i d u a l  payloads  a r e  f a b r i c a t e d  u s i n g  both  experiment  
unique hardware and g e n e r a l  purpose appa ra tus  from t h e  P r o j e c t  i nven to ry .  The g e n e r a l  purpose a p p a r a t u s  i s  
des igned  t o  p rocess  from 1 t o  3 experiments  and h a s  a l i f e  expec tancy  of approximate ly  t h r e e  mis s ions .  I n  
t h e s e  r e s p e c t s ,  t h e  SPAR P r o j e c t  has  some s i m i l a r i t y  t o  t h e  space p r o c e s s i n g  a c t i v i t y  planned f o r  S h u t t l e .  
The Space P rocess ing  App l i ca t ions  Program i s  u t i l i z i n g  t h e  SPAR f l i g h t s  t o  develop t h e  s c i e n t i f i c ,  eng inee r -  
i n g ,  and management e x p e r t i s e  necessa ry  t o  e n t e r  t he  S h u t t l e  era w i t h  a more mature  and p r o d u c t i v e  program. 

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, requi rements  f o r  p r e f l i g h t  experiment  development w i l l  r each  t h e i r  a n t i c i p a t e d  maximum l e v e l  
and t h e  f l i g h t  program w i l l  conve r t  t o  t h e  Nike-boosted Black Brant  VC v e h i c l e  t o  increase payload c a p a c i t y .  
Three f l i g h t s  of t h i s  c o n f i g u r a t i o n  are planned t o  be  under taken .  The Announcements of  Oppor tuni ty  w i l l  be 
i s s u e d  a n n u a l l y  as needed through t h e  l i f e  of t h e  P r o j e c t .  

App l i ca t ions  Research and Technology Development ( M a t e r i a l s  P rocess ing )  

T r a n s i t i o n  1977 
1976 Q u a r t e r  Budget Cur ren t  

Ac tua l  Ac tua l  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Ground-based i n v e s t i g a t i o n s ,  a n a l y s i s ,  and s t u d i e s .  3,500 800 4,500 4,500 
- - -  5 00 - - -  A d ~ ~ n ~ e d  m a t e r i a l s  prsccsslng sjrsEeiii deve l~puie i i i .  .. I vu 

Space p r o c e s s i n g  systems a n a l y s i s  .................. 300 100 300 300 
1,200 Space lab  payload d e f i n i t i o n  and p re l imina ry  des ign .  800 - - -  1 , 000 

-Inn 

T o t a l . .  .......................................... 5.300 900 6.000 

1978 
Budget 

E s t i m a t e  

5 , 000 

300 
--- 

- - -  

5.300 

‘PL rL,c s t u d i e s ,  i i l i i c s t ig :d i ivns i  and ana lyses  p r o v i d e  t h e  basic  i n t o r m a t i o n  needed: t o  s e l e c t  f u t u r e  f l i g h t  
a c t i v i t i e s  i n  t h e  space p rocess ing  program, t o  p l a n  exper iments ,  and t o  i n v e s t i g a t e  t h e  i m p l i c a t i o n s  of 
t h e i r  r e s u l t s .  The program i n c l u d e s  technology development f o r  f u t u r e  f l i g h t  equipment and r e s e a r c h  and 
development work on m a t e r i a l s  and p rocesses  i n  m e t a l l u r g y ,  e l e c t r o n i c  m a t e r i a l s ,  b i o l o g i c a l  p r e p a r a t i o n s ,  
g l a s s  and ceramics .  A l l  o f  t h e  space p rocess ing  exper iments  i n  t h e  Apol lo ,  Skylab and ASTP f l i g h t  programs 
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have been based on p rocesses  whose p o t e n t i a l  w a s  f i r s t  i d e n t i f i e d  by ground-based r e s e a r c h ,  and most have 
depended foi- t h e i r  inipiementat ion on b a s i c  technoiogy developed i n  p r i o r  ground-based p r o j e c t s .  I n  a d d i t i o n ,  
t h e  experiment  requi rements  used f o r  p r e l i m i n a r y  d e f i n i t i o n  of s p a c e  p rocess ing  S h u t t l e  payloads have re- 
s u l t e d  from ground-based i n v e s t i g a t i o n s ;  2nd t h e  scunding r o c k e t  exper iment  p r o j e c t  i n i t i a t e d  i n  Ff 1975-76 
has been under taken  because ground-based s t u d i e s  showed t h a t  r o c k e t s  could  be e f f e c t i v e  f o r  such exper iments .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The r e d u c t i o n  of $300 thousand i n  t h e  FY 1977 budget  e s t i m a t e  r e f l e c t s  t h e  n e t  r e s u l t  of  two s e p a r a t e  
a c t i o n s .  F i r s t ,  a r e d u c t i o n  of $500 thousand r e s u l t e d  from a d e t e r m i n a t i o n  t h a t  sys tem development work 
on a s o l a r  fu rnace  should be postponed pending more s tudy  e f f o r t .  The second a c t i o n  provided  an  i n c r e a s e  
of $200 thousand t o  a l l o w  i n i t i a t i o n  o f  s t u d i e s  on a f a c i l i t y  f o r  conduct ing  exper iments  i n  u l t r a h i g h  
vacuum. 

BASIS OF FY 1978 ESTIMATE: 

With t h e  advent  of  f u l l - s c a l e  experiment  o p e r a t i o n s  i n  t h e  r o c k e t  p r o j e c t  and t h e  development a c t i v i t y  
f o r  S h u t t l e  payloads ,  s u p p o r t i n g  r e s e a r c h  s t u d i e s  and technology development on t h e  ground w i l l  c o n t i n u e  
t o  be e s s e n t i a l  t o  t he  space  p r o c e s s i n g  program. Topics  t o  be covered  i n  the ground-based program w i l l  
i nc lude :  assessments  o f  f e a s i b i l i t y  and d e f i n i t i o n  of requi rements  f o r  exper iments  i n  areas such as  s e m i -  
conductor  c r y s t a l  growth t h a t  w i l l  be impor tan t  i n  the  S h u t t l e  exper iment  b u t  are on ly  marg ina l ly  f e a s i b l e  
f o r  r o c k e t  exper iments ;  d e f i n i t i o n  and advanced technology development f o r  r o c k e t  experiments  t h a t  have 
long  l e a d  times and w i l l  r e q u i r e  r e l a t i v e l y  l a r g e  inves tments  when committed t o  payload development,  such  
as automated e l e c t r o p h o r e t i c  m o b i l i t y  measurements;  and s y n t h e s i s  o f  r e s u l t s  from t h e  S k y l a h ,  ASTP m? 
r o c k e t  experiment  programs t o  d e f i n e  new space  p rocess ing  p o t e n t i a l s  t h a t  could  n o t  be  p r e d i c t e d  on t h e  
b a s i s  o f  ground-based r e s e a r c h  r e s u l t s  a lone .  

S h u t i i e / S n a c e i a b  PaViOad DeveioDment ( M a t e r i a l s  Processing)  

i 377 - _  I q/x - 
I r a n s  i t  i on 

1976 Q u a r t e r  Budget Curren t  Budget 
Actua l  Actua l  E s t i m a t e  Estimate E s s t i ~ a t e  

(Thousands of D o l l a r s )  

S h u t t l e / S p a c e l a b  payload development .............. - - -  
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OBJECTIVES AND STATUS: 

The Space P r o c e s s i n g  S h u t t l e  Payloads p r o j e c t  i n c l u d e s  t h e  des ign  and development of  a b a s i c  se t  of  pay- 
load  equipment f o r  space  processing expe r imen t  o p e r a t i o n s ,  arrd p r o v i s i o n s  f o r  ir.itiil  o p e r z t i o n s  w i t h  t h i s  
equipment through CY 1981. Inc luded  i n  t h e  b a s i c  equipment i n v e n t o r y  a r e  p rocess ing  f a c i l i t i e s  f o r  b i o -  
l o g i c a l  p r e p a r a t i o n s ,  e l e c t r o n i c  m a t e r i a l s ,  g l a s s e s  and metals .  A l l  of t h e  equipment w i l l  be des igned  f o r  
r e p e a t e d  r e u s e  and a long  s e r v i c e  l i f e t i m e ,  s i n c e  materials r e s e a r c h  and development g e n e r a l l y  r e q u i r e s  
p r e p a r a t i o n  of  an e x t e n s i v e  series of samples.  

Requirements ,  d e s i g n  envelopes  and equipment s p e c i f i c a t i o n s  f o r  t h i s  payload equipment have been de-  
f i n e d  and experiment  d e f i n i t i o n  p roposa l s  a r e  be ing  s o l i c i t e d  and s e l e c t e d  d u r i n g  t h e  f i r s t  h a l f  of  FY 
1977. A r e q u e s t  f o r  p roposa l s  f o r  t h e  d e s i g n  and development of  t h e  payload equipment w i l l  be i s s u e d  
d u r i n g  t h e  second h a l f  of FY 1977, w i t h  a view toward comple t ing  t h e  c o n t r a c t o r  s e l e c t i o n  and n e g o t i a t i o n  
p r o c e s s  i n  t i m e  f o r  a prompt s t a r t  a t  t h e  beginning  o f  FY 1978. 

BASIS OF Fy 1978 ESTIMATE: 

During FY 1978, t h e  equipment w i l l  be des igned  by a prime c o n t r a c t o r  t o  meet f u n c t i o n a l  r equ i r emen t s  s e t  
by t h e  P r i n c i p a l  I n v e s t i g a t o r s  s e l e c t e d  i n  t h e  p rev ious  y e a r .  An Announcement of  Oppor tuni ty  f o r  experiment  
d e f i n i t i o n  and f o r  u s e  of space  p rocess ing  payload equipment w i l l  be  i s s u e d  annua l ly  beginning  i n  FY 1977, 
i n  o r d e r  t o  p rov ide  c o n t i n u i n g  o p p o r t u n i t i e s  f o r  i n d u s t r i a l  and o t h e r  p a r t i c i p a n t s  t o  p a r t i c i p a t e  and t o  
p r e p a r e  long  l e a d  t i m e  experiments  f o r  o p e r a t i o n  i n  l a t e r  y e a r s .  The Space P rocess ing  Program i s  c u r r e n t l y  
scheduled  t o  f l y  payloads  on Space lab  missions i n  1981, and i t  w i l l  be necessa ry  t o  i n i t i a t e  d e s i g n  and 
development a c t i v i t i e s  e a r l y  i n  FY 1978 i n  o r d e r  t o  m e e t  t h e s e  f l i g h t  d a t e s .  

BASIS OF FUND REOUIREMENTS: 

i n l o  1 3 7 7  L 7  I v v,--.--: c: A- 

_--- __ L L  C I L L O L L l V l l  

1976 Q u a r t e r  Budge t C u r r e n t  Budget 
Ac tua l  __ Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of D o l l a r s )  

Coopera t ive  a p p l i c a t i o n s  s a t e l l i t e  (CAS-C) ......... 1,100 100 300 300 100 

S h u t t l e / S p a c e l a b  payload  development ............... - - -  -- - 1 , 200 1,200 2,200 
Technica l  c o n s u l t a t i o n  and suppor t  s t u d i e s  ......... 2,100 500 2,600 2,600 3,100 
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Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Es t ima t e Es t ima t e Es t ima t e 
(Thousands of Dollars) 

. . . .  - - -  900 900 
5 , 600 

Applications transfer and demonstration program - - -  - - -  
Search and rescue satellite system ................. 
Applications research and technology development ... 5,400.- 1,400 6,000 6,800 7,200 
Follow-on data analyses and operations ............. 4,400 6 00 3,700 3,700 3,700 

- - -  - - -  - - -  - - -  

Total ............................................ 13.000 2.600 13.800 15,500 22.800 

OBJECTIVES AND STATUS: 

The objective of this program is to develop and demonstrate applications of communications technology 
from which will come future commercial and public service initiatives. Efforts for FY 1978 include 
initiation of the development of the Search and Rescue Satellite System, conducting the fourth year of user 
experimentation using the Applications Technology Satellite-6 (ATS-6); operation of the Cooperative Appli- 
cations Satellite-C (CAS-C); the development of communications concepts and technology anticipating future 
public and private service needs; the conduct of special communications studies and experiments to support 
our statutorily-required technical consultation services; and the utilization of the unique capabilities 
of Shuttle/Spacelab. 

E;' 198fi ..ntir,ipstP, 9 g?--,tly incr-gszd dcy,z.;.,d fer p u b l i c  scr.;tccs .;sing existfng 2nd neij s a t s l l i t e  
communications capabilities in health, education, and other user areas. NASA has undertaken a number of 
studies focused on the delivery of public service via satellite. Public service may include health care, 
education, rural communications, emergency medical, public safety, disaster warning and relief communi- 
cations, search and rescue, library retrieval, and state and local communications. The current program 
is focused on (1) delivery of services deemed necessary or highly desirable but not presently feasible or 

considered important to continue but whose quality and/or continuance is considered marginal due to cost- 

which can be performed more cost effectively via satellite or combined satellite/terrestrial system. 

c .~a i?ab le  "uc tc cccncrL<c and tcchfiical ~r geographical c o n s t r a i n t s ,  ( 2 )  delivery of existing services 

, , 1  +,,."" 1:-: +-+..,.-- *..A / ? \  , lnl:-7-.---  * c  ,---: - J - 2 - -  - ̂ .---- 
L L L U C C - U  a - y a  L F ; L t L a  L A t u L L a L L u l i D ,  aiiu \ > I  u c L L v c l y  ui c A i z . L i i i g  a c L  v i s e ~  c o i l ~ i d ~ r r d  r S S e i i i i d l  i u  c u t i i i i i u e  ' vu i  

The anticipated growth of satellite services will impose spectrum requirements far in excess of allo- 
cations presently available. Frequency sharing has already become a serious problem in bands below 
10 G H z .  NASA's efforts in FY 1978 will be concenLrated on relieving further overcrowding in already 



widely  used hands, and on a longer  range i n t e r e s t  devoted t o  deve loping  technology t o  open h i g h e r ,  as y e t  
unused, f r e q u e n c i e s .  I t  i s  c l e a r  t h a t  u n l e s s  new a l l o c a t i o n s  a r e  o b t a i n e d ,  new o r  modif ied frequency 
and o r b i t - s h a r i n g  c r i t e r i a  and techniques developed and implemented, and more a p p l i c a b l e  technology de- 
veloped and i t s  t r a n s f e r  EO the p';b?lc. ar,d p r l v z t c  s e c t c r s  expedited, t h e  b nrowth of h i g h l y  u s e f u l  s a t e l l i t e  
s e r v i c e s  w i l l  have t o  be c o n s t r a i n e d .  

Although U . S .  i n d u s t r y  s t i l l  en joys  a f a v o r a b l e  p o s i t i o n  i n  t h e  world market f o r  communications s a t e l l i t e s  
and r e l a t e d  t e c h n o l o g i e s ,  s i g n i f i c a n t  f o r e i g n  c o m p e t i t i o n  i s  developing r a p i d l y .  J a p a n ,  Germany, and o t h e r  
f o r e i g n  c o u n t r i e s  a r e  sponsor ing  developments of s a t e l l i t e  technology t h a t  w i l l  demonst ra te  o p e r a t i o n a l l y  
d i r e c t  b r o a d c a s t i n g  t o  s m a l l ,  i n d i v i d u a l  r e c e i v e r s  d u r i n g  t h e  n e x t  s e v e r a l  y e a r s .  J a p a n  i s  w e l l  a long  w i t h  
i t s  development. NASA's  e f f o r t  i n  space communications r e s e a r c h  i s  c o n c e n t r a t e d  on developing  and de-  
m o n s t r a t i n g  technology t h a t  w i l l  h e l p  m a i n t a i n  a U . S .  p o s i t i o n  of l e a d e r s h i p .  

The technology base  i s  now being l a i d  f o r  p o s s i b l e  s a t e l l i t e  s e r v i c e s  t h a t  could  b e  implemented i n  t h e  
1980-1990 t i m e  frame. These inc lude :  (1) d i s a s t e r  warning s a t e l l i t e  t o  provide  t h e  N a t i o n a l  Oceanic and 
Atmospheric A d m i n i s t r a t i o n  (NOAA) w i t h  improved communication systems t o  h e l p  minimize l o s s e s  from n a t u r a l  
d i s a s t e r s ;  ( 2 )  c o l l e c t i o n  of  environmental  and r e s o u r c e s  d a t a  by s a t e l l i t e  from thousands of f l o a t i n g  o r  
f i x e d  una t tended  p l a t f o r m s  s i t u a t e d  around t h e  g lobe  f o r  r e t r a n s m i s s i o n  t o  u s e r  o r  NASA ground s t a t i o n s ;  
( 3 )  a e r o n a u t i c a l  and mari t ime communication and p o s i t i o n  l o c a t i o n  s e r v i c e s ;  and ( 4 )  d i r e c t  r e c e p t i o n  
s a t e l l i t e s  w i t h  i n t e r a c t i v e  communications c a p a b i l i t i e s  such a s  two-way v i d e o  and v o i c e  t o  b e  used t o  
d e l i v e r  e d u c a t i o n a l ,  h e a l t h  c a r e  o r  o t h e r  s o c i a l  s e r v i c e s .  

I n  FY 1978 ,  a new c o o p e r a t i v e  v e n t u r e  w i t h  Canada w i l l  be i n i t i a t e d  t o  employ space  technology i n  t h e  
d e t e c t i o n  and l o c a t i o n  of emergency s i g n a l s  t r a n s m i t t e d  from a i r c r a f t  and s h i p s  t h a t  a r e  i n  d i s t r e s s  
s i t u a t i o n s .  Based upon s t u d i e s  conducted by t h e  I n t e r a g e n c y  Committee on Search and Rescue, a space  
system appears  t o  be t h e  b e s t  near - te rm method f o r  e f f e c t i v e l y  p r o v i d i n g  d i s t r e s s  a l e r t i n g  and l o c a t i n g  
f o r  emergency-beacon-equipped s h i p s  and a i r c r a f t .  
r e q u i r e d  e l e c t r o n i c  equipment on-board o p e r a t i o n a l  m e t e o r o l o g i c a l  s a t e i i i t e s  t o  be iaunched f o r  NOM. 
The Canadian government h a s  expressed i n t e r e s t  i n  a c o o p e r a t i v e  program i n  s a t e l l i t e - a i d e d  s e a r c h  and 
rpqriie. I h e i r  p a r t i c i p a E i o n  i s  expecrred cv i r i ~ ~ e d b e  ilie s y s i a i i ' s  capa"vlLtj; ar;d reduce  t o t a l  COS: 
t o  NASA by approximately o n e - h a l f .  

A c o s t - e f f e c t i v e  system w i l l  be  developed t o  p l a c e  t h e  
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Coopera t ive  A p p l i c a t i o n s  S a t e l l i t e - C  (CAS-C) 

Trans i t  i o n  1977 1978 
1975 Q u a r t e r  Budget C u r r c c t  Budget 

Actua l  Aotua l  Es t imate  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

- - -  --- - - -  - - -  S p a c e c r a f t  t e s t i n g  ................................ 620 
Experiments and o p e r a t i o n  ......................... 330 100 300 300 100 
Mission a n a l y s i s  .................................. 150 - - -  --- - - -  - - -  

T o t a l  ........................................... 1.100 100 

D e l t a  (Expendable launch v e h i c l e s  program) ........ (600) ( - - ->  ( - - ->  ( - - ->  (---I  

OBJECTIVES AND STATUS: 

CAS-C i s  a c o o p e r a t i v e  program between NASA and t h e  Canadian Department of Communications, whose p r i n c i p a l  
o b j e c t i v e  i s  t o  demonstrate  s a t e l l i t e  broadcas t  communications i n  s o c i e t a l ,  t e c h n i c a l / s c i e n t i f i c  and o t h e r  
communications a p p l i c a t i o n s .  The s a t e l l i t e  f e a t u r e s  a NASA-developed, h i g h l y  e f f i c i e n t  and powerful t r a n s -  
m i t t e r  which permi ts  t e l e v i s i o n  r e c e p t i o n  w i t h  s m a l l ,  2-meter d i a m e t e r  an tennas .  Designed t o  o p e r a t e  i n  
t h e  1 2  GHz frequency band, t h i s  s a t e l l i t e  i s  of p a r t i c u l a r  i n t e r e s t  s i n c e  t h e  frequency has  been a l l o c a t e d  
s p e c i f i c a l l y  f o r  s a t e l l i t e  b r o a d c a s t i n g  and t h e r e  a r e  no r e s t r i c t i o n s  on power l e v e l s .  I n  a d d i t i o n ,  i t  
i s  i n  an uncrowded r e g i o n  of t h e  frequency spectrum. and e x p e r i m e n t a t i o n  i n  t h i s  frequency i s  cons idered  
u r g e n t  i n  view of forthcoming domest ic  s a t e l l i t e  systems which w i l l  f u r t h e r  crowd t h e  spectrum below 10 GHz.  
The CAS-C s p a c e c r a f t  was launched on January  1 7 ,  1976, and w a s  t u r n e d  o v e r  t o  t h e  Canadian Department of  
Communications who w i l l  c o n t i n u e  t o  o p e r a t e  t h e  s p a c e c r a f t  th roughout  i t s  l i f e t i m e .  The U.S.  and Canada 
s h a r e  s a t e l l i t e  t i m e  S O i S O ,  on an a i t e r n a t e - d a y  b a s i s .  A s  of D e c e m b e r  1, 1976, 16 U.S. experiments  have 
been approved f o r  CAS-C. Of t h e s e :  one has  been completed; n i n e  a r e  i n  exper imenta l  o p e r a t i o n ;  s i x  a r e  
yri i U  b i d L i ,  dll d L t ?  ULI b C ’ r l e d U l e .  

BASIS OF FY 1978 ESTIMATE: 

€9’ 1978 funding w i l l  p rovide  f o r  t h e  t e c h n i c a l  suppor t  t o  U . S .  e x p e r i m e n t e r s  us ing  CAS-C and f o r  t h e  
o p e r a t i o n s  of t h e  ground equipment moni tor ing  t h e  performance of t h e  NASA-supplied t r a n s m i t t e r  experiment  
package. 
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Technica l  C o n s u l t a t i o n  and Support  S t u d i e s  

T r a n s i t i o n  1977 1978 
1974 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  Es t imate  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

2.100 500 2,600 2,600 3.100 

OBJECTIVES AND STATUS: 

T h i s  program i n c l u d e s  c o n s u l t a t i o n  and s p e c i a l  s t u d i e s  f o r  Government and o t h e r  o r g a n i z a t i o n s  i n  space-  
c r a f t  and telecommunications technology.  S t u d i e s  and exper iments  b e i n g  performed h e l p  provide  t e c h n i c a l  and 
r e g u l a t o r y  frameworks t o  a l l o w  growth of e x i s t i n g  s a t e l l i t e  s e r v i c e s  and provide  f o r  t h e  i n c l u s i o n  of new 
s a t e l l i t e  a p p l i c a t i o n s .  The e f f o r t  i s  grouped i n t o  t h r e e  main c a t e g o r i e s :  o r b i t  and spectrum u t i l i z a t i o n ;  
s a t e l l i t e  systems s u p p o r t ;  and communications s a t e l l i t e  a p p l i c a t i o n s  systems s t u d i e s .  

O r b i t  and spectrum u t i l i z a t i o n  i n c l u d e s  t h e  development of t e c h n i q u e s  and s t r a t e g i e s  f o r  s t a n d a r d s  and 
equipment d e s i g n  c r i t e r i a  and t h e  d e t e r m i n a t i o n  of t h e  e f f e c t s  of p r o p a g a t i o n  phenomena and man-made n o i s e  
on performance, d e s i g n ,  and o r b i t  and spectrum u t i l i z a t i o n  of space  telecommunication systems.  

S a t e l l i t e  systems s u p p o r t  i n c l u d e s  des ign  and f l i g h t  r e a d i n e s s  reviews and t e c h n i c a l  assessments  on 
I n t e l s a t  and Domsat systems f o r  t h e  FCC and s p e c i a l  s t u d i e s  on h i g h  p r i o r i t y  FCC and NASA program o f f i c e  
r e q u e s t s .  

Communications s a t e l l i t e  a p p l i c a t i o n s  systems s t u d i e s  a r e  s t r u c t u r e d  t o  m e e t ,  p r i m a r i l y ,  s t a t u t o r y  r e q u i r e -  
ments and a r e  p r e s e n t l y  c o n c e n t r a t i n g  on t h e  d e l i v e r y  of p u b l i c  services v i a  s a t e l l i t e .  The s t u d i e s  w i l l  
e x p l o r e  techniques  a p p l i c a b l e  t o  improving t h e  q u a l i t y  and reducing  t h e  c o s t  a s s o c i a t e d  w i t h  p r o v i d i n g  p u b l i c  
s e r v i c e s  v i a  s a t e l l i t e .  A d d i t i o n a l  s t u d i e s  i n  p r o c e s s  w i l l  be used t o  f a c i l i t a t e  t h e  growth of s a t e l l i t e  
s e r v i c e s  and t o  ensure  c o m p a t i b i l i t y  of t h e  new f l i g h t  programs w i t h  o t h e r  space  and t e r r e s t r i a l  s e r v i c e s .  

During FY 1977 a number of h igh  p r i o r i t y  t a s k s  are be ing  cont inued  i n  p r e p a r a t i o n  f o r  t h e  1977 World 
A d m i n i s t r a t i v e  Kadio Conterence (I.T,LKC) on Broadcast  S a t e L L i t e s  and t h e  L Y 7 Y  WAKC t o r  r e v i s i c ~  o t  t h e  
I n t e r n a t i o n a l  Radio R e g u l a t i o n s .  The 1979 W A E X  w i l l  c o n s i s t  of t h e  most comprehensive and c r i t i c a l  re -  
v i s i o n  t o  t h e  I n t e r n a t i o n a l  Radio Regula t ions  s i n c e  1959. The 1977 and 1979 Conferences w i l l  have long-  
range  e € f e c t s  on t h e  development of f u t u r e  space  communications and may a l s o  r e s u l t  i n  major impacts  on 
e x i s t i n g  systems.  More than  50 t e c h n i c a l  papers  have been prepared  and w i l l  serve a s  key i n p u t s  t o  t h e  
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1977 WARC and f o r  domest ic  r e g u l a t o r y  purposes .  
1979 i n  s u p p o r t  of the 1979 WAKC w i t h  a major s h a r e  of t h e  work i n  s u p p o r t  of  NASA's long-term needs.  

A s i m i l a r  major e f f o r t  i s  expec ted  t o  be completed i n  

SASIS OF F Y  1978 ESTINATE: 

FY 1978 funds w i l l  be used t o  c o n t i n u e  our e f f o r t s  on t h e  1979 WARC p r e p a r a t i o n s  which a r e  be ing  done 
a t  t h e  r e q u e s t  of t h e  F e d e r a l  Communications Commission, t h e  O f f i c e  of  Telecommunications P o l i c y ,  and t h e  
Department of  S t a t e .  

S t u d i e s  t o  be performed by NASA i n  FY 1978 w i l l  a d d r e s s  such q u e s t i o n s  a s :  r a d i o  frequency i n t e r f e r e n c e  
between s a t e l l i t e  systems;  i n t e r f e r e n c e  between s a t e l l i t e  and t e r r e s t r i a l  systems such a s  r a d i o  astronomy 
and mobile  s e r v i c e s ;  s a t e l l i t e  spac ing ,  p o s i t i o n i n g  and r e p o s i t i o n i n g ;  t r a n s m i t t e r  power levels;  s p i l l o v e r  
p a t t e r n s  of a p p l i c a t i o n s  s a t e l l i t e s ;  spec t rum and o r b i t  conges t ion ;  and t h e  a d v e r s e  e f f e c t s  of propagat ion  
phenomena. 

S h u t t l e / S p a c e l a b  Payload Development (Space Communications) 

Trans i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a t e  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

- - -  Payload development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -  1. zoo 1,200 2.200 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Spacelab Payload Development Program i s  t o  deve lop  promising communications, n a v i -  
g a t i o n ,  and d a t a  management payloads t h a t  can u t i l i z e  e i f e c t i v e i y  iiie uiiique c a p a b i l i t i e s  of t h e  Space 
S h u t t l e  and Spacelab miss ions  i n  t h e  e a r l y  1 9 8 0 ' s  t i m e  per iod .  I n  FY 1978, development work w i l l  c o n t i n u e  

a y L u a u o .  \ L /  a LauLO L L C q U C l I L y  D U L V C Y  ~ * ~ C L I I L ' C I I L  L" y L " " I U '  D L L L L L L U  

spectrum monitor ing.  These d a t a  a r e  needed by NASA t o  provide  t e c h n i c a l  a d v i c e  t o  t h e  F e d e r a l  Comuni-  
c a t i o n s  Commission and O f f i c e  of Telecommunication P o l i c y  f o r  f u t u r e  domest ic  f requency  a l l o c a t i o n s  and 
t o  guide  the d e s i g n  of p a s s i v e  s e n s o r s  and o t h e r  NASA s p a c e c r a f t  d e s i g n  p a r a m e t e r s ;  and (2) an  a d a p t i v e  
multibeam antenna  t h a t  w i l l  p r o v i d e  a s i g n i f i c a n t  improvement i n  t h e  r a d i a t e d  power t h a t  could be  re- 
c e i v e d  by ground-based communications systems.  T h i s  type of spaceborne antenna h a s  d i r e c t  a p p l i c a t i o n  
t o  f u t u r e  g e o s t a t i o n a r y  a l t i t u d e  communications s a t e l l i t e s  b e i n g  c o n s i d e r e d  f o r  b r o a d c a s t i n g  a p p l i c a t i o n s  
t o  e d u c a t i o n ,  h e a l t h - c a r e  d e l i v e r y  and p o s t a l  services,  and f o r  s m a l l  mobile  t e r m i n a l s ,  such a s  might be 
used on t r u c k s  and a u t o s ,  and d a t a  c o l l e c t i o n  p l a t f o r m s .  

Uli i I i r  L ' u ~ ~ u i w ~ l . l g  io i i .u i iun~ia~~oi - ' a  p - - - l  - - 2 - .  / l \  - .---I2 II -._-----*- <- - - t  CFI -...--.<A- " - l - , - . C , - . A  
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BASIS OF E'Y 1978 ESTIMATE: 

The two communications experiments  t o  be developed f o r  e a r l y  Space lab  miss ions  have been d e f i n e d  and d e t a i l  
d e s i g n  s t u d i e s  a r e  planned t c  be completed i n  k.V 1977. I n  FY 1978 c o n t r a c t s  w i l l  b e  awarded f o r  t h e  space 
hardware f o r  t h e  exper iments ,  and t h e  d e t a i l  d e s i g n s  a r e  planned f o r  completion on t h e  ground e lements  of t h e  
experiments  and t h e  d a t a  p r o c e s s i n g  needs.  

ADDlications T r a n s f e r  and Demonstration Procrram (SDace Communications) 

Trans i t i  on 1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

- - -  900 900 - - -  --- A p p l i c a t i o n s  T r a n s f e r  and Demonstration ............ 
OBJECTIVES AND STATUS : 

The A p p l i c a t i o n s  T r a n s f e r  and Demonstration Program o b j e c t i v e  i s  t o  t a k e  t h e  most promising a p p l i c a t i o n s  
a r e a s  and, through a concer ted  e f f o r t  w i t h  u s e r  o r g a n i z a t i o n s  and r e s o u r c e s  managers, conduct an i n t e g r a t e d  
t e s t  of  t h e  t o t a l  t e c h n i c a l  c a p a b i l i t y  r e q u i r e d  t o  accomplish t h e  s p e c i f i c  a p p l i c a t i o n  o b j e c t i v e s .  D e -  
mons t ra t ions  e f f o r t s  began i n  FY 1977 i n  two s i g n i f i c a n t  a r e a s .  

The P u b l i c  S e r v i c e  Communications demonst ra t ion  i s  a j o i n t  i n v e s t i g a t i o n  w i t h  NASA, t h e  Department of 
H e a l t h ,  Educat ion and Welfare ,  and t h e  P u b l i c  S e r v i c e  S a t e l l i t e  Consortium t o  e s t a b l i s h  and o p e r a t e  a 
s a t e l l i t e  system ground s t a t i o n  complex f o r  t h e  t r a i n i n g  of ongoing and new u s e r s  i n  o r d e r  t o  e x p e d i t e  
t h e  t r a n s f e r  and u t i l i z a t i o n  of s p a c e c r a f t  te lecommunicat ions and technology t o  t h e  p u b l i c  and p r i v a t e  
s e c t o r s .  

m, 
~ i i e  A i r  l i n e  i.ieieur ulugy i i t i k  cieiiiuris i r a i i u r i  i s  a j u i r i i  i r i v e s i i g a i i v r i  w i  Lii Liie Fecierai A v i a r i u n  Agency 

and commercial a i r l i n e s  t o  demonstrate  t h e  use  of s a t e l l i t e  communications technology t o  p r o v i d e  n e a r -  
r e a l  t i m e  s a t e l l i t e  c loud  cover in format ion  t o  a i r c r a f t  i n  f l i g h t  f o r  t h e  purpose of providing. extended 
m e t e o r o l o g i c a l  coverage which i s  n o t  a v a i l a b l e  over  wide expanses  of ocean and land a r e a s  through 
convent iona l  t e r r e s t r i a l  communications f a c i l i t i e s .  
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

Funding was r e q u e s t e d  i n  N 1977 f o r  t h e  A p p l i c a t i o n s  T r a n s f e r  and Demonstration p r o j e c t s  under t h e  E a r t h  
Resources  Detec t ion  and Monitor ing program. 
s e l e c t e d  f o r  N 1977 and funding i n  t h e  amount of $900 thousand i n  E'Y 1977 was r e a l l o c a t e d  t o  Space Communi- 
c a t i o n s  f o r  t h e  two p r o j e c t s .  

Two communications denons t ra tLon p r c ; j e c t s  were subsequent ly  

BASIS OF FY 1978 ESTIMATE: 

For t h e  P u b l i c  S e r v i c e  Communications demonst ra t ion ,  FY 1977 and F Y  1978 funding i s  b e i n g  a p p l i e d  t o  t h e  
s a t e l l i t e  system ground s t a t i o n  complex p r e p a r a t i o n s  f o r  A T S - 1 ,  - 3 ,  -6 and Cooperat ive A p p l i c a t i o n s  S a t e l l i t e -  
C (CAS-C) o p e r a t i o n s .  I n  FY 1978, t h e  demonst ra t ion  p r o j e c t  w i l l  b e  focused on t h e  p r o c e s s  of t r a n s f e r r i n g  
t e c h n i c a l  management and o p e r a t i o n a l  s k i l l s  t o  t h e  u s e r s  w i l l  be i n i t i a t e d .  
proved,  programming w i l l  be  i n i t i a t e d ,  and i n t e r a c t i v e  remote t e r m i n a l s  w i l l  be  added t o  provide  a q u a s i -  
o p e r a t i o n a l  environment.  
funding and o r g a n i z a t i o n a l  p a r t i c i p a t i o n .  

System a v a i l a b i l i t y  w i l l  be i m -  

T h i s  p r o c e s s  w i l l  a l s o  i n c l u d e  expanding u s e r  and co-sponsor involvement b o t h  i n  

Search and Rescue S a t e l l i t e  Svstem 

Trans i t  i on 1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s t i m a t e  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

5.600 - - -  - - -  - - -  - - -  Search  and r e s c u e  s a t e l l i t e  system .................. 
OBJECTIVES AND STATUS: 

The Search and Rescue S a t e l l i t e  System i s  proposed a s  a c o o p e r a t i v e  U.S.-Canadian program. The o b j e c t i v e  
of t h e  p r ~ g r z x  i s  t c  demcns t ra te  t h e  t e a s i b i l i t y  nt  l i t 1  i i 7 i n g  s a t e i i i t e s  t o  p r o v i d e  a s i g ~ i i l i ~ d i i i  iiiyiove- 
ment i n  t h e  c a p a b i l i t y  f o r  s e a r c h  and r e s c u e  f o r c e s  t o  d e t e c t  and l o c a t e  t h e  d i s t r e s s  s i g n a l s  from g e n e r a l  
a v i a t i o n  a i r c r a f t  2,nd. ccrtair ,  r.zrine ~ ~ e s s e l s  durizlg emergencies: R n t h  t h e  Canadian and U . S .  governments 
have concluded t h a t  t h e r e  does n o t  p r e s e n t l y  e x i s t  a r e l i a b l e  sys tem t o  monitor t h e  emergency beacons 
r e q u i r e d  t o  be c a r r i e d  on g e n e r a l  a v i a t i o n  a i r c r a f t  and c e r t a i n  marine v e s s e l s  o r  t o  f i x  t h e  p o s i t i o n  of 
a downed a i r c r a f t  o r  s h i p  i n  d i s t r e s s .  Consequent ly ,  t h e  e f f e c t i v e n e s s  of t h e  p r e s e n t  a i r c r a f t  and s h i p  
d i s t r e s s  beacons a s  an a l e r t  device  i s  compromised. 
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The  11- S ~ Government ' s In t e ragency  Cornnittee on Search and ?.escue (ICSAR) --cempriscd = f  ---I.--- I I L C L L L W C L  3 L L  c--- W l l l  L1- L l l t j  - 
Departments of Commerce, Defense,  and T r a n s p o r t a t i o n ,  t h e  F e d e r a l  Communications Commission, and NASA, p l u s  
obse rve r s  from t h e  A i r c r a f t  Owners and P i l o t s  Assoc ia t ion  and t h e  N a t i o n a l  Assoc ia t ion  f o r  Search and Rescue 
- -has  t h e r e f o r e  recommended t h a t  a demonstrat ion of a s a t e l l i t e - a i d e d  sea rch  and r e scue  system be implemented. 
The Canadian Government has  i n d i c a t e d  i t s  i n t e r e s t  i n  j o i n i n g  w i t h  t h e  U.S. Government i n  a c o o p e r a t i v e  p ro -  
gram fo r  such a demonst ra t ion .  Technica l  d i s c u s s i o n s  a r e  underway t o  d e l i n e a t e  t h e  assignment of r e s p o n s i -  
b i l i t i e s  f o r  t h e  development a c t i v i t i e s .  A Memorandum of Unders tanding  i s  c u r r e n t l y  be ing  d r a f t e d  and i s  
planned f o r  complet ion i n  EY 1 9 7 7 .  

The S a t e l l i t e  System w i l l  be comprised of t h r e e  segments:  a space  segment c o n s i s t i n g  o f  an an tenna ,  re- 
c e i v e r ,  p rocesso r ,  and t r a n s m i t t e r  c a r r i e d  on me teo ro log ica l  s a t e l l i t e s  i n  830-km, n e a r - p o l a r  o r b i t s ;  a 
ground segment of s e v e r a l  l o c a l  u s e r  t e rmina l s ,  each having  a s m a l l  an tenna  (approx. 2-3 meters  i n  d i ame te r )  
and r e c e i v i n g  and p rocess ing  equipment;  and, an R&D e f f o r t  t o  i n v e s t i g a t e  and develop an improved emergency 
l o c a t o r  t r a n s m i t t e r .  

I t  i s  planned t o  modify t h e  l a s t  fou r  N O M  s p a c e c r a f t  of t h e  Tiros-N s e r i e s  t o  accommodate t h e  space  
t ransponder  package, as a means t o  avoid t h e  unnecessary development of a more c o s t l y  ded ica t ed  system. 
The launch of t h e  i n i t i a l  instrument-equipped s p a c e c r a f t  could  occur  a s  e a r l y  a s  1980. The ground segment 
involves  the  des ign  and development of s e v e r a l  s m a l l  l o c a l  u s e r  t e r m i n a l s ,  mod i f i ca t ions  t o  a N O M  ground 
s t a t i o n ,  and so f tware  development. The ground s t a t i o n s  would b e  s i t u a t e d  t o  provide  coverage of t h e  
c o n t i n e n t a l  U.S. and most of Canada. 

The p lanning  estimate f o r  t h e  U . S .  sha re  of  t he  coope ra t ive  program i s  $ l5-$20 mi l l i on - -approx ima te ly  
11aiC ui iiie iotai estimaEed program c o s t .  

BASIS OF FY 1978 ESTIMATE: 

FY 1978 funding i s  r e q u i r e d  t o  i n i t i a t e  t he  des ign  and hardware m o d i f i c a t i o n s  t o  an approved s p a c e c r a f t  
(p l ans  a r e  t o  use t h e  NOAA me teo ro log ica l  s p a c e c r a f t )  t n  a c c n m m n d a t e  a t ranspcnder electrcnics  pzc!:~ge 
capable  0 5  r e c e i v i n g  rrhe a i r c r a f t  and s h i p  emergency s i g n a l s ,  r e c o r d i n g  t h e  doppler  s i g n a t u r e  and 
t r a n s m i t t i n g  the  d a t a  t o  a ground s t a t i o n  f o r  p o s i t i o n  l o c a t i o n  computat ion.  D e t a i l  des ign  s t u d i e s  w i l l  
be conducred f o r  t he  s p a c e c r a f t  t ransponder  and an tenna ,  and an  Lriproved emergency 3eacon. Ti le  C.S. 
Coast Guard and t h e  U.S. A i r  Force w i l l  p a r t i c i p a t e  i n  rev iew of t h e s e  s t u d i e s .  
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Appiications "Kesearch and Technoiogy Deveiopment (Space Communications) 

Advanced communications research.... . . . . . . . . . . . . . . .  
Data management .................................... 
Development of advanced flight experiments for 

communications research .......................... 
Studies in applications of communications systems.. 
Spacelab payload definition and preliminary design. 

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

1976 
Actual 

1,500 
3,000 

100 
600 
200 

5.400 

Transition 1977 
Quarter Budget Current 
Actual Estimate Estimate 

(Thousands of Dollars) 

400 1,900 2,100 
7 00 3,200 3,000 

- - -  100 500 
2 00 300 300 
100 500 9 00 

1.400 6.800 

1978 
Budget 

Estimate 

3,900 
2,000 

300 
500 
5 00 

7.200 

OBJECTIVES AND STATUS: 
I 

The Applications Research and Technology Development (ARTD) program consists of studies, definition and 
development programs, and experiments which provide new technology for public services, which would 
not be developed within the private sector because of high risk or high initial expense. This ARTD program 
can develop U.S. satellite communications technology through a vigorous effort supporting advances in 
commercial applications. Project objectives include: more efficient use of the available electromagnetic 
spectrum; expansion of communications capability into presently unused and uncluttered parts of the spectrum; 
development of technological solutions for radio interference problems; generation of improvements in radio- 
location technology for use in tracking and search and rescue; and the development of improved performance 
Luwer cost components. The spectrum efficiency and interference reduction improvements are being met by 
bandwidth compression techniques and new methods of forming antenna beams. Improved communications devices 

highly reliable, efficient communications components to operate at allocated space frequencies. All of 
these developments are expected to have commercial applications with high economic and public service value. 

1 _ _  

--- L-:-.-. a -.._ 1,,,a :- +L,. -:11:--+-- -*..*.- c-- c..+ ..-- ..-- - -a  -------- 
aLc u r r L l g  u r ; v r r u y r ; u  L k I  L i i L  u u I I L w c L c ; L - w u v r  uaiiu IuL iuLuLc uac aiiu p L u 6 L c a a  IS b ~ i ~ g  made li; ~ O W  C G S ~ ,  

The objective of the data management effort is to extend 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. 
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CHANGES FROM EY 1977 BUDGET ESTIMATE: 

The increase of $400 thousand in the current FY 1977 budget estimate for the Advanced Flight Experiments 
reflects funding for t h e  multibeam. antenna effort. The Spacelab Payload Definition and Preliminary Design 
budget estimate f o r  FY 1377 has been increased by  $400 Liivusand lor t he  earth viewing appiications iaboratory 
effort. Both efforts were initiated after the FY 1977 budget submission. 

BASIS OF N 1978 ESTIMATE: 

In FY 1978 studies will begin on technology required for advanced communication capabilities. The need 
for reduction in cost and size of small user terminals will require powerful transmitters and large, de- 
ployable antennas in space. The thorough understanding of these technologies is critical to the near 
future of space communications research, as rewarding commercial opportunities of the 1980's are believed 
to be in this area. Advanced systems concepts will be studied and developed to identify the needed tech- 
nological achievements. In the preparation for the use of new, efficient, multiple small user satellite 
communications, new techniques for access to the satellite radio link, and very large antennas which can 
serve small terminals with adequate received power will be studied. 

A major effort will be made on spaceborne antenna development, the key element in providing needed services 
that will use small terminals. Electronically steerable, shaped beams will enhance overall communications 
capability, permitting new system interconnections while reducing interference and errors. S m a l l  ground- 
based antennas and transceivers will also be developed. High power transmitters, switches, filters and 
components will be studied to discover capabilities and limitations, and to permit the design of highly 
versatile satellite systems with simple ground receivers. 

Future applications satellites are expected to have very high data rates and volumes fifteen times or 
more greater than those of LANDSAT-1 and -2 ,  with stringent timeliness and accuracy requirements for de- 
livered information products. 
for future, likely NASA programs: to assure adequate capability, to demonstrate data compressibility 
(elimination of unneeded data for more cost-effective results), and to assure that advanced data tech- 
noiogy is aeveioped to system-ready s t a t i i g ,  

In FY 1978, efforts will continue on modeling total dataiinformation systems 

n w ~ l  oprnent of a= ~di.rsnr_p-d m ~ ~ l t i n l  r -  p- hp-2~. ~.;~cL.~o~T',c. ZY.~~T',T',Z -n- -o-+  uv..u.-y L ~ 7 4 1 1  " I L L  L ??e ccct<nued :̂v -,r̂ v.;Fdc tl.,c ~ c c h  
nology for application to a potential public service communication satellite. The laboratory equipment and 
tests of an adaptive digital video compressor will be completed; this compressor employes an advanced mo- 
dulation technique providing about 6 : l  compression ratio over conventional techniques. With emphasis on 
the delivery of public services via satellite, a group of systams studies will be completed in FY 1978; 
these will address the users' functional requirements, technical requirements (including frequency and 
bandwidth), system trade-offs, and cost-effectiveness. 
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Funds i n  t h e  Spacelab Payload D e f i n i t i o n  and P r e l i m i n a r y  Design program w i l l  be employed t o  complete  t h e  
m i l l i m e t e r  wave communications payload p r e l i m i n a r y  d e s i g n  so as t o  be ready f o r  development work t h e  f o l -  
lowing y e a r ;  t o  c o n t i n u e  t h e  d e f i n i t i o n  of a spaceborne i n t e r f e r o m e t e r  f o r  p o s i t i o n  l o c a t i o n  a p p l i c a t i o n s ;  
and t o  c o n t i n u e  s t u d i e s  of a l a r g e  deployable  spaceborne an tenna  f o r  b r o a d c a s t  and p u b l i c  s e r v i c e s  a p p l i -  
c a t i o n s .  

Follow-on Data Analys is  and Opera t ions  (Space Communications) 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  ............. 4.400 3.700 3.700 3.700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  p r o v i d e  t h e  c a p a b i l i t y  f o r  a f u l l  spectrum of  e x p e r i m e n t a t i o n  i n  t h e  
a p p l i c a t i o n  of s a t e l l i t e  communications. NASA h a s  a number of exper imenta l  communications s a t e l l i t e s  i n  
o r b i t ,  two of which have t h e  unique c a p a b i l i t y  of b r o a d c a s t i n g  h i g h  q u a l i t y  t e l e v i s i o n  i n t o  s m a l l ,  low 
c o s t  t e r m i n a l s .  Experiments conducted w i t h  t h e s e  s p a c e c r a f t  b o t h  h e r e  and i n  I n d i a  show t h a t  a d d i t i o n a l  
b r o a d c a s t  demonst ra t ions  a r e  needed and i n  demand by t h e  u s e r  community. Coopera t ive  A p p l i c a t i o n s  
S a t e l l i t e - C  (CAS-C), launched i n  January  1976, h a s  16 approved experiments  and t h e  A p p l i c a t i o n s  Technology 
S a t e l l i t e - 6  (ATS-6) h a s  some 30 p r o p o s a l s  under review.  Under t h e  e s t a b l i s h e d  p r o c e d u r e s ,  t h e  e x p e r i -  

p r o v i d e s  experiment  t i m e  on t h e  s p a c e c r a f t ,  and t e c h n i c a l  c o n s u l t a t i o n  t o  t h e  exper imenters  a s  r e q u i r e d .  
mente r  p r c v i d e s  fundino 0 fnr --A CUppCrt zf his e x p e r i m n t ;  ?!!&SA funds th2 czntinucd CpcratiCn zf th2 s a t c ? ? l t c s ,  

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funding w i l l  p rovide  f o r  c o n t i n u i n g  s u p p o r t  of t h e  ATS-1, -3 ,  and -5,  e x p e r i m e n t a t i o n  and 
s u p p o r t  z c t i v i t i e s  f o r  the  CAS-C and ATS -6 expcrimznts pmgrams.  Somc t h i r t y  s e p a r a t e  e x p e r i m e n t s  , and 
f i f t e e n  t o  twenty ATS-6 and CAS-C s u p p o r t  a c t i v i t i e s  a r e  a n t i c i p a t e d .  By t h e  s t a r t  of FY 1978 t h e  CAS-C 

EY 1978 w i t h  t h e  involvement of some twenty- f ive  independent  experiments .  
ments w i t h  an expec ted  complement of some twenty t o  twenty- f ive  experiments  w i l l  be  cont inued  i n t o  FY 
1978. 

evnerimpntc n r n n r - m  r'"bL""' T . T i  " " L A *  1 1  h - , T T o  L L U V b  UILLUUJ =lrn-rl . -  bccpL u n d c r ~ ~ a y  f o r  >-ear and a ?,a?f ar;d it i;ill cor,tirLue i r , to  r - - A L A - ~ - L -  

The t h i r d  y e a r  of ATS-6 e x p e r i -  

The ATS-6 Four th  Year Experiments Program w i l l  s t a r t  e a r l y  i n  t h e  second q u a r t e r  o f  FY 1978. 
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BASIS OF FUND REQUIREMENTS: 
A m l i c a t i o n s  ExDlorer Miss ions  

Trans i t  i o n  1977 1978 
1976 Q u a r t e r  Budget Current  Budget 

Actua l  A c t u a l  Es t imate  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

...................... Heat c a p a c i t y  mapping miss ion  3,500 500 2,200 1 , 700 600 
S t r a t o s p h e r i c  a e r o s o l  and gas  experiment  ........... 2,400 1,700 6,100 4,100 2,400 
Magnetic f i e l d  s a t e l l i t e  ........................... --- 

T o t a l  ............................................ 5.900 

2 ;  000 31500 l o ;  200 

13.200 10.300 9.300 

.......... Scout  (Expendable launch v e h i c l e  program) ( - - -> ( - - - I  (2,400) (2 Y 500) (1,800) 

OBJECTIVES AND STATUS: 

The A p p l i c a t i o n s  E x p l o r e r s  program makes use  of s m a l l ,  r e l a t i v e l y  low c o s t  s p a c e c r a f t ,  each d e d i c a t e d  
t o  a s p e c i f i c  miss ion  o b j e c t i v e ,  t h u s  e n a b l i n g  t h e  d e s i g n  of t h e  s p a c e c r a f t  and t h e  o r b i t a l  parameters  
t o  be opt imized t o  m e e t  each o b j e c t i v e .  Inc luded  i n  t h e  p r e s e n t  program are miss ions  t o  c o l l e c t  thermal  
i n e r t i a  d a t a  of t h e  e a r t h ' s  s u r f a c e ,  t o  monitor s t r a t o s p h e r i c  t r a c e  c o n s t i t u e n t s ,  and t o  a c q u i r e  g l o b a l  
s c a l a r  and v e c t o r  magnetic f i e l d  d a t a  of improved accuracy .  

The f i r s t  miss ion ,  t h e  Heat Capac i ty  Mapping Mission (HCMM, AEM-A), i s  designed t o  c o l l e c t  remote ly  
sensed d a t a  f o r  t h e  development of thermal  i n e r t i a  maps of t h e  s u r f a c e  of t h e  e a r t h .  The predawn and 
e a r l y  a f t e r n o o n  o r b i t  w a s  chosen s o  t h a t  s u r f a c e  tempera tures  n e a r  t h e  maximum and minimum of t h e  d i u r n a l  

w i l l  a l low comparison of  thermal  i n e r t i a  c h a r a c t e r i s t i c s  of v a r i o u s  materials, which w i l l  l e a d  t o  t h e  
i d e n t i f i c i t l ~ ~ i  of ~ u r f a c e  rock t y p e s .  O i l .  dill: gdb e x p l u r d i i u r i  r e l y  s u ' v s i d ~ i i i d i i y  011 i d e n r i f i c d r i o n  oi 
r e s e r v o i r  rock and l o c a l  s t r u c t u r e s  which might provide  a t r a p  f o r  petroleum. The r o u t i n g  o r  l o c a t i o n  
of  major c i v i l  works, such a s  highways and c a n a l s ,  a r e  c r i t i c a l l y  dependent  upon rock  type i d e n t i f i c a t i o n .  
The f e a s i b i l i t y  of o b t a i n i n g  s o i l  m o i s t u r e  informat ion  w i l l  a l s o  b e  t e s t e d .  This  mois ture  i n f o r m a t i o n  
would be a v a l u a b l e  i n p u t  t o  t h e  agro-meteoro logica l  models which a re  n e c e s s a r y  t o  determine c rop  y i e l d  
p r ed i c t i  on. 

-,.mn..,-,.A ..-:-n a th,,,,l ....... TI.:- d - b -  --I.-- - - - I . : - - J  .. c y c l e  ca: ulC;aauLLu uaLu6 L l l C ; L u a L  aLa-lliit:I. i i i l a  uaLay w i i e i i  cuiiiuiiicu w i t h grociiid t r u t h  L i i f ~ r i i i i t i . ~ ~ ,  
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F i n a l  d e s i g n  of t h e  AEM-A s p a c e c r a f t  base module was completed and f a b r i c a t i o n  s t a r t e d  i n  FY 1976. 
M o d i f i c a t i o n  of t h e  Heat Capaci ty  Mapping Radiometer ( a  s p a r e  Nimbus-5 S u r f a c e  Composition Mapping Radio- 
meter)  w i l l  c o n t i n u e ,  l e a d i n g  t o  d e l i v e r y  of t h i s  ins t rument  i n  FY 1977. I n  FY 1977, f i n a l  assembly and 
checkout of t h e  s p a c e c r a f t  base module and ins t rument  module w i l l  be  completed. 

The second miss ion ,  t h e  S t r a t o s p h e r i c  Aerosol  and Gas Experiment (SAGE, AEM-B) t o  be flown on an  Appl i -  
c a t i o n s  Explorer  i n  1979, i s  t o  develop a s a t e l l i t e  moni tor ing  t e c h n i q u e  t o  measure s t r a t o s p h e r i c  a e r o s o l s  
and g a s e s ,  map a e r o s o l  and ozone c o n c e n t r a t i o n s ,  and t o  i n v e s t i g a t e  o p t i c a l  p r o p e r t i e s  of a e r o s o l s  and assess 
t h e i r  e f f e c t s  on g l o b a l  c l i m a t e .  The presence  and v a r i a t i o n s  of a e r o s o l s  and t r a c e  g a s e s  ( e . g . ,  ozone) i n  
t h e  atmosphere can have a s i g n i f i c a n t  i n f l u e n c e  on cl imate  change. An unders tanding  o f  t h e  e f f e c t s  of t h i s  
c o n t r i b u t i o n  i s  dependent upon f u r t h e r  development of g l o b a l  cl imate t h e o r y ,  and on measurements s u f f i c i e n t  
t o  d e f i n e  a g l o b a l  d a t a  base  which d e s c r i b e s  t h e  s p a t i a l  and temporal  v a r i a t i o n s  of t h e  a e r o s o l s  and t r a c e  
gases .  The o r b i t  f o r  t h i s  miss ion  w i l l  enable  t h e  ins t rument  t o  map s t r a t o s p h e r i c  a e r o s o l s  i n  t h e  temper- 
a t u r e  and t r o p i c a l  l a t i t u d e s .  A s i m i l a r  i n s t r u m e n t ,  S t r a t o s p h e r i c  Aerosol  Monitor (SAM II), t o  b e  flown 
on Nimbus-G i n  t h e  same t i m e  p e r i o d  w i l l  p rovide  coverage of t h e  p o l a r  r e g i o n s .  The combinat ion of t h e  
two c o n c u r r e n t  f l i g h t s  w i l l  p rovide  t h e  g l o b a l  system needed t o  o b t a i n  g l o b a l  d i s t r i b u t i o n  of s t r a t o s p h e r i c  
a e r o s o l s .  An A p p l i c a t i o n  Explorer  Mission b u s  w i l l  c a r r y  t h e  experiment  v i a  a Scout-F launch v e h i c l e  t o  
a 600-km n e a r - c i r c u l a r  o r b i t .  

I n  FY 1976, a c o m p e t i t i v e  c o n t r a c t  f o r  t h e  SAGE ins t rument  w a s  awarded which w i l l  l e a d  t o  d e l i v e r y  i n  
i n  l a t e  1978. F a b r i c a t i o n  of  t h e  s p a c e c r a f t  bus was i n i t i a t e d  l a t e  i n  t h e  f i s c a l  y e a r .  FY 1977 funds 
w i l l  be  used t o  complete  t h e  sensor  e n g i n e e r i n g  model and t o  c o n t i n u e  f a b r i c a t i o n  of t h e  s p a c e c r a f t  bus.  

The t h i r d  miss ion ,  t h e  Magnetic F i e l d  S a t e l l i t e  (Magsat, AEM-C), w i l l  measure t h e  s c a l a r  magnitude and 
17ector components of t he  e2rth's mag?etic field SI1 2 g l e b a l  s c 2 l c  and XLth  greater accl iracjr than p r e v i c m l y  
p o s s i b l e .  These d a t a  a r e  needed t o  g e n e r a t e  a g l o b a l  magnet ic  f i e l d  map of t h e  e a r t h ,  t o  deve lop  an  
a c c u r a t e  computer model of t h e  e a r t h ' s  main magnetic f i e l d  f o r  t h e  1980-1981 t i m e  p e r i o d ,  and t o  e x p l o r e  
t h e  f e a s i b i l i t y  of u s i n g  magnetic f i e l d  d a t a  f o r  r e s o u r c e  e x p l o r a t i o n .  To d a t e ,  magnetic f i e l d  d a t a  u s e  
i s  l i m i t e d  by incomplete  g l o b a l  coverage,  c o a r s e  r e s o l u t i o n ,  and l a c k  of t i m e l i n e s s .  The m i s s i o n  w i l l  
p r o v i d e  t h e  coverage and a c c u r a c i e s  e s s e n t i a l  t o  g e n e r a t i o n  of new models and w i l l  account  f o r  l a r g e  
s c a i e  t i e i d  changes w h i c h  rmount tc! a s  much 1 s  6 tc? 7 p e r c e n t  cvcr 2 tcn=jrcar p e r i o d .  T h e  C.S. Geo?oglcal 
Survey w i l l  use  t h e  d a t a  t o  demonstrate  t h e  c a p a b i l i t y  of u s i n g  space-acqui red  magnetic d a t a  t o  m e e t  t h e i r  

t h e  magnet ic  anomaly maps i s  i n  t h e  long-range p lanning  of m i n e r a l  and hydrocarbon e x p l o r a t i o n  programs. 
Sound knowledge o f  broad r e g i o n a l  geology and geophysics  i s  e s s e n t i a l  t o  minera l  e x p l o r a t i o n ,  and t h i s  
d a t a  w i l l  a i d  i n  s e l e c t i o n  of t h e  most promising a r e a s  f o r  f u t u r e  e x p l o r a t i o n .  Magsat w i l l  be  launched 
i n t o  a low e l l i p t i c a l  o r b i t  of approximately 325 km by 550 km by a Scout  launch v e h i c l e  i n  l a t e  1979. 
The m i s s i o n  d u r a t i o n  w i l l  b e  l i m i t e d  by o r b i t a l  l i f e  o f  t h e  s p a c e c r a f t  to about e i g h t  months. 

n n t i n n n l  r n m m i t m p n t s  f e r  ner inr l i r  y r n a q t ; n n  =f rn-:nnll L L 6 1 " L ' U L  U l l U  - - A  gL""aL - 1 - h - 1  , L L U ~ " C C * C  C l l a L  - L - . - L -  L a .  n-_ Ullt:  Q p p L I L d L I U l l  - - - l : , . - L : - -  of 
b "y'" L A I .  r------- .--. _ _  _ _ _ _  - - -_ ..-__ -- 
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I n  FY 1977, development of t h e  i n s t r u m e n t s  and t h e  a t t i t u d e  d e t e r m i n a t i o n  sys tem has been s t a r t e d .  I n t e r -  
f a c e  des ign  on t h e  ins t rument  and t h e  s p a c e c r a f t  c o n t r o l  s e c t i o n  w i l l  be completed d u r i n g  FY 1977. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

FY 1977 t o t a l  funding f o r  A p p l i c a t i o n s  E x p l o r e r s  has  been reduced and ad jus tments  i n  funding made among 
t h e  miss ions  a s  a r e s u l t  of t h e  n e t  e f f e c t s  of  d e l a y s  i n  i n i t i a t i n g  t h e  b a s e  module c o n t r a c t  (HCMM) and t h e  
i n s t r u m e n t  procurement (SAGE), and a c c e l e r a t i o n  i n  t h e  Magsat schedule  i n  o r d e r  t o  b e t t e r  s a t i s f y  u s e r  
agency needs.  

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funds w i l l  p r o v i d e  f o r  complet ion of  t h e  i n t e g r a t i o n  of  t h e  HCMM b a s e  module, ins t rument  
module, and s p a c e c r a f t  l e a d i n g  t o  a launch d u r i n g  t h e  second q u a r t e r  of 1978. 
funds w i l l  p r o v i d e  f o r  complet ion of t h e  f a b r i c a t i o n ,  assembly, i n t e g r a t i o n  and t e s t i n g  of t h e  s p a c e c r a f t  
bus and ins t rument .  
i n s t r u m e n t  s e c t i o n s .  

For SAGE, t h e  FY 1978 

For Magsat, t h e  FY 1978 funds w i l l  complete t h e  i n t e g r a t i o n  of t h e  c o n t r o l  and 

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

EARTH RESOURCES OPERATIONAL SYSTEMS 

Trans it i o n  1977 1978 
1976 Q u a r t e r  Budget Current  Budget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
( T h C U S 2 r r d S  n f  Dnl la - r s )  

--- --- - - O p e r a t i o n a l  systems studies... . . . . . . . . . . . . . . . . . . . . . . .  - - 

OBJECTIVES AND STATUS : 

'The o b j e c t i v e  i s  t o  determirie realistic approaches for =. futurc q e r a t i e n a l  v e r s i n n  ot a remote data s e n s i n g  
S t u d i e s  w i l l  emphasize t h e  e a r l y  a c t i v i t i e s  t h a t  need to b e  accomplished system based on  t h e  Landsat program. 

d u r i n g  t h e  t r a n s i t i o n  from a research a d  dev~ lopmen t  t o  ai; operattonal m?de. 

I n  FY 1977, s t u d i e s  w i l l  b e  conducted on:  a p p r o p r i a t e  u s e r  needs f o r  a n  o p e r a t i o n a l  system and means o f  
s a t i s f y i n g  t h e s e  needs;  s u i t a b l e  space  systems c o n f i g u r a t i o n s  f o r  meet ing t h e s e  requi rements ;  and approaches  
f o r  deve loping  such a system. 
s o c i e t a l  impact ,  d a t a  p r o c e s s i n g  and d i s t r i b u t i o n ,  

Study areas i n c l u d e :  system d e s c r i p t i o n  and t r a d e o t f s ,  u s e r  requi rements ,  
r e s o u r c e  requi rements ,  and c o s t  s h a r i n g .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Programs 

FISCAL YEAR 1978 ESTIMATES 

RESEARCH AND DEVELOPMENT PLAN FOR AERONAUTICS AND SPACE TECHNOLOGY PROGRAMS 

Budget Plan' 
Trans i t  ion  1977 1978 

1976 Q u a r t e r  Budget Cur ren t  Budget 
Ac tua l  A c t u a l  Estimate E s t i m a t e  E s t i m a t e  

(Thou sands o f Do 11 a r s ) 

Aeronau t i ca l  r e s e a r c h  and technology .............. 175,350 43,800 189 , 100 190,100 231,000 

Space r e s e a r c h  and technology ..................... 74,900 19,300 82,000 82,000 97,700 

T o t a l . . . . . . . . . . . . .  .............................. 250.250 63.100 271.100 272.100 328,700 

AST 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

SUMMARY OF RE SOURCES REQUIREMENTS 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

Actua l  Actual Estimate Estimate E s t i m a t e  
(Thousands of  D o l l a r s )  

Research and technology b a s e  ........................ 84. 659 21. 035 89. 700 89. 140 97. 550 
Systems s t u d i e s  2. 716 560 3. 000 2. 935 3.  000 
Systems technology programs 42 .  251 13. 084 60. 800 57. 145 72. 200 

58. 250 Experimental  programs ............................... 45. 724 9 .  121  35. 600 

T o t a l  ............................................. 175.350 43.800 189.100 190.100 231.000 

..................................... ......................... 
40.  880 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ................................ 
C-oddard Space F l i g h t  Center  ......................... 
Jet P r o p u l s i o n  Labora tory  ........................... 
Wallops F l i g h t  Center  ............................... 
A m e s  Research Center  ................................ 
Dryden F l i g h t  Research Center  ....................... 
Langley Research Center  ............................. 
L e w i s  Research Center  ............................... 
Headquar te rs  ........................................ 

Marshal l  Space F l i g h t  Center  ........................ 
627 
7 80 
100 

1. 295 
41 5 

17. 181 

45. 302 
3 .  465 

4-4. L32 

62. n53 

85 
186  

347 
235 

ii 2 O i  

... 

5,  347 
17 .  816 
10. 334 
1. 229 

57 5 
800 
200 

i . 2 i 5  
365 

3 3  > I vo 
17. 015 
80 309 
52. 403 

2 . 510 

n a  -Inn 

810 
7 50 
100 
915 
490 

17.  863 
80. 355 
52 .  764 

2. 027 

? I  n q L  
J+ . V L U  

810 
950 
... 

1 . 000 
500 

9 7  7nn 

14. 250 
99. 950 
72. 350 

3. 490 

...... 

T o t a l  ............................................. 175. 350 43.800 189.100 190.100 231.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e s  of  t h e  Aeronau t i c s  program a r e  t o  advance a e r o n a u t i c a l  technology t o  ensu re  s a f e r ,  more 
economical,  e f f i c i e n t  and envi ronmenta l ly  a c c e p t a b l e  a i r  t r a n s p o r t a t i o n  systems which a re  r e spons ive  t o  
c u r r e n t  and p r o j e c t e d  n a t i o n a l  needs ;  t o  main ta in  t h e  s t r o n g  c o m p e t i t i v e  p o s i t i o n  of  t h e  United States i n  
t h e  i n t e r n a t i o n a l  a v i a t i o n  marke tp lace ;  and to  suppor t  t h e  m i l i t a r y  i n  main ta in ing  t h e  s u p e r i o r i t y  o f  t h e  
Na t ion ' s  m i l i t a r y  a i r c r a f t .  

CHANGES FROM FY 1 9 7 7  BUDGET ESTIMATE: 

The i n c r e a s e  o f  $1 m i l l i o n  from t h e  FY 1977 budget e s t i m a t e  f o r  t h e  Aeronau t i ca l  Research and Technology 
program r e f l e c t s  t h e  r e sponse  t o  Congress iona l  a c t i o n  p rov id ing  a d d i t i o n a l  funding f o r  t h e  v a r i a b l e  c y c l e  
engine  e f f o r t s .  
have occurred  i n  response  t o  u n a n t i c i p a t e d  o p p o r t u n i t i e s  and changing program requi rements  which have  de -  
veloped s i n c e  t h e  budget estimates w e r e  provided.  
and budget s t r u c t u r e  changes a r e  provided  under each of t he  i n d i v i d u a l  programs involved.  

Funding ad jus tmen t s  between elements  w i t h i n  t h e  A e r o n a u t i c a l  Research and Technology program 

More d e t a i l e d  e x p l a n a t i o n s  of s i g n i f i c a n t  funding changes 

BASIS OF FY 1978 ESTIMATE: 

EuLi i ig  Fi' 1978,  h t ~ u i i g  ieseaidi e f f o r t  ~ l l l  be  i i~l i i t i i l i ied In the d l ~ ~ l p l l i i i i r y  Z ~ ~ Z S  of iifiteriiil~, 
s t r u c t u r e s ,  p ropu l s ion ,  a v i o n i c s ,  aerodynamics and human-vehicle i n t e r a c t i o n s  t o  provide  advanced technology 
t o  meet t h e  f u t u r e  needs o f  c i v i l  a v i a t i o n .  The program w i l l  c o n t i n u e  t o  focus on developing  t h e  technology 
t o  enab le  improved performance,  reduced energy requi rements ,  enhanced o p e r a t i n g  economy, reduced u n d e s i r a b l e  
environmental  e f f e c t s  such as n o i s e  and p o l l u t i o n ,  improved s a f e t y  and r e l i a b i l i t y ,  and improved t e r m i n a l  
a r e a  o p e r a t i o n  f o r  a v a r i e t y  of  a i r c r a f t  t ypes .  These technology e f f o r t s  are i n t e g r a t e d  w i t h  a d d i t i o n a l  
focused ieciinoiogy e l i u r  ts t o  develop  advanced loiig h a u l  aiid short  haul air transportation system coi icepts ,  
i n c l u d i n g  s t a t iona ry -wing  a i r c r a f t  i n  t h e  subsonic ,  s u p e r m n i c  and hype r son ic  speed regimes,  as w e l l  a s  
rotorcraft and h y b r i d s .  

The FY 1978 program enhances t h e s e  a c t i v i t i e s  i n  areas judged t o  b e  most c r i t i c a l  by i n d u s t r y ,  a d v i s o r y  
groups and o t h e r  u s e r s  o f  t h i s  technology w i t h i n  and o u t s i d e  of  t h e  F e d e r a l  Government. The program places 
major emphasis on t h e  a i r c r a f t  energy  e f f i c i e n c y  technology e f f o r t s  w i t h  i n i t i a t i o n  o f  t h e  second phase o f  
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a c t i v i t i e s  on a n  energy e f f i c i e n t  engine  and energy e f f i c i e n t  t r a n s p o r t  and i n i t i a t i o n  o f  a systems technology 
e f f o r t  on a n  advanced turboprop.  I n  t h e  area o f  supe r son ic  technology,  t h e  v a r i a b l e  c y c l e  engine  components 
technology e f f o r t s  have been expanded t o  i n c l u d e  t h e  deslgri ,  fabrication and t e s t i n g  of t e s tbed  eng ines  to 
a s s u r e  technology r e a d i n e s s  f o r  a E'Y 1980 d e c i s i o n  on a n  exper imenta l  engine  program. 
c o p t e r  technology,  a s y s t e m  e v a l u a t i o n  of  advanced technology h e l i c o p t e r  t r a n s m i s s i o n  components w i l l  commence. 
The Rotor Systems Research A i r c r a f t  w i l l  a l s o  beg in  r e s e a r c h  o p e r a t i o n s .  
a c t i v i t y  have been inco rpora t ed  i n t o  a new systems technology l i n e  e n t i t l e d  R o t o r c r a f t  Systems Technology. I n -  
c r eased  emphasis w i l l  a l s o  be g iven  t o  s t u d i e s  of t h e  f a c t o r s  t h a t  i n f l u e n c e  t h e  d u r a b i l i t y  of composi te  m a t e r i a l s  
i n  a i r c r a f t  and engine  a p p l i c a t i o n s  under t h e  M a t e r i a l s  and S t r u c t u r e s  Systems Technology. 

I n  t h e  area o f  h e l i -  

The a c t i v i t i e s  a s s o c i a t e d  w i t h  t h i s  

BASIS OF FY 1978 F U N D I N G  REOUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

Materials r e s e a r c h  and technology .................... 
S t r u c t u r e s  r e s e a r c h  and technology. .  ................. 
Propu l s ion  envi ronmenta l  impact  

P ropu l s ion  components r e s e a r c h  and technology ........ 
and technology ..................................... 

Avionics  r e s e a r c h  and technology. .................... 
F l u i d  and f l i g h t  dynamics r e sea rch  and technology .... 

r e s e a r c h  and technology..  .......................... 
r e s e a r c h  and technology ............................ 
and technology ..................................... 

Human-vehicle r e s e a r c h  and technology ................ 

minimiza t ion  r e s e a r c h  and technology ............... 
A i r  b r e a t h i n g  engine  systems r e s e a r c h  

Low speed v e h i c i e  aerodynamics and f l i g h t  dynamics 

.. ~ i g h  speed v e h i c i e  aerorlyiidiiL(;s aid f l i g h t  dj.?;~;;.,izs 

. Aircraft _ _  o p e r a t i o n s  and s a f e t y  r e s e a r c h  

1976 
Actua l  

5,362 
6,540 

11,569 
LO , 352 

7,395 
3,133 

11,463 

11,459 

8,894 

3,907 
4 ,585  

To ta l . . .  ........................................... 84.659 

T r a n s i t i o n  1977 
Quar.t er Budget Curren t  
A c t u a l  E s t i m a t e  E s t i m a t e  

(Thousands of  D o l l a r s )  

1 ,336  6,500 5 , 707 
1 ,671  6,700 6,697 

2,606 12,200 11,102 
2 , 636 10,000 10,721 

1 ,305  7,800 6 ,982  
846 4,500 3,302 

2,481 11,500 12,456 

3,526 12  , 200 11,713 

2 ,251  8,900 i o  , 88i 

1 , 1 7 1  4 , 100 4 ,429  
1,206 5,300 5,150 

21,035 89.700 

1978 
Budget 

E s t i m a t e  

6 ,400 
6,950 

11 ,400  
11 , 300 

6 , 900 
4,200 

14,500 

13 , 800 

ii, 700 

4,900 
5,500 

97.550 
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Materials Research snd Technology 

T r a n s i t  i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Eudget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  Estimate 
(Thousands o f  D o l l a r s )  

5,362 1 , 336 6,500 5 , 707 6,400 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h i s  program i s  t o  p rov ide  t h e  technology of  advanced materials t o  enhance t h e  s a f e t y ,  
i n c r e a s e  t h e  l o n g e v i t y ,  d e c r e a s e  t h e  c o s t ,  and improve t h e  performance of c i v i l  and m i l i t a r y  a i r c r a f t .  

The sea rch  f o r  s t i f f e r  l i g h t e r - w e i g h t  a i r f r a m e  materials h a s  provided  boron and g r a p h i t e  f i l amen t s  f o r  
r e i n f o r c i n g  r e s i n  o r  m e t a l  matrices. 
a l l o y s  c a p a b l e  of s u s t a i n e d  o p e r a t i o n  t o  19000 Fahrenhe i t  have been provided.  
o t h e r  advanced manufactur ing t echn iques  are p rov id ing  lower c o s t  t u r b i n e  d i s k s .  
r e s i s t i n g  c h a r a c t e r i s t i c s  of composi tes  have been improved t o  a level  where they  can  be  s e r i o u s l y  cons ide red  
f o r  t u r b i n e  f a n  b l ades .  

The e f f i c i e n c y  and performance o f  t u r b i n e  engines  have i n c r e a s e d  as 
D i r e c t  powder p rocess ing  and 

The f o r e i g n  o b j e c t  damage 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 dec rease  o f  $793 thousand i n  Materials Research and Technology r e f l e c t s  a n  adjustment  made t o  
m e e t  changing requirenieriis  arid u p p ~  i u i i i i i e s  ilia i h a v e  a L i b e i i  w i t l l i i i  v ~ r k u s  othiei- disciplines o f  the R e -  
s e a r c h  and Technology Base. 

BASIS OF FY 1978 ESTIMATE: 

Lightweight  a i r c r a f t  materials t a s k s  w i l l  c o n t i n u e  t o  emphasize composi tes  w i th  b e t t e r  f i l a m e n t s ,  m a t r i c e s ,  
and methods o f  combining the  two. Eiybrid composi tes  f o r  t u r b i n e  b l a d e s  w i l l  b e  cuiiipouiided t u  provide in- 
c r e a s e d  r e s i s t a n c e  t o  damage by f o r e i g n  o b j e c t s .  
materiais w i i i  p rovide  b a s e  technoiogy f o r  use i n  che F i r e - R e s i s t a n t  ivki ter ia is  Engineer ing Systems iec i i r io logy  
program. 

S tud ie s  aimed a t  r educ ing  t h e  f lammabi l i ty  of  o r g a n i c  
m 

E f f o r t s  t o  c o n t r o l  f a t i g u e  and f r a c t u r e  behav io r  and p r e d i c t  u s e f u l  l i f e t i m e  w i l l  a l s o  be d i r e c t e d  more 
toward composi te  m a t e r i a l s .  
parameters .  

Computerized t echn iques  w i l l  be  a p p l i e d  t o  development and use  of  l i f e  p r e d i c t i o n  
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Research w i l l  c o n t i n u e  on improving t h e  c a p a b i l i t y  o f  h igh  tempera ture  materials f o r  gas  t u r b i n e  b l a d e s ,  
vanes ,  c a s i n g s ,  d i s k s ,  and s e a l s .  E f f o r t s  t o  ach ieve  t h e s e  o b j e c t i v e s  wh i l e  minimizing t h e  u s e  o f  scarce 
a l l o y i n g  a d d i t i o n s  w i l l  b e  enhanced. 
mechanisms o f  a l l o y s ,  composi te  and ceramics  w i l l  be  inc luded .  

Basic materials s t u d i e s  on unders tanding  t h e  s t r e n g t h e n i n g  and f a i l u r e  

S t r u c t u r e s  Research and Technology 

Trans i t i o n  1977 1978 
1976 Quar t e r  Budget Cur ren t  Budget 

Ac tua l  Ac tua l  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

6 , 540 1 ,671  6,700 6,697 6,950 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h e  S t r u c t u r e s  Research and Technology program i s  t o  improve t h e  i n t e g r i t y ,  d u r a b i l i t y ,  
economy, and e f f i c i e n c y  o f  a i r c r a f t  by p rov id ing  advanced s t r u c t u r e s  technology i n  c r i t i c a l  t e c h n i c a l  a r e a s .  

Recent m o d i f i c a t i o n s  t o  c ra sh  t e s t i n g  techniques  w i l l  p rov ide  i n c r e a s e d  impact v e l o c i t i e s  f o r  e v a l u a t i n g  
c ra shwor th iness .  New concepts  are  be ing  eva lua ted  f o r  hype r son ic  s t r u c t u r e s ,  and a n  a e r o e l a s t i c  r e s e a r c h  
wing h a s  been f a b r i c a t e d  f o r  drone f l i g h t  t e s t i n g .  

BASIS OF FY 1978 ESTIMATE: 

Technology f o r  advanced a i r c r a f t  s t r u c t u r e s  w i l l  c o n t i n u e  t o  emphasize computer-aided a n a l y s i s ,  improved 
c ra shwor th iness ,  and hypersonic  s t r u c t u r e s  i n  FY 1978. A n a l y t i c a l  and exper imenta l  s t u d i e s  o f  l i g h t  a i r c r a f t  
c r a sh  damage w i l l  be  augmented by development of d e s i g n  concep t s  f o r  s a f e r  a i r c r a f t .  
h igh  t empera tu re  s t r u c t u r e s  f o r  hypersonic  a i r c r a f t  w i l l  con t inue .  

S t u d i e s  of  advanced 

n-..,. u c v ~ l . ~ ~ L , L L L L L  nnmr\nt ef  ixpreved mPthods f o r  +he preci ic t ron of  i oacis a e r o e i a s t i c i t y ,  and s i r u c i u i a l  dyiiamics will 
c o n t i n u e  t o  be  pursued i n  FY 1978. T h e o r e t i c a l  developments underway w i l l  b e  cont inued  and extended i n  scope 

d e s i g n  t o o l s  w i l l  be  v e r i f i e d  a g a i n s t  wind tunne l  model and f l i g h t  t e s t  d a t a .  E x i s t i n g  d a t a  w i l l  b e  enhanced 
by ongoing r e s e a r c h  a c t i v i t i e s  such as t h e  A i r  Force/NASA B - 1  f l i g h t  d a t a  program and t h e  F i r e b e e  I1 remotely 
p i l o t e d  v e h i c l e  f l i g h t  program. 

i- Lu ----h pLuv;de f o r  ne" t c c h n o l e g k a l  c ~ n c e p t s  such 3 s  act-tve controls and a e r o e l a s t i c  t a i l o r i n g .  The r e s u l t i n g  
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The development of a c c u r a t e  l i f e  p r e d i c t i o n  methods f o r  a i r c r a f t  s t r u c t u r e s  i s  a major p a r t  o f  e f f o r t s  i n  
r e s e a r c h  on s t r u c t u r a l  i n t e g r i t y  t h a t  w i l l  be  cont inued  i n  FY 1978. 
approaches w i l l  be  v e r i f i e d  by exper imenta l  programs. 

Development o f  a n a l y t i c a l  and p r e d i c t i v e  

Research w i l l  be  cont inued  on advanced composi te  s t r u c t i r z s  f o r  a p p l i c a t i o n  t o  a i r f r a m e  and engine coq?o- 
n e n t s .  Laboratory s t u d i e s  i n v o l v i n g  improved composi tes  and f a b r i c a t i o n  techniques  w i l l  c o n t i n u e  t o  b e  
supplemented by d a t a  from several a i r l i n e  s e r v i c e  e v a l u a t i o n s  o f  composi te  secondary s t r u c t u r e s .  
concep t s  f o r  t u rbo fan  engine  f a n  b l a d e s  and o t h e r  components w i l l  a l s o  be  i n v e s t i g a t e d .  

Improved 

P ropu l s ion  Environmental  Impact Minimizat ion 
Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua l  Ac tua l  E s t i m a t e  E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

11,569 2,606 12 ,200  11,102 11,400 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h e  P ropu l s ion  Environmental  Impact Minimizat ion Research and Technology program i s  t o  
reduce  n o i s e  and exhaus t  emiss ion  p o l l u t a n t s  from a i r c r a f t  p r o p u l s i o n  systems wi th  l i t t l e  o r  no adverse  
impact  on c o s t ,  weight  o r  f u e l  economy. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  o f  $1,098 thousand r e s u l t s  from adjus tments  and ba lanc ing  of  program e f f o r t s  between 
t h e  P ropu l s ion  Environmental  Impact Minimizat ion,  P ropu l s ion  Components and t h e  A i r  Brea th ing  Engine Systems 
and o t h e r  d i s c i p l i n e s  w i t h i n  t h e  Research and Technology Base. 

BASIS OF FY 1978 ESTIMATE: 

I n  t h e  area o f  p ropu l s ion  n o i s e  r e d u c t i o n ,  b a s i c  r e s e a r c h  w i l l  b e  conducted t o  b e t t e r  unders tand  t h e  
mechanisms o f  n o i s e  g e n e r a t i o n  and suppres s ion  from pure  j e t s ,  f low o v e r  s u r f a c e s ,  combustion, p r o p e l l e r s ,  
turbomachinery and o f  t h e  e f f e c t s  o f  f l i g h t  on n o i s e  gene ra t ion  and propagat ion .  
s h i e l d i n g  and t h e  p rocesses  of  a tmospher ic  n o i s e  propagat ion  and a t t e n u a t i o n  w i l l  a l s o  b e  explored  t o  arr ive 
a t  more e f f e c t i v e  ways o f  n o i s e  c o n t r o l .  
c l u d i n g  combustors,  turbomachinery and n o i s e  propagat ion  through d u c t s .  

The e f f e c t s  of  wing 

Applied r e s e a r c h  w i l l  be  performed on c o r e  n o i s e  sou rces ,  i n -  
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A i r c r a f t  n o i s e  f o o t p r i n t  p r e d i c t i o n  i n  a i r p o r t  a r e a s  w i l l  b e  f u r t h e r  explored  by developing advanced 
-__ ana ly t i ca l  techniq~es v h i c h  incorpora te  s t a t e - o f - t h e - a r t  a s   ell a s  a d v a ~ c d  t e c h c ~ l ~ g i e s .  The c ~ ~ p t e r  
program modules f o r  each n o i s e  s o u r c e  w i l l  b e  updated as more s o p h i s t i c a t e d  approaches a re  d e r i v e d .  

E f f o r t s  t o  reduce  exhaus t  emiss ion  p o l l u t i o n  from gas  t u r b i n e  e n g i n e s  w ' i l l  cont inue .  Engine t e s t i n g  o f  
newly developed c l e a n  combustors demonstrates  f a v o r a b l e  r e d u c t i o n s  i n  landing- takeoff  c y c l e  emiss ions  f o r  
commercial wide-body j e t  a i r c r a f t  engines  u t i l i z i n g  t h e s e  combustors.  S t u d i e s  w i l l  c o n t i n u e  i n  e x p l o r i n g  
premixing/prevapor iz ing  c o n c e p t s ,  and c a t a l y t i c  and v a r i a b l e  geometry combustors.  A d d i t i o n a l  work w i l l  b e  
performed i n  t h e  development of  advanced t h e o r e t i c a l  t e c h n i q u e s  t o  model chemical combustion phenomena. 
Research on p i s t o n  engine  emiss ions  w i l l  c o n t i n u e  w i t h  t h e  development o f  high energy i g n i t i o n  systems and 
v a r i a b l e  v a l v e  t iming  and t h e  i n v e s t i g a t i o n  o f  broad s p e c i f i c a t i o n  f u e l s .  

Propuls ion  Components Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

A c t u a l  A c t u a l  E s t i m a t e  Est imate  E s t i m a t e  
(Thousands o f  D o l l a r s )  

2 , 636 10,000 10 , 721 11,300 10,352 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  o f  t h e  A e r o n a u t i c a l  Propuls ion  Components Researcli and Technology program a re  t o  i n c r e a s e  
a i r  b r e a t h i n g  a i r c r a f t  engine  e f f i c i e n c y  and o p e r a t i n g  range ,  reduce f u e l  consumption, reduce  w e i g h t ,  and  
improve r e l i a b i l i t y  and d u r a b i l i t y  o f  t h e  many i n t e r a c t i v e  components o f  t h e  engine and i n s t a l l a t i o n .  
program i n c l u d e s  r e s e a r c h  i n v e s t i g a t i o n s  o f  gas  p a t h  components, as  w e l l  as mechanical components and f u e l s .  

This  

The b u l k  o f  t h e  r e s e a r c h  emphasis f o r  t h e  p a s t  several y e a r s  h a s  been  on  energy c o n s e r v a t i o n  and a l t e r n a t i v e  
f u e l s .  This t r e n d  c o n t i n u e s  w i t h  p r o g r e s s  be ing  made i n  t h e  c h a r a c t e r i z a t i o n  of  n o n s p e c i f i c a t i o n  f u e l s :  a s  
w e i i  a s  improvements t o  components such a s  seais,  compressors ,  p r o p e i i e r s ,  t u r b i n e s  and o t h e r  components w h i c h  
w i l l  c o n t r i b u t e  t o  b r i n g i n g  f u e l  consumption down. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  o f  $721 thousand r e f l e c t s  t h e  i n i t i a t i o n  o f  in-house r e s e a r c h  s t u d i e s  r e l a t i n g  t o  h igh  
speed p r o p e l l e r s  and a r e b a l a n c i n g  o f  program e f f o r t s  between t h e  P r o p u l s i o n  Environmental Impact Minimiza- 
t i o n ,  P r o p u l s i o n  Components and A i r  Brea th ing  Engine Systems r e s e a r c h  and technology d i s c i p l i n e s .  
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B A S I S  OF FY 1978 ESTIMATE: 

I n l e t  r e s e a r c h  w i l l  extend p r e s e n t  methods f o r  a n a l y t i c a l l y  d e f i n i n g  i n t e r n a l  f lows t o  i n c l u d e  t h r e e -  
d imens iona l  supersonic  flows w i t h  shock waves and a n g l e - o f - a t t a c k  e f f e c t s .  Experimental  r e s e a r c h  w i l l  b e  
conducted on i n l e t  concepts  capable  o f  supply ing  t h e  vary ing  a i r f i o w  requi rements  o f  advanced v a r i a b i e  c y c i e  
engines .  Nozzle r e s e a r c h  w i l l  p r o v i d e  exper imenta l  d a t a  on t h e  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  and c o o l i n g  
requi rements  o f  two-dimensional n o z z l e s  o p e r a t i n g  i n  a n  a f t e r b u r n i n g  environment.  

Fan and compressor r e s e a r c h  emphasizes t h e  i n v e s t i g a t i o n  o f  problems a s s o c i a t e d  w i t h  advanced energy con- 
servative engines ,  such as  c r i t e r i a  f o r  matching h igh  p r e s s u r e  r a t i o  s t a g e s ,  and l i m i t s  of  p r e s s u r e  r a t i o  
o b t a i n a b l e  from high performance compressor s t a g e s  c o n s i s t e n t  wi th  h i g h  e f f i c i e n c y .  Research on computa- 
t i o n a l  f l u i d  dynamics a p p l i c a b l e  t o  f a n s ,  compressors and t u r b i n e s  w i l l  b e  cont inued ,  as w e l l  a s  work on t h e  
technology o f  v e r y  h igh  p r e s s u r e  r a t i o ,  small c e n t r i f u g a l  compressors a p p l i c a b l e  t o  h e l i c o p t e r  t u r b i n e  
engines .  Film c o o l i n g  techniques  f o r  h i g h  tempera ture  t u r b i n e s  w i l l  b e  f u r t h e r  r e f i n e d ,  and aerodynamic 
t e s t i n g  w i l l  t a k e  p l a c e  on t u r b i n e  w i t h  thermal  b a r r i e r  c o a t i n g s  on t h e  b l a d i n g .  

Research programs a re  c o n t i n u i n g  on i n v e s t i g a t i n g  t h e  problems o f  o p e r a t i n g  a h i g h  performance combustor a t  
t h e  h i g h  p r e s s u r e s  and tempera tures  i d e n t i f i e d  w i t h  energy e f f i c i e n t  advanced e n g i n e s .  A c l o s e l y  r e l a t e d  
program on f u e l s  technology w i l l  c o n t i n u e  t o  e v a l u a t e  t h e  p r o p e r t i e s  o f  a l t e r n a t i v e  f u e l s  d e r i v e d  from c o a l  
and s h a l e .  Work w i l l  a l s o  c o n t i n u e  on a s s e s s i n g  t h e  p r o p e r t i e s  and systems e f f e c t s  o f  broad s p e c i f i c a t i o n  
a v i a t i o n  t u r b i n e  f u e l .  

Mechanical components r e s e a r c h  w i l l  emphasize improvement o f  g e a r i n g ,  seals, b e a r i n g s  and very h i g h  speed 
s h a f t s  t y p i c a l  o f  h e l i c o p t e r  engines .  

A program t o  advance p r o p e l l e r  technology t o  t h e  p o i n t  of  Mach 0 .8  o p e r a t i o n  w i l l  c o n t i n u e ,  based on 
encouraging r e s u l t s  ob ta ined  w i t h  s c a l e  model h i g h  speed p r o p e l l e r s .  Various p r o p e l l e r  a i r f o i l  d e s i g n s  w i l l  
b e  t e s t e d ,  and p r o p e l l e r / n a c e l l e  i n t e g r a t i o n  i n v e s t i g a t i o n s  w i l l  b e  s t a r t e d .  
w i l l  a l s o  b e  cont inued .  

P r o p e l l e r  a c o u s t i c s  r e s e a r c h  

. IA*  A i r  R r a g t h i n n  Y..LYCL'L.'b Ennlnn Sx?stn_mg 
Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Current  Budget 

Actua l  A c t u a l  E s t i m a t e  Est imate  Es t imate  
(Thousand s o f Do 11 a r  s ) 

7,395 1,305 7,800 6,982 6,900 
RD 8-8 



OBJECTIVES AND STATUS : 

The A i r  Brea th ing  Engine Systems Research and Technology i s  d i r e c t e d  toward t h e  a t t a i n m e n t  o f  technology f o r  
reducing both t h e  c o s t s  and t i m e  r e q u i r e d  f o r  new engine  development programs through improved engine  systems 
d e s i g n  and a n a l y s i s  t e c h n i q u e s ,  and t h e  assessment  o f  p o t e n t i a l  new system concepts .  

During FY 1977 s i g n i f i c a n t  p r o g r e s s  i s  be ing  made i n  t h e  unders tanding  o f  t h e  aeromechanical  i n s t a b i l i t y  
phenomena i n  f a n  and compressor systems.  F l i g h t  tes ts  of  a g e n e r a l  a v i a t i o n  r e c i p r o c a t i n g  engine  equipped 
w i t h  a hydrogen enrichment  system w e r e  completed and t h e  f i r s t  s u b s c a l e  a e r o t h e r m a l  s u p e r s o n i c  combustion 
ramjet module w a s  t e s t e d  i n  a wind t u n n e l .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  o f  $818 thousand r e f l e c t s  re f inement  o f  t h e  estimates f o r  ongoing in-house exper imenta l  
engine  r e s e a r c h  programs, as w e l l  a s  a d j u s t m e n t s  and b a l a n c i n g  o f  r e s e a r c h  and technology e f f o r t s  i n  Propul -  
s i o n  Environmental  Impact Minimizat ion,  Propuls ion  Components, and A i r  Brea th ing  Engine Systems. 

BASIS OF FY 1978 ESTIMATE: 

Dynamic behavior  and c o n t r o l  r e s e a r c h  w i l l  i n v e s t i g a t e  t h e  a p p l i c a t i o n  o f  modern c o n t r o l  t h e o r y  t o  t h e  
problem o f  a i r c r a f t / p r o p u l s i o n  c o n t r o l  i n t e g r a t i o n  as a means o f  i n c r e a s i n g  engine  l i f e  and improving t h e  
c o n t r o l l a b i l i t y  o f  c u r r e n t  and  f u t u r e  h i g h  performance a i r c r a f t .  

The j o i n t  NASA/Air Force  f u l l - s c a l e  engine  r e s e a r c h  program w i l l  c o n t i n u e  through FY 1978. I n v e s t i g a t i o n s  
o f  f a n  and compressor system aeromechanical  i n s t a b i l i t i e s  and advanced c o n t r o l  concepts  w i l l  b e  completed.  
E v a l u a t i o n s  o f  advanced concepts  f o r  performance improvement such as mixer n o z z l e s  and c l e a r a n c e  c o n t r o l  w i l l  
b e  conducted d u r i n g  FY 1978 on a h igh  bypass  r a t i o  t u r b o f a n  engine .  

Hypersonic p r o p u l s i o n  r e s e a r c h  w i l l  i n c l u d e  s u b s c a l e  h o t  a e r o t h e r m a l  tests o f  a second g e n e r a t i o n  scramjet 
mnd_ule, and i n i _ t r a . + f c ~  c f  d ~ ~ f f n r t f ~ n  c f  81, ~iI_vznce_d h>~pe_rscnir_ p ~ g T n p _ -  ~ t i 2 . l ~ ~  cf  rzmint  rnnr-nnfo r - - 7  r a n i h l  --r---- n 

J - -  ------ 
o f  g e n e r a t i n g  s t a t i c  t h r u s t ,  w i l l  b e  completed.  

System s t u d i e s  t o  e x p l o r e  t h e  p o t e n t i a l  performance improvements and reduced energy consumption p o s s i b l e  i n  
g e n e r a l  a v i a t i o n  a i r c r a f t  through improvements i n  t h e  p r o p u l s i o n  sys tem w i l l  b e  completed i n  FY 1978. Ad- 
vanced r e c i p r o c a t i n g  and i n t e r m i t t e n t  combustion engine  concepts  w i l l  b e  e v a l u a t e d  and p r e l i m i n a r y  d e s i g n  o f  
t h e  most promising concept  w i l l  b e  i n i t i a t e d .  
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Avionics  Research and Technology 

T r a n s i t i o n  1977 1978 
1 9 7 6  Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands o f  D o l l a r s )  

3 , 1 3 3  8 46 4,500 3,302 4,200 

OBJECTIVES AND STATUS: 

The Avionics  Research and Technology program s u p p o r t s  t h e  development o f  advanced e l e c t r o n i c s  f o r  a p p l i c a -  
t i o n  t o  b o t h  c i v i l  and m i l i t a r y  a v i a t i o n .  Major e f f o r t s  a r e  d i r e c t e d  toward enhancing s a f e t y  and e f f i c i e n c y  
w h i l e  reducing  c o s t s  through i n n o v a t i v e  developments i n  t h e  areas o f  communication and n a v i g a t i o n ,  guidance 
and c o n t r o l ,  and c o c k p i t  a v i o n i c s .  

S p e c i f i c a t i o n s  f o r  a h i g h l y  r e l i a b l e ,  f a u l t  t o l e r a n t  computer a re  n e a r i n g  complet ion w h i l e  i n  t h e  i n n o v a t i v e  
a v i o n i c s  a r e a ,  t e s t i n g  h a s  begun on a fami ly  o f  new, low c o s t ,  m i c r o s t r i p  a n t e n n a s  produced w i t h  t h e  a i d  o f  
r e c e n t l y  developed computer -ass i s ted  d e s i g n  t e c h n i q u e s .  A l o w  c o s t ,  automated,  mid-a i r  c o l l i s i o n  warning s y s -  
t e m  i s  b e i n g  i n v e s t i g a t e d  f o r  u s e  i n  u n c o n t r o l l e d  a i r  t r a f f i c  t e r m i n a l  a r e a s .  P r o g r e s s  i n  automated a v i o n i c s  
c o n t i n u e s  w i t h  t h e  d e s i g n  o f  a d u a l - f a i l - o p e r a t e  i n e r t i a l  n a v i g a t i o n  system. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  of  $1,198 thousand r e s u l t s  from g e n e r a l  rea l ignment  of  in-house s u p p o r t  a c t i v i t i e s  
among t h e  r e s e a r c h  and technology b a s e  d i s c i p l i n e s  and projects. 

EASIS OF FY 1978 ESTIMhE: 

The c i i r r e n t  h i g h l y  prndi ic t ive e f f o r t s  i n  file1 -optimal eii idance systems f o r  c l  imh, cr i i i  s e  and r lp_~cp_f i+ T . I F ~ ~  
b e  extended t o  i n c l u d e  o p t i m i z a t i o n  of  l a t e ra l  and temporal f l i g h t  pa th  components. R e l a t e d  e f f o r t s  a re  
d i r e c t e d  toward t h e  development o f  a f u l l  f l i g h t  envelope a u t o p i l o t .  

E f f o r t s  i n  t h e  area o f  i n n o v a t i v e  a v i o n i c s  w i l l  i n c l u d e  exper imenta l  c o n f i r m a t i o n  o f  r e c e n t l y  d e r i v e d  
an tenna  beam p a t t e r n  t h e o r y  t o  s u p p o r t  c u r r e n t  and f u t u r e  developments i n  communications systems. Also low- 
c o s t ,  automated mid-a i r  c o l l i s i o n  warning system c u r r e n t l y  under development w i l l  undergo e x t e n s i v e  f i e l d  
e v a l u a t i o n  i n  FY 1978. 
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Systems d e f i n i t i o n  s t u d i e s  t o  suppor t  t he  development of  h i g h l y  r e l i a b l e  f a u l t  t o l e r a n t  computer hardware 
w i l l  cvntiriue i n  Fr' I978 w i t h  both hardware and so f tware  f a u l t  compensat ion o p t i o n s  under e v a l u a t i o n .  
d i a g n o s t i c  emulator  f o r  s o f t w a r e  r e l i a b i l i t y  assessment  w i l l  a l s o  b e  developed. 

A 

I n  t h e  automated a v i o n i c s  area,  a n  i n t e g r a t e d  m u l t i f u n c t i o n  d i s p l a y  w i l l  be  developed f e a t u r i n g  au tomat i c  
system performance moni tor ing  f o r  enhanced s a f e t y  and r e l i a b i l i t y .  

F l u i d  and F l i g h t  Dynamics 
Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands o f Do l l a r s  ) 

11,463 2 ,481  11,500 12,456 14,500 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h i s  program i s  t o  advance unders tanding  o f  aerodynamic phenomena and improve p r e d i c t i v e  
c a p a b i l i t y  t o  permi t  i n c r e a s e d  performance o p t i m i z a t i o n  o f  advanced a i r c r a f t  du r ing  e a r l y  des ign  s t a g e s .  

I n  accordance w i t h  t h i s  o b j e c t i v e ,  i n t e g r a t e d  a n a l y t i c a l  and expe r imen ta l  e f f o r t s  a r e  con t inu ing  i n  computa- 
t i o n a l  aerodynamics,  a i r f o i l  development,  v i scous  drag  and a i r f r a m e  n o i s e  r e d u c t i o n ,  s t a l l l s p i n  avoidance ,  and 
improved t r a n s o n i c  tes t  t echn iques .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

BASIS OF FY 1978 ESTIMATE: 

A major e f f o r t  i s  d i r e c t e d  toward p rov id ing  t h e  c a p a b i l i t y  t o  c a l c u l a t e  complete flow f i e l d s  and aerodynamic 
c h a r a c t e r i s t i c s  o f  complex a e r o s p a c e c r a f t .  I n  FY 1978, emphasis w i l l  con t inue  t o  r e f i n e  t h e  t r a n s o n i c  wing/ 
body computa t iona l  codes ,  i n v e s t i g a t e  aerodynamic t u r b u l e n c e ,  and deve lop  h ighe r -o rde r  methods a p p l i c a b l e  t o  
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complete  a i r c r a f t  a t  subsonic  and supe r son ic  speeds .  Research w i l l  a l s o  c o n c e n t r a t e  on qu icke r  and more 
s t a b l e  numerical  t echn iques  f o r  more e f f i c i e n t  u s e  o f  t h e  h igh  speed ,  l a r g e  c a p a c i t y  computers i n  va r io i i s  
o t h e r  d i s c i p l i n e s .  

The I;k' i 9 7 8  a i r f o i i  deveiopment program w i l l  c o n c e n t r a t e  on t h e  p r o v i s i o n  o f  t h e  exper imenta l  c h a r a c t e r -  
i s t i c s  o f  a number o f  t h e o r e t i c a l l y - d e s i g n e d  s u p e r c r i t i c a l  a i r f o i l s  cove r ing  a r ange  o f  t h i c k n e s s  r a t i o s  and 
des ign  l i f t  c o e f f i c i e n t s ,  a s  w e l l  as o f  a i r f o i l s  des igned  f o r  r o t o r c r a f t ,  ca rgo  t r a n s p o r t  and t u r b o p r o p e l l e r  
use .  

Analyses  and experiments  w i l l  con t inue  t o  pursue  novel  ways o f  reducing  t h e  t u r b u l e n t  d rag  o f  aerodynamic 
s u r f a c e s .  The emphasis i n  FY 1978 w i l l  b e  p l aced  on t h e  i n v e s t i g a t i o n  of t h e  e f f e c t s  of s u r f a c e  o s c i l l a t i o n  
on v i s c o u s  d rag .  
d i c t i o n  and des ign  t echn iques  t o  avoid  t h e  l e t h a l  s t a l l l s p i n  problems faced by f i g h t e r  and g e n e r a l  a v i a t i o n  
a i r c r a f t .  

Research w i l l  a l s o  c o n t i n u e  on methods t o  reduce  v iscous- induced  a i r f r a m e  n o i s e  and on  p r e -  

I n  a d d i t i o n ,  work w i l l  con t inue  on t h e  development o f  s o p h i s t i c a t e d  flow d i a g n o s t i c  t e c h n i q u e s ,  on new 
a d a p t i v e  w a l l  de s igns  t o  minimize t r a n s o n i c  t u n n e l  w a l l  i n t e r f e r e n c e  e f f e c t s ,  and on t h e  development o f  mag- 
n e t i c  suspens ion  systems des igned  t o  o p e r a t e  i n  c ryogenic  t u n n e l s  f o r  t h e  e l i m i n a t i o n  o f  s u p p o r t  i n t e r f e r e n c e  
e f f e c t s  . 

Low Speed Veh ic l e  Aerodynamics and F l i g h t  Dynamics 
Research and Technology 

T r a n s i t  i o n  1977 1978 
n.->--.- 
O U U g e L  

r7- ----- -- L 
b U L  L C l l L  

n.. -l ̂̂C  UUUSCL 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
n..--&-.- 1976 yuai L C L  

(Thousands of  D o l l a r s )  

11,459 3 , 526 1 2  , 200 11,713 13,800 

T h C  G 5 j C C t l v C  G f  t hFs  
a i r c r a f t .  Experimental  and a n a l y t i c a l  s t u d i e s  a r e  underway t o  improve t h e  i n t e g r a t e d  aerodynamic performance,  
n o i s e ,  s t a b i l i t y ,  c o n t r o l ,  and f l i g h t  dynamics o f  g e n e r a l  a v i a t i o n ,  advanced r o t o r c r a f t ,  advanced v e r t i c a l  
t ake -o f f  and l and ing  (VTOL) a i r c r a f t ,  and advanced p o w e r e d - l i f t  s h o r t  t ake-of f  and l and ing  (STOL) a i r c r a f t .  

RD 8-12 



The Fy 1977 dec rease  of  $487 thousand r e f l e c t s  ad jus tments  made t o  suppor t  i n c r e a s e d  e f f o r t s  i n  F lu id  and 
F l i g h t  Dyanmics , High Speed Veh ic l e  Aerodynamics and F l i g h t  D y n a m i c s .  

BASIS OF FY 1978 ESTIMATE: 

I n  t h e  area of  g e n e r a l  a v i a t i o n ,  f u l l - s c a l e  wind tunne l  tes ts  w i l l  c o n t i n u e  on promising wing m o d i f i c a t i o n s  
t o  a c h i e v e  s t a l l l s p i n  avoidance.  
s t u d i e s  i n d i c a t i n g  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  t a i l  mod i f i ca t ions  i n  improving s t a l l l s p i n  c h a r a c t e r i s t i c s .  

F l i g h t  t e s t s  w i l l  a l s o  be conducted t o  v e r i f y  r e s u l t s  of  o t h e r  wind t u n n e l  

The r o t o r c r a f t  r e s e a r c h  program w i l l  i n c l u d e  small and l a r g e - s c a l e  wind t u n n e l  model s t u d i e s  of  advanced 
r o t o r s ,  i n c l u d i n g  compliant  and c o n s t a n t - l i f t  concepts  aimed a t  i n c r e a s i n g  r o t o r c r a f t  performance and r educ ing  
v i b r a t i o n  and n o i s e .  A l a r g e - s c a l e  r e s e a r c h  r o t o r ,  i n c o r p o r a t i n g  b l a d e s  w i t h  t h e  l a t e s t  concepts  of  a i r f o i l s ,  
camber, and twist, w i l l  be  a c q u i r e d  f o r  wind t u n n e l  t e s t s  p rov id ing  a t o o l  t o  e v a l u a t e  h e l i c o p t e r  aeromechanic 
p r e d i c t i o n  methods. 

I n  t h e  area of advanced VTOL a i r c r a f t ,  wind tunne l  s t u d i e s  w i l l  b e  i n i t i a t e d  t o  i n v e s t i g a t e  t h e  low speed 
and c r u i s e  performance o f  advanced supe r son ic  j e t  VTOL f i g h t e r l a t t a c k  a i r c r a f t  c o n f i g u r a t i o n s .  
be cont inued  t o  ga in  a b e t t e r  unders tanding  o f  aerodynamic lpropuls ion  i n t e r a c t i o n s  f o r  l i f t - c r u i s e  f a n  con- 
f i g u r a t i o n s ,  w i t h  p a r t i c u l a r  a t t e n t i o n  g iven  t o  ground e f f e c t s  d u r i n g  low speed t e rmina l  area o p e r a t i o n s .  

S tud ie s  w i l l  

Powered - l i f t  R/STOL a i r c r a f t  r e s e a r c h  w i l l  i n c l u d e  e f f o r t s  t o  g a i n  a b e t t e r  unders tanding  of n o i s e  sou rces  
f o r  upper  and lower s u r f a c e  blown-f lap concep t s ,  and a means o f  r educ ing  such n o i s e .  Wind tunne l  tests i n -  
t e g r a t i n g  advanced turboprops  and s u p e r c r i t i c a l  wings i n t o  p r a c t i c a l  a i r c r a f t  c o n f i g u r a t i o n s ,  p o t e n t i a l l y  a 
promising means of reducing  f u e l  consumption of  f u t u r e  sho r t -hau l  t r a n s p o r t s ,  w i l l  cont inue .  
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High Speed Vehic le  Aerodynamics and F l i g h t  Dynamics 
Research and Techneleg;. 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua l  Ac tua l  Estimate Estimate Estimate 
(Thousands of  D o l l a r s )  

8 ,894 2,251 8,900 10,881 11,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h i s  program i s  t o  g e n e r a t e  aerodynamic advancements needed t o  a s s u r e  economic, s a f e ,  and 
r e l i a b l e  advanced h igh  speed c i v i l  a i r c r a f t ,  and t o  e s t a b l i s h  t e c h n o l o g i c a l  s u p e r i o r i t y  i n  f u t u r e  m i l i t a r y  
systems. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of $1,981 thousand r e s u l t s  from expanded in-house  f l i g h t  r e s e a r c h  on t h e  F-15; i n -  
c r eased  r e s e a r c h  emphasis on nonaxisymmetric ( 2 - D )  nozz le  technology;  and r e d i r e c t i o n  of  t h e  e f f o r t  on 
p r o p u l s i v e  lift enhancement. 

BASIS OF THE FY 1978 ESTIMATE: 

rm^-  3 _ _ _ ^  1 -.. 
I I I ~ :  ~ e ~ e ~ u p i f i e l i t  UI complete and r e i i a b i e  a i r c r a f t  des ign  methodology and aerodynamic p r e d i c t i v e  techniques  

through e v a l u a t i o n  o f  new conceptua l  des igns  and d e r i v a t i v e  c r u i s e  a i r c r a f t  concepts  w i l l  be  advanced i n  
FY 1978. Near-sonic  o b l i q u e  wing models,  and supe r son ic  and h igh  supe r son ic  speed models which i n c o r p o r a t e  
component aerodynamic improvements such as v a r i a b l e  camher w i ~ g s ,  augmented-lift, and nonaxisyiiiuxetr-c i l o z z i e s  
w i l l  be  t e s t e d .  Range and s t a b i l i t y  improvements w i l l  b e  a s s e s s e d  and t h e  most promising and p r a c t i c a l  con- 
c e p t s  f u r t h e r  i n c o r p o r a t e d  i n t o  more d e t a i l e d  models f o r  insights i n t o  i.n+eracticms c E  CCmnnnnnf =----*-- - - & V U  g-*..na-rn-m:,- , . L c I . I L . . . U  

1 LIL . C L 2  ~ ~ n g  aiid t h r u s t i n g  aerodynamic dev ices .  

Bas ic  u a a e u v e r a b i i i t y  and range improvements t o  combat a i r c r a f t  and m i s s i l e  c o n f i g u r a t i o n s  w i l l  be  genera ted  
through e v a l u a t i o n  of  aerodynamic phenomena a s s o c i a t e d  w i t h  high-angle-of-attack/high speed o p e r a t i o n .  Models, 
f u l l - s c a l e  a i r c r a f t ,  and remotely p i l o t e d  v e h i c l e s  w i l l  be  t e s t e d  and r e s u l t a n t  d a t a  compared t o  theo ry  and n e t  
a n a l y t i c a l  approaches.  Simulat ions w i l l  b e  programmed, u s i n g  d a t a  from a i r c r a f t  and missile model t e s t  r e s u l t s  
t o  a n a l y z e  t h e  b e n e f i t  o f  i n c o r p o r a t i o n  o f  t h e  advanced aerodynamic concepts  on t o t a l  p i l o t / a i r c r a f t / m i s s i o n  
c a p a b i l i t y .  
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R e p r e s e n t a t i v e  hypersonic  a i r c r a f t  model c o n f i g u r a t i o n s  w i l l  be  t e s t e d  t o  e s t a b l i s h  a technology b a s e  f o r  .._ r r n t a . n l  F,.+...-rr ma... - - c t  
y u t C ; L L L L a i  LULULC a L L C L a L L .  

I n  a d d i t i o n ,  a s s i s t a n c e  i n  new m i l i t a r y  development e f f o r t s  t h rough  f a c i l i t y  use, t e s t  a s s t s t ance ,  and NASA 
c o n s u l t a t o r y  service w i l l  con t inue  f o r  d e r i v a t i v e  c o n f i g u r a t i o n s  and new des igns .  

A i r c r a f t  Opera t ions  and Sa fe ty  
Research and Technology 

T r a n s i t  i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budget 

Actua l  Ac tua l  Es t ima te  Estimate Estimate 
(Thousands of  D o l l a r s )  

3,907 1 ,171  4 , 100 4 , 429 4,900 

OBJECTIVES AND STATUS : 

The A i r c r a f t  Opera t ions  and Sa fe ty  Research Technology program p rov ides  b a s i c  r e s e a r c h  and technology which 
can b e  used t o  s o l v e  a wide v a r i e t y  o f  a e r o n a u t i c a l  s a f e t y  and s a f e t y - r e l a t e d  o p e r a t i o n a l  problems. 
s p e c i f i c  o b j e c t i v e s  provide  focus  f o r  i n d i v i d u a l  r e s e a r c h  e f f o r t s :  (1) expansion o f  b a s i c  knowledge o f  atmos- 
p h e r i c  p r o c e s s e s ;  (2) a i r c r a f t  s a f e t y  technology;  and (3) a i r c r a f t  system o p e r a t i o n a l  e f f i c i e n c y  improvements. 

Three 

CHANGES FROM FY 1977 BUDGET ESTIMATE : 

The FY 1977 i n c r e a s e  o f  $329 thousand r e f l e c t s  h i g h e r  t h a n  a n t i c i p a t e d  c o s t s  of  in-house s e r v i c e s  f o r  
a i r c r a f t  o p e r a t i o n s  and s a f e t y  e f f o r t s .  

BASIS OF FY 1978 ESTIMATE: 

I n  t h e  area o f  expanding o u r  knowledge o f  b a s i c  a tmospher ic  p r o c e s s e s ,  improvement of  o u r  unders tanding  of  
n a t u r a l  a tmospher ic  behav io r  as it  a f f e c t s  t h e  s a f e  and e f f i c i e n t  o p e r a t i o n  of a i r c r a f t  i s  a long  t e r m  p rocess .  
FY 1978 r e s e a r c h  w i l l  con t inue  t h e  p rocess  o f  f u n c t i o n a l l y  d e f i n i n g  a tmospher ic  phenomena i n  a way t h a t  w i l l  
f a c i l i t a t e  u se  of  t h i s  i n fo rma t ion  by a i r c r a f t  d e s i g n e r s ,  o p e r a t o r s ,  and me teo ro log ica l  f o r e c a s t e r s .  Charac- 
t e r i z a t i o n  o f  wind s h e a r ,  h igh  a l t i t u d e  c l e a r  a i r  tu rbu lence ,  and s e v e r e  s torm g u s t  f r o n t  w i l l  be emphasized. 

I n  a i r c r a f t  s a f e t y  technology,  r e s e a r c h  i s  focused on developing a technology b a s e  which can  be  used t o  
reduce  a c c i d e n t  o p p o r t u n i t i e s  and t o  minimize a c c i d e n t  f a t a l i t i e s  and damage. Th i s  e f f o r t  i n c l u d e s  i n - f l i g h t  
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and pos t -c rash  a i r c r a f t  f i r e  p reven t ion  and p r o t e c t i o n ,  and l i g h t n i n g  s t r i k e  hazards  r educ t ion .  I n  FY 1978, 
t e s t  and eva lua t ior !  on i n t e r t o r  a i r c r a f t  cabln m t e r k i l s  fo r  f l i e  w o r t h i n e s s  w i l l  con t inue .  lmproved mathe- 
m a t i c a l  c h a r a c t e r i z a t i o n  o f  t h e  f i r e  hazard problem w i l l  p rov ide  a methodology t o  p r e d i c t  f i r e  behav io r  and 
p r o t e c t i o n  i n  v a r i o u s  s i t u a t i o n s .  Laser-Doppler systems w i l l  b e  employed t n  a t r p c r t  v i n d  shear measurements 
from t h e  ground and eva lua ted  i n  f l i g h t  f o r  c l e a r  a i r  t u r b u l e n c e  d e t e c t i o n  and seve re  s torm wind measurements. 
Ground s imula t ions  o f  a i r c r a f t  wind s h e a r  encounters  w i l l  seek  d e f i n i t i o n  o f  o p e r a t i o n a l  hazard  boundar i e s .  
Simulat ion and a n a l y s i s  o f  a i r c r a f t  a c c i d e n t s  w i l l  con t inue  i n  s u p p o r t  of Na t iona l  T r a n s p o r t a t i o n  Sa fe ty  
Board r e q u e s t s .  

- 

The area o f  improving o p e r a t i o n a l  e f f i c i e n c i e s  of  a i r c r a f t  systems focuses  on s e l e c t i v e l y  b o o s t i n g  t e c h -  
nology development which w i l l  pe rmi t  i n c r e a s e s  i n  t h e  s e r v i c e  l i f e  and  e f f i c i e n c i e s  o f  a i r c r a f t  subsystems.  
During FY 1978, new t i r e  t r e a d  m a t e r i a l s ,  p rev ious ly  eva lua ted  on t h e  Landing Loads Track a t  Langley Research 
Center  and on t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n ' s  Boeing-727, w i l l  b e  used i n  commercial o p e r a t i o n  f o r  a i r -  
l i n e  eva lua t ion .  P i l o t - i n - t h e - l o o p  ground s i m u l a t i o n  of  l and ing  r o l l o u t  w i l l  be  r e f i n e d  t o  i n v e s t i g a t e  
hazardous c o n t r o l  problems. Crosswind landing  g e a r  on t h e  NASA Twin O t t e r  a i r p l a n e  w i l l  be  f l i g h t  t e s t e d  t o  
demonst ra te  and e v a l u a t e  v a r i o u s  modes of o p e r a t i o n .  

Human-Vehic 1 e Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  Es t imate  E s t i m a t e  E s t i m a t e  
(Thousands o f Do 1 l a  r s ) 

4 , 585 1 , 206 5,300 5 , 150 5,500 

OBJECTIVE AND STATUS: 

The o b j e c t i v e  o f  t h i s  program i s  t o  provide  a r e s e a r c h  and technology base  f o r  s o l u t i o n s  t o  t h e  human f a c t o r s  
i n f l u e n c i n g  t h e  growth, e f f i c i e n c y ,  o r  s a f e t y  nf a i r  t r ~ n s p r t a t i e n .  
eiiiphasls : I1ut11a11 r e sponse  co n o i s e ,  f l i g h t  management, and f l i g h t  s i m u l a t i o n  technology.  

Tt.,c program h z s  &ree 11tdjvr areas o f  

r\ u u r i n g  Tf i 9 7 7  a number of  r e s e a r c h  s t u d i e s  a re  being conducted w i t h i n  t h e s e  major areas. Key e f f o r t s  i n -  
c l u d e  i n v e s t i g a t i o n s  t o  assess t h e  v a l i d i t y  o f  l a b o r a t o r y  expe r imen ta l  p rocedures  t o  p r e d i c t  human re sponse  t o  
a i r c r a f t  n o i s e  exposure.  Concepts a r e  a l s o  be ing  i n v e s t i g a t e d  t h a t  would l ead  t o  s u b s t a n t i a l  r e d u c t i o n s  o f  
a i r c r a f t  i n t e r i o r  n o i s e  l e v e l s .  Several j o i n t  programs w i t h  t h e  F e d e r a l  A v i a t i o n  Admin i s t r a t ion  (FAA) a re  
underway t o  enhance a i r c r e w  performance and a l lev ia te  t h e  p o t e n t i a l  f o r  human e r r o r .  Among t h e s e  a re  p a r t -  
and f u l l - m i s s i o n  s i m u l a t i o n  s t u d i e s  t o  a s s e s s  t h e  p o t e n t i a l  o f  head-up d i s p l a y s  t o  a i d  i n  t h e  t r a n s i t i o n  from 
ins t rument  t o  v i s u a l  r e f e r e n c e  du r ing  landing  approaches.  
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CHANGES FROM ___ FY - 1977 BUDGET ESTIMATE: - 

The F‘Y 1977 decrease of $150 thousand reflects lower than anticipated costs of In-house services for Human- 
T I  veiiicie Teciinoiogy tasks. 

BASIS OF FY 1978 ESTIMATE: 

In FY 1978, the human response to noise research effort will be extended to assess the acceptability of 
potentially achievable future aircraft noise levels. 
exposure descriptors by taking into account the influence of ambient levels, low frequency components, and 
multiple noise exposure on annoyance and acceptability. 
borne noise transmission will be evaluated. 
investigated. 

Work will continue to improve the utility of noise 

Promising concepts for the attenuation of structure- 
The effects of noise on cockpit communications will also be 

In a joint program with the FAA, studies will be conducted to enhance aircrew performance in future air 
transport systems. 
objective methods for assessing crew performance. 
for aircraft warning systems, such as voice warning, will be conducted. 
advanced cockpit displays needed for flight management in the air traffic environment of the 1980’s will 
continue. 

The occulometer and time-line analysis techniques will be evaluated as to their utility as 
Studies to demonstrate the validity of alternative concepts 

Research investigations dealing with 

In addition, flight simulation technology efforts to advance real time simulation techniques and to improve 
simulator fidelity will continue. Validated human-machine system models will be used to evaluate simulator 

logic for motion washout, and visual scene technology will be examined. 
?erfnrmanc~. R e f i  nempnts t n  irnproye f i d p l i t g  t_hrnijgh ei.rrlcrt-e~ sf m s t i e ~  c-p, s~~bst-tuticn systems, imT;rcye 

Svsterns Studies 

1 0 7 Q  
I,,” 

1 0 7 7  Transiticn A , ,  I 

19 76 Quarter Budget Current Budget 
c,t;,,t,. c,+:,,+, l7,.+:m^+^ 
L Q L I I I I U L L  LO L I L L I U L L  L . 3 L I I I I U L C  

A ^ + . . . , l  
I L L  c U U L  

hp+. . , l  
I .LLUUI  -~ 

2,716 560 3,000 2,935 3,000 
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OBJECTIVES AND STATUS: 

System studies are conducted primarily as 3 means of identifying the needs for and assessing the impact of, 
t ec i i r i v iogy  advances. Tne objective of aeronautical system studies is to determine the feasibility, 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. 

BASIS OF FY 1978 ESTIMATE: 

Studies of civil air transportation systems will emphasize the use of advanced technology for the reduction 
of operating and acquisi-tion costs of transport aircraft and for the enhancement of airborne systems dedicated 
to cargo movement and utility missions. Specific studies will address applications of long- and short-haul 
air cargo vehicles, small transports for low density short-haul and commuter use, and aerial application 
systems. Efforts will continue in the areas of industry and market characteristics, technology-cost tradeoffs, 
foreign technology trends and world competition. 

Studies of future military aviation systems will be responsive to expressed interests of the military 
services, with emphasis on vertical takeoff and landing (Navy), large cargo aircraft (Air Force), and heavy- 
lift hybrid airships (Navy). 

Energy conservation in aeronautics will be a major objective of civil and military system studies and one 
of the principal factors contributing to operational cost reductions. 

Systems analysis methodology and support activities will continue to emphasize air transportation demand, 
comparisons and integrations with other modes, and the understanding of technology transfer processes in the 
aviation industry. 
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

Systems Technology - Programs 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Materials and structures systems technology ......... 4,235 
Propulsion systems technology ....................... 4,300 
Avionics systems technology ......................... 4,638 

Aircraft operating systems technology ............... 11,980 

Rotorcraft systems technology ....................... 1,922 

Aerodynamic vehicle systems technology .............. 5,258 

Human-vehicle systems technology .................... 265 
Advanced civil aircraft systems technology .......... 7,430 

Military aircraft systems technology ................ 2,223 

1,650 
I, 224 

985 
2,360 
3,020 

100 
3,125 

440 
180 

6,400 
18,000 

2,900 
7,800 
8,500 

500 
16,400 

300 
--- 

6,480 
14,120 

2,460 
7,775 
9,325 

525 
11,950 

1,900 
2,610 

9,060 
22,150 

1,730 
4,360 
8,300 

800 
21,000 

2,900 
1,900 

Total. ............................................ 42,251 13,084 60,800 57,145 72,200 

Materials and Structures Systems Technology 

Transition 1977 1978 
1 9 7 6  Quarter Budget Current Budget 

Actual Actual Estimate 'Estimate Estimate 
(Thousands of Dollars) 

4 , 2 3 5  i ~ 650 6:  400 6 ~ 480  9 ~ 040 

OBJECTIVES AND STATUS: 

The objectives of this program are to apply the technology from the Research and Technology Base program on 
materials and structures to the design of advanced airframe structures and engines and to accelerate design 
applications by practical demonstration of technical readiness. 

RD 8-19 



Demonstration of the f i r s t  group of advanced t u r b i n e  eng ine  materials w i l l  cu lmina te  w i t h  expe r imen ta l  eng ine  
C ^ ^ L ^  
~ r b ~ b  s c i ~ e d u l e d  i o r  l a t e  FY i 9 7 7 .  A n a i y t i c a i  s t u d i e s  of t u r b i n e  e n g i n e  f l u t t e r  boundar ies  a re  underway i n  
p r e p a r a t i o n  f o r  f l u t t e r  t e s t i n g .  

BASIS OF FY 1978 ESTIMATE: 

The Materials f o r  Advanced Turbine  Engines program i n v o l v e s  demons t r a t ing  t h e  p o t e n t i a l  of  new t u r b i n e  
eng ine  materials by o b t a i n i n g  e n g i n e e r i n g  p r o p e r t i e s  on advanced mater ia ls ,  fo l lowed by performance t e s t i n g  i n  
t e s t  r i g s  and ground tes t  eng ines .  A second group of  new materials and p r o c e s s e s  w i l l  be  s e l e c t e d  i n  FY 1978,  
c o n t r a c t  supplements n e g o t i a t e d ,  and the e f f o r t s  on sca le -up ,  da ta  a c q u i s i t i o n ,  and eng ine  demons t r a t ion  w i l l  
b e g i n  w i t h  t h e s e  mater ia l s .  

I n t e g r a t e d  Program f o r  Aerospace Vehicle Design (IPAD) i s  a computer s o f t w a r e  system which w i l l  a i d  t h e  
vehicle des ign  p r o c e s s  by au tomat ing  and i n t e g r a t i n g  many of  t h e  t i m e  consuming f u n c t i o n s  now r e q u i r e d  o f  t h e  
des ign  s t a f f ,  and p r o v i d e  a comprehensive d a t a  b a s e  f o r  management review and c o n t r o l .  C o n t r a c t u a l  development 
o f  IPAD w i l l  produce a p r e l i m i n a r y  computer-aided des ign  sys tem by the end of Fy 1 9 7 7 ,  and i n c r e m e n t a l  release 
o f  f i r s t - l e v e l  IPAD codes w i l l  b e  i n i t i a t e d  i n  FY 1978 f o r  e v a l u a t i o n  by t h e  ae rospace  i n d u s t r y .  

The A e r o e l a s t i c i t y  o f  Turb ine  Engines program i s  a j o i n t  A i r  Force/NASA a c t i v i t y  t o  p rov ide  an  unde r s t and ing  
of  and p r e d i c t i o n  c a p a b i l i t y  f o r  a e r o e l a s t i c  i n s t a b i l i t y  phenomena i n  t u r b i n e  eng ine  €an b l a d e s .  
the program w i l l  i n c l u d e  f a n  b l a d e  t e s t i n g  i n  t h e  f l u t t e r  test r i g ,  and c o n t i n u a t i o n  of  s t u d i e s  of a e r o e l a s t i c  
f a c t o r s  and aeromechanica l  coupl ing .  This  j o i n t  program i s  schedu led  t o  produce t h e  needed advanced d e s i g n  
and t e s t  methods by  FY 1980. 

I n  FY 1978,  

The F i r e - R e s i s t a n t  Mater ia l s  Eng inee r ing  program w a s  i n i t i a t e d  i n  F Y  1976 t o  develop  f i r e - r e s i s t a n t ,  low- 
t o x i c i t y  m a t e r i a l s  f o r  u se  by commercial manufac turers  o f  U.S. a i r l i n e r s .  During FY 1978 t h e  f u l l  s c a l e  t e s t i n g  
of  advanced w a l l  p a n e l s  f o r  a i r c r a f t  i n t e r i o r s  w i l l  b e  completed and the development of f i r e - r e s i s t a n t  windows 
and passenger  s e a t s  w i l l  Le emphasized. The sys tems t e s t i n g  of l a v a t o r y  and cargo  bay s e c t i o n s  w i l l  b e  com- 
p l e t e d  and t h e  i n t e g r a t e d  c a b i n  i n t e r i o r  systems t e s t i n g  w i t h  concern  f o r  p o o l  f i r e  under  t h e  f u s e l a g e  w i l l  b e  
emphssized. A s t z n d ~ r d l ~ ~ d  t ~ x l c 5 t y  t e s t i i l g  p i - u c e d u r e  wiii be deveioped .  Lne e f f o r t  i n  F Y  L Y / X  W I L L  e m p h a s ~ ; . ~  
t h e  t r a n s f e r  of technology t o  b o t h  t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n ,  th rough an  i n t e r a g e n c y  agreement ,  and  
t o  t h e  U.S .  a i r c r a f t  manufac tu re r s  t o  p rov ide  f o r  p r a c t i c a l  f i r e - r e q i s t a n t  11-S. c a r r i e r  iircrrft i n  t h e  l98G 
t i m e  frame. 

- 

The f a c t o r s  which i n f l u e n c e  t h e  d u r a b i l i t y  of  composite materials i n  a i r c r a f t  and engine  a p p l i c a t i o n s  under 
l o n g  t e r m  s e r v i c e  c o n d i t i o n s  w i l l  b e  s t u d i e d  i n  a Composites D u r a b i l i t y  Technology program t o  be  i n i t i a t e d  i n  
FY 1978. This w i l l  i n c l u d e  p r e d i c t i v e  methods f o r  s t r u c t u r a l  i n t e g r i t y  and improved des ign  c m c c p t s  f o r  l o n g -  
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A f e a s i b i l i t y  a n a l y s i s  c o n s i s t i n g  of  des ign  and economic s t u d i e s  w i l l  b e  under taken  i n  t h e  Engine Component 

r i g  and engine  ground tests w i l l  b e  conducted t o  e v a l u a t e  des ign  concep t s  which can  be promptly i n t r o d u c e d  i n t o  
p roduc t ion  engines  t o  reduce  f u e l  consumption on t h e  o r d e r  o f  5 p e r c e n t  i n  c u r r e n t  commercial t r a n s p o r t s .  
Development work w i l l  con t inue  i n  t h e  area of engine  d i a g n o s t i c s  t o  i d e n t i f y  t h e  causes  of  eng ine  d e t e r i o r a -  
t i o n  and f o r  t h e  e v a l u a t i o n  of  methods t o  reduce performance d e g r a d a t i o n  w i t h  t i m e .  This  program i s  one of  
t h e  elements  of  the a i r c r a f t  energy  e f f i c i e n c y  e f f o r t .  

r-- Illlprvvclllc,It -_I_-_- p r ~ g r m  t o  p e r m l t  s e l e c t i o n  of  the m o s t  p romis ing  c a n d i d a t e s  f o r  improved performance. Component 

I n  the s t r a t o s p h e r i c  c r u i s e  emis s ion  r e d u c t i o n  program e f f o r t s  w i l l  be made t o  reduce exhaus t  emis s ions  o v e r  
t h e  e n t i r e  subson ic  f l i g h t  envelope .  S p e c i a l  emphasis w i l l  b e  p l a c e d  on a c h i e v i n g  ve ry  l o w  ox ides  o f  n i t r o g e n  
emiss ions  a t  s t r a t o s p h e r i c  c r u i s e  c o n d i t i o n s  by ex t remely  l e a n  f u e l - a i r  m i x t u r e  o p e r a t i o n .  A f t e r  comple t ion  
of  i n i t i a l  b a s i c  s t u d i e s  the r e s u l t i n g  combustor concepts  w i l l  b e  i n t e g r a t e d  i n t o  engine  sys tem d e s i g n s  and 
a s s e s s e d .  

The v a r i a b l e  c y c l e  e n g i n e  components technology program has been  focused  on development of  c r i t i c a l  technology 
f o r  t h o s e  novel  and unique  components which o f f e r  s i g n i f i c a n t  performance b e n e f i t s  combined w i t h  reduced n o i s e  
and p o l l u t i o n  c h a r a c t e r i s t i c s .  Dur ing  FY 1978, two c o n t r a c t s  w i l l  b e  awarded f o r  t h e  d e s i g n  and f a b r i c a t i o n  
o f  t e s t b e d  eng ines  which i n c o r p o r a t e  t h i s  component technology.  These t e s t b e d s  w i l l  be  u t i l i z e d  t o  demons t r a t e  
t h e  c a p a b i l i t y  t o  m e e t  performance and envi ronmenta l  g o a l s  and t o  p r o v i d e  c r i t i c a l  componentfengine i n t e g r a t i o n  
d a t a .  This  v e r i f i c a t i o n  of  t h e  o p e r a t i o n a l  p o t e n t i a l  of these advanced eng ine  concepts  w i l l  a s s u r e  t echno logy  
r e a d i n e s s  f o r  an  expe r imen ta l  eng ine  program i n  FY 1980. 

The advanced turboprop  sys tem a c t i v i t i e s  w i l l  be  i n i t i a t e d  and w i l l  i n c l u d e  development, des ign  and tes t  
e f f o r t  i n  t h e  areas o f  p r o p e l l e r  aerodynamics,  s t r u c t u r e s ,  and a c o u s t i c s .  T h i s  work w i l l  be  based on t h e  

advanced turboprop  d e s i g n  i s  expec ted  t o  p rov ide  a 15-20 p e r c e n t  f u e l  s a v i n g s  ove r  c u r r e n t  h i g h  bypass  r a t i o  
t u r b o f a n  engines .  Th i s  i s  one element of  t h e  a i r c r a f t  energy  e f f i c i e n c y  technology e f f o r t s .  

r e s u l t s  of e x p l o r a t o r y  tes ts  conducced i n  t h e  "nesear C ~ I  alld Technology Eass program z f  n r o i l i n r i c  y * L " * " " '  years.  The 

The h e l i c o p t e r  t r a n s m i s s i o n  technology program w i l l  p rov ide  a sys t ems  e v a l u a t i o n  of many advanced technoiogy 
ccmpcnent9 w h i c h  h a v e  been under  i n v e s t i g a t i o n  s e p a r a t e l y  f o r  a number of  y e a r s .  During t h e  f i r s t  y e a r  sys t ems  
d e s i g n s  w i l l  be  i n  p r o g r e s s ,  accompanied by some component t e s t i i i g .  Examples o f  t h s s c  compment s  ? r e  h i g h  
c o n t r a c t  r a t i o  g e a r i n g ,  t r a c t i o n  d r i v e s ,  l ong  l i f e  b e a r i n g s  and sea ls .  The g o a l  o f  t h i s  program i s  t o  
e s t a b l i s h  a h igh  lcve l  of ccnf idence  i n  t h e  u s e  of t h e s e  advanced cuiiiyuiieii is  rii c i v i l  arid military hel icc?pter  
t r ansmiss ions  as w e l l  as i n  o t h e r  a p p l i c a t i o n s  r e q u i r i n g  d u r a b l e ,  l i g h t  w e i g h t ,  h igh  performance r e d u c t i o n  
gea r ing .  
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Avionics  Systems Technology 

T r a n s i t i o n  197 7 1978 
i976 qu i t r t e r  Budget Cur ren t  Budget 

Ac tua l  Actua l  E s t i m a t e  E s t i m a t e  Est imate  
(Thousands of D o l l a r s )  

4,638 985 2,900 2 ,460  1 ,730  

OBJECTIVES AND STATUS: 

T h i s  program a p p l i e s  the fundamental  knowledge ga ined  i n  t h e  Research and Technology Base t o  develop and 
demons t r a t e  t h e  t e c h n i c a l  r e a d i n e s s  and promote t h e  t r a n s f e r  of  advanced a v i o n i c s  systems t o  t h e  a i r c r a f t  i n d u s t r y  
through expe r imen ta l  t e s t i n g  and v e r i f i c a t i o n  i n  a r e a l i s t i c  environment. 

C u r r e n t l y  i n  the D i g i t a l  Fly-By-Wire (DFBW) program, i n i t i a l  f l i g h t  demons t r a t ion  tes t s  are  b e i n g  conducted.  
I n  the area of  advanced a v i o n i c s  f o r  g e n e r a l  a v i a t i o n ,  t h e  p r e l i m i n a r y  sys t em d e s i g n  i s  underway and w i l l  b e  
completed i n  J u l y  1977. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  of  $440 thousand r e f l e c t s  a c t i v i t i e s  which have been d e f e r r e d  u n t i l  FY 1 9 7 8 ,  i n  r e sponse  
t o  recoinmendations coming from t h e  g e n e r a l  a v i a t i o n  workshops. 

BASIS OF FY 1978 ESTIMATE: 

The D i g i t a l  Fly-By-Wire program w i l l  p rov ide  a n  a l l  e l e c t r o n i c ,  redundant  a i r c r a f t  f l i g h t  c o n t r o l  sys tem t o  
b e  used f o r  a f e a s i b i l i t y  demons t r a t ion ,  and t o  e v a l u a t e  advanced t r a n s p o r t  c o n t r o l  laws i n  a r e p r e s e n t a t i v e  
environment.  The p r i n c i p a l  emphasis i s  on reduced  weight  and f u e l  consumption, and on improved performance and 

complete t h e  e v a l u a t i o n  of advanced t r a n s p o r t  c o n t r o l  l a w s  i n  a r e p r e s e n t a t i v e  environment .  
~perat-~nal flexibility. During Fy 1978, 3 p p r o x i ~ , a t c l y  2 4  f l i g h t  d e ~ ~ = n s t r a t i o n  tests \ . . r i l l  bp, c5nductp-d t n  

The Genera l  A v i a t i o n  Advanced Avionics  program is  aimed a t  p r o v i d i n g  a t o t a l l y  i n t e g r a t e d  advanced, low 
c o s t  a v i o n i c s  sys tem t o  enhance t h e  s a f e t y ,  r e l i a b i l i t y ,  and u t i l i t y  of  f u t u r e  g e n e r a l  a v i a t i o n  a i r c r a f t .  I n  
FY 1978 a n  e v a l u a t i o n  of  t h e  p r e l i m i n a r y  d e s i g n  w i l l  b e  completed,  a sys t em c o s t - b e n e f i t  a n a l y s i s  accomplished 
and t h e  f i n a l  des ign  and f a b r i c a t i o n  t a s k  i n i t i a t e d .  
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Aerodvnamic Vehic le  Svstems Technology 

T r a n s i t  i o n  1977 1978 
P.,v.,-n.-. t 
" U L L L I I L  Eudget D . . r l - n +  :3:t qiiarter UUU&;CL 

Actua l  A c t u a l  Es t ima te  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

5 ,258  2 ,360  7,800 7,775 4 ,360  

OBJECTIVES AND STATUS: 

The o b j e c t i v e  i s  o v e r a l l  sys tem e v a l u a t i o n  of  advanced aerodynamic concep t s  f o r  improving a i r c r a f t  p e r f o r -  
mance, e f f i c i e n c y ,  o p e r a t i n g  c o s t s ,  s a f e t y ,  h a n d l i n g  q u a l i t i e s ,  m a n e u v e r a b i l i t y ,  and o t h e r  impor tan t  a i r c r a f t  
c h a r a c t e r i s t i c s .  

BASIS OF FY 1978 ESTIMATE: 

The System Technology S t u d i e s  program encompasses p r e l i m i n a r y  d e s i g n  a n a l y s i s  of  advanced concepts  t o  ass i s t  
i n  d e f i n i n g  p o s s i b l e  f u t u r e  sys tem expe r imen ta l  i n v e s t i g a t i o n s .  
concept  w i l l  b e  completed i n  FY 1978. 

A s t u d y  o f  a n  advanced h i n g e l e s s  t i l t - r o t o r  

I n  t h e  Wake Vor tex  Minimiza t ion  program, coord ina ted  l a b o r a t o r y  and f l i g h t  i n v e s t i g a t i o n  w i l l  c o n t i n u e  t o  
develop and demonst ra te  methods t o  reduce  t h e  l a n d i n g  and take-of f  s e p a r a t i o n  d i s t a n c e  imposed by wake v o r t i c e s  
o----- O P n P r a t P d  hy larze  j e t  t r a n s p o r t s  on t r a i l i n g  a i r c r a f t .  
i n d i c a t e s  t h a t  t h e  g o a l  of  r educ ing  t h e  safe d i s t a n c e  t o  two m i l e s  i s  f e a s i b l e .  
i n c l u d e  cont inued  fundamental  s t u d i e s  t o  de t e rmine  aerodynamic d e s i g n  f a c t o r s  t h a t  i n f l u e n c e  t h e  format ion  and 
d e s t r u c t i v e  i n t e r f e r e n c e  of m u l t i p l e  v o r t e x  sys tems,  improved computa t iona l  t echn iques  which could  b e  used t o  
p rov ide  a i r c r a f t  d e s i g n s  opt imized  f o r  minimizing wake v o r t e x  e f f e c t s ,  and selected f l i g h t  v a l i d a t i o n  t e s t s  
of  a l l e v i a t i o n  t echn iques .  

R e s u l t s  of  ground f a c i l i t y  and f l i g h t  r e s e a r c h  
Th i s  e f f o r t  i n  FY 1978 w i l l  

I n  t h e  Air f rame/Propuls ion  System I n t e r a c t i o n s  program, f l i g h t  tes ts  w i l l  c o n t i n u e  i n  FI! 1978 w i t h  F-15 
iircraft te f i b t i i n  d a t a  s p e c i f i c a l l y  p e r t i n e n t  t n  a fundamental i inderqtanding o f  f a c t o r s  c o n t r i b u t i n g  t o  
a i r f r a m e / p r o p u l s i o n  sys tem i n t e r a c t i o n s ,  e s p e c i a l l y  i n l e t  s p i l l a g e  and a f t e r b o d y  drag .  
b e  c o r r e l a t e d  w i t h  d a t a  from p rev ious  NASA and A i r  Force  l a b o r a t o r y  tes ts  u s i n g  s o p h i s t i c a t e d  wind t u n n e l  
models of  t h e  a i r c r a f t  hav ing  s imula t ed  p r o p u l s i o n  sys t ems ,  f o r  t h e  purpose  o f  d e v i s i n g  improved d e s i g n  
p r e d i c t i o n  methods r e g a r d i n g  a i r f r a m e / p r o p u l s i o n  system i n t e r a c t i o n s  i n  f u t u r e  a i r c r a f t  developments. 

This  f l i g h t  d a t a  w i l l  

RD 8-24  



In t h e  h m i n a r  Flow C o n t r o l  (T,FC) program, e f f o r t s  w i l l  c o n t i n u e  on t h e  development o f  technology l e a d i n g  
t o  a p r a c t i c a b l e ,  r e l i a b l e ,  e a s i l y  m a i n t a i n a b l e  LFC system. I n  FY 1978 ,  t h e  major emphasis w i l l  b e  on t h e  
e n g i n e e r i n g  i n v e s t i g a t i o n s ,  a n a l y s e s ,  des ign  s t u d i e s  and components t es t s  n e c e s s a r y  t o  e v a l u a t e  a l t e r n a t i v e s  
i n  t h e  des ign  of  LFC t r a n s p o r t s .  F l i g h t  tes ts  w i l l  b e  completed of  v a r i o u s  l e a d i n g  edge materials and devices 
f o r  a l l e v i a t i n g  t h e  i n s e c t  contaminat ion  problem. Development of  improved d e s i g n  t o o l s  w i l l  con t inue ,  and 
wind t u n n e l  t es t s  w i l l  b e  i n i t i a t e d  of  a l a r g e - s c a l e  model of a l amina r  f low wing. Th i s  program i s  one  o f  
t h e  e lements  of  the a i r c r a f t  energy e f f i c i e n c y  e f f o r t .  

A i r c r a f t  Opera t ing  Systems Technology 

T r a n s i t i o n  1977 1978 
1976 Quar t e r  Budget Cur ren t  Budget 

Ac tua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands o f  D o l l a r s )  

11,980 3,020 8,500 9,325 8,300 

OBJECTIVES AND STATUS: 

T h i s  program w i l l  i d e n t i f y  a i r c r a f t  and f l i g h t  management technology t h a t  w i l l  b e n e f i t  t e r m i n a l  area 
o p e r a t i o n s  f o r  a l l  classes of t r a n s p o r t  a i r c r a f t .  Research w i l l  b e  conducted t h a t  w i l l  s u p p o r t  improvements 
i n  t e r m i n a l  area c a p a c i t y  and e f f i c i e n c y ,  approach  and l a n d i n g  c a p a b i l i t y  i n  a d v e r s e  w e a t h e r ,  r e d u c t i o n  of  
n o i s e  impact  th rough o p e r a t i o n a i  p rocedures ,  arid i u e i  c v t i s e ~  v d i i o i i .  

Research  i n  p r e v i o u s  y e a r s  had i d e n t i f i e d  a i r b o r n e  i n t e g r a t e d  f l i g h t  management concep t s  f o r  conven t iona l  
rake-off (CTOT, ) ;  s h o r t  t ake-of f  and l a n d i n g  (STOL), and v e r t i c a l  take-of f  and l a n d i n g  (VTOL) a i r c r a f t .  These 
b a s i c  sys tem concep t  i n v e s t i g a t i o n s  a r e  b e i n g  extended thrvugh t h e  use  of  f l y a b l e  hardware t o  systems f l i g h t  
e v a l u a t i o n s  and demons t r a t ions  which w i l l  s e r v e  t o  encourage t h e  accep tance  and a p p l i c a t i o n  o f  emerging technology.  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  o f  $825 thousand he lped  t o  p r o v i d e  f o r  a 25-percent  i n c r e a s e  i n  t h e  planned u s e  of  
s i m u l a t o r s ;  i n c r e a s e d  shop suppor t  r e q u i r e d  t o  r e p l a c e  t h e  f l i g h t  c o n t r o l  computer on t h e  Boeing-737 (Terminal 
Configured Veh ic l e )  w i t h  i n c r e a s e d  c a p a b i l i t y  g e n e r a l  purpose  whole word computers ;  and in-house f a b r i c a t i o n  
o f  Microwave Landing Systems i n t e r f a c e  equipment. 
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BASIS OF FY 1978 ESTIMATE: 

I n  t h e  a r e a  of System Technology S t u d i e s ,  j o i n t  e f f o r t s  w i t h  t h e  F e d e r a l  Av ia t ion  Admin i s t r a t ion  (FAA) 

and performance e v a l u a t i o n  o f  a low c o s t  microwave l a n d i n g  sys tem a v i o n i c s  f o r  low d e n s i t y  STOL and s m a l l  
community b u s i n e s s  and general .  a v i a t i o n ,  and ( 2 )  d e t e r m i n a t i o n  of  the r o l e  o f  s i m u l a t i o n  technology i n  eva lua-  
t i o n  of f a i l u r e  modes i n  d i g i t a l  a v i o n i c s  and t h e i r  e f f e c t  on s a f e t y  of f l i g h t .  

c e n t i n u e  i n  two 2reac:: (1) d e t a i l e d  des ign  d a t a  development, p r o j  e c t e d  l i f e  cyc le  c o s t  d a t a  d e t e r m i n a t i o n ,  

I n  c o o r d i n a t i o n  w i t h  FAA, the Terminal Configured Veh ic l e  program i s  o r i e n t e d  t o  t h e  d e f i n i t i o n  and v a l i d a -  
t i o n  of  an  i n t e g r a t e d  f l i g h t  management system f o r  CTOL a i r c r a f t  which w i l l  meet Government and u s e r  neeas  
w h i l e  p rov id ing  a t o o l  t o  b e  used by r e s e a r c h e r s  i n  t h e  i n v e s t i g a t i o n  of advanced c o n t r o l ,  gu idance ,  and 
n a v i g a t i o n  concepts .  

A r e l a t e d  e f f o r t  i s  b e i n g  conducted i n  t h e  STOL Opera t ing  Systems program f o r  STOL a i r c r a f t  under a j o i n t  
agreement w i t h  FAA. The unique  and complex performance c a p a b i l i t i e s  of  p r o p u l s i v e - l i f t  a i r c r a f t  impose 
unusual  demands on a v i o n i c s  and f l i g h t  c o n t r o l  systems.  T h i s  program e x p l o r e s  advanced concep t s  of  sys tem 
i n t e g r a t i o n  and o p e r a t i o n  f o r  t h e  sho r t -hau l  h i g h  performance t r a n s p o r t .  

I n  a j o i n t  e f f o r t  w i t h  t h e  Army, a n o t h e r  a c t i v i t y  i n v o l v e s  s i m u l a t i o n  and f l i g h t  exper iments  w i t h  a i r b o r n e  
n a v i g a t i o n ,  c o n t r o l ,  and guidance sys tems t o  e v a l u a t e  and v e r i f y  sys tem t e c h n o l o g i e s ,  c r i t e r i a ,  and o p e r a t i o n a l  
procedures  f o r  t e r m i n a l  area, t r a n s i t i o n ,  and c r u i s e  f l i g h t  regimes o f  VTOL a i r c r a f t .  

Human-Vehicle Systems Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budget 

tiIna ie t iIrla t e n cs - - L l l l l d L t !  2 - - - - A c t u a l  A c t u a l  
(Thousands of  D o l l a r s )  

265 100 500 525 800 

OBJEC'I'IVE AND STATUS : 

The o b j e c t i v e  of  t h i s  program i s  t o  reduce  t h e  occur rence  of  a v i a t i o n  i n c i d e n t s  a t t r i b u t a b l e  t o  human e r r o r ,  
i n v e s t i g a t e  t echn iques  and o p e r a t i o n a l  procedures  t ha t  w i l l  e n s u r e  optimum performance i n  mul t ic rew member 
a i r c r a f t  and con t inue  t o  o p e r a t e  an  Av ia t ion  S a f e t y  Repor t ing  System (ASRS) a t  t h e  r e q u e s t  o f  t h e  F e d e r a l  
Av ia t ion  Admin i s t r a t ion .  
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In FY 1977 investigations to identify communication deficiences between air and ground personnel will continue. 
A n ~ l ~ ~ t i n ~ l  qnrl o s m n r i m n n t i l  mnthnrlc f n r  q c c n c c i n m  t h n  c i f n t x r  ccntribution cf p r o c e d u r e s  2nd systems 2nd 

L l L k U L J  L*LUL U L l U  L A y L L A L L L L i ' L U I  1 1 L C L I L Y U Y  I"& " " " L " " ' L ' 6  L l l C  " U L C L J  

the effectiveness of full mission simulation as a training technique are under investigation. A computer-based 
data management system is being brought on-line to aid in the analysis of safety reports. 

BASIS OF FY 1978 ESTIMATE: 

In FY 1978 full mission simulations will be conducted examining solutions to such problems as information 
transfer and decision making during low visibility approaches. ASRS will continue to be operated and new 
research investigations, based on problems identified from ASRS data, will be initiated. 

Advanced Civil Aircraft Systems Technology 

Transition 1977 1978 
1976 Quarter Budget Current Budget 

Actual Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

7,430 3,125 16,400 11,950 21,000 

OBJECTIVES AND STATUS: 

The objective of this program is to provide an integrated technology base for transport, energy e€ficient, 
and agricultural vehicles which includes the interactive effects O F  the various disciplines including propul- 
sion, aerodynamics, structures, control, and the economic environment. An additional objective is to carry 
promising technologies generated in the Research and Technology Base programs through ground systems tests and 
f l i g h t  tests t o  the point where it is possible to establish t h e  need for more specialized researchi 

CHANCF,S FROM F Y  1 9 7 7  RTT1)GF.T ESTTMATE : 

The FY 1977 reduction of $4,450 thousand results from the transfer of the Variable Cycle Engine Components 
Systems Technology project to the Propulsion Systems Technology line item and transfer of hypersonic research 
to the Military Aircraft Systems Technology program. 

RD 8-27 



BASIS OF FY 1978 ESTIMATE: 

System Technology S t u d i e s  f o r  c i v i l  pas senge r  and cargo  t r a n s p o r t s  a r e  performed t o  q u a n t i f y  t e c h n i c a l  
advances t h a t  improve a i r c r a f t  e f f i c i e n c i e s ,  n o i s e ,  emiss ions ,  and t e r m i n a l  a r e a  o p e r a t i o n .  S t u d i e s  w i l l  
i n c l u d e  an assessment  of the b e n e f i t s  t h a t  l a r g e  cargo  a i r c r a f t  w i t h  span  d i s t r i b u t e d  load wings,  l i q u i d  
hydrogen a i r c r a f t ,  and b e t t e r  t e r m i n a l  area o p e r a t i o n  could have on f u t u r e  t r a n s p o r t  systems.  System s t u d i e s  
w i l l  b e  i n i t i a t e d  i n  FY 1978 t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  o f  advanced technology t o  t h e  des ign  of improved 
energy  e f f i c i e n t  and a g r i c u l t u r a l  a i r c r a f t .  Emphasis i n  t h e  s t u d i e s  w i l l  k on lower i n i t i a l  and o p e r a t i n g  
c o s t s  w h i l e  main ta in ing  s a f e t y ,  d e p e n d a b i l i t y  and environmental  c o m p a t i b i l i t y .  F a c t o r s  l i m i t i n g  t h e  p r e c i s i o n  
and e f f i c i e n c y  of t h e  a i r b o r n e  d i s t r i b u t i o n  of chemicals  and f e r t i l i z e r s  i n  a g r i c u l t u r e  w i l l  a l s o  be  ana lyzed  
t o  de t e rmine  t h e  most promising approaches  t o  t h e i r  s o l u t i o n .  Base l ine  d a t a  w i l l  be  genera ted  on c u r r e n t  
a i r c r a f t  and d i s t r i b u t i o n  equipment.  A n a l y t i c a l  s t u d i e s ,  wind t u n n e l  t es t s ,  and f l i g h t  e v a l u a t i o n s  w i l l  be  
under taken  on equipment m o d i f i c a t i o n s  t h a t  h o l d  promise f o r  r a p i d  implementa t ion  by i n d u s t r y .  I n s t r u m e n t a t i o n  
r equ i r emen t s  f o r  necessa ry  f l i g h t  t e s t  e v a l u a t i o n  and d i s t r i b u t i o n  system performance assessments  w i l l  be  
i d e n t i f i e d .  

I n  t h e  YF-12 F l i g h t  Experiments program, NASA YF-12 a i r c r a f t  w i l l  c o n t i n u e  t o  be  ope ra t ed  from subson ic  t o  
h igh  s u p e r s o n i c  c r u i s e  speeds  t o  e v a l u a t e  c u r r e n t  a n a l y t i c a l  t e c h n i q u e s ,  t o  p r o v i d e  t h e  b a s i s  f o r  improved 
d e s i g n  p r e d i c t i o n s ,  t o  c a r r y  s t r u c t u r a l  and aerodynamic exper iments  i n  s u p p o r t  of t h e  Supersonic  Cru i se  A i r c r a f t  
Research Program (SCAR) and t o  v a l i d a t e  advanced i n t e g r a t e d  i n l e t ,  eng ine ,  and f l i g h t  c o n t r o l  systems.  

I n  t h e  area of Energy E f f i c i e n t  T r a n s p o r t ,  work w i l l  con t inue  on t h e  development and e v a l u a t i o n  of advanced 
aerodynamics and a c t i v e  c o n t r o l s  technology f o r  near- term a p p l i c a t i o n  t o  d e r i v a t i v e  o r  new t r a n s p o r t  a i r c r a f t .  
I n  FY 1978, e f f o r t s  w i l l  con t inue  on expans ion  of  t h e  e x i s t i n g  d a t a  base  f o r  h i g h  a s p e c t - r a t i o  s u p e r c r i t i c d l  

l e a d i n g  t o  r e l i a b l e ,  m a i n t a i n a b l e ,  c o s t - e f f e c t i v e  implementat ion o f  a c t i v e  c o n t r o l s  systems w i l l  be pursued.  
A major e f f o r t  i n  FY 1978 w i l l  c o n s i s t  o f  concep tua l  s t u d i e s  of  a h i g h - a s p e c t - r a t i o  v e r s i o n  o f  a n  e x i s t i n g  
wide-body t r a n s p o r t .  u s ing  a c t i v e  c o n t r o l s  t o  o b t a i n  inc reased  aerodynamic e f f i c i e n c y  wi thout  a cor responding  
s t r u c t u r a l  weight p e n a i t y .  Th i s  program i s  one o f  t h e  elements  o f  the a i r c r a f t  energy e f f i c i e n c y  technology 
e f f o r t s .  

--- W L g a ,  - - ^  TiicIudiiig evaIuatioii  v i  eiigiiie/’diL i rd i i ie  inLegrac ion  and improved ‘high-i i f t  dev ices .  l n v e s t i g a t i o n s  

I n  t h e  Advanced Medium Shor t  Take Off and Landing Transpor t  (AMST) A i r c r a f t  and o p e r a t i n g  Systems Technology 
p r v g r a ~  w o r k  w i l l  conEinue on  rrhe development and e v a l u a t i o n  of  advanced powered- l i f t  systems a p p l i c a b l e  t o  
p o t e n t i a l  f u t u r e  c i v i l  sho r t -hau l  t r a n s p o r t  developments.  I n  FY 1978,  NASA w i l l  con t inue  i t s  use of  t h e  AMST 
p r o t o t y p e  a i r c r a f t  f o r  i n - f l i g h t  research d u r i n g  A i r  Force’s  AMST development program. The FY 1978 program 
w i l l  c o n s i s t  of  technology exper iments  i n  the d i s c i p l i n e  areas o f  aerodynamics,  s t r u c t u r e s ,  p ropu l s ion ,  a c o u s t i c s ,  
l i g h t  dynamics, handl ing  q u a l i t i e s ,  wake v o r t e x ,  and a v i o n i c s .  
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R o t o r c r a f t  Systems Technology 

T r a n s i t i o n  1977 1978 

Ac tua l  Ac tua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

1 ,922  440 1,900 2,900 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  technology program is  t o  conduct broad-based r e s e a r c h  on promising r o t o r c r a f t  systems 
f o r  use  i n  f u t u r e  c i v i l  and m i l i t a r y  a p p l i c a t i o n s .  The major  areas of  concern are  r o t o r c r a f t  s t r u c t u r a l  
systems;  p ropu l s ion ;  gu idance ,  c o n t r o l  and n a v i g a t i o n ;  advanced r o t o r  system concep t s ;  and advanced concepts  
f o r  v i b r a t i o n  and n o i s e  r e d u c t i o n .  The program invo lves  coord ina ted  r e s e a r c h  e f f o r t s  i n  a n a l y s i s ,  model 
t e s t i n g ,  s imula. t ion,  l a r g e - s c a l e  wind tunne l  t e s t i n g  and f l i g h t  t e s t i n g  o f  r o t o r c r a f t  and subsystems.  A 
key element  i n  t h e  program i s  the v e r i f i c a t i o n  of  a n a l y t i c a l  des ign  methods by ground-based and i n - f l i g h t  
experiments .  

The Rotor  Systems Research A i r c r a f t  (RSRA) i s  c u r r e n t l y  undergoing  ground and f l i g h t  t e s t i n g  a t  S ikorsky  
A i r c r a f t  under a j o i n t  NASA/Army c o n t r a c t .  
w i l l  p rov ide  t h e  necessa ry  in fo rma t ion  f o r  t h e  s e l e c t i o n  of  t h e  i n i t i a l  r e s e a r c h  r o t o r s  t o  be  t e s t e d  on t h e  RSRA. 

I n  a d d i t i o n ,  r o t o r  sys tem des ign  s t u d i e s  have been completed which 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

This  l i n e  i t em w a s  added t o  t h e  budget  s t r u c t u r e  t o  p r o v i d e  i n c r e a s e d  v i s i b i l i t y  and emphasis on r o t o r c r a f t  
technology.  The Rotor  Systems f o r  t h e  Rotor  Systems Research A i r c r a f t  p r o j e c t ,  p r e v i o u s l y  budgeted under  t h e  

l i n e  i t e m  c a l l e d  R o t o r c r a f t  Systems Technology. 
Aerody-nam~c 11-l--: - 1  - f. -- m - . 7 -  V ~ I I L L L ~ :  a y b ~ e i i i b  i ecrmoiogy l i n e  i t e m ,  i s  combined w i t h  E R A  o p e r a t i o n s  funding  t o  form the new 

BASIS OF FY 1978 ESTIMATE: 

The Rotor  Systems Research A i r c r a f t  w i l l  be  d e l i v e r e d  t o  NASA i n  FY 1978. Under t h e  Kotor Systems Research 
A i r c r a f t  Opera t ions  program, NASA and t h e  Army w i l l  beg in  o p e r a t i o n s  i n  l a t e  FY 1978. The f i r s t  p o r t i o n  of 
t h e  RSRA f l i g h t  program w i l l  be  devoted t o  deve loping  t e s t i n g  t echn iques  w i t h  t h e  v e r s a t i l e  v e h i c l e s .  Th i s  
t e s t i n g  w i l l  be  done on t h e  d e l i v e r e d ,  b a s e l i n e ,  S-61 r o t o r  system and w i l l  p rov ide  impor t an t  d a t a  f o r  
p re l imina ry  c o r r e l a t i o n  w i t h  a v a i l a b l e  a n a l y t i c a l  methods r e l a t i n g  t o  performance, f l y i n g  q i i a l i t i e s ,  v i b r a t i o n ,  
s t a b i l i t y  and c o n t r o l ,  and maneuvering c a p a b i l i t y .  
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I n  t h e  Rotor Systems f o r  t h e  Rotor  Systems Research A i r c r a f t  program, t h e  pr imary  e f f o r t  i n  FY 1978 w i l l  b e  
t o  c o n t i n u e  t h e  p r e l i m i n a r y  des ign  a n a l y s e s  and key  concept  assessment  exper iments  on several  r o t o r  concep t s  
o f f e r i n g  promise f o r  improved e f f i c i e n c y ,  performance, v i b r a t i o n ,  n o i s e  and m a i n t a i n a b i l i t y ,  as a b a s i s  f o r  
s e l e c t l n g  a r e s e a r c h  r o t o r  sys tem oi-1 x h i c h  t o  b e g i n  d e t a i l e d  d e s i g n  i n  Fk' 1979, f o r  f l i g h t  v a i i d a t i o n  on R S M .  
Advanced r o t o r  sys tems which have been s t u d i e s  t o  d a t e  i n  t h i s  program i n c l u d e  t h e  a e r o a c o u s t i c ,  v a r i a b l e  
geometry, b e a r i n g l e s s  composite s t r u c t u r e ,  and f l e x h i n g e  r o t o r  concep t s .  

M i l i t a r y  A i r c r a f t  Systems Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur ren t  Budget 

A c t u a l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

2 , 2 2 3  180 30 0 2,610 1 ,900  

OBJECTIVE AND STATUS: 

A i r c r a f t  and m i s s i l e  t e c h n o l o g i e s  e s p e c i a l l y  a p p l i c a b l e  t o  m i l i t a r y  needs  a re  r e s e a r c h e d  and v a l i d a t e d  
through wind t u n n e l  and f l i g h t  tes ts  c r e a t i n g  e n g i n e e r i n g  and des ign  d a t a .  These programs a re  implemented 
th rough  c o o p e r a t i v e  andfo r  j o i n t  Department of DefensefNASA t e c h n i c a l  e f f o r t s .  

The j o i n t  USAF/NASA Transonic  A i r c r a f t  Technology (TACT) F-111A p r o g r a m  complete? t h e  i ~ l i t i a l  v a l i d a t i o n  nf 
s u p e r c r i t i c a l  wing technology through wind t u n n e l  t e s t i n g  and f l i g h t  t e s t i n g  which ended i n  June  1976. These 
r e s u l t s  w e r e  wide ly  d i s semina ted  through program reviews w i t h  i n d u s t r y ,  a i r l i n e s  and u n i v e r s i t i e s .  Based on 
t h e  recommendations o b t a i n e d  d u r i n g  t h e s e  reviews, an 18-month aerodynamic expans ion  program h a s  been i n i t i a t e d  
t o  a c q u i r e  d e t a i l e d  in fo rma t ion  i n  t h e  r e s e a r c h  areas of  v o r t e x  and wake f low and o t h e r  i n t e r a c t i n g  aerodynamic 
f low r e g i o n s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of  $2,310 thousand r e f l e c t s  t h e  t r a n s f e r  of  Hypersonic Research from t h e  Advanced C i v i l  
A i r c r a f t  Systems Technology l i n e  i t e m  and i n c r e a s e d  in-house e f f o r t  i n  suppor t  o f  scramjet and c o n f i g u r a t i o n  
t e s t i n g  a t  t h e  Langley Research Center .  
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BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, t h e  TACT 1 / 1 2  s c a l e  dynamic model wind tunne l  t e s t  w i l l  be  completed,  wind-tunnel and f l i g h t  
t e s t  data evaluated and c o r r e l a t e d ,  prugranl r e s u i t s  documenced, and a major p o r t i o n  of t h e  aerodynamic 
expansion program completed.  

The ongoing a c t i v i t y  i n  t h e  hype r son ic  area w i l l  con t inue  t o  e v a l u a t e  t h e  needs ,  technology r e a d i n e s s  and 
expected b e n e f i t s  of a p o t e n t i a l  f l i g h t  r e s e a r c h  program. 

BASIS OF FY 1978 FUNDING REQUIREMENTS: 

EXPERIMENTAL PROGRAMS 

Transi t  i o n  1977 19 78 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousand of  D o l l a r s )  

Composite pr imary a i r c r a f t  s t r u c t u r e s . . . . . . . . . . . . . . .  3,995 
Energy e f f i c i e n t  engine  ............................. 2,010 
Quie t  p r o p u l s i v e  l i f t  t echnology .................... 10,885 
Q u i e t ,  c l e a n  shor t -hau l  expe r imen ta l  engine  ......... 10,000 
Supersonic  c r u i s e  a i r c r a f t  r e s e a r c h . .  ............... 8,834 

........................ 3 nOc T i l t  r o t o r  r e s e a r c h  a i r c r a f t  - 9 -  

Rotor  systems r e s e a r c h  a i r c r a f t . . .  .................. 3,100 
Highly maneuverable a i r c r a f t  technology ............. 4,900 

1 ,660  
706 
425 
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16,000 

8,000 8,000 9,000 
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--- 300 300 
5,500 5,500 2,800 

T o t a i . .  ........................................... 45,724 9 ,121  35,600 40,880 58,250 
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ComDosite Primary A i r c r a f t  S t r u c t u r e s  

T r a n s i t i o n  1977 1978 
1 Y  / b  Q u a r t e r  Budget Curren t  Budget 

A c t u a l  Ac tua l  Est imate  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

14,890 25,150 3,995 1 , 6 6 0  16,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of the Composite Primary A i r c r a f t  S t r u c t u r e s  e f f o r t  is  t o  deve lop  t h e  technology needed t o  
a s s u r e  ear ly  u s e  of  advanced composite mater ia l s  i n  f u t u r e  t r a n s p o r t  a i r c r a f t .  The weight s a v i n g s  of  composite 
materials w i l l  p r o v i d e  a 10-15 p e r c e n t  f u e l  s a v i n g s  as  p a r t  o f  t h e  a i r c r a f t  energy  e f f i c i e n c y  technology 
e f f o r t s .  
d e s i g n i n g ,  f a b r i c a t i n g ,  t e s t i n g ,  c e r t i f i c a t i n g  and i n s t a l l i n g  composi te  components on scheduled  a i r l i n e  
a i r c r a f t .  

The c o s t  economy and l o n g  t e r m  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  of composi tes  w i l l  be  demonst ra ted  by  

Two of  t h e  component programs are c u r r e n t l y  underway. I n  the f i r s t ,  t e n  DC-10 rudde r  segments are  b e i n g  
i n s t a l l e d  t o  i n i t i a t e  t h e  f l i g h t  phase  of  t h e  program. The second component, t h e  L-1011 v e r t i c a l  f i n ,  h a s  
ach ieved  100-percent  des ign  release and i s  i n  the tes t  v e r i f i c a t i o n  phase  of  t h e  program. 

CHANGES FROM FY 1 9 7 7  BUDGET ESTIMATE: 

The d e c r e a s e  of  $1,110 thousand r e f l e c t s  a $1 m i l l i o n  t r a n s f e r  o f  funds  between e lements  of  t h e  a i r c r a f t  
energy  e f f i c i e n c y  e f f o r t ,  i . e . ,  t h e  Composites Primary A i r c r a f t  S t r u c t u r e s  program and t h e  Laminar Flow Con t ro l  
program which i s  c a r r i e d  i n  t h e  budget  under  t h e  Aerodynamic Veh ic l e  Systems Technology l i n e  i t e m .  Th i s  s h i f t  
of  funds  w a s  made because  of  procurement d e l a y s  i n  t h e  Composite Primary A i r c r a f t  S t r u c t u r e s  program c o i n c i d i n g  
w i t h  i n c r e a s e d  requi rements  i n  t h e  Laminar Flow Cont ro l  program f o r  systems d e s i g n  and concept  e v a l u a t i o n .  

BASIS OF FY 1978 ESTIMATE: 

A t o t a l  o f  s i x  composite components, t h r e e  secondary  and t h r e e  moderate s i z e  pr imary  components, w i l l  b e  
developed as p a r t  of  t h i s  e f f o r t .  The f i r s t  t e n  DC-10 rudde r s  w i l l  c o n t i n u e  incommerc ia l  a i r l i n e  f l i g h t  service.  
The T,-1011 v e r t i c a l  f i n  program w i l l  a c h i e v e  c r i t i c a l  des ign  review i n  FY 1978. 
will b e  des igned  and t e s t  v e r i f i c a t i o n  programs w i l l  beg in .  

The remain ing  fou r  components 
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The o b j e c t i v e  of t h e  wing e f f o r t  i s  t o  d e s i g n ,  f a b r i c a t e ,  t es t ,  c e r t i f i c a t e ,  and f l y  a wing on a commercial 
t r a n s p o r t  a i r c r a f t ,  Th-ree s t u d y  c o n t r a c t s  w i l l  b e  coxpleted in FY 1978 t ha t  v T l 1  z v a l u a t s  s t r u c t u r a l  c o n c e p t s ,  
suppor t  component d e f i n i t i o n ,  and d e f i n e  f l i g h t  requirements  f o r  t h e  development phase.  

Enerev E f f i c i e n t  Engine 

T r a n s i t i o n  1 9 7 7  1978 
1976 Quarter Budget Current  Budget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

2,010 706 6,440 18,500 --- 

OBJECTIVES AND STATUS: 

The Energy E f f i c i e n t  Engine program i s  d i r e c t e d  toward t h e  development and demonst ra t ion  of t h e  technology 
b a s e  f o r  a c h i e v i n g  s i g n i f i c a n t  r e d u c t i o n s  i n  both  engine  s p e c i f i c  f u e l  consumption and d i r e c t  o p e r a t i n g  c o s t  
a s  compared t o  c u r r e n t  h igh  bypass  r a t i o  t u r b o f a n  engines .  

The ongoing Phase I p o r t i o n  of the program c o n s i s t s  of engine  d e f i n i t i o n  s t u d i e s ,  e n a b l i n g  technology 
development, and t h e  d e t a i l e d  d e s i g n  of components f o r  t h e  c o r e  and t u r b o f a n  engine.  Cont rac ts  have been 
awarded t o  t h e  two major commercial engine  manufac turers ,  General  E l e c t r i c  and P r a t t  and Whitney A i r c r a f t ,  t o  
conduct a p r e l i m i n a r y  engine  des ign  and perform e n g i n e l a i r f r a m e  i n t e g r a t i o n  s t u d i e s .  By t h e  end of FY 1977, 
iiie b a s i c  i e a i u r e s  o f  t h e  energy e f f i c i e n c  engine ,  such  as i t s  t h r u s t ,  s i z e ,  thermodynamic c y c l e ,  and 
component c o n f i g u r a t i o n ,  w i l l  b e  d e f i n e d .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The Energy E f f i c i e n t  Engine program has  absorbed t h e  funding of t h e  advanced m u l t i s t a g e  a x i a l  f l o w  cornnressor 
p r o j e c t  and h a s  been t r a n s f e r r e d  from P r o p u l s i o n  Systems Lechnology t o  t h e  Experimental  Programs c a t e g o r y .  T h i s  
budget s t r u c t u r e  change is des igned  t o  p r o v i d e  adequate  v i s i b i l i t y  t o  t h e  program a s  i t  e n t e r s  i n t o  Phase I1 
i n  FY i978. 

RASIS OF FY 1978 ESTIMATE: 

Phase I1 of t h e  Energy E f f i c i e n t  Engine program, t o  be i n i t i a t e d  i n  FY 1978, w i l l  cont inue  t h e  re f inement  of  
t h e  engine  des ign .  A l l  components f o r  t h e  c o r e  w i l l  be  f a b r i c a t e d  and r i g  t e s t e d  a t  f u l l  s c a l e  t o  demonst ra te  
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performance. The eng ine  c o r e  w i l l  b e  des igned ,  f a b r i c a t e d ,  assembled,  and t e s t e d .  M o d i f i c a t i o n s  t o  t h e  c o r e  

b e  i n t e g r a t e d  and demonst ra ted  i n  a co re / low s p o o l  sys t em tes t .  I n  FY 1978, f a b r i c a t i o n  of  a l l  components f o r  
r i g  t e s t i n g  w i l l  c o n t i n u e  and performance eva l i i a t inn  t e s t s  w f l l  s t i r t .  This  p r n g r m  i s  cne cf che c lements  
of  t h e  a i r c r a f t  ene rgy  e f f i c i e n c y  technology e f f o r t s .  

I .- be - - J -  I I I ~ U ~  L-- U Y  i n c o r p o r a t i n g  n e w  iechnoiogy from ongoing component deveiopment work. A l l  t e c h n o l o g i e s  w i l l  

Quie t  P r o p u l s i v e  L i f t  Technology 

T r a n s i t i o n  1977 19 7 8  
1976 Quar t e r  Budget Cur ren t  Budget 

A c t u a l  Ac tua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

10 ,885  4 2 5  1 ,700  1,700 1 ,900  

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h e  program is  t o  g e n e r a t e  and v e r i f y  a d e s i g n  and c e r t i f i c a t i o n  technology d a t a  b a s e  f o r  
e f f i c i e n t ,  q u i e t ,  sho r t -hau l  t r a n s p o r t s  w i t h  s h o r t  t a k e o f f  and l a n d i n g  c a p a b i l i t i e s .  P r o p u l s i v e - l i f t  o f f e r s  
t h e  most e f f e c t i v e  means o f  accomplishing t h i s  o b j e c t i v e  and o f f e r s  p o t e n t i a l  f o r  a i r p o r t  c o n g r e s t i o n  r e l i e f ,  
community n o i s e  r e d u c t i o n  and o p e r a t i o n a l  improvements f o r  c i v i l  and m i l i t a r y  t r a n s p o r t s .  Research i n c l u d e s  
exper iments  i n  aerodynamics,  p r o p u l s i o n ,  h a n d l i n g  q u a l i t i e s ,  n o i s e ,  f l i g h t  c o n t r o l  sys t ems ,  i n f o r m a t i o n  d i s p l a y s  
and o p e r a t i o n s .  

The Boeing Commercial A i rp l ane  Company was awarded a c o n t r a c t  i n  February  1976 f o r  t h e  d e s i g n ,  f a b r i c a t i o n  
and t e s t  of  one Qu ie t  Short-Haul Research A i r c r a f t .  P r e l i m i n a r y  d e s i g n  of  t h e  r e s e a r c h  a i r c r a f t  i s  complete .  

BASIS OF FY 1978 ESTIMATE: 

The Qu ie t  Short-Haul Research A i r c r a f t  (QSRA) program w a s  i n i t i a t e d  i n  FY 1974 t o  o b t a i n ,  i n  a f l i g h t  r e s e a r c h  
environment,  q u i e t  p r o p u l s i v e - l i f t  d e s i g n  and o p e r a t i o n a l  technology d a t a  f o r  des ign  and c e r t i f i c a t i o n  c r i t e r i a  
f o r  use  i n  development o f  f u t u r e  q u i e t  sho r t -hau l  t r a n s p o r t  a i r c r a f t .  F a b r i c a t i o n  and v e h i c l e  assembly w i l l  
t a k e  p l a c e  d u r i n g  FY 1977. The E" 1978 program a c t i v i t y  w i l l  i n v o l v e  a i r c r a f t  r o l l o u t ,  ground t e s t s ,  
c o n t r a c t o r  f l i g h t  s u b s t a n t i a t i o n  and d e l i v e r y  t o  NASA f o r  i n i t i a t i o n  of  t h e  f l i g h t  test and r e s e a r c h  program. 
The A i r  Fo rce ,  F e d e r a l  Av ia t ion  Admin i s t r a t ion ,  and i n d u s t r y  w i l l  p a r t i c i p a t e  w i t h  NASA i n  t h e  f l i g h t  r e s e a r c h  
and exper iments  program. 
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Q u i e t ,  Clean Short-Haul Experimental  Engine 

T r a n s i t i o n  1977 1978 
1976 Qiia r t er Bud g e t  c u r r e n t  n,,Anet 

Es t imate  Es t imate  E s t i m a t e  --- Actua l  A c t u a l  
(Thousands of D o l l a r s )  

10,000 2,050 3,300 3,250 6 00 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  program is  t o  c o n s o l i d a t e  and demonst ra te  the technology needed f o r  v e r y  q u i e t ,  c l e a n  
and e f f i c i e n t  p r o p u l s i o n  systems f o r  economical ly  v i a b l e  and envi ronmenta l ly  a c c e p t a b l e  powered- l i f t  shor t -haul  
a i r c r a f t .  The QCSEE program i n c l u d e s  the d e s i g n ,  f a b r i c a t i o n  and t e s t i n g  of two exper imenta l  t u r b o f a n  propul-  
s i o n  sys tems,  s u i t a b l e  f o r  ''under-the-wing" and "over-the-wing" e x t e r n a l l y  blown-flap powered- l i f t  a i r c r a f t  
i n s t a l l a t i o n s .  

The "under-the-wing" p r o p u l s i o n  system w a s  i n s t a l l e d  and t e s t e d  a t  the General  E l e c t r i c  Company tes t  f a c i l i t y  
f o l l o w i n g  completion of  f a b r i c a t i o n  i n  J u l y  1976. This  tes t  program demonstrated s t r u c t u r a l  i n t e g r i t y  and 
v e r i f i e d  c a p a b i l i t y  t o  meet performance,  n o i s e  and p o l l u t i o n  g o a l s  p r i o r  t o  d e l i v e r y  t o  NASA. A s i m i l a r  tes t  
program i s  i n  p r o c e s s  on t h e  "over-the-wing" p r o p u l s i o n  system. 

BASIS OF FY 1978 ESTIMATE: 

__ me c o n t r a c t o r  test program on t h e  iiover-the-wing" p r o p u l s i o n  sys tem w i l l  b e  completed i n  e a r l y  FY 1978. 
Fol lowing d e l i v e r y  of t h i s  p r o p u l s i o n  system t o  NASA, t h e  c o n t r a c t o r  w i l l  p rovide  e n g i n e e r i n g  s u p p o r t  f o r  
c o n t i n u i n g  NASA tes t s  of bo th  p r o p u l s i o n  systems w i t h  a p p r o p r i a t e  w i n g / f l a p  s e c t i o n s  throughout t h e  remainder  
o f  t h e  f i s c 2 1  p e r i o d .  
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Supersonic  C r u i s e  A i r c r a f t  Research 

T r a n s i t i o n  1977 1 9  78 
1976  Q u a r t e r  Budget Curren t  Budget 

Actua i  A c t u a l  Es t imate  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

8,834 2,090 8,000 8,000 9,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of t h i s  program are t o  p r o v i d e  t h e  focused technology base f o r  f u t u r e  c i v i l  and m i l i t a r y  
s u p e r s o n i c  c r u i s e  a i r c r a f t ,  and t o  p r o v i d e  d a t a  t o  assess t h e  envi ronmenta l  and economic impacts  of  aircraft  
of  t h i s  class. 
technology areas of  p r o p u l s i o n ,  s t r u c t u r e s ,  and aerodynamics can be combined t o  assess environmental  and 
economic impacts  f o r  f u t u r e  d e c i s i o n s  re la t ive t o  d e s i r a b i l i t y  f o r  t h e  development o f  a i r c r a f t  o f  t h i s  class. 

These o b j e c t i v e s  c o n s t i t u t e  t h e  framework w i t h i n  which a n  i n t e g r a t e d  program i n  t h e  key 

Design s t u d i e s  of the several c o n f i g u r a t i o n s  u s i n g  e i t h e r  of t h e  two c a n d i d a t e  v a r i a b l e  c y c l e  e n g i n e  
concepts  i n d i c a t e  l o n g  range  f l i g h t  c a p a b i l i t i e s  between 4000-5000 n a u t i c a l  m i l e s  w i t h  no f u e l  consumption 
p e n a l t y  i n  s u p e r s o n i c  o p e r a t i o n  and a 20-30 p e r c e n t  r e d u c t i o n  i n  s u b s o n i c  f u e l  consumption w h i l e  s t i l l  meet ing 
a l l  n o i s e  and p o l l u t i o n  d e s i g n  goals .  

BASIS OF FY 1978 ESTIMATE: 

The t h r e e  d e s i g n  s t u d y  concepts .  each having d i f f e r e n t  csnfiguratjzns arid cruise l*!dC:l number, can i n t e g r a t e  
t h e  v a r i a b l e  c y c l e  engine  w i t h o u t  s e r i o u s  performance p e n a l t i e s  and no loss i n  environmental  compliance.  
D e t a i l e d  a n a l y s i s  and re f inement  e f f o r t s  begun i n  FY 1977 w i l l  b e  completed i n  FY 1978. 
focus on problem a r e a s ,  i d e n t i f i c a t i o n  of technology unknowns, p r o v i d e  s e n s i t i v i t y  and t r a d e - o f f  comparisons 
and provide  d i r e c t i o n  K O  d i s c i p l i n e  r e s e a r c h  a c t i v i t i e s .  

These s t u d i e s  

Tho l a A L  L l l l y L L u o I ~  ---l.--<- i r i  . pi -opuls iu t i  i n  7< i978 cont inues  t o  b e  d i r e c t e d  tz l o w  e m i s s i o n  cuIl{oustion concepts  and 
v e r i f i c a t i o n  of t h e  coannular  n o i s e  e f f e c t  i n  l a r g e  scale hardware a t  forward v e l o c i t y .  

Aerodynamic s t u d i e s  of improved a i r c r a f t  planforms f o r  achievement  of o p t i m i z a t i o n s  i n  s u b s o n i c ,  t r a n s o n i c  
Wing-body and s u p e r s o n i c  f l i g h t  regimes w i l l  c o n t i n u e  through e x t e n s i v e  wind t u n n e l  t e s t i n g  and re f inement .  

b lending  s t u d i e s  w i l l  c o n t i n u e  as a means t o  reduce a i r c r a f t  d r a g  and reduce g r o s s  weight .  
and d e s i g n  improvement of t h e  f o u r  c o n f i g u r a t i o n s  w i l l  c o n t i n u e  i n  EY 1978. 

S t r u c t u r a l  re f inement  
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Composite mater ia l  fo rmula t ion  and long  l i f e  c y c l e  t e s t i n g  of s t r u c t u r a l  p a n e l s  t o  t h e  50,000-hour d u r a t i o n  
w i l l  b e  cont inued .  S u p e r p l a s t i c  forming and d i f f u s i o n  bonding techniq i ies  developed i n  t he  B-1  progrlm z r e  b e i n g  
s t u d i e d  i n  d e t a i l  w i t h  i n i t i a t i o n  of a program planned i n  FY 1978 d i r e c t e d  t o  a p p l i c a t i o n  o f  t h i s  t echn ique  
t o  l a r g e  a i r c r a f t  components p rov id ing  bo th  weight  r educ t ion  and manufac tur ing  c o s t  s av ings .  F l u t t e r  a n a l y s i s  
of  a l l  c o n f i g u r a t i o n s  w i l l  c o n t i n u e  w i t h  emphasis on weight  r e d u c t i o n  and s u p p r e s s i o n  by des ign  t echn iques .  

E l e c t r o n i c  c o n t r o l  technology is  r e q u i r e d  f o r  t h i s  c l a s s  of  a i r c r a f t  and w i l l  b e  used i n  a l l  f l i g h t  regimes 
f o r  c o n t r o l  of sys tems,  t h e  a i r c r a f t ,  and a s  a means of  reducing  a d v e r s e  l o a d s  on t h e  a i r c r a f t  s t r u c t u r e .  
YF-12 a i r c r a f t  w i l l  be  E t i l i z e d  i n  FY 1978 as a b a s i s  f o r  d e s i g n  and f l i g h t  t e s t i n g  o f  advanced t i t a n i u m  
s t r u c t u r e s  and f o r  proof-of-concept demonst ra t ion  and t e s t i n g  of i n t e g r a t e d  c o n t r o l  techniques .  

The 

T i l t  Rotor  Research A i r c r a f t  

T r a n s i t i o n  1977 1 9  78 
1976 Quar t e r  Budget Cur r e n t  Bud g e t  

Ac tua l  Ac tua l  E s  t i m a  t e E s  t i m a  t e E s  t i m a  t e 
(Thousands of D o l l a r s )  

2,000 290 800 800 300 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h i s  j o i n t  NASA/Army program i s  t o  develop a r e s e a r c h  a i r c r a f t  t o  perform proof-of-concept 
and advazccd fllght research  ~ n v e s t l g a t i o i i s .  A pi-imai-y u b j e c i i v e  v i  t h i s  program i s  EO e v a i u a t e  t h e  p o t e n t i a i  
b e n e f i t s  of  app ly ing  tilt  r o t o r  technology t o  v a r i o u s  c i v i l  and m i l i t a r y  mis s ions .  

The T i l t  Rotor  Research A i r c r a f t  (TRRA) i s  c u r r e n t l y  under going ground t e s t s  a t  B e l l  He l i cop te r  Textron i n  
p r e p a r a t i o n  f o r  t h e  s t a r t  o f  c o n t r a c t o r  f l i g h t  tests p r i o r  t o  d e l i v e r y  t o  t h e  A m e s  Research Center .  

TI.- T f l t  D^c-- ^ ^ ^ ^ - - ^  
l L L c  l L L L  LLuLuL R C ~ C ~ L C ~  A l r ~ r a f t  (TRXil) p rwgram w a s  inirriaEed a c  A m e s  Research Center  in F Y  igij. 'I'he 

f i r s t  o f  two r e s e a r c h  a i r c r a f t  i s  scheduled  f o r  d e l i v e r y  i n  F Y  1978. During t h e  j o i n t  NASA/Army proof-of-concept 
f l i g h t  t e s t i n g ,  NASA and Army p r o j e c t  p i l o t s  w i l l  e x p l o r e  and expand a l l  areas of t h e  f l i g h t  envelope i n c l u d i n g  
t h e  convers ion  c o r r i d o r  between hover  and forward f l i g h t  o p e r a t i o n .  The i n v e s t i g a t i o n  w i l l  a l s o  i n c l u d e  
e v a l u a t i o n s  of  o p e r a t i o n a l  f l i g h t  c h a r a c t e r i s t i c s ,  l i m i t a t i o n s ,  envi ronmenta l  c h a r a c t e r i s t i c s ,  gus t  s e n s i t i v i t y  
and s a f e t y  a s p e c t s  of T i l t  Rotor  V e r t i c a l / S h o r t  Takeoff and Landing (V/STOL) f l i g h t .  
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Rotor Systems Research A i r c r a f t  

T r a n s i t i o n  1 9 7 7  1978 
1 9  76 Q u a r t e r  Budget Curren t  Budget 

Actual  Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

--- 3,100 100 300 300 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h i s  j o i n t  NASAIArmy program i s  t o  develop two versa t i le  r e s e a r c h  v e h i c l e s  t o  a l l o w  t e s t i n g  
of a v a r i e t y  o f  new r o t o r  concepts  i n  t h e  rea l  maneuvering f l i g h t  environment t h a t  cannot  b e  a c c u r a t e l y  
s imula ted  i n  ground-based f a c i l i t i e s .  I n  a d d i t i o n ,  t h e  s p e c i a l  r e s e a r c h  measurement systems i n c o r p o r a t e d  i n  
t h e s e  v e h i c l e s  w i l l  a l l o w  v e r i f i c a t i o n  and f u r t h e r  re f inement  of methods f o r  a n a l y s i s  and d e s i g n  of  advanced 
h e l i c o p t e r  r o t o r  systems.  

The f i r s t  o f  t h e  two a i r c r a f t  began c o n t r a c t o r  f l i g h t  tests i n  October 1976. The second a i r c r a f t  i s  i n  t h e  
f i n a l  assembly and i n s t r u m e n t a t i o n  phase.  

BASIS OF FY 1978 ESTIMATE: 

The Rotor Systems Research A i r c r a f t  (RSRA) program was i n i t i a t e d  a t  Langley Research Center  i n  FY 1973. 
Following a i r c r a f t  ground tes ts ,  f l i g h t  s u b s t a n t i a t i o n  t es t s  of  t h e  b a s i c  a i r c r a f t  and r e s e a r c h  subsystem 
wiii be c u i i d u c i e d  d u ~ i i i g  iiir reiiidiiider u i  FE’ I 9 7 7  and i n  iiie r ’ i r s t  hair’ oi Tr’ 1978. This  w i i i  be fo i iowrd  
by a series of r e s e a r c h  i n v e s t i g a t i o n s  t o  v e r i f y  a n a l y t i c a l  p r e d i c t i o n  methods i n  t h e  a r e a s  of r o t o r  performance,  
s t a b i l i t y  and c o n t r o l ,  and dynamics. 

- 2 7 -  
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Highly Maneuverable A i r c r a f t  Technology 

T r a n s i t i o n  1977 1978 
1976 Quar te r  Budget Curren t  Budget 

Actua l  ~ Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

4,900 1,800 5,500 5,500 2,800 

OBJECTIVE AND STATUS: 

The o b j e c t i v e  of t h i s  j o i n t  program w i t h  t h e  A i r  Force i s  t o  provide  low c o s t  f l i g h t  r e s e a r c h  v e h i c l e s  t o  
promote and s t i m u l a t e  t h e  a p p l i c a t i o n  of new h i g h  r i s k  ( l a b o r a t o r y )  technology f o r  t h e  d e s i g n  of f u t u r e  
v e h i c l e s .  The program w i l l  p rovide  t w o  unmanned, s u b s c a l e ,  remotely p i l o t e d  low c o s t  f l i g h t  r e s e a r c h  v e h i c l e s  
which w i l l  b e  e x t e n s i v e l y  f l i g h t  t e s t e d .  Design f e a s i b i l i t y  s t u d i e s  were completed i n  August 1973 and fol low- 
on c o n c e p t u a l  des ign  s t u d i e s  w e r e  completed i n  November 1974. 

After a c o m p e t i t i v e  procurement,  a c o n t r a c t  f o r  t h e  f i n a l  des ign  and f a b r i c a t i o n  of  t h e  v e h i c l e s  was awarded 
The P r e l i m i n a r y  Design R e v i e w  was h e l d  i n  May 1976 and t h e  C r i t i c a l  Design Review i n  December i n  August 1975. 

1976. During FY 1977, the s u b s c a l e  f l i g h t  r e s e a r c h  v e h i c l e  p a r t s  w i l l  be  f a b r i c a t e d  and assembly w i l l  commence. 

BASIS OF FY 1 9 7 8  ESTIMATE: 

With t h e  complet ion of assembly scheduled f o r  e a r l y  FY 1978, the v e h i c l e s  w i l l  b e  d e l i v e r e d  e a r l y  i n  t h e  
second q u a r c e r  of the F i s c a l  Yedr . AiLei exteiisive ground cheskoiit , t?is f l i g h t  rssearch  activities ;ill 
commence i n  mid-FY 1 9 7 8 .  
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RESEARCH AND DEVELOPMENT 

FISCAL E A R  1978 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY SPACE RESEARCH AND TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

Trans it i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

Actua l  Actua l  Estimate Estimate Estimate 
(Thousands o f D o l l a r s  ) 

Research and technology b a s e  ....................... 60. 560 15.  745 62 . 100 61. 610 65. 900 
Systems s t u d i e s  .................................... 2. 025 
Systems technology programs ........................ 
Experimental  programs .............................. 4. 195 

325 1. 600 2 .  000 2. 000 
64 5 3 . 100 3 .  080 5 . 800 

15.  000 
1. 500 8. 300 8. 300 9. 000 

2. 020 

6. 100 
1. 085 6. 900 7. 010 

Low c o s t  systems program ........................... 
T o t a l  ............................................ 74.900 19 ~ 300 82 . 000 82 . 000 97.700 

D i s t r i b u t i o n  of  Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ............................... 
Marshal l  Space F l i g h t  Center  ....................... 
Goddard Spacc F l l g h t  Center... ..................... 
Jet  P r o p u l s i o n  Labora tory  .......................... 
:.?zllc)ps F1iOh+ .pn te r . .  ............................ 

Langley Research Center  ............................ 

o... .-. .. 

A m e s  Research Center  ............................... 
Dryden F l i g h t  Research Center  ...................... 
L e w i s  Research Center  .............................. 
Headquar te rs  ....................................... 

7 54 
2 . 044 
5 '1 293 

17.  680 
55 

8. 22: 
770 

1 I . OLtJ 

18. 785 

-7 n.  r 

3.  453 

176 
479 

1. 376 
5 . 145 

1 5  
1. 876 
... 

L , 633 
4 . 874 

755 

T o t a l  74.900 19.300 ............................................ 

1. 410 
2. 389 
8 . 162 

1 7 .  927 
55 

8. 890 

19 .  585 
20. 493 

2. 989 

... 

82 . 000 

937 
3 .  865 
5 . 947 
. 7 0 .  425 

55 
7 . Y C I Y  

29 . 684 
... 

18. 786 
3.  391 

82 . 000 

2. 040 
4. 870 
7 . 000 

iy .500 

9 : 200 
... 

200 
28;400 
23. 400 

3. 090 

97.700 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY SPACE Xi7 SEARCH A N 2  TE CrI:GL3GP PROGPAX 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The o b j e c t i v e s  of  t h e  Space Research and Technology program are  t o  provide  a technology b a s e  which w i l l  
a d e q u a t e l y  suppor t  c u r r e n t  and f u t u r e  s p a c e  a c t i v i t i e s ,  and t o  implement approaches f o r  f u r t h e r  reducing  t h e  
c o s t s  o f  t h e s e  f u t u r e  s p a c e  a c t i v i t i e s  through s t a n d a r d i z a t i o n .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

There were no changes from t h e  FY 1977 budget estimate f o r  t h e  Space Research and Technology program a s  a 
whole. 
nology program. 
changing program requi rements  which have developed s i n c e  t h e  budget  estimates w e r e  provided.  Explana t ions  o f  
s i g n i f i c a n t  changes are  provided under each o f  t h e  i n d i v i d u a l  programs involved.  

However, funding ad jus tments  d i d  occur  between i n d i v i d u a l  programs w i t h i n  t h e  Space Research and Tech- 
These a d j u s t m e n t s  were made t o  t h e  program i n  response  t o  u n a n t i c i p a t e d  o p p o r t u n i t i e s  and 

BASIS OF FY 1978 ESTIMATE: 

A s t r o n g  r e s e a r c h  and technology e f f o r t  w i l l  b e  main ta ined  i n  t h e  d i s c i p l i n a r y  areas o f  materials, s t r u c t u r e s ,  
fundamental  e l e c t r o n i c s ,  guidance and c o u i ~ u l ,  I n f o r r ~ t l o r ;  systzms, chemical and e l e c t r i c  p r o p u l s i o n ,  energy 
systems and aerothermodynamics t o  meet t h e  needs  o f  c u r r e n t  and f u t u r e  space  a c t i v i t i e s .  
b e  pursued t o  i n v e s t i g a t e  f u t u r e  space miss ion  a l t e r n a t i v e s  and t o  i d e n t i f y  and e v a l u a t e  t h e  technology re- 
qui rzments  ef f u t u r e  mtssions. 
l i m i t s  f o r  composi te  materials t o  a l i o w  t h e i r  u s e  on advanced space  t r a n s p o r t a t i o n  systems;  p r o v i d i n g  a "no- 
m n v i n ~ - n n r t "  o r  d a t a  s t o r a g e  system f o r  a e r o s p a c e  v e h i c l e s ;  deve loping  mul t ipurpose  u s e r - o r i e n t e d  s o f t w a r e  t e c h -  
nology t o  reduce  t u t u r e  s o f t w a r e  deveiopment c o s t s ;  and t h e  dcmcns t ra t ion  of t h e  technoiogy r e a d i n e s s  or' dii 

advanced p l a n e t a r y  o r b i t e r  s p a c e c r a f t  p r o p u l s i o n  system which u t i l i z e s  h i g h  performance s p a c e - s t o r a b l e  f l u o r i n e -  
h y d r a z i n e  p r o p e l l a n t s .  
f a b r i c a t i o n  o f  t h e  Long Dura t ion  Exposure F a c i l i t y  (LDEF) w i l l  b e  completed and experiment  i n t e g r a t i o n  and 
a c c e p t a n c e  t e s t i n g  i n i t i a t e d ;  development o f  experiments  t o  b e  flown on e a r l y  Space S h u t t l e  and Spacelab 
miss ions  w i l l  b e  c o n t i n u e d ;  and development o f  exper iments  which w i l l  u t i l i z e  t h e  S h u t t l e  o r b i t e r  as a r e s e a r c h  
v e h i c l e  t o  advance m u l t i d i s c i p l i n a r y  technology areas w i l l  b e  i n i t i a t e d .  I n  t h e  Low Cost  Systems area,  t h e  
FY 1978 emphasis w i l l  b e  t o  develop and improve v a r i o u s  s t a n d a r d  s p a c e c r a f t  components. 

S y s t e m s  S t u d i e s  w i l l  

Systems Technology e f f o r t s  w i l l  c o n t i n u e  toward e x t e n d i n g  t h e  t e m p e r a t u r e  
I. 

Ln Lxperimentai  Programs, uiider t h e  Space Techmlcgy ShcttlelSpacelab Payloads program 
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

M a t e r i a l s  r e s e a r c h  and technology ............. 
S t r u c t u r e s  r e s e a r c h  and technology ............ 
Fundamental e l e c t r o n i c s  r e s e a r c h  and 

technology..  ................................ 
Guidance and c o n t r o l  r e s e a r c h  and 

technology. ................................. 
Informat ion  systems r e s e a r c h  and 

technology. ................................. 
Chemical p r o p u l s i o n  r e s e a r c h  and 

technology. ................................. 
Electr ical  p r o p u l s i o n  r e s e a r c h  and 

technology. ................................. 
Space energy systems r e s e a r c h  and 

technology..  ................................ 
Nuclear energy r e s e a r c h  and technology ........ 
High power iasers and energeilcs research 

and technology..  ............................ 
Entry  r e s e a r c h  and technology ................. 

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

1 9 7 6  
Actua l  

6,843 
6,124 

4,535 

3,180 

5 , 3 0 6  

8,020 

5,445 

2 , 2 2 1  

5 , 1 8 4  
6 , 573 

60.560 

7 , 129 

' i r ans  i t ion  i 9 7 7  
Q u a r t e r  Budget Curren t  
Actua l  Estimate Estimate 

(Thousands of D o l l a r s )  

1,733 8,700 7 , 2 1 1  
1,537 5,500 6 ,044 

1 , 155 5 , 000 4 , 427 

87 0 3 ,500 3 , 447 

1 ,440 5 , 200 5,564 

2,125 8,300 7 , 1 9 1  

1,510 5,200 5 ,694 

1,735 7 , 8 0 0  8 , 574 
380 2 , 000 1 , 112 

1 ,710 5,200 6,428 
1,550 5,700 5,918 

15.745 62 100 61.610 

1378 
Budget 

E s  t i m a  t e 

7,200 
6 , 100 

4 , 500 

3 ,500 

6 ,200 

8 , 100 

6 , 3 0 0  

9,600 
1 , 500 

6 , 600 
6 ,300 

65.900 
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Materials Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Qgarter I3Lldget c UT L- PR t SlJdgPt 

A c t u a l  Actua l  Estimate Estimate E s  t i m a  t e 
(Thousands of D o l l a r s )  

6 , 843 1,733 8 , 700 7,211 7,200 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h i s  program i s  t o  p r o v i d e  b a s i c  materials s c i e n c e  and advanced materials technology nec- 
e s s a r y  f o r  more e f f i c i e n t ,  lower c o s t  s p a c e c r a f t  s t r u c t u r e s ,  thermal  p r o t e c t i o n  systems,  and power systems 
f o r  f u t u r e  E a r t h  o r b i t i n g  and p l a n e t a r y  v e h i c l e s .  

Thermal c o n t r o l  s t u d i e s  i n  w h i t e  p a i n t s ,  h e a t  p i p e s ,  and second-sur face  m i r r o r s  are w e l l  advanced. R e -  
e n t r y  thermal  p r o t e c t i o n  systems have reached a h i g h l y  developed s ta te .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  of $1,489 thousand r e f l e c t s  lower t h a n  a n t i c i p a t e d  c o s t s  of  services i n  s u p p o r t  of 
t h e  in-house materials r e s e a r c h  e f f o r t s ,  as w e l l  a s  t h e  b a l a n c i n g  of program fundiny between t h e  M a t e r i a l s  
and S t r u c t u r e s  and among t h e  o t h e r  d i s c i p l i n e s  w i t h i n  t h e  Research and Technology Base. 

BASIS OF FY 1978 ESTIMATE: 

Research,  b a s i c  t o  t h i s  program, w i l l  c o n t i n u e  t o  emphasize t h i n  r a d i a t i o n  r e s i s t a n t  metal oxide  s e m i -  
conductor  (MOSj materials and h i g h  tempera ture  superconductors .  Basic  s t u d i e s  011 the n a t u r e  of s o l i d s  and 
t h e i r  s u r f a c e s  w i l l  b e  cont inued  i n  o r d e r  t o  i n c r e a s e  t h e  performance and e f f i c i e n c y  of such materials as 
composi tes  and. h i g h  rremperarrure a i i o y s .  

Applied materials s t u d i e s  w i l l  focus  on metal matrix composi tes  f o r  use  i n  l i g h t w e i g h t  space  s t r u c t u r e s .  
The p r o p e r t i e s  of advanced composi tes ,  such as aluminum o r  g l a s s  matrices c o n t a i n i n g  g l a s s  c o a t e d  f i b e r s ,  
w i l l  b e  explored .  S t u d i e s  on b e a r i n g s ,  seals and l u b r i c a n t s  w i l l  b e  cont inued .  High p r e s s u r e  seals  f o r  
l i q u i d  oxygen o r  hydrogen and s o l i d  l u b r i c a n t s  which can w i t h s t a n d  t h e  r i g o r s  of o r b i t a l  c r u i s e  and re -  
e n t r y  h e a t i n g  w i l l  b e  developed. 
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Contro l  of environmental  e f f e c t s  w i l l  emphasize thermal  c o n t r o l  technology.  A c ryogenic  d iode  h e a t  p i p e  
w i l l  be  space  f l i g h t  t e s t e d .  Development of  advanced h e a t  pipe c o n c e p t s  w i l l  b e  cont inued.  Second-sur face  
m i r r o r s  and thermal  c o n t r o l  c o a t i n g s  w i l l  b e  developed f o r  f l i g h t  t e s t i n g  on Shut t le - launched  m i s s i o n s ,  
i n c l u d i n g  t h e  long d u r a t i o n  exposure  f a c i l i t y  (LDEF). 

The technology of thermal  p r o t e c t i o n  materials f o r  e a r t h  r e e n t r y  and p l a n e t a r y  e n t r y  o f  s p a c e c r a f t  w i l l  b e  
cont inued.  E v a l u a t i o n s  of c u r r e n t  r e u s a b l e  s u r f a c e  i n s u l a t i o n  and p r o t e c t i v e  c o a t i n g s  s t a b l e  up t o  2800 
degrees  Fahrenhei t  (OF) w i l l  b e  completed.  I n  a d d i t i o n ,  s t u d i e s  of  new systems,  such as s e m i r i g i d i z e d  
alumina and m u l l i t e ,  and c o a t i n g s  s t a b l e  t o  over  3000°F w i l l  b e  conducted.  

S t r u c t u r e s  Research and Technolopy 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

E s t i m a t e  Actua l  A c t u a l  E s  t i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

6,124 1,537 5,500 6,044 6 , 100 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  i s  t o  advance s t r u c t u r e s  technology t o  f a c i l i t a t e  t h e  development of new o r  improved c l a s s e s  
of space v e h i c l e s  t o  meet f u t u r e  miss ion  needs i n v o l v i n g  expanded o r b i t a l  o p e r a t i o n s  and more c o s t  e f f e c t i v e  
space L &,e:,., 

L L Q L I D ~ U L  L Q L L U L I .  

Current  a c t i v i t i e s  have produced a new concept f o r  s t a c k a b l e  t u b e s  t h a t  would i n c r e a s e  t h e  packaging d e n s i t y  
f o r  launch of l a r g e  s p a c e  s t r u c t u r e s  components, promising h igh  tempera ture  sandwich p a n e l s  f o r  advanced space  
t r a n s p o r t a t i o n  systems,  and technology f o r  payload dynamic environments  and t e s t  requi rements .  

-1 ll,e Fk' 1977 irlcrease W f  $544 LL-. L,,UdlbdLLd - - -  --Cl--+- I ~ l L e ~ . L ~  L ~ - L - -  l L A & I L C L  +I..... LllCLI, a r r L L c L y u L L . u  -nt;,-;nqtna ,-.r\rtc C V U L U  G f  services iI? s u p p e r t  of 
t h e  in-house r e s e a r c h  e f f o r t s  as  w e l l  as t h e  b a l a n c i n g  of program funding  between t h e  S t r u c t u r e s  and M a t e r i a l s  
l i n e  items. 
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BASIS OF FY 1978 ESTIMATE: 

The p r i n c i p a l  emphasis i n  t h e  advanced space  s t r u c t u r e s  e f f o r t  w i l l  be  p l aced  on concepts  and m a t e r i a l s  
a p p l i c a t i o n s  f o r  e r e c t i n g  v e r y  l a r g e  s t r u c t u r e s  i n  space. This a c t i v i t y  w i l l  i n c l u d e  e v a l u a t i o n  of v a r i o u s  
combina t ions  of materials and s t r u c t u r a l  c o n f i g u r a c i o n s  which can pruvicl t l  dhe1isLonaI  aiiiiraiji aiid s t a b i l i t y  
i n  t h e  space environments and be  compact ly  packaged f o r  launch t o  o r b i t .  A c t i v i t i e s  w i l l  c o n t i n u e  i n  t h e  
i n v e s t i g a t i o n  o f  l i g h t w e i g h t  composi te  p r e s s u r e  v e s s e l s  and development of  optimum composi te  s t r u c t u r e s  
f o r  v a r i o u s  p ropu l s ion  a p p l i c a t i o n s .  

I n  the area o f  v e h i c l e  d e s i g n  methods, r e s e a r c h  e f f o r t s  w i l l  b e  con t inued  i n  FY 1978 t o  improve s t r u c t u r a l  
a n a l y s i s  programs, e n t r y  thermal  p r o t e c t i o n  s t r u c t u r e s ,  des ign  of  composi te  space  s t r u c t u r e s ,  and f r a c t u r e  
c o n t r o l  methods. The e f f o r t  w i l l  i n c l u d e  improvements f o r  t h e  NASA S t r u c t u r a l  Ana lys i s  (NASTRAN) program, 
e v a l u a t i o n  o f  advanced h igh  tempera ture  s t r u c t u r e s  i n  t h e r m a l / s t r u c t u r e s  t e s t  f a c i l i t i e s ,  and des ign  and 
f r a c t u r e  c o n t r o l  methods f o r  l i g h t w e i g h t  composi te  and me ta l l i c  s t r u c t u r e s .  

The s t r u c t u r a l  dynamics e f f o r t  i n  FY 1978 w i l l  a i m  a t  improving t h e  a n a l y t i c a l  p r e d i c t i o n  methods f o r  t h e  
dynamic r e sponse  of space  t r a n s p o r t a t i o n  v e h i c l e s ,  payloads ,  and l a r g e  space  s t r u c t u r e s .  Curren t  a c t i v i t i e s  
i n  coupled  body dynamics, payload environment s i m u l a t i o n ,  and more c o s t - e f f e c t i v e  t e s t i n g  procedures  develop-  
ment w i l l  con t inue .  E f f o r t  w i l l  a l s o  be  d i r e c t e d  t o  t h e  area of dynamic s t r u c t u r e - c o n t r o l  i n t e r a c t i o n  method- 
o logy  i n  s u p p o r t  of l a r g e  space  s t r u c t u r e s  technology a c t i v i t i e s .  

Fundamental E l e c t r o n i c s  Research and Technology 

Transi t i  nn 1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Ac tua l  A c t u a l  Estimate E s  t i m a  t e E s t  imate 
(Thousands of  D o l l a r s )  

4,535 1 , 155 5 , 000 4,427 4,500 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h e  Fundamental E l e c t r o n i c s  program i s  t o  p rov ide  advanced h igh  r e s o l u t i o n  s e n s o r s  and 
d e t e c t o r s  f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  of d a t a  a c q u i s i t i o n ,  e l e c t r o n i c  components f o r  advanced onboard 
d a t a  p r e p r o c e s s i n g  and s t o r a g e ,  and l a r g e - s c a l e  i n t e g r a t e d  m i c r o c i r c u i t  a r r a y s  f o r  r e l i a b l e  o p e r a t i o n a l  
low-cost  e l e c t r o n i c  systems.  
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In  FY 1977, the f i r s t  400 x 400 charge-coupled device (CCD) a r r ay  w a s  used t o  observe the planet  Uranus and 
sur face  fea tures  were detected t h a t  have never been seen before .  The f i r s t  i 2 8  ic i iobi t  CCD memory w a s  f a b r i -  
cated and evaluated f o r  fu tu re  use on an o rb i t i ng  telescope. A novel laser probe w a s  t es ted  f o r  de tec t ing  
f a u l t s  i n  la rge-sca le  in tegra ted  c i r c u i t s  and remote sensing on oceanographic t u r b i d i t y  has been made f e a s i -  
b l e  using laser  methods. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 decrease of $573 thousand r e f l e c t s  the n e t  e f f e c t  of a t r a n s f e r  of funds f o r  development of 
onboard data  processors and co r re l a to r s  using charge-coupled-device technology t o  the Information Sys t e m s  
l i n e  i t e m ,  and lower than an t i c ipa t ed  c o s t s  of in-house serv ices  i n  support  of the fundamental e l ec t ron ic s  
research and technology e f f o r t s .  

BASIS OF FY 1978 ESTIMATE: 

New technologies are being inves t iga ted  t o  improve the  e f f i c i ency  of both t e r r e s t r i a l  and e x t r a t e r r e s t r i a l  
da t a  acquis i t ion  systems. 
f o r  de tec t ing  and measuring low concentrat ion s t ra tospher ic  cons t i t uen t s  and pol lu tan ts .  
coupled device technology w i l l  be evaluated t o  optimize the  observat ions of remote s t a r  f i e l d s .  
de tec t ion  system f o r  analyzing atmospheric cons t i tuents  w i l l  be advanced as a p o t e n t i a l  experiment f o r  a 
fu tu re  Space Shu t t l e  mission. I n  addi t ion ,  an  advanced 800 x 800 charge-coupled-device a r ray  camera system 
w i l l  be developed f o r  higher r e so lu t ion  imaging. 

I n  FY 1978, m i l l i m e t e r  and submill imeter wavelength technology w i l l  be developed 
In t ens i f i ed  charge- 

A tunable 

Electronic  devices to improve systems performance and reduce cos t s  a r e  being inves t iga ted  f o r  appl ica t ion  
t o  fu tu re  aerospace missions. In  order  t o  reduce da ta  acqu i s i t i on  c o s t s  by a f ac to r  of 10 ,  cooled and un- 
cnnled i n f r a r e d  ~ P T T ~ C F . ~  d p t e r t n r  a r r a y s  and i rnprnved mult i spec t ra l  de t ec to r s  a r e  being developed. Tech- 
niques f o r  increasing the dens i ty  of magnetic "bubble" devices w i l l  be inves t iga ted .  Integrated opt ics  
technology i s  being advanced f o r  low power, high speed, data  processing wi th  d i r e c t  op t i ca l  coupling from 
camera sys tems. 

Solar  c e l l  research i s  designed t o  inves t iga t e  high e f f ic iency ,  r a d i a t i o n  r e s i s t a n t ,  l i g h t  weight, l o w  
c c s t  s c l i r  t-p_-1.- R.e.p_.rch s~~perc~ndijrlting de.iri_rec: r . r i 1 1  h a v e  a g  i t q  rnnin t h r i i s t  t h e  p r n d i i c t i n n  o f  h i g h  

speed, high s e n s i t i v i t y  de t ec to r s  and c i r c u i t s .  

Reproducible, long- l i fe ,  economical, large-scaled inLegra~ed  c i r c u i ~  a r ~ d y s  a ~ e  beiug e v u l v e c i  by ~ L U -  

viding design and t e s t  software and procedures; proving process f e a s i b i l i t y  and demonstrating software and 
equipment; co r re l a t ing  y i e l d ,  performance and process parameters; c r e a t i n g  cont ro l led  processing equipment 
sources;  implementing a cont ro l led  processing f a c i l i t y  and demonstrating processing techniques; and conduct- 
ing  f e a s i b i l i t y  s tud ie s  and engineering evaluat ions of hybrid techniques.  Packaging i n t e g r i t y  of microcir-  
c u i t s  and inspect ton techniques a re  being inves t iga ted .  Technology t o  c i r c u w e n t  f a i l u r e s  i n  e l ec t ron ic  
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c i r c u i t s  and t o  maximize t o l e r a n c e  t o  r a d i a t i o n  and o t h e r  space  environment f a c t o r s  i s  b e i n g  developed,  
u s i n g  chemical  and e l e c t r i c a l  d i a g n o s t i c  measurements a p p l i e d  t o  t e s t  wafers  o r  c h i p s  from s e l e c t e d  wafer  p r o -  
cessiiig 1 ,’,,- 

LLlltZcY. 

Guidance and C o n t r o l  Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

A c t u a l  Actua l  Estimate E s t  imte Estimate 
(Thousands of  D o l l a r s )  

3,180 870 3,500 3,447 3,500 

OBJECTIVES AND STATUS: 

The purpose of  t h i s  program i s  t o  develop components and techniques  which w i l l  lower t h e  l i f e  c y c l e  c o s t s  
and improve t h e  performance of s p a c e c r a f t  a t t i t u d e  c o n t r o l  systems,  p r o v i d e  p r e c i s e  p o i n t i n g  of  experiments ,  
improve t h e  a c c u r a c y  of space n a v i g a t i o n ,  and permi t  autonomous o p e r a t i o n  of s p a c e c r a f t ,  r o b o t  v e h i c l e s  and 
experiments  i n  space.  

BASIS OF 1978 ESTIMATE: 

Guidance and c o n t r o l  r e s e a r c h  emphasizes new concepts  and components which promise reduced c o s t s  and i n c r e a s e d  
miss ion  c a p a b i l i t y .  Development of l o n g  l i f e  a t t i t u d e  c o n t r o l  system technology i n  FY 1978 w i l l  emphasize pro- 
grammable a t t i t u d e  c o n t r o l l e r s  w i t h  f a u l t  t o l e r a n t  c a p a b i l i t y ,  and noncontac t ing  s i g n a l  and power t r a n s f e r  
d e v i c e s .  F a b r i c a t i o n  of an engineer ing  model of a m a g n e t i c a l l y  suspended h i g h  a c c u r a c y  experiment  p o i n t i n g  
mount w i l l  b e  completed.  An e n g i n e e r i n g  model of  t h e  Long L i f e  Reac t ion  Wheel concept  w i l l  b e  demonstrated 
and a i r c r a f t  f l i g h t  t e s t i n g  of a v i d e o - i n e r t i a l  p o i n t i n g  system f o r  i n f r a r e d  t e l e s c o p e s  w i l l  b e  completed. 

Advanced n a v i g a t i o n  techniques are  b e i n g  developed t o  reduce  c o s t s  and i n c r e a s e  t h e  s c i e n t i f i c  r e t u r n  from 
missions to o u t e r  plz.nets. T\-ri.;.,g Fy 1478 q t i m i z n , d  mznn~x.re_r g t r q t p g i p _ g  :.?ill hp fmplemPnt--rl fnr planetary 
o r b i t e r s  and m u l t i p l e  p l a n e t  rendezvous.  A p r o t o t y p e  autonomous onboard n a v i g a t i o n  system sof tware  bread-  
board mcdel w i l l  b e  completed. A h i g h  r e s o l u t i o n  laser  gyro a t t i t u d e  s e n s o r  w i l l  undergo l a b o r a t o r y  tes t  
and e v a l u a t i o n .  

Work w i l l  b e g i n  on de termining  approaches f o r  a p p l y i n g  machine i n t e l l i g e n c e  t e c h n i q u e s  t o  reduce  c o s t s  and 
i n c r e a s e  p r o d u c t i v i t y  of f u t u r e  NASA miss ions .  The i n t e g r a t e d  r o b o t i c  t e s t  f a c i l i t y  a t  t h e  Je t  Propuls ion  
Labora tory  ( J P L )  w i l l  be used t o  t e s t  o u t  promising automated approaches.  U n i v e r s i t y  s t u d i e s  of automated 
problem systems and s c e n e  i n t e r p r e t a t i o n  t e c h n i q u e s  w i l l  b e  cont inued  i n  FY 1978.  
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I n f o r m a t i o n  Systems Research and Technolo= 

T r a n s i t i o n  1977 
1976 q u a r t e r  Budget Curren t  

1978 
Budget 

Actua l  A c t u a l  Estimate E s t i m a t e  E s  t i m a  t e 
(Thousands of D o l l a r s )  

5,306 1,440 5,200 5 , 564 6 , 200 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Space Informat ion  System program i s  t o  p r o v i d e ,  through r e s e a r c h ,  d e s i g n ,  and experiment 
tes ts ,  t h e  components and techniques  needed f o r  t h e  p r o c e s s i n g ,  t r a n s m i s s i o n  and r e d u c t i o n  of d a t a  from plane-  
t a r y  and e a r t h  o r b i t i n g  miss ions  and d a t a  t r a n s f e r  s a t e l l i t e s  of  t h e  f u t u r e .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of $364 thousand r e f l e c t s  t h e  t r a n s f e r  of funds f o r  development of  onboard d a t a  
p r o c e s s o r s  and c o r r e l a t o r s  u s i n g  charge-coupled-device technology from t h e  Fundamental E l e c t r o n i c s  l i n e  i t e m .  

BASIS OF FY 1978  ESTIMATE: 

The h i g h  c a p a c i t y  d a t a  systems e f f o r t s  are  aimed a t  p r o v i d i n g  d e s i z n  d a t a  and techniques  which w i l l  permi t  
c o n s t r u c t i o n  of  r e l i a b l e ,  h i g h  speed,  h i g h  c a p a c i t y  d a t a  p r o c e s s i n g  systems.  I n  FY 1978, c o n s t r u c t i o n  of  a 
ground-based S y n t h e t i c  A p e r t u r e  Radar (SAR) p r o c e s s o r  u n i t ,  u s i n g  charge-coupled-device  technology,  w i l l  be  
i n i t i a t e d .  
This d a t a  system has a p p l i c a t i o n  t o  p l a n e t a r y  and e a r t h  o b s e r v a t i o n s  miss ions .  
p r o c e s s t n g  s y s t z m  zapa3I.e of processi i ig  a l l  p o l n t s  of an linage s lmt i l taneous ly  a t  an effective b i t  r a t e  o f  
1011 p e r  second, w i l l  a l s o  b e  s t a r t e d .  

A p r o t o t y p e  v e r s i o n  o f  a u n i f i e d  d a t a  system based on microprocessor  technology w i l l  b e  c o n s t r u c t e d .  
F a b r i c a t i o n  of a p a r a l l e l  image 

This  system w i l l  b e  used t o  p r o c e s s  d a t a  genera ted  i n  e a r t h  r e s o u r c e s  . .  ~ n r l  ZJTIV nthor i m q r r n  e n n o i n n  - - C . C - ~ - C .  ...-.- -..= - - L L I L  ""'ubb U b " U " L 6  L L L I " L ) L " L I " .  

The microwave d a t a  t r a n s f e r  e f f o r t s  are  aimed a t  t h e  d e s i g n  of  i n c r e a s i n g l y  r e l i a b l e  s p a c e c r a f t  communica- 
t i o n s  systems and components f o r  m u l t i m i s s i o n  u s e .  I n  FY 1978, a new d i a g n o s t i c  technique  w i l l  b e  developed 
f o r  de te rmining  t h e  group v e l o c i t y ,  s i z e ,  and s p r e a d  ( a x i a l  and r a d i a l  component) of t h e  e l e c t r o n  beam i n  
submi l l imeter  and m i l l i m e t e r  tubes .  This i n f o r m a t i o n  on e l e c t r o n  v e l o c i t y  and s i z e  are e s s e n t i a l  i f  power 
a m p l i f i e r s  o p e r a t i n g  a t  45 G i g a h e r t z  (GHz) and 85 GHz ave t o  b e  developed.  
(SAW) S-band o s c i l l a t o r s  o p e r a t i n g  a t  2.2 GHz and t h e  development of t h e  p r o t o t y p e  Ku-band modulator e x c i t e r  
w i l l  be  completed. 

Work on S u r f a c e  A c o u s t i c a l  Wave 
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The h i g h  ra te  d a t a  t r a n s f e r  and t r a c k i n g  a c t i v i t y  i s  focused on t h e  development of laser technology.  I n  
FY 1978, an  e n g i n e e r i n g  model of  a space-borne h i g h  p r e c i s i o n  laser r e c e i v e r  and s h o r t  p u l s e  laser t r a n s m i t t e r  
w i l l  be  completed. These two space  q u a l i f i e d  i t e m s  are  t h e  key components i n  a 2 - c e n t i m e t e r  p r e c i s i o n  ranging 
system planned f o r  t h e  space  s h u t t l e  i n  suppor t  of t h e  O f f i c e  of  A p p l i c a t i o n s ,  E a r t h  and Ocean P h y s i c s  Program. 

Chemical P r o p u l s i o n  Research and Technology 

T r a n s i t i o n  1977 1978 
Budget 1976 Q u a r t e r  Budget C u r r e n t  

Actua l  A c t u a l  E s  t i m a  t e E s  t i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

8,020 2 , 1 2 5  8 , 300 7,191 8 , 100 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  program i s  t o  advance t h e  technology of h i g h  t h r u s t  chemical p r o p u l s i o n  systems i n  order  
t o  s i g n i f i c a n t l y  reduce  t h e  development, p r o d u c t i o n  and o p e r a t i o n s  c o s t s  and improve t h e  performance c a p a b i l i t y  
of  f u t u r e  space  v e h i c l e s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  of  $1,109 thousand r e s u l t s  from a t r a n s f e r  of  r e s e a r c h  t a s k s  t o  t h e  High Power Lasers 
and E n e r g e t i c s  l i n e  i t e m  i n  t h e  a r e a s  of a tomic and meta l l ic  hydrogen r e s e a r c h ;  g e n e r a t i o n  and s t o r a g e  of 
e x c i t e d  s ta tes  of m a t t e r ;  and i n  advanced energy convers ion  techniques .  This t r a n s f e r  w a s  made t o  p l a c e  re-  
l a t e d  areas of  fundamental  r e s e a r c h  i n  a s i n g l e  program. 

BASIS OF FY 1978 ESTIMATE: 

The advanced h i g h  performance r e u s a b l e  chemical  p r o p u l s i o n  program w i l l  p rovide  t h e  technology f o r  f u t u r e  
l o w  cos i space irarispor i a i io r i  s y s  ienis i n c l u d i n g  srrlaii o r b i i a i  irarisier ve 'nicies  and advanced earrr'n- Eo-orbirr 
v e h i c l e s .  Component technology f o r  small oxygen-hydrogen p r o p u l s i o n  systems designed f o r  r e u s a b l e  o r b i t a l  
t r a n s f e r  v e h i c l e s  h a s  been completed and t h e  work i s  now focused OR t h e  technology of mixed mode p rop i i l s ion  
system concepts  which have a p p l i c a b i l i t y  t o  most f u t u r e  v e h i c l e s  of  i n t e r e s t .  This  e f f o r t  i s  b u i l d i n g  on 
and making u s e  of  t h e  component technology s u c c e s s f u l l y  completed under t h e  r e u s a b l e  oxygen-hydrogen propul -  
s i o n  program. I n  FY 1978, work w i l l  c o n t i n u e  i n  t h e  g e n e r a l  areas of h igh  d e n s i t y  p r o p e l l a n t  c h a r a c t e r i z a t i o n ,  
i n c l u d i n g  s l u s h  and t r i p l e  p o i n t  cryogens,  combustion, h e a t  t r a n s f e r  and c o o l i n g  s t u d i e s  f o r  b o t h  b i p r o p e l l a n t  
and t r i p r o p e l l a n t  modes of o p e r a t i o n ;  and expansion n o z z l e  c o n f i g u r a t i o n s  designed t o  maximize s p e c i f i c  i n p u l s e  
over  a v a r i e t y  of  o p e r a t i n g  and environmental  c o n d i t i o n s .  

RD 9-10 



The long  l i f e  space  s t o r a b l e  p r o p u l s i o n  technology program i s  d i r e c t e d  towards component technology f o r  a 
f l u o r i n e - h y d r a z i n e  p r o p u l s i o n  sys tem t h a t  would provide  a 25-percent  i n c r e a s e  i n  s p e c i f i c  impulse performance 
o v e r  c u r r e n t  s t a t e - o f - t h e - a r t  p l a n e t a r y  s p a c e c r a f t  p r o p u l s i o n  systems and a n  extended l i f e t i m e  c a p a b i l i t y  of  
f i v e  y e a r s  o r  iniire. I n  F'l 137'8 th i s  work wlli cuntlllue LU Locus 011 I i i g ' n t  weight  componenrr. d e s i g n s  t h a t  w i i i  
b e  procured f o r  assembly i n t o  a complete  p r o p u l s i o n  system as p a r t  o f  t h e  Space Propuls ion  and Power Systems 
Technology Program. 

I n  low c o s t  s o l i d  p r o p u l s i o n ,  t h e  technology program is  d i r e c t e d  toward improving performance, r e d u c i n g  
component weights  and developing  new c a p a b i l i t i e s  t o  promote b r o a d e r  use  of t h e s e  i n  NASA missions.  
FY 1978, work w i l l  c o n t i n u e  i n  t h e  areas of  h e a t  s t e r i l i z a b l e  p r o p e l l a n t s ;  l o n g  t e r m  p r o p e l l a n t  s t o r a b i l i t y ;  
h i g h  performance, l i g h t w e i g h t  motors;  and on a n  advanced d e t o n a t i o n  p r o p u l s i o n  concept  f o r  use i n  dense  p l a n e t a r y  
atmospheres.  

During 

Basic r e s e a r c h  w i l l  b e  cont inued  t o  expand unders tanding  of t h e  chemical  and p h y s i c a l  p r o c e s s e s  t h a t  occur  
i n  r o c k e t  p r o p u l s i o n  systems. Work i n  these areas i n  FY 1978 w i l l  i n c l u d e  s t u d i e s  of combustion and expan- 
s i o n  l o s s e s  t o  improve e f f i c i e n c y ;  d e t e r m i n a t i o n  of p h y s i c a l ,  k i n e t i c  and t r a n s p o r t  p r o p e r t i e s  of l i q u i d  pro-  
p e l l a n t s ,  f l u i d  f low and f i l m  c o o l i n g  i n  porous media, s o l i d  p r o p e l l a n t  polymers and v i s c o e l a s t i c  p r o p e r t i e s ;  
and  behavior  of f l u i d s  i n  a z e r o - g r a v i t y  environment.  

E lec t r ica l  P r o p u l s i o n  Research and Technology 

T r a n s i t i o n  1977 1978 
197 6 Q u a r t e r  Budget Current  Budget 

E 9 t i m a  t e 
(Thousands of D o l l a r s )  

- A r t i i a l  - - - - - - -_- APt i ia1  - -I- E c t i m  t e Es t i m  t e 

5,445 1,510 5,200 5,694 6,300 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  program i s  tc p r o v i d e  t h e  r e s e a r c h  and technology f o r  h igh  s p e c i f i c  impulse ( g r e a t e r  
than 1 2 - - -  nnn s ~ ~ c n d ~ )  e l ec t r i c  p r ~ p d s i ~  s ) T s ~ ~ , ~ s  f e r  a d t ~ ~ e d  c a p a b i l i t i e s  ir, s e a r - ~ a r t h  and p l a n e t a r y / i n t e r =  
p l a n e t a r y  a p p l i c a t i o n s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of $494 thousand r e f l e c t s  h i g h e r  t h a n  a n t i c i p a t e d  c o s t s  of  s e r v i c e s  i n  st ipport  of i n -  
house  e l ec t r i ca l  p r o p u l s i o n  r e s e a r c h  e f f o r t s .  
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BASIS OF FY 1978 ESTIMATE: 

I n  t h e  area of a u x i l i a r y  e l ec t r i c  p r o p u l s i o n ,  a 20,000-hour,  5 ,000-cyc le  endurance t e s t  o f  a one mil l ipol ind 
e n g i n e e r i n g  model t h r u s t  system i n i t i a t e d  i n  FY 1977 w i l l  c o n t i n u e  i n  FY 1978. This tes t  s i m u l a t e s  o p e r a t i o n  
of t h e  i o n  e n g i n e  system i n  a r e p r e s e n t a t i v e  t y p e  of s a t e l l i t e  n o r t h - s o u t h  s t a t i o n  keeping a p p l i c a t i o n .  
a d d i t i o n ,  m o d i f i c a t i o n s  of t h i s  engine  t o  accommodate both  h i g h e r  and lower t h r u s t  l e v e l s  (0.5 and 2.0 m i l l i -  
pounds) w i l l  b e  cont inued.  

I n  

I n  t h e  a r e a  of  pr imary  s o l a r  e l ec t r i c  p r o p u l s i o n ,  t h e  15,000-hour endurance t es t  of a 30-mil l ipound engineer -  
i n g  model i o n  engine  w i l l  b e  cont inued.  
power p r o c e s s o r  w i l l  b e  completed i n  FY 1978 and t h e  r e s u l t s  i n c o r p o r a t e d  i n t o  t h e  e n g i n e e r i n g  model power 
p r o c e s s o r .  I n  FY 1977, a r o o t  s e c t i o n  of t h e  S o l a r  Electr ic  P r o p u l s i o n  (SEP) s o l a r  a r r a y  s u c c e s s f u l l y  
completed a z e r o - g r a v i t y  deployment and r e t r a c t i o n  t es t  i n  a KC-135 a i r c r a f t .  
program i s  scheduled t o  c o n t i n u e  i n t o  FY 1978. The f a b r i c a t i o n  of t h e  f u l l - s c a l e  wing (12 .5  k i l o w a t t s ,  
4 x 32 meters), s t a r t e d  i n  FY 1977, i s  scheduled f o r  d e l i v e r y  i n  FY 1978. 

Performance e v a l u a t i o n s  and packaging s t u d i e s  of a f u n c t i o n a l  model 

The d e s i g n  eva l i ia t ion  t e s t  

A c o n t i n u i n g  b a s i c  technology e f f o r t  s u p p o r t s  t h e  a u x i l i a r y  and pr imary  e l ec t r i c  p r o p u l s i o n  e f f o r t s  by 
p r o v i d i n g  a b e t t e r  unders tanding  of t h e  p r o c e s s e s  l i m i t i n g  l i f e  and e f f i c i e n c y .  
v a r i o u s  p o t e n t i a l  a p p l i c a t i o n s  o f  i o n  beam technology. 
m i l l i n g ,  and t e x t u r i n g  a p p l i c a t i o n s  w i l l  c o n t i n u e .  

Work c o n t i n u e s  on e x p l o r i n g  
Experiments i n  t h e  areas of  s p u t t e r  d e p o s i t i o n ,  

Space Energy Sys tems Research and Technology 

i978 -2 ,._-l T r  aris i t i o n  L Y I  I 

1976 Q u a r t e r  Budget C u r r e n t  Budget 
Actua l  Actua l  E s t i m a t e  E s t i m a t e  Estimate 

(Thousands of D o l l a r s )  

7,129 1.735 7 800 8 574 9 .. 600 

OBJECTIVES AN'D STATUS : 

The o b j e c t i v e  of t h i s  program i s  t o  p r o v i d e  t h e  technology f o r  h i g h  power and long l i f e  space  energy systems 
a t  reduced c o s t  and improved energy and power d e n s i t i e s .  
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CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 increase of $774 thousand reflects a transfer of technology tasks and funding from the Nuclear 
Energy line item in the area of thermionic energy conversion. This transfer was made to place related areas 
of energy conversion technology for space power in a single program. 

BASIS OF FY 1978 ESTIMATE: 

Work on solar cells and arrays will emphasize low-mass high end-of-life efficiency for the cells and high 
power density for arrays. The improved understanding of radiation damage and design features for high effi- 
ciency being achieved in current programs will continue to be advanced. In addition, initial fabrication of 
thin solar cells and other critical components necessary for the attainment of a 200-watt per kilogram solar 
array design in the 100-kilowatt range will be carried out. 

Advanced battery component technology efforts aimed at light weight, low cost, nickel and cadmium electrodes, 
cases, and separators will be continued toward the goal of doubling life and power density of nickel cadmium 
batteries. An evaluation of cell protection electronics and pulse charging techniques to increase battery 
reliability and life will be completed in FY 1978. Fuel cell tests will continue to stress reliable operation 
with reactant-grade propellants at low pressure aimed at systems advantages of shared propellants. 

Preliminary design of an automatically managed power system and evaluation of power system sensors will be 
completed by FY 1978. Analytical models developed for the spacecraft charging investigation, aimed at providing 
design criteria, techniques, and test methods to insure control of charging of spacecraft surfaces, will be 
ccrrelated vtth t c s t  data  f ro=  the Air r o r c e  Spacecraft G ~ a r g h ~ g  a i  iiie E igh  Aiiicudes ( S G A T i j  sateiiite to be 
launched in CY 1978. 

In the area of thermal-to-electric energy conversion, mini-Brayton (0.5-2.0 kilowatt) components delivered 
to the Energy Research and Development Administration will be ground tested with simulated electric heaters. 
The larger (2-15 kilowatt) Brayton rotating unit test will be continued towards the goal of 50,000 hours of 
operation. High efficiency thermoelectric materials f o r  u s e  in radioisotope thermoeleccric generators will 
be evaluated. Efficient long life thermionic converters will continue to be evaluated during FY 1978. 
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Nuclear  Energy Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Quarcer  Budget Curren t  Budget 

Actua l  A c t u a l  Estimate E s  t i m a t  e E s  t i m a  t e 
(Thousands of  D o l l a r s )  

2 , 221 380 2 , 000 1,112 1,500 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h i s  program i s  t o  provide ,  through b a s i c  p h y s i c s  r e s e a r c h  on f i s s i o n - h e a t e d  g a s e s  and plasmas 
and through t e c h n o l o g i c a l  exper imenta t ion ,  t h e  e s s e n t i a l  knowledge and informat ion  needed f o r  t h e  d e s i g n  on 
gaseous f u e l  n u c l e a r  r e a c t o r s  f o r  major advances i n  space  power and propuls ion .  

I n  FY 1977, r e a c t o r  c r i t i c a l i t y  experiments were completed w i t h  uranium h e x a f l u o r i d e  f o r  t h e  e s t a b l i s h m e n t  
of r e a c t o r  c o n t r o l  c a p a b i l i t i e s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 d e c r e a s e  of  $888 thousand p r i m a r i l y  r e f l e c t s  a t r a n s f e r  of technology t a s k s  and funding  t o  t h e  
Space Energy l i n e  i t e m  i n  t h e  area of thermionic  energy convers ion .  This t r a n s f e r  w a s  made t o  p l a c e  r e l a t e d  
a r e a s  of energy convers ion  technology f o r  space  power i n  a s i n g l e  program. 

BASIS OF FY 1978 ESTIMATE: 

The main t h r u s t  of plasma c u r e  r e a c t o r  r e s e a r c h  i s  d i r e c t e d  toward a benchmark gaseous f u e l  n u c l e a r  r e a c t o r  
experiment,  l i t i l i z i n g  r e a c t o r  conponents sa lvaged  from t h e  p r e v i o u s  XASA n u c l e a r  r o c k e t  program. 
o b j e c t i v e  of e f f o r t  i n  FY 1978 i s  t h e  demonst ra t ion  o f  s u s t a i n e d  n u c l e a r  c h a i n  r e a c t i o n s  i n  t h e  r e a c t o r  w i t h  
fiowing gaseous i.rranii.im hexafiuoride tueL 

The p r i n c i p a l  
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High Power Lasers and E n e r g e t i c s  Research and Technology 

T r a n s i t i o n  1977 1978 
i976  Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  E s  t ima t e Estimate Estimate 
(Thousands of D o l l a r s )  

5 , 184 1,710 5,200 6,428 6 , 600 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h i s  program i s  t o  p r o v i d e ,  through b a s i c  s c i e n t i f i c  r e s e a r c h  i n  plasmadynamics, magnet ics  
and cryophys ics ,  fundamental  p h o t o n i c s ,  h i g h  power lasers and t h e i r  a p p l i c a t i o n s ,  t h e  knowledge needed f o r  
major advances i n  t h e  g e n e r a t i o n ,  t r a n s m i s s i o n ,  and u t i l i z a t i o n  of energy  i n  space.  

I n  FY 1977 t h e  v o l u m e t r i c a l  pumping of  n u c l e a r  energ ized  gas lasers w a s  demonstrated us ing  t h e  f i s s i o n  of 
he l ium i s o t o p e s  i n t o  e n e r g e t i c  p r o t o n s  and t r i t o n s  a t  i n t e r a c t i o n s  w i t h  neut rons .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of $1,228 thousand stems from a t r a n s f e r  of t a s k s  and funding  from t h e  Chemical Propul-  
s i o n  l i n e  i t e m  i n  t h e  areas of  a tomic and meta l l ic  hydrogen r e s e a r c h ;  g e n e r a t i o n  and s t o r a g e  of  e x c i t e d  s ta tes  
of m a t t e r ;  and advanced energy convers ion  techniques .  This t r a n s f e r  w a s  made t o  p l a c e  r e l a t e d  areas of funda- 
mental research i n  a s i n g l e  prngra.rn, 

BASIS OF FY 1978 ESTIMATE: 

The area of plasmadynamic energy systems i n c l u d e s  r e s e a r c h  OR t h e  h e a t i n g  of plasmas t o  m i l l i o n s  of degrees  
Kelv in  and i n v e s t i g a t i o n  of  advanced forms o f  energy convers ion  i n c l u d i n g  magnetohydrodynamic (MHD) g e n e r a t o r s .  
'l'he techniques  ~ r t  u s l n g  superconduct ing  mzgnets w i l l  be i n v e s t i g a t e d .  . .  

In maonPticc: and ~ r y o p h y s i c s ,  s ~ ~ p e r ~ ~ n d u c t i ~ ~ ~ e  materials 2nd ~ a g n e t s  are under d e ~ j e l ~ p m e n t  f o r  3 s ~ ~  space 
energy  systems. Cryogenic c o o l i n g  by means of magnetic h e a t  pumping w i l l  remain a cont inued  r e s e a r c h  e f f o r t  
as well  as t h e  development of a l a r g e  30-Tesla  c ryogenic  magnet. 
f l u i d  he l ium i n  s p a c e c r a f t  i s  i n c l u d e d ,  as i s  t h e  i n v e s t i g a t i o n  of a tomic and meta l l ic  hydrogen. 

Research on methods t o  use  u l t r a c o l d  super -  
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I n  fundamental  photonics ,  b a s i c  r e s e a r c h  i s  concent ra ted  on t h e  emiss ion  and a b s o r p t i o n  of  r a d i a t i o n  from a l l  
s ta tes  of matter i n  s u p p o r t  of power g e n e r a t i o n ,  p r o p u l s i o n ,  lasers,  s p a c e  environment,  and atmospheric  p h y s i c s .  
Among o t h e r  fundamental  i n v e s t i g a t i o n s ,  t h e  d i r e c t  convers ion  of  f i s s i o n  fragment energy i n t o  coherent  l i g h t  
i n  f i s s i o n i n g  uranium h e x a f l o u r i d e  w i l l  b e  a t tempted and t h e  c o u p l i n g  of  e l e c t r o n  beams wi th  laser beams. 

I n  h i g h  power laser systems technology r e s e a r c h ,  t h e  s t u d y  o f  a c o n t i n u o u s l y  o p e r a t i n g  c losed- loop  laser  
w i l l  b e  expanded t o  de te rmine  what t e c h n i c a l  b a r r i e r s  may ex is t  i n  l o n g  d u r a t i o n  o p e r a t i o n  a t  h i g h  power 
levels. I n  a d d i t i o n ,  t h e  areas of laser o p t i c s ,  beam t r a n s m i s s i o n  b o t h  i n  s p a c e  and from e a r t h  t o  s p a c e ,  
and t h e  convers ion  of laser  energy t o  e lec t r ica l  energy o r  d i r e c t l y  t o  p r o p u l s i v e  f o r c e s  w i l l  be  s t u d i e d .  

E n t r y  Research and Technology 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Cur r eq t Budget 

Actua l  Actua l  Estimate E s  t i m a  t e Estimate 
(Thousands of D o l l a r s )  

6,573 1,550 5,700 5,918 6,300 

OBJECTIVES AND S T A m :  

The o b j e c t i v e  of t h i s  program i s  t o  p r o v i d e  an  unders tanding  of e n t r y  aerothermodynamic problems a s s o c i a t e d  
w i t h  e a r t h  o r b i t a l  and p l a n e t a r y  a tmospher ic  v e h i c l e s  i n  o r d e r  t o  improve t h e  o p e r a t i o n a l  e f f i c i e n c y  and re l ia-  
b i l i t y  of  t h e s e  v e h i c l e s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The FY 1977 i n c r e a s e  of  $218 thousand s u p p o r t s  expanded in-house e f f o r t s  t o  e s t a b l i s h  r e s e a r c h  and technology 
f o r  s h u t t i e b o r n e  aerothermodynamic experiments .  

I n  t h e  area of  advanced E a r t h - o r b i t a l  t r a n s p o r t a t i o n  aerothermodynarnirs,  analytical and exper imenta l  s t u d i e s  
w i l l  b e  made of c o n f i g u r a t i o n  concepts  t h a t  u t i l i z e  t e c h n o l o g i e s  advanced beyond t h e  base  be ing  e s t a b l i s h e d  
by t h e  space  s h u t t l e .  S p e c i f i c  s t u d i e s  w i l l  b e  d i r e c t e d  toward s o l u t i o n  of t h e  aerothermodynamic problems 
a s s o c i a t e d  w i t h  t h e s e  concepts  i n  such areas as aerodynamic performance,  v i s c o u s  i n t e r a c t i o n  and real  g a s  
e f f e c t s ,  v o r t e x  i n t e r a c t i o n ,  h e a t  t r a n s f e r ,  b a s i c  c o n f i g u r a t i o n  s h a p i n g  and o p t i m i z a t i o n .  Computat ional  f low 
f i e l d  methods w i l l  be  developed w i t h  emphasis OR r e a l i s t i c  c o n f i g u r a t i o n s ,  and technique  f o r  c o n f i g u r a t i o n a l  
d e s i g n  and a n a l y s i s  w i l l  b e  upgraded as r e q u i r e d .  

RD 9-16 



The p l a n e t a r y  p r o b e  d e s i g n  e f f o r t  s u p p o r t s  NASA s c i e n t i f i c  miss ions  t o  s t u d y  t h e  atmospheres  of Mars, Venus, 
t h e  o u t e r  p l a n e t s  and c e r t a i n  n a t u r a l  s a t e l l i t e s  such as Ti tan .  The h y p e r v e l o c i t y  e n t r y  v e h i c l e  h e a t i n g  and 
aerodynamic environment of probes e n t e r i n g  t h e s e  atmospheres w i l l  be  d e f i n e d  t o  a s s u r e  s u r v i v a l  and r e l i a b l e  
performance of s c i e n t i f i c  probes d u r i n g  e n t r y .  
speed f l i g h t  w i l l  b e  developed; t h e  e f f e c t  of moderate t o  massive a b l a t i o n  rates on h e a t  t r a n s f e r  and t r a n s i -  
t i o n  w i l l  b e  i n v e s t i g a t e d ;  t h e  e f f e c t  o f  r a d i a t i v e  c o o l i n g ,  e q u i l i b r i u m  and nonequi l ibr ium r a d i a t i o n  on t h e  
f low f i e l d  w i l l  b e  i n v e s t i g a t e d ;  and t h e  real  gas  aerodynamics and a b l a t i v e  p r o d u c t s  r a d i a t i v e  p r o p e r t i e s  
w i l l  b e  d e f i n e d .  

I n  t h i s  program new!turbulence  models a p p r o p r i a t e  f o r  high 

A s  i n  p r e v i o u s  y e a r s ,  t h e  Space S h u t t l e  aerothermodynamics e f f o r t  w i l l  s u p p o r t  t h e  s p a c e  s h u t t l e  by 
p r o v i d i n g  e x t e n s i v e  u s e  of NASA ground-based f a c i l i t i e s  and e x p e r t i s e  and by cont inued  in-house  s h u t t l e  
technology and development s t u d i e s  as r e q u i r e d  by t h e  O f f i c e  of Space F l i g h t .  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

SYSTEMS STUDIES 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

A c t u a l  Actua l  E s t  imate E s  t i m a  t e E s t  h a t e  
(Thousands of D o l l a r s )  

2,025 325 1 , 600 2,000 2 , 000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of  Systems S t u d i e s  are t o  i d e n t i f y  and e v a l u a t e  t h e  technology requi rements  of advanced system 
c a n d i d a t e s ,  i n v e s t i g a t e  f u t u r e  space  miss ion  a l t e r n a t i v e s ,  assess t h e  e f f e c t s  of technology advances,  and provide  
a d a t a  b a s e  t o  suppor t  technology program s e l e c t i o n  and program planning .  

CHANGES FROM FY 1977 BUDGET ESTIHATE: 

The FY 1977 i n c r e a s e  of $400 thousand r e f l e c t s  a d d i t i o n a l  e f f o r t s  on s t u d i e s  of technology r e l e v a n t  t o  
p o s s i b l e  f u t u r e  g l o b a l  s e r v i c e  space  systems and i n d u s t r i a l i z a t i o n  i n  space.  
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BASIS OF FY 1978 ESTIMATE: 

With emphasis on contributing to research and development technology planning, the studies will continue to 
t h e  deveiopment or' r'ucure program cec'nnoiogy needs; subsequent determination of detailed technology exainirie: 

requirements; alternative solutions for satisfying needs and requirements; the process of ordering and priori- 
tizing these options; and the potential opportunities for major new initiatives from the Research and Technology 
Base activity providing systems technology and flight experiments. 

The FY 1978 program will continue to develop the technology themes of exploration, global service, industrial- 
ization and space transportation. Of these, the OAST approach to industrialization technology through lunar 
resource utilization will be expanded beyond the limited studies initiated in 1977. Global services technology 
will proceed with continuing emphasis on geosynchronous platforms with added consideration to payload elements. 
Transportation studies will move from survey and requirements of orbital transfer systems to evaulation of selec- 
ted configurations. The exploration technologies theme will continue the FY 1977 study efforts such as space- 
based extrasolar planetary search; space-based antenna systems for the Deep Space Network; radio astronomy uses, 
including search for extraterrestial intelligence; and further study of lunar and planetary sample characterization 
and/or recovery. Advanced concept development studies are intended to continue serving as a basis for modeling 
future technology needs and requirements. 

Technology-specific studies will seek to further complete the cataloguing of technology available, planned and 
forecast 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 (e.g., automation, large structures, cryogenic systems, 

system technology programs. 
dl.21 f c p 1  nrnnlll c i  n n ,  end-te-end d a t ,  mlnagemect 2nd ~ F l o ~ . ~ a t t ! m e g a r . ? a t t  p o ~ p r  ~ o ~ l r c ~ )  t o  e~.rnlx.re o r  f u r t h e r  devel np r - - r - - - I - - -  
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SYSTEMS TECHNOLOGY PROGRAMS 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

Actua l  A c t u a l  Estimate E s  t i m a  t e Estimate 
(Thousands of D o l l a r s )  

Materials and s t r u c t u r e s  systems 

Guidance, c o n t r o l  and i n f o r m a t i o n  

P r o p u l s i o n  and power systems 

technology.. ................................. 550 330 1,500 1,510 4,000 

systems technology ........................... 7 00 315 900 87 0 1,000 

technology..  .................................. --- --- 7 00 700 800 -- - --- --- --- Entry  systems technology. ...................... 770 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.020 645 3.100 3,080 5.800 

Materials and S t r u c t u r e s  Systems Technology 

550 330 1,500 1,510 4,000 

The o b j e c t i v e  i s  t o  demonst ra te  t h e  v a l i d i t y  of  advanced materials and s t r u c t u r e s  t e c h n o l o g i e s  t o  f a c i l i t a t e  
e a r l y  t r a n s f e r  t o  a p p l i c a t i o n  i n  space systems des ign .  Critical sys tem a p p l i c a t i o n s  are  s e l e c t e d  for d e s i g n ,  
f a b r i c a t i o n ,  and l a b o r a t o r y  t e s t i n g .  Space f l i g h t  experiments  are cons idered  i f  n e c e s s a r y  and a p p r o p r i a t e .  

The Composites f o r  Advanced T r a n s p o r t a t i o n  Systems (CASTS) program, i n i t i a t e d  i n  FY i976, h a s  p r o g r e s s e d  t o  
t h e  s e l e c t i o n  of  two poly imide  composite systems and i n i t i a t i o n  of t h e  f i r s t  f a b r i c a t i o n  technology s t u d y  f o r  
e v a i u a t i o n  of the techniques  r e q u i r e d  t o  produce r e i i a b i e  600-degrees Fahrenhei t  s r r u c t u r e s .  Tine Sfiutcie  com- 
ponent t o  b e  f a b r i c a t e d  and t e s t e d  l a t e r  i n  t h e  program h a s  been s e l e c t e d .  
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BASIS OF FY 1978 ESTIMATE: 

I n  t h e  system technology s t u d i e s  area, t h e  technology f o r  advanced s p a c e  s t r u c t u r e s  w i l l  be  explored.  

The CASTS program is  underway t o  develop a p r a c t i c a l  po ly imide  r e s i n  composi te  a i r f r a m e  w i t h  a c a p a b i l i t y  
f o r  o p e r a t i n g  a t  600°F. 
deve lop  p r e l i m i n a r y  d e s i g n  a l l o w a b l e s  and p r e l i m i n a r y  des ign  and a n a l y s i s  of t h e  f u l l - s c a l e  component f o r  
l a b o r a t o r y  tes t  and on development and e v a l u a t i o n  of r e l i a b l e  g r a p h i t e / p o l y i m i d e  f a b r i c a t i o n  techniques .  

I n  FY 1978, t h e  major emphasis w i l l  be  on t h e r m a l / s t r u c t u r a l  t e s t s  of  e lements  t o  

Guidance, C o n t r o l  and Informat ion  Systems Technolopy 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands o f  D o l l a r s )  

700 315 900 870 1,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  program i s  t o  i n t e g r a t e  advanced e l e c t r o n i c  d e v i c e s  o r  system concepts  w i t h  a p p r o p r i a t e  
s u p p o r t i n g  technology and demonst ra te  improved performance, i n c r e a s e d  r e l i a b i l i t y  and r e d u c t i o n  i n  c o s t  o f  space-  
c r a f t  guidance,  c o n t r o l  and i n f o r m a t i o n  systems. 

Development of a s o l i d - s t a t e  d a t a  s t o r a g e  system us ing  magnet ic  "bubble" domains as t h e  s t o r a g e  media w a s  
F a b r i c a t i o n  of an  e n g i n e e r i n g  model 10 8 b i t  r e c o r d e r  w i l l  be  completed i n  J u l y  1977. i n i t i a t e d  i n  FY 1976. 

BASIS OF FY 1978 ESTIMATE: 

I n  Che S o l i d - s t a t e  Data Kecorder area, t e s t  and evaluatio:: ~f the  e n g i n e e r i n g  m d e l  s o l i d - s t a t e  r e c o r d e r  
w i l l  b e  completed i n  t h e  f i r s t  q u a r t e r  of  FY 1978. Development of a f u l l y  o p e r a t i o n a l  r e c o r d e r  w i l l  fo l low,  
1n-d-i-n tr\ nn-..lnt:nn n G  tr,r.t;nn onrl - , . - l : G ; m n t - i n -  tn C 1 : n h t  - t o - d n . - d -  L.. t L h  -$  Fy 1079 
L L . C L U . L L L ~  LU L U ~ L L ~ L F - L - L V L I  U L  L L ~ L L I I R  auu ~ L L ~ L L L L L ~ L L U L L  LU L L - L ~ L ~ L  a ~ a i i u a ~ u a  v y  LLIC: LIIU U L  1 2 1  u. 

Sof tware  suppor t  t o o l s  i d e n t i f i e d  i n  t h e  FY 1977 sof tware  technology program w i l l  b e  developed d u r i n g  FY 1978 
under t h e  Mult ipurpose User-Oriented Sof tware  Technology program. Emphasis w i l l  b e  p laced  on automated v e r i f i -  
c a t i o n  and v a l i d a t i o n  techniques  and a g e n e r a l i z e d  compiler  w r i t i n g  sys tem c a p a b l e  of au tomat ic  convers ion  of  
u s e r - s p e c i f i c  s o f t w a r e  i n t o  t h e  p a r t i c u l a r  assembly language of d e s i g n a t e d  f l i g h t  computers. 
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Propulsion and Power Systems Technolopy 

1977 LY78 
- 'I'r an s i ti o n 

1976 Quarter Budget Current Budget 
Estimate Estimate Estimate Actual Actual 

(Thousands of Dollars) 

- - -  700 700 800 - - -  

OBJECTIVES AND STATUS: 

The objective of this program is to demonstrate technology readiness of advanced space propulsion and power 

The system level tests are designed to evaluate com- 
systems by conducting tests of complete systems assembled from advanced technology components already demon- 
strated under the Research and Technology Base program. 
ponent interactions and to demonstrate overall system performance and operation, under both transient and 
steady state operating conditions. 

BASIS OF FY 1978 ESTIMATE: 

The goal of the Long Life Chemical Propulsion program is to design, fabricate, assemble and test a near 
flight weight advanced planetary orbiter spacecraft propulsion system, utilizing high performance space stor- 
able fluorine-hydrazine propellants under simulated space vacuum conditions by FY 1980. 
d e m m s  trate n ~ e r i l . 1  nYnnl11 r - -r q i  nn s y s t e m  p e r f n r m ~ n c e  ani! eperati.cn, and establish handling, safcty and launch 
operation procedures. The FY 1978 work will include completion of preliminary design and analysis efforts 
to define the propulsion system configuration and to establish component operational requirements; the initia- 
tion of component procurement; and the establishment of a test plan and test procedures. 
design and component fabrication will be completed in FY 1978 and verification testing in FY 1979. 

The objective is to 

Final systems 

Space technology shuttle/spacelab 
payloads .................................. 4,195 1,085 6,900 7,010 15,000 
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OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h i s  program i s  t o  p r o v i d e  t h e  c a p a b i l i t y  t o  ex tend  Research and Technology programs i n t o  
s p a c e  when t h a t  unique environment i s  e s s e n t i a l  t o  a c o n t i n u i n g  i n v e s t i g a t i o n ,  when i n - s p a c e  exper imenta t ion  
i s  c o s t - e f f e c t i v e ,  when a space demonst ra t ion  w i l l  accelerate t h e  u t i l i z a t i o n  o f  advanced technology, o r  when 
t h e  o p p o r t u n i t y  t o  e x p l o i t  t h e  r o u t i n e  o p e r a t i o n  of  a space  system f o r  r e s e a r c h  arises.  The program p r o v i d e s  
f o r  t h e  d e f i n i t i o n ,  development, and management of  experiments ,  payloads ,  and f a c i l i t i e s  which c a p i t a l i z e  on 
t h e  c a p a b i l i t i e s  of  t h e  S h u t t l e  and Spacelab.  

BASIS OF FY 1978 ESTIMATE: 

The Long D u r a t i o n  Exposure F a c i l i t y  (LDEF), t h e  p a s s i v e ,  f r e e - f l y i n g  s a t e l l i t e  des igned  t o  accommodate a 
l a r g e  number of exposure t y p e  experiments ,  i s  under f a b r i c a t i o n ,  and w i l l  b e  a major e lement  of one o f  t h e  
S h u t t l e  o r b i t a l  f l i g h t  t e s t  missions.  Seven experiments  have been s e l e c t e d  f o r  development and a d d i t i o n a l  
exper iments  w i l l  b e  s e l e c t e d  a s  a r e s u l t  o f  t h e  f i r s t  LDEF Announcement of  Oppor tuni ty  i s s u e d  i n  l a t e  
FY 1976. 
a c c e p t a n c e  t e s t i n g  i n i t i a t e d  i n  FY 1978 and completed i n  mid-CY 1979. 
w i l l  b e  completed i n  e a r l y  FY 1978 and i n s t a l l a t i o n  of  t h e  experiment  t r a y s  i s  scheduled f o r  completion i n  
e a r l y  CY 1979. 
f o r  a C Y  1979/80 f l i g h t  on a n  o r b i t a l  f l i g h t  t e s t .  

These experiments  w i l l  b e  s e l e c t e d  f o r  development i n  FY 1977, w i t h  experiment  i n t e g r a t i o n  and 
F a b r i c a t i o n  and assembly of t h e  LDEF 

Miss ion  a n a l y s i s  and f l i g h t  o p e r a t i o n  procedures  w i l l  b e  e s t a b l i s h e d  i n  FY 1978 i n  p r e p a r a t i o n  

The sys tem d e s i g n  s t u d y  f o r  a p o t e n t i a l  Advanced Technology Labora tory  experiments  and equipment t o  demon- 
s t ra te  technology i n  space  i s  n e a r  complet ion.  The payload concepts  are  b e i n g  u t i l i z e d  as t h e  b a s i s  f o r  t h e  

f l i g h t  experiments  which a r e  c a n d i d a t e s  f o r  S h u t t l e  o r b i t a l  f l i g h t  t e s t  miss ions  and t h e  e a r l y  Spacelab m i s s i o n s .  
S e v e r a l  such experiments  were s e l e c t e d  as a r e s u l t  o f  t h e  Spacelab-1 Announcement of  Opportuni ty ,  i n c l u d i n g  two 
l u b r i c a t i o n  exper iments ,  and a zero-g  s p h e r i c a l  f l u i d  f low experiment .  The Drop Dynamics Module p r e v i o u s l y  s e -  
l e c t e d  i s  a l s o  a c a n d i d a t e  f o r  t h i s  and subsequent  Spacelab miss ions .  A contaminat ion  monitor  i s  be ing  developed 
' to v e r i f y  t h e  environment near  t h e  O r b i t e r  v e h i c l e  and t h i s  hardware i s  be ing  provided f o r  f l i g h t  on t h e  Spacelab-  
i miss ion .  

development 05 i i i l s s lo i~  iitiiiiagetlielit aiid opeiiitiuLis precep is. ~i1j-s pLog:raul a lso s u p p o r i s  iile deveiopmenc of  

A Technulogy Kuikshup w a s  h e i d  i n  A p r i l  1976 E O  i d e n c i f y  o p p o r c u n i c i e s  co advance cechnoiogy i n  s e v e r a i  
d i s c i p l i n e s  u s i n g  t h e  S h u t t l e  O r b i t e r  as a r e s e a r c h  v e h i c l e  d u r i n g  r o u t i n e  launch  and e n t r y  o p e r a t i o n s .  
a r e s u l t  o f  t h i s  workshop, over  100 experiments  w e r e  i d e n t i f i e d .  D e f i n i t i o n  s t u d i e s  of some of t h e  more 
promis ing  of  t h e s e  experiments  w i l l  b e  completed i n  FY 1977, and development w i l l  b e  i n i t i a t e d  i n  FY 1978. 
Two experiments  which are compat ib le  w i t h  t h i s  method of r e s e a r c h  were i d e n t i f i e d  a t  t h e  Technology Workshop 
i n  August 1975 and are  c u r r e n t l y  under development. These experiments  w i l l  measure l e e - s i d e  f low f i e l d s  and 
h e a t i n g ,  and f r e e  stream f low f i e l d s  d u r i n g  S h u t t l e  r e e n t r y .  

A s  
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

L O W  COST SYSTEMS PROGRAM 

Low c o s t  systems program.... . . . .  ............. 

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  Estimate E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

6 , 100 1,500 8 , 300 8,300 9 , 000 

OBJECTIVES AND STATUS: 

The Low Cost Systems Program w a s  e s t a b l i s h e d  t o  p r e s c r i b e  approaches  toward f u r t h e r  reducing  t h e  o v e r a l l  
c o s t  of space  systems by developing  s t a n d a r d i z e d  space  equipment and components and by s e a r c h i n g  NASA's 
b u s i n e s s  and program p r a c t i c e s  f o r  o p p o r t u n i t i e s  t o  e f f e c t  c o s t  s a v i n g s .  

The o b j e c t i v e s  of  f u r t h e r  r e d u c i n g  t h e  c o s t  o f  space  systems w i l l  be accomplished by: 

o S i m p l i f y i n g  o p e r a t i o n s  w i t h o u t  compromising r e l i a b i l i t y ,  and enhancing c o s t  e f f e c t i v e n e s s  f o r  
space  programs through common usage of equipment and s o f t w a r e ;  

o S t r e a m l i n i n g  b u s i n e s s  approaches t o  s h o r t e n  t h e  t i m e  r e q u i r e d  f o r  approval  and implementat ion;  and 

o Improving program p r a c t i c e s  t o  i n c r e a s e  e f f i c i e n c y  and r e d u c e  c o s t s .  

The s t a n d a r d i z a t i o n  program i s  implemented i n  s i x  s u b c a t e g o r i e s :  E l e c t r i c a l  Power; A u x i l i a r y  Propuls ion;  
S t a b i l i z a t i o n ,  Guidance and C o n t r o i ;  Communications and Data Handi ing;  Ijayioad i n s t r u m e n t a t i o n ;  and Ground 
Support  Equipment. 

To d a t e ,  17 components have been d e c l a r e d  s t a n d a r d .  These have c o n c e n t r a t e d  on t h e  s p a c e c r a f t  maintenance 
f u n c t i o n s .  Inc luded  are  t a p e  r e c o r d e r s ,  h y d r a z i n e  t h r u s t e r s  and valve a s s e m b l i e s ,  s o l a r  c e l l s  s p e c i f i c a t i o n ,  
Nickel-Cadmium (NiCd) b a t t e r y  and c e l l  s p e c i f i c a t i o n ,  power r e g u l a t o r ,  s p a c e c r a f t  computer, d r y  gyro i n e r t i a l  
r e f e r e n c e  u n i t ,  p y r o t e c h n i c  i n i t i a t o r ,  t ransponders ,  s ta r  t r a c k e r ,  r e a c t i o n  wheel,  t e l e m e t r y  and command 
components and a pyrogen i g n i t e r .  C u r r e n t l y  under e v a l u a t i o n  are 24 a d d i t i o n a l  s t a n d a r d s .  These i n c l u d e  
n o t  o n l y  components f o r  s p a c e c r a f t  maintenance f u n c t i o n s ,  b u t  a l s o  a p p l y  t h e  s t a n d a r d  equipment concept  t o  
t h e  experiment and i n s t r u m e n t  i n t e r f a c e  suppor t  equipment and ground suppor t  equipment areas. Items under  

RD 9-23 



e v a l u a t i o n  are i n  areas such as s o l a r  c e l l  p a n e l ,  c e n t r a l  power r e g u l a t o r ,  sun  s e n s o r s ,  s o l i d  s t a t e  s t a r  t r a c k e r ,  
magnetometer, u n i v e r s a l  a r t i c u l a t i o n  system, magnetic bubble  memory, phased a r r a y  an tenna ,  i n s t r u m e n t a t i o n  mod- 
u l a r  e l e c t r o n i c s ,  c o m o n  s e n s o r  subsystem, t e s t  s e t s ,  s p a c e c r a f t  checkout system, and s p a c e c r a f t  s i m u l a t o r .  

A s  s t a n d a r d  hardware becomes a v a i l a b l e ,  f l i g h t  p r o j e c t s  are a b l e  t o  o b t a i n  f l i g h t  q u a l i f i e d  hardware which 
i s  s i g n i f i c a n t l y  less expensive than  i n  t h e  p a s t .  
J u p i t e r / S a t u r n  1977, TIROS-N, Nimbus-G, S e a s a t ,  S t r a t o s p h e r i c  Aerosol  Gas Experiment,  and S o l a r  Maximum 
Miss ion  p r o j e c t s .  

S tandard  hardware i s  now b e i n g  u t i l i z e d  i n  t h e  Mariner  

BASIS OF FY 1978 ESTIMATE: 

I n  FY 1978, t h e  Low Cost Systems Program w i l l  c o n t i n u e  t o  implement approaches f o r  f u r t h e r  reducing  t h e  c o s t  

solar a r r a y  p a n e l s ,  power p r o c e s s i n g  components, E n i v e r s a l  a r t i c u l a -  
o f  space  p r o j e c t s  through s t a n d a r d i z a t i o n  and t h e  improvement of b u s i n e s s  and program p r a c t i c e s .  
areas of s p e c i f i c  emphasis w i l l  i n c l u d e :  
t i o n  system, d a t a  s t o r a g e  and communication components, modular e l e c t r o n i c s  f o r  payload i n g t r u m e n t a t i o n ,  and 
ground t e s t  and checkout  equipment. 

Development 
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OFFICE OF ENERGY PROGRAMS 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1 9 7 8  ESTIMATES 

BUDGET SUMMARY 

ENERGY TECHNOLOGY APPLICATIONS 

SUMMARY OF RESOURCES REQUIREMENTS 

T r a n s i t i o n  1977 
1976 Quar t e r  Budget Curren t  

E s t i m a t e  Estimate Ac tua l  Ac tua l  
(Thousands of D o l l a r s )  

Energy Technology A p p l i c a t i o n s . . .  5.900 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ............. 404 
Marsha l l  Space F l i g h t  Center  ..... 902 
Goddard Space F l i g h t  Center ...... 340 
J e t  P ropu l s ion  Labora to ry . . . . . . . .  2,732 

75 A m e s  Research Center  
20 Dryden F l i g h t  Research Center 

L e w i s  Research Center  ............ 1,383 
4 4  Headquar te rs  

............. 
.... 

..................... 
T o t a l  .......................... 5.900 

1,500 

225 
122 

6 19 
239 

2 6 9  
26 

1.500 

- - -  

- - -  

6 .OOO 

1 , 300 
1,400 

1,155 
100 

-- - 

- -- 
2 , 000 

45 

6 .OOO 

1978 
Budget 

E s t i m a  t e 

4.500 

500 
600 

800 
100 

2,500 

- -  - 

- - -  

-- - 
4,500 
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OFFICE OF ENERGY PROGRAMS 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIM-ATES 

ENERGY TECIJ,?!OLOGY APPLICATIONS -___ 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The technology developed i n  t h e  Aeronaut ics  and Space programs conducted by NASA h o l d s  p o t e n t i a l  
f o r  s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h e  s o l u t i o n  of energy problems on E a r t h .  The Energy Technology 
A p p l i c a t i o n s  program provides  a n  e f f e c t i v e  method of u s i n g  tE.e c a p a b t l i t t r s  s f  ?!,!'&I as it carries 
o u t  i t s  pr imary r e s p o n s i b i l i t i e s .  

The program has  two primary t h r u s t s :  (1) Energy Technology, s p e c i f i c a l l y  des igned  t o  use  NASA- 
developed aerospace  t e c h n o l o g i e s ,  e x p e r i e n c e  and f a c i l i t i e s  t o  s u p p o r t  t h e  energy  program needs o f  
t h e  Energy Research and Development A d m i n i s t r a t i o n  (ERDA) and o t h e r  government a g e n c i e s ;  and ( 2 )  
Energy Sys tems (Use of Space) ,  des igned  as a j o i n t  s t u d y  e f f o r t  w i t h  ERDA t o  f u l l y  unders tand  how 
t h e  unique c h a r a c t e r i s t i c s  of  t h e  space  environment and our a b i l i t y  t o  o p e r a t e  s u c c e s s f u l l y  i n  space  
may be used t o  h e l p  s o l v e  energy needs on E a r t h  and i n  space.  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

Direct R&D funding f o r  t h e s e  a c t i v i t i e s  was n o t  r e q u e s t e d  i n  NASA's  FY 1977 budget  submission t o  
t h e  Congress.  NASA planned t o  c o n t i n u e  t o  apply  i t s  e x p e r t i s e  and c a p a b i l i t i e s  i n  t h e s e  a r e a s  by 
conduct ing  r e s e a r c h  and development p r o j e c t s  as r e q u e s t e d  and funded by t h e  Energy Research and 
Development A d m i n i s t r a t i o n  and o t h e r  a g e n c i e s .  Subsequent Congress iona l  a c t i o n  on t h e  Agency's 
FY 1977 budget  provided d i r e c t  funding t o  NASA f o r  bo th  technology i d e n t i f i c a t i o n  and v e r i f i c a t i o n  
" s e e d  money" a c t i v i t i e s  and a j o i n t  ERDAINASA S o l a r  S a t e l l i t e  Power Systems d e f i n i t i o n  e f f o r t .  

BASIS OF FY 1978 ESTIMATE: 

Eur ing  Ff i 9 7 8 ,  iVASn's Energy Technology e f f o r t s  w i l l  c o n t i n u e  t o  focus  on t h o s e  s e l e c t e d  a r e a s  o f  
emphasis which show t h e  most p o t e n t i a l  f o r  technology advancement. For example, NASA w i l l  main ta in  
its program responsibilities t c  ERE!. in +h- L L L C  aLcaa ----- of ~ U L ~ L  --'--- l iedtirig and c o o l i n g ,  wind energy,  and 
p h o t o v o l t a i c s  ( so l a r  c e l l s ) .  N e g o t i a t i o n s  are  i n  p r o c e s s  f o r  major a c t i v i t y  i n  advanced ground 
p r o p u l s i o n .  E f f o r t s  a r e  a l s o  c o n t i n u i n g  i n  t h e  a r e a s  of gas t u r b i n e s ,  energy convers ion ,  f u e l  
c e l l  sys tems,  energy s t o r a g e  sys tems,  and advanced c o a l  e x t r a c t i o n  techniques .  The primary empha- 
s i s  i n  Fnergy  S>rs tpms ..ill hn t= C.r \mnl -+-  bV.LLyILLC a r r  -- --J*J-' ~ L L L L L ~ L  A - - L - 2  L C L L I L ~ L C ~ ~  s y s i e m s  d e r ' i n i c i o n  a c t i v i t y .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

TRACKING AXT DATA- ACQUISITION PROGRAY 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The purpose of t h i s  program i s  t o  p r o v i d e  v i t a l  t r a c k i n g  and d a t a  a c q u i s i t i o n  suppor t  t o  meet t h e  r e q u i r e -  
ments of a l l  NASA f l i g h t  p r o j e c t s .  I n  a d d i t i o n  t o  XASA f l i g h t  p r o j e c t s ,  suppor t  i s  provided ,  a s  mutual ly  
a g r e e d ,  f o r  p r o j e c t s  o f  t h e  Department of Defense,  o t h e r  Government a g e n c i e s ,  commercial f i r m s ,  and o t h e r  
c o u n t r i e s  and i n t e r n a t i o n a l  o r g a n i z a t i o n s  engaged i n  space r e s e a r c h  endeavors .  

Support  i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  sounding r o c k e t s ,  and r e s e a r c h  a i r -  
c r a f t ;  f o r  e a r t h  o r b i t a l  and s u b o r b i t a l  m i s s i o n s ;  f o r  l u n a r  and p l a n e t a r y  m i s s i o n s ;  and f o r  space  probes.  

Types of suppor t  p rovided  i n c l u d e :  ( a )  t r a c k i n g  t o  de te rmine  t h e  p o s i t i o n  and t r a j e c t o r y  of v e h i c l e s  i n  
s p a c e ;  (b)  a c q u i s i t i o n  of  s c i e n t i f i c  d a t a  from on-board exper iments ;  ( c )  a c q u i s i t i o n  o f  engineer ing  d a t a  on 
t h e  performance of s p a c e c r a f t  and launch v e h i c l e  systems;  (d) t r a n s m i s s i o n  of commands from ground s t a t i o n s  
t o  s p a c e c r a f t ;  (e )  communication w i t h  a s t r o n a u t s  and a c q u i s i t i o n  of b iomedica l  da ta  on t h e i r  p h y s i c a l  condi-  
t i o n s ;  ( f )  communication of  i n f o r m a t i o n  between t h e  v a r i o u s  ground f a c i l i t i e s  and c e n t r a l  c o n t r o l  c e n t e r s ;  
and (g) p r o c e s s i n g  of d a t a  a c q u i r e d  from t h e  launch v e h i c l e s  and s p a c e c r a f t .  Such suppor t  i s  e s s e n t i a l  f o r  
a c h i e v i n g  t h e  s c i e n t i f i c  o b j e c t i v e s  of a l l  f l i g h t  miss ions ,  f o r  e x e c u t i n g  t h e  c r i t i c a l  d e c i s i o n s  which must 
be made t o  assure t h e  s u c c e s s  of t h e s e  f l i g h t  miss ions ,  and, i n  t h e  case of manned miss ions ,  t o  i n s u r e  t h e  
s a f e t y  of  t h e  a s t r o n a u t s .  

Tracking and d a t a  a c q u i s i t i o n  suppor t  i s  provided by a worldwide network of NASA ground s t a t i o n s  and one 
i n s t r u m e n t a t i o n  s h i p  ( a s  shown i n  F i g u r e  l ) ,  supplemented by a p p r o p r i a t e  ins t rumented  a i r c r a f t .  These f a c i l -  
i t i e s  a r e  i n t e r c o n n e c t e d  by a necwork o i  grvuiid ccjiiiiiiLii-iications l i n e s  , undcrsca cab les ,  2nd corn-rznication 
s a t e l l i t e  c i r c u i t s  which are l e a s e d  from communications c a r r i e r s ,  b o t h  domest ic  and f o r e i g n .  This i n t e r -  
csnnectisn provides  t h e  cornmimicat inns c a p a b i l i t y  between s p a c e c r a f t  and t h e  c o n t r o l  c e n t e r s  i n  t h e  United 
S t a t e s  from which t h e  f l i g h t s  are  d i r e c t e d .  

To meet the suppor t  requi rements  l e v i e d  by t h e  wide v a r i e t y  and number of f l i g h t  p r o j e c t s ,  NASA h a s  
established two types c?f f a c i l i t i e s  to m e e t  t h e  needs of  t h e  two b a s i c  classes o f  NASA f l i g h t  missions.  
These two types  of f a c i l i t i e s  i n c l u d e  t h e  S p a c e f l i g h t  Tracking and Data Network (STDN), which s u p p o r t s  
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e a r t h  o r b i t a l  s c i e n t i f i c  and a p p l i c a t i o n s  programs, and t h e  Deep Space Network (DSN), which suppor t s  p l a n e t a r y  
and i n t e r p l a n e t a r y  f l i g h t  miss ions .  

Computation f a c i l i t i e s  a l s o  are  provided  t o  p rocess  i n t o  meaningful form t h e  l a r g e  amounts of s c i e n t i f i c ,  
a p p l i ~ a t i o f i a  a x ?  eng lncer lag  data v h i c h  ITO, c 9 l l e c t e d  f r o m  f l i g h t  p r o j e c t s .  I n  a d d i t i o n .  i n s t r u m e n t a t i o n  
f a c i l i t i e s  are  provided  f o r  suppor t  of sounding r o c k e t  launchings  and f l i g h t  t e s t i n g  of  a e r o n a u t i c a l  r e s e a r c h  
a i r c r a f t .  

The Research  and Development (R&D) a p p r o p r i a t i o n  p rov ides  funds f o r :  ( a )  t h e  o p e r a t i o n  and maintenance 
of t h e  worldwide f a c i l i t i e s ;  (b)  t h e  e n g i n e e r i n g  and procurement of equipment t o  s u s t a i n  and modify t h e  
network systems t o  suppor t  c o n t i n u i n g ,  new, and changing f l i g h t  p r o j e c t  r equ i r emen t s ;  and ( c )  c'ne i n v e s i i g a -  
t i o n  of advanced t r a c k i n g  and d a t a  a c q u i s i t i o n  techniques  and t h e  development of advanced t r a c k i n g  and d a t a  
a c q u i s i t i o n  i n s t r u m e n t a t i o n .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The d e c r e a s e  i n  Phe FY 1977 budget estimate r e f l e c t s  c o n g r e s s i o n a l  a u t h o r i z a t i o n  a c t i o n  reducing  t h e  t r a c k -  
i n g  and d a t a  a c q u i s i t i o n  budget r e q u e s t  by  $3.0 m i l l i o n .  The impact of t h i s  r e d u c t i o n  w a s  moderated by f o r e i g n  
c u r r e n c y  d e v a l u a t i o n s  i n  A u s t r a l i a  and Spain .  Program suppor t  ad jus tmen t s  were a l so  made, which pe rmi t t ed  t h e  
temporary d e a c t i v a t i o n  (wet s t o r a g e )  o f  the ins t rumented  t r a c k i n g  s h i p ,  USNS Vanguard, and s t a f f i n g  d e c r e a s e s  
a t  t h e  Alaska t r a c k i n g  s t a t i o n .  

BASIS OF FY 1978 F U N D I N G  REQUIREMENTS: 

OPERATIONS 

The FY 1978 funding  requi rements  are based  upon a c o n t i n u i n g  suppor t  workload f o r  an ave rage  of  approximate ly  
60 automated e a r t h - o r b i t i n g  and p l a n e t a r y  mis s ions .  The o p e r a t i o n s  funding  w i l l  a l s o  p rov ide  f o r  t h e  pre- launch  
suppor t  a c t i v i t y  r e q u i r e d  f o r  upcoming approved miss ions .  
Opera t ions  i s  due t o  t h e  r e a c t i v a t i o n  o f  t h e  USNS Vanguard f o r  c r i t i c a l  mi s s ion  s u p p o r t ,  t h e  o p e r a t i o n  of t h e  
f i v e  new Laser systems i n  supporc of ?;Asti's ~ ~ ~ i l ~  aiii: ~ c s a i i  ~yiizirnics y r o g r a z ,  ccntrcl ce ,~ te , r  QneratinnL: r -- - - -  - f o r  
upcoming approved mis s ions ,  and t h e  c o n t i n u i n g  e f f e c t  of e s c a l a t i o n  i n  a l l  areas of o p e r a t i o n s .  

The i n c r e a s e  i n  t h e  FY 1978 funding  r e q u e s t  f o r  
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T r a n s i t i o n  1977 
1976 Q u a r t e r  Budget Cur ren t  

Ac tua i  Actua i  ! is  t i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

S p a c e f l i g h t  t r a c k i n g  and d a t a  network... . . . . .  98,189 25 , 600 108 , 800 105,500 
Deep space network. .......................... 40,309 ii ,000 43 , 000 4.1 ,800 
Aeronau t i c s  and sounding r o c k e t  support . . . . .  . 3 , 865 1,000 4 , 200 4,500 
Communications... . . . . . . . . .  ................... 26,535 6 , 400 26,000 26 , 000 .............................. 25,800 Data p r o c e s s i n g  23,638 6,400 24 , 800 

T o t a l . .  .................................... 192.536 

S p a c e f l i g h t  TrackinP and Data Network Opera t ions  

98 , 189 25 , 600 108 , 800 105 , 500 

OBJECTIVES AND STATUS: 

1978 
Budget 

E s t i m a  t e 

122 , 300 
46,800 

4 , 600 
2 8  , 300 
27,900 

229.900 

122,300 

The pr imary  f u n c t i o n  o f  t h e  S p a c e f l i g h t  Tracking  and Data Network i s  t o  suppor t  manned and unmanned e a r t h  
o r b i t a l  space  f l i g h t  missions.  The m a j o r i t y  o f  t h e s e  mis s ions  have n e a r - e a r t h  o r b i t s ;  however t h e  network 
a l s o  s u p p o r t s  mi s s ions  through l u n a r  d i s t a n c e s .  I n  a d d i t i o n ,  t h e  network p rov ides  launch  suppor t  t o  NASA's 
automated p l a n e t a r y  miss ions ,  as w e l l  as t h e  s p a c e f l i g h t  miss ions  of  o t h e r  n a t i o n s ,  commercial f i rms ,  t he  
Department o f  Defense,  and o t h e r  U.S. Government agenc ie s .  

The S p a c e f l i g h t  Tracking and Data Network must be  r e s p o n s i v e  t o  t h e  requi rements  of a l a r g e  number and 
wide v a r i e t y  o f  f l i g h t  p r o j e c t s  from launch  through complet ion of t h e  f l i g h t  p r o j e c t  o b j e c t i v e s .  I n  many 
i n s t a n c e s ,  t h e  p e r i o d  of  network s u p p o r t  r e q u i r e d  by t h e  f l i g h t  p r o j e c t s  con t inues  f o r  several yea r s .  

These g l o b a l  f a c i l i t i e s  have t h e  c a p a b i l i t y  t o  e l e c t r o n i c a l l y  t r a c k  t h e  s p a c e c r a f t ,  send commands f o r  
s p a c e c r a f t  and experiment  c o n t r o l  pu rposes ,  r e c e i v e  eng inee r ing  and s c i e n t i f i c  d a t a  from t h e  s p a c e c r a f t ,  
and i n  t h e  case of t h e  a s t r o n a u t s ,  m a i n t a i n  v o i c e  communications f o r  crew s a f e t y  and o t h e r  p r o j e c t  re -  
l a t e d  purposes .  I n  a d d i t i o n  t o  t h e s e  e l e c t r o n i c  sys tems,  t h e  network i s  supplemented by  laser t r a c k i n g  
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systems t o  meet t h e  extremely p r e c i s e  t r a c k i n g  needs of NASA's E a r t h  and Ocean Dynamics Programs. F i g u r e  2 
shows a mobile  laser s t a t i o n  of  t h e  STDN. 

The t h i r t e e n  land  s t a t i o n s  are  l o c a t e d  a t  Fa i rbanks ,  Alaska;  Goldstone,  C a l i f o r n i a ;  Merritt I s l a n d ,  F l o r i d a ;  
Kz~ii, E a : . ~ i i ;  I ? E ~ ~ I ,  N n r f ~ h  (Carnlinz; Giiarn; A.scension i s i a n d j  Canberra ,  A u s t r a l i a ;  Bermuda: SanLiago. C h i l e ;  
Q u i t o ,  Ecuador;  Winkfield,  England; and Madrid, Spain.  A t r a n s p o r t a b l e  s t a t i o n ,  which was p r e v i o u s l y  l o c a t e d  
near S t ,  J o h n ' s ;  Newfoundland: f o r  Skylab and Apollo Soyuz T e s t  P r o j e c t  s u p p o r t ,  h a s  been r e f u r b i s h e d  and 
r e l o c a t e d  a t  NASA's Dryden F l i g h t  Research Center  (DFRC), Edwards, C a l i f o r n i a ,  f o r  suppor t  o f  the S h u t t l e  
Approach and Landing Tests scheduled  t o  b e g i n  i n  1977. 

The S p a c e f l i g h t  Tracking and Data Network i s  c u r r e n t l y  p r o v i d i n g  s u p p o r t  f o r  an  average  or' n e a r l y  50 
automated a p p l i c a t i o n s  and s p a c e  s c i e n c e  s p a c e c r a f t .  Examples of  t h e  more s i g n i f i c a n t  miss ions  be ing  sup-  
p o r t e d  i n c l u d e  two Ear th  Resources Technology S a t e l l i t e s  (Landsat 1 & 2 ) ,  f o u r  A p p l i c a t i o n s  Technology S a t e l l i t e s  
(ATS 1, 3 ,  5, & 6 ) ,  two I n t e r p l a n e t a r y  Moni tor ing  P l a t f o r m  S a t e l l i t e s  (IMP 7 & 8 ) ,  t h e  O r b i t i n g  S o l a r  Observa- 
t o r y  (OSO-8), O r b i t i n g  Astronomical  Observa tory  (OAO-3), Radio Astronomy Explorer  (RAE-2), Atmosphere E x p l o r e r s  
(AE 3 & 5), Nimbus 4 ,  5, & 6,  and Geodynamics Experimental  Ocean S a t e l l i t e s  (GEOS 2 6( 3). The network i s  a l s o  
c o n t i n u i n g  t o  r e c e i v e  v a l u a b l e  s c i e n t i f i c  d a t a  from t h e  f i v e  i l p o l l o  Lunar S u r f a c e  Experiment Packages (ALSEP) 
p l a c e d  on t h e  Moon's s u r f a c e  d u r i n g  t h e  Apollo program. 

Upcoming miss ions  t o  be suppor ted  by t h e  network i n c l u d e  t h e  High Energy Astronomical  O b s e r v a t o r i e s  ( H M O ) ,  
t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  (IUE), t h e  Heat Capac i ty  Mapping Miss ion  (HCMM), t h e  I n t e r n a t i o n a l  Sun 
E a r t h  Explorers  (ISEE), Seasat-A, and Landsat-C. The o v e r a l l  workload of  t h e  S p a c e f l i g h t  Tracking and Data 
Network i s  p r o j e c t e d  a t  an  a v e r a g e  of approximate ly  50 s p a c e c r a f t  d u r i n g  FY 1978. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The downward adjustment  of $3.3 m i l l i o n  i n  FY 1977 r e s u l t s  from t h e  p l a c i n g  of  t h e  USNS Vanguard i n  w e t  
s t o r a g e ,  suppor t  r e d u c t i o n s  a t  t h e  Alaska  s t a t i o n ,  and f o r e i g n  c u r r e n c y  f l u c t u a t i o n s  and d e v a l u a t i o n s  i n  
A u s t r a l i a  and Spain.  The s u p p o r t  r e d u c t i o n s  (USNS Vanguard and Alaska)  are temporary i n  n a t u r e  due t o  t h e  
i n c r e a s e d  r i s k  t o  and p o t e n t i a l  l o s s  of  d a t a  from both  upcoming miss ions  and t h e  g e n e r a l  suppor t  workload. 

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 funding requi rements  f o r  t h e  S p a c e f l i g h t  Tracking and Data Network o p e r a t i o n s  provide  f o r  t h e  
maintenance and o p e r a t i o n  of t h e  network and miss ion  c o n t r o l  f a c i l i t i e s ,  as w e l l  as t h e  r e l a t e d  l o g i s t i c s ,  
network s u p p o r t ,  and conputer  programming c o s t s  a s s o c i a t e d  w i t h  t h e  around-the-clock o p e r a t i o n  of t h e  network. 
The p r o j e c t e d  i n c r e a s e  from FY 1977 t o  FY 1978 i s  due i n  p a r t  t o  s i g n i f i c a n t  e s c a l a t i o n  i n  both l a b o r  and 
l o g i s t i c s  c o s t s  throughout t h e  network. 
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A d d i t i o n a l  c o s t s  w i l l  b e  i n c u r r e d  because of r e a c t i v a t i o n  of t h e  USNS Vanguard f o r  c r i t i c a l  launch s u p p o r t  
i n  FY 1978 and t h e  s t a f f i n g  a n d  o p e r a t i o n  of f i v e  a d d i t i o n a l  laser systems f o r  XASA'S E a r t h  and Ocean Dynamics 
Programs. Cost i n c r e a s e s  are a l s o  b e i n g  experienced i n  t h e  c o n t r o l  c e n t e r  complex a t  GSFC where s o f t w a r e  
p r e p a r a t i o n  and s t a f f i n g  bui ld t ips  a r e  iinderway t o  suppor t  t h e  upcoming I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  
(IUE), I n t e r n a t i o n a l  Sun E a r t h  E x p l o r e r s  (LSEE) ,  and Seasa t -A  mission.  

- Deep Space Network O p e r a t i o n s  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Rudge t 

Actua l  A c t u a l  E s t ima t e Estimate Estimate 
(Thousands of D o l l a r s )  

46 , 800 41,800 40,309 11,000 43 , 000 

OBJECTIVES AND STATUS: 

The pr imary f u n c t i o n  of t h e  Deep Space Network (DSN) i s  t o  s u p p o r t  p l a n e t a r y  and i n t e r p l a n e t a r y  space  f l i g h t  
m i s s i o n s .  The Deep Space Network p r o v i d e s  t h e  v i t a l  two-way communication l i n k  by which t h e  d i s t a n t  space-  
c r a f t  are c o n t r o l l e d  and s c i e n t i f i c  d a t a  are acqui red .  
f l i g h t  d i s t a n c e s  c o n t i n u e  t o  i n c r e a s e ,  t h i s  network r e q u i r e s  sys tems,  s o f t w a r e  programs, and o p e r a t i o n a l  
techniques  t h a t  push t h e  s t a t e  o f  t h e  a r t  i n  telecommunications.  

A s  t h e  p l a n e t a r y  miss ions  become more complex and 

The Deep Space Network s t a t i o n s  are  l o c a t e d  a t  Goldstone,  C a l i f o r n i a ;  Canberra ,  A u s t r a l i a ;  and Madrid, Spain.  

A c e n t r a l i z e d  
The s t a t i o n s  c o n s i s t  of one 64-meter and two 26-meter d i a m e t e r  an tennas  a t  each l o c a t i o n .  These l o c a t i o n s  are 
approximate ly  120' a p a r t  i n  l o n g i t u d e  and permi t  cont inuous  viewing of t h e  p l a n e t a r y  s p a c e c r a f t .  
c o n t r o l  c e n t e r  f o r  t h e  network i s  l o c a t e d  a t  t h e  J e t  P r o p u l s i o n  Labora tory  i n  Pasadena, C a l i f o r n i a .  F i g u r e  3 
shows t h e  64-meter f a c i l i t y  a t  Goldstone.  

The c u r r e n t  workload i n  t h e  DSN c o n s i s t s  of t h e  s i x  ongoing Pioneer  s p a c e c r a f t  (P ioneer  6-11),  t h e  f o u r  
Viking s p a c e c r a f t ,  (two o r b i t e r s  and two l a n d e r s ) ,  and t h e  two H e l i o s  miss ions .  Support  of  t h e s e  miss ions  
w i l l  c o n t i n u e  d u r i n g  FY 1978. 

Of t h e  P ioneer  s p a c e c r a f t ,  P i o n e e r  10 i s  a l r e a d y  over  1.7 b i l l i o n  k i l o m e t e r s  from Ear th  and i s  proceeding  
on a p a t h  t h a t  w i l l  t a k e  i t  beyond t h e  s o l a r  system. P ioneer  10 i s  t h e  most d i s t a n t  man-made o b j e c t  ever 
communicated w i t h  and each t i m e  d a t a  i s  r e c e i v e d  a new communications r e c o r d  i s  e s t a b l i s h e d .  The P i o n e e r  11 
s p a c e c r a f t ,  some 600 m i i i i o n  iciiorneters from Eartn,  i s  ais0 b e i n g  t r a c k e d  d u r i n g  iis j w u r t i e y  t o  the plai ie t  
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S a t u r n  which i t  i s  scheduled t o  f l y  by d u r i n g  t h e  t h i r d  q u a r t e r  of 1979. The Pioneer  6-9 s p a c e c r a f t  are 
F r o v i d e r l  s l ippor t  f o r  coverage of s p e c i a l  e v e n t s  such as s o l a r  conjunct ion .  The two H e l i o s  miss ions  are  
c o n t i n u i n g  t h e i r  o r b i t  about  t h e  Sun as t h e y  g a t h e r  d a t a  on t h e  s o l a r  plasma. 

During t h e  prime miss ion  phase o t  Viking,  t he  U b N  s u p p i i e d  tne mosc compiex, i n r e n s i v e  drid buc~rbbful 
s u p p o r t  ever provided t o  a p l a n e t a r y  miss ion .  Working w i t h  t h e  two Viking o r b i t e r s  and two l a n d e r s  a t  a 
d i s t a n c e  of approximate iy  350 m i i l i o n  k i l o m e t e r s  from earch ,  and w i t h  a round t r i p  s i g n a l  t i m e  of soia2 40 
minutes ,  t h e  DSN provided cont inuous  s u p p o r t  f o r  approximately f o u r  months sending  t e n s  of thousands if 
commands and r e c e i v i n g  imaging d a t a  a t  rates of up t o  16,000 b i t s  p e r  second f o r  extended p e r i o d s  of . h e .  
Fsavir~g c~lmp1eted t h e  prime miqqion phase,  t h e  two Viking miss ions  are now i n  an  extended miss ion  phase 
r e q u i r i n g  less i n t e n s i v e  s u p p o r t  by t h e  DSN. 

Taking advantage of a rare a l ignment  o f  t h e  o u t e r  p l a n e t s  J u p i t e r  and S a t u r n ,  two M a r i n e r - c l a s s  space-  
c r a f t  a re  scheduled f o r  launch i n  1977 and p r e p a r a t i o n s  are underway i n  t h e  DSN t o  p r o v i d e  t h e  n e c e s s a r y  
s u p p o r t .  These suppor t  p r e p a r a t i o n s  r e q u i r e  thorough and complex p lanning ,  s i n c e  t h e  implementat ion and 
o p e r a t i o n s  f o r  the-Mar iner  J u p i t e r / S a t u r n  m i s s i o n  (MJS 1977) must be c a r r i e d  o u t  a t  t h e  same t i m e  t h a t  
t h e  network must suppor t  t h e  e x t e n s i v e  ongoing workload d e s c r i b e d  above. Also,  a s  i s  t y p i c a l  o f  p l a n e t a r y  
m i s s i o n s ,  t h e  two Mariner s p a c e c r a f t  w i l l  r e q u i r e  suppor t  f o r  s e v e r a l  y e a r s  d u r i n g  t h e i r  f l i g h t  t o  J u p i t e r  
and S a t u r n .  

The Deep Space Network f a c i l i t i e s  are a l s o  used f o r  ground-based measurements i n  s u p p o r t  of experiments  
i n  p l a n e t a r y  r a d a r  mapping and i n  t h e  f i e l d  of  r a d i o  astronomy. The e x t r a - s e n s i t i v e  network an tennas  are 
b e i n g  used i n  a n  a t t e m p t  t o  l e a r n  more about  t h e  myster ious  q u a s a r  h i g h  energy s o u r c e s  and o t h e r  i n t e r s t e l l a r  
phenomena. During FY 1978, s u p p o r t  of t h e s e  r a d i o  astronomy experiments  w i l l  c o n t i n u e  on a n o n i n t e r f e r e n c e  
b a s i s  t o  t h e  f l i g h t  miss ions .  

I n  a d d i t i o n  t o  Mariner  J u p i t e r / S a t u r n  1977 miss ions ,  t h e  upcoming DSN workload a l s o  i n c l u d e s  p r e p a r a t i o n  
f o r  s u p p o r t  of t h e  two Pioneer  Venus m i s s i o n s ,  scheduled f o r  launch i n  1978. P ioneer  Venus w i l l  c o n s i s t  
of an o r b i t i n g  s p a c e c r a f t  around Venus and a second s p a c e c r a f t  c a r r y i n g  f o u r  s e p a r a t e  probes which w i l l  
descend i n t o  t h e  Venusian atmosphere t o  c o l l e c t  data .  These miss ions  w i l l  r e q u i r e  i n t e n s i v e  suppor t  d u r i n g  
t h e  p l a n e t a r y  encounter  phase ,  p a r t i c u l a r l y  as t h e  probes p e n e t r a t e  i n t o  t h e  Venusian atmosphere.  

The d e c r e a s e  of $1.2 m i l l i o n  from t h e  budget  estimate t o  t h e  c u r r e n t  FY 1977 funding l e v e l  i s  due t o  
f o r e i g n  c u r r e n c y  f l u c t u a t i o n s  and d e v a l u a t i o n s  i n  Spain and A u s t r a l i a .  
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BASIS OF FY 1978 ESTIMATE: 

- ueep Space Network o p e r a t i o n s  funds p r o v i d e  Lor t h e  c o n t r a c t o r  maintenance and opera i ior i  01 i'rie neiwork 
f a c i l i t i e s ,  l o g i s t i c s  c o s t s ,  and network suppor t  and e n z i n e e r i n g  c o s t s  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of  t h e  
network. The fiinds req i ies ted  f o r  FY 1978 are based upon t h e  ongoing workload, i n c l u d i n g  t h e  P i o n e e r  space-  
c r a f t ,  t h e  Viking and H e l i o s  extended m i s s i o n s ,  and t h e  Mariner  J u p i t e r I S a t u r n  1977 miss ions .  The two 
Pioneer  Venus miss ions  t o  b e  iaunched i n  1978 w i l l  r e q u i r e  e x t e n s i v e  pre launch  engineer ing  s u p p o r t ,  e s p e c i a l l y  
i n  p r e p a r a t i o n  f o r  t h e  p r e c i s i o n  t r a c k i n g  of  t h e  e n t r y  probes d u r i n g  t h e i r  d e s c e n t  through t h e  dense  Venusian 
atmosphere,  This  i n t e n s i v e  workload, a l o n g  w i t h  c o n t i n u i n g  e s c a l a t i o n ,  i s  t h e  b a s i s  f o r  t h e  i n c r e a s e d  funding 
l e v e l  i n  FY 1978. 

Aeronaut ics  and Sounding Rocket Support  Opera t ions  

T r a n s i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

A c t u a l  Actua l  E s t  inate  E s t ima t e E s  t i m a  t e 
(Thousands of  D o l l a r s )  

3,865 1,000 4,200 4 , 500 4,600 

OBJECTIVES AND STATUS : 

I n s t r u m e n t a t i o n  systems are  maintained and o p e r a t e d  i n  s u p p o r t  o f  t h e  sounding r o c k e t ,  small s a t e l l i t e ,  and 
a e r o n a u t i c a l  programs conducted by Wallops F l i g h t  Center  and t h e  a e r o n a u t i c a l  f l i g h t  r e s e a r c h  programs of t h e  
Dryden F l i g h t  Research Center .  These i n s t r u m e n t a t i o n  systems i n c l u d e  g e n e r a l  purpose t r a c k i n g ,  t e l e m e t r y ,  
d a t a  handl ing ,  and communications systems,  as w e l l  as s p e c i a l  purpose o p t i c a l  equipment. F i g u r e  4 g r a p h i c a l l y  
shows an  aer ia l  view of  t h e  Wallops s u p p o r t  complex. 

The sounding r o c k e t  program c o n t i n u e s  t o  be v e r y  a c t i v e ,  w i t h  over  t h r e e  hundred launches l a s t  y e a r ,  ranging  
from t h e  smaller m e t e o r o l o g i c a l  r o c k e t s  t o  t h e  l a r g e r  Scout  r o c k e t s .  The m a j o r i t y  of t h e s e  sounding r o c k e t  

mately t h e  same level  i n  FY 1978. I n  a d d i t i o n  t o  t h e  c o n t i n u i n g  sounding r o c k e t  and a e r o n a u t i c a l  program 
a c t i v i t i e s ,  Wallops w i l l  p r o v i d e  s p e c i a l i z e d  t r a c k i n g ,  e v a l u a t i o n ,  and c a l i b r a t i o n  s e r v i c e s  f o r  t h e  GEOS-C 
and Seasat p r o j e c t s .  

1 I c L u L I L L I L . 3  q,,nnhno a r c  conducted at the T;.Tall~ps F l i g h t  Ccntcr (VFC) .  E L t s  :~.crL,load i s  expected tc r e m i n  ~t approxi -  

The Dryden F l i g h t  Research  Center  (DFRC) o p e r a t e s  t h e  Aerodynamic T e s t  Kange, c o n s i s t i n g  of  f a c i l i t i e s  
a t  DFRC and an  up-range s i t e  a t  Ely,  Nevada. These f a c i l i t i e s  are  composed of p r e c i s i o n  r a d a r  t r a c k i n g ,  
t e l e m e t r y ,  and communications equipments,  which are used t o  s u p p o r t  h i g h  performance a i r c r a f t  r e s e a r c h  
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and development programs of  b o t h  NASA and t h e  A i r  Force.  Various a i r c r a f t  r e s e a r c h  and technology p r o j e c t s  
a re  suppor ted  by t h e  Aerodynamic T e s t  Range. These e f f o r t s  i n c l u d e  t h e  F-111, F-104, F-15, YF-12, and t h e  
747 S h u t ~ l e  car r ie r  a i r c r a f t .  P r e p a r a t i c n s  are under;;ay f o r  suppor t  o f  rhe S h u t t l e  Approach and Lariding Tests 
which w i l l  be i n i t i a t e d  a t  t h e  Dryden F l i g h t  Research Center  i n  1977. 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The $300 thousand i n c r e a s e  from t h e  budget  estimate t o  t h e  c u r r e n t  FY 1977 funding level  i s  d u e  p r i m a r i l y  
t o  a n  i n c r e a s e  i n  o p e r a t i o n s  requi rements  f o r  s u p p o r t  of t h e  Space S h u t t l e  Approach and Landing Tests. 

The FY 1978 budget  r e q u e s t  covers  t h e  funding requi rements  f o r  suppor t  of t h e  sounding r o c k e t  launches  
and t h e  Aerodynamic Test Range ac t iv i t i e s .  The r e q u e s t  a l s o  i n c l u d e s  t h e  a n t i c i p a t e d  e f f e c t  o f  e s c a l a t i o n  
and t h e  n e c e s s a r y  r e s o u r c e s  t o  s u p p o r t  t h e  S h u t t l e  Approach and Landing Tests a t  t h e  Dryden F l i g h t  Research 
Center .  

Communications Opera t ions  

T r a n s i t  i o n  1977 1978 
1976 Q u a r t e r  Budget C u r r e n t  Budget 

Actua l  Actua l  E s  t i m a  t e Estimate E s  t i m a  t e 
(Thousands of D o l l a r s )  

26,535 6 , 400 26 , 000 26 , 000 28,300 

OBJECTIVES AND STATUS : 

NASA's g l o b a l  communications network (NASCOM) i n t e r c o n n e c t s  by means of l e a s e d  v o i c e  and d a t a  c i r c u i t s  t h e  
t r a c k i n g  and d a t a  a c q u i s i t i o n  f a c i l i t i e s  which suppor t  a l l  f l i g h t  p r o j e c t s .  NASCOM a l s o  l i n k s  t o g e t h e r  such 
f a c i l i t i e s  as launch areas, t es t  s i t e s ,  and miss ion  c o n t r o l  c e n t e r s .  The Goddard Space F l i g h t  Center operates  
t h e  network and serves as i t s  major s w i t c h i n g  c o n t r o l  p o i n t .  I n  t h e  i n t e r e s t  of economy, r e l i a b i l i t y ,  and 
f u l l  u t i l i z a t i o n  of t r u n k  c i r c u i t r y ,  subswi tch ing  c e n t e r s  have been e s t a b l i s h e d  a t  key domest ic  and o v e r s e a s  
l o c a t i o n s .  F i g u r e  5 i s  a p i c t o r i a l  r e p r e s e n t a t i o n  of t h e  NASCOM. 

To a n  i n c r e a s i n g  e x t e n t ,  t h e  NASA f l i g h t  p r o j e c t s  are r e q u i r i n g  t h e  t r a n s f e r  of h i g h e r  d a t a  r a t e s  between 
t h e  miss ion  c o n t r o l  c e n t e r s  and t h e  t r a c k i n g  s i tes  because of t h e  need f o r  real-time c o n t r o l  of s p a c e c r a f t  
and onboard experiments .  
more q u i c k l y  t o  t h e  u s e r s  f o r  a n a l y s i s .  

I n  a d d i t i o n ,  t h e r e  i s  a requirement  t o  provide  i n c r e a s i n g  amounts of experiment d a t a  
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NASA TRACKING, DATA ACQUISITION, AND 
COMMUNICATIONS NETWORK 

FIGURE 5 
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I n  o r d e r  t o  meet t h e s e  h i g h e r  d a t a  t r a n s f e r  r a t e  requi rements ,  new communications technology u s i n g  d i g i t a l  
t echniques  i s  b e i n g  implemented i n t o  t h e  NASCOM. Such i n n o v a t i o n s  a l l o w  f o r  a g r e a t e r  amount of  d a t a  t o  b e  
s e n t  o v e r  t y p i c a l  communications c i r c u i t s .  I n  a d d i t i o n ,  new s e r v i c e s  becoming a v a i l a b l e  from t h e  common 
carr iers  a l l o w  f o r  t h e  t r a n s m i s s i o n  of h i g h e r  d a t a  rates a t  r e a s o n a b l e  c o s t .  A s  a r e s u l t ,  t h e  technique  of 
sending  d a t a  d i r e c t l y  from a s p a c e c r a f t ,  through a t r a c k i n g  s t a t i o n  wi thout  manipula t ion  t o  a miss ion  o r  
~ L U  jeci c u t i i r u l  ceiiier , i s  LecutiiiIig ir icreasing:iy aLcracc ive .  i n i s  approach,  r e f e r r e d  K O  i n  t h e  communica- 
t i o n s  f i e l d  as a "bent pipe" mode, s i m p l i f i e s  t h e  systems needed a t  a t r a c k i n g  s t a t i o n ,  t h e r e b y  reducing  
L U ~ :  U p ~ ~ d L ~ u L ~ a  ~ L L U  L L L ~ L L I L ~ L I ~ L L L ~  C U ~ L ~ .  A s  a r e s u l t ,  tile t ie r id  will cor i t i r iue  ioward t h e  d i r e c t  t r a n s f e r  of 
d a t a  from t h e  s p a c e c r a f t  t o  t h e  c o n t r o l  c e n t e r  v i a  h i g h  speed communications l i n k s .  

-. 
CL,. ^-^I^ c,' ̂ -^  --,I --- - - ̂ - * ^  

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 budget r e q u e s t  f o r  communications o p e r a t i o n s  w i l l  p r o v i d e  t h e  n e c e s s a r y  funding  f o r  t h e  c i r c u i t s  
Internat ional  CoLmullications s a i e l i i i e s  w i l l  permit  and services r e q u i r e d  t o  operate  and m i n t a l i l  the  NASCOM. 

t h e  expansion of  d i g i t a l  wideband service t o  a l l  o v e r s e a s  t r a c k i n g  s t a t i o n s .  This s e r v i c e  w i l l  p r o v i d e  f o r  
t h e  n e a r  r e a l  t i m e  t r a n s f e r  of d a t a  f o r  a l l  ongoing f l i g h t  programs. 

The S h u t t l e  Approach and Landing Tests and t h e  Mariner  J u p i t e r / S a t u r n  (MJS 1977) miss ions  w i l l  r e q u i r e  
a d d i t i o n a l  wideband communications s u p p o r t .  Also,  a n  i n c r e a s e d  bandwidth service us ing  domest ic  s a t e l l i t e s  
w i l l  b e  r e q u i r e d  i n  s u p p o r t  of t h e  Nimbus-G and Seasa t -A  programs. The use  of t h i s  service p e r m i t s  a "bent 
p ipe"  mode of o p e r a t i o n  t h a t  w i l l  h e l p  r e d u c e  t h e  number o f  o p e r a t i n g  personnel  a t  t h e  h i g h  c o s t  Alaska 
t r a c k i n g  s t a t i o n .  

The o p e r a t i o n  of t h e  s w i t c h i n g  c e n t e r s  and t e c h n i c a l  c o n t r o l  f a c i l i t i e s  are  a c o n t i n u i n g  f u n c t i o n  a s s u r i n g  
h i g h  r e l i a b i l i t y  and e f f i c i e n c y  i n  t h e  u s e  of  t h e  v a r i o u s  t y p e s  of  communications s e r v i c e s  a v a i l a b l e  t o  
NASCOM from t h e  common carriers.  Funds are  inc luded  i n  t h e  FY 1978 r e q u e s t  t o  o p e r a t e  and m a i n t a i n  t h e s e  
f a c i l i t i e s .  

Data P r o c e s s i n g  Opera t ions  

1 9 7 6  
Actua l  

23,638 

Trans i t  i o n  1977 1978 
Q u a r t e r  Budget C u r r e n t  Budget - 

A c t u a l  E s  t i m a  t e Estimate E s  t imte 
(Thousands of Eol:ars) 

6,400 24 , 800 25,800 27,900 
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OBJECTIVES AND STATUS: 

I n f o r m a t i o n  r e c e i v e d  i n  t h e  f x m  o f  t r a c k i n g  and t e l e m e t r y  d a t a  from t h e  v a r i o u s  s p a c e c r a f t  must b e  pro-  
c e s s e d  i n t o  a u s a b i e  form For t h e  day-to-day s p a c e c r a f t  o p e r a t i o n s  and f o r  a n a l y z i n g  t h e  experiment d a t a  
a c q u i r e d  by t h e  s p a c e c r a f t .  This d a t a  p r o c e s s i n g  f u n c t i o n  i s  performed f o r  a wide v a r i e t y  of programs, 
which range f r n m  the Srn2l. l  E q l n r e r  s a t ~ , l l i t e s  tc l ~ r g n ,  2nd complex S o l z r  ~ n z  a s t r o n o m i ~ a :  cb5ei-vatories 
and t h e  Landsat E a r t h  Resources  Technology S a t e l l i t e s .  

Tracking  d a t a  are processed  t o  p r o v i d e  o r b i t a l  e lements  which are used t o  compute s p a c e c r a f t  p o s i t i o n s .  
These f u n c t i o n s  are e s s e n t i a l  f o r  t h e  r ea l  t i m e  c o n t r o l  o f  s p a c e c r a f t ,  f o r  de te rmining  when t h e  s p a c e c r a f t  
w i l l  b e  p a s s i n g  o v e r  t h e  s t a t i o n s  so  d a t a  can  be a c q u i r e d ,  and f o r  p r o v i d i n g  p r e c i s e  informat ion  t h a t  can 
b e  used by t h e  s c i e n t i f i c  exper imenters  t o  de te rmine  where i n  t h e  t r a j e c t o r y  of  t h e  s p a c e c r a f t  t h e  s c i e n t i -  
fic measurements w e r e  made. Telemetry d a t a  must b e  processed  to :  ( a )  s e p a r a t e  t h e  i n f o r m a t i o n  obta ined  
from v a r i o u s  s c i e n t i f i c  experiments  aboard  t h e  s p a c e c r a f t ;  (b) c o n s o l i d a t e  i n f o r m a t i o n  from each experiment;  
( c )  de te rmine  s p a c e c r a f t  a t t i t u d e ;  and (d)  c o r r e l a t e  t h e s e  measurements w i t h  t h e  p o s i t i o n  d a t a .  Processed 
d a t a  are t h e  pr imary product  of  t h e  s p a c e c r a f t  miss ions ,  and i t  i s  through r e d u c t i o n s  and a n a l y s e s  of  t h e s e  
d a t a  by t h e  exper imenters  t h a t  t h e  p lanned  o b j e c t i v e s  are  achieved.  

I n  a d d i t i o n  t o  t h e  a c t u a l  p r o c e s s i n g  o f  t h e  d a t a ,  t h e  upcoming p r o j e c t s  r e q u i r e  e x t e n s i v e  premiss ion  
o r b i t  s t u d i e s ,  i n c l u d i n g  s p a c e c r a f t  p o s i t i o n  and a t t i t u d e  p r e d i c t i o n s .  
deve lop  o p e r a t i o n a l  sequences and procedures  t o  be used d u r i n g  t h e  a c t u a l  m i s s i o n  o p e r a t i o n s  o f  t h e s e  
complex s p a c e c r a f t .  

S t u d i e s  a r e  a l s o  r e q u i r e d  t o  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The i n c r e a s e  of $1.0 m i l l i o n  i n  t h e  FY 1977 funding level  r e s u l t e d  from e x t e n s i o n  of  s u p p o r t  f o r  t h e  GEOS-C 
m i s s i o n  and g r e a t e r  than  expected c o s t  e s c a l a t i o n  i n  t h e  o p e r a t i o n s  and programming c o n t r a c t s  due t o  l e g a l l y  
r e q u i r e d  s a l a r y  and wage r e d e t e r m i n a t i o n s .  

BASIS OF FY 1978 ESTIMATE: 

a,. 7717 1n70  L I I  L..,l--+ UUUscL ---. L ~ ~ U L L ~ ~ L L C L I L ~  -:-----*- Lilclude L'urds i o  p r o c e s s  daca from c u r r e n t i y  o r b i t i n g  s a t e i i i t e s ,  a s  w e l l  
as d a t a  from t h e  s a t e l l i t e s  scheduled t o  b e  launched d u r i n g  t h e  p e r i o d .  The s c i e n t i f i c  requirements  f o r  t h e  
a c q u i s i t i o n  and p r o c e s s i n g  of d a t a  from t h e  o l d e r  s a t e l l i t e s  are r inde r  c o n t i n u l n g  r e ~ i e t ? ,  and s z p p o r t  f m  
o l d e r  miss ions  i s  te rmina ted  o r  c u r t a i l e d  as miss ion  o b j e c t i v e s  a r e  achieved  o r  when t h e  experiment d a t a  i s  
no l o n g e r  u s e f u l .  These s u p p o r t  a d j u s t m e n t s  are making p o s s i b l e  t h e  s u p p o r t  o f  new satel l i tes  w i t h o u t  major 
i n c r e a s e s  i n  t h e  d a t a  p r o c e s s i n g  c a p a b i l i t y .  
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Sof tware  procurement a c t i v i t i e s  have been  i n i t i a t e d  f o r  s u p p o r t  o f  upcoming space  s c i e n c e  and a p p l i c a t i o n s  
s p a c e c r a f t  such as t h e  S o l a r  Maximum Miss ion  (SMM), t h e  Heat Capac i ty  Mapping Mission (HCMM), t h e  I n t e r n a t i o n a l  
Sun-Earth E x p l o r e r s  (ISEE), Nimbus-G, and Seasat-A. The ac t iv i t i e s  cover  s p a c e c r a f t  o r b i t  and a t t i t u d e  con- 
t r o i  and r e i a t e d  d a t a  p r o c e s s i n g  requi rements  which r e q u i r e  a d d i t i o n a l  funding f o r  F Y  1978. 

- 
I h e  Trnage I h t a  _Prncess?rrg F a c i l i t y ,  <niCFally cs tab l i shcd  f o r  the Support of the firs: &L iZ11 "nesuurces 

Technology S a t e l l i t e  (Landsat-1) t o  h a n d l e  imagery d a t a ,  now a l s o  s u p p o r t s  t h e  second Landsat  s p a c e c r a f t ,  
which w a s  s u c c e s s f u l l y  launched i n  .Taniiary 1975. Landsat-C w i l l  be  launched in t h e  f L r s t  h a l f  of 
and s u p p o r t e d  w i t h  a new a l l  d i g i t a l  sys tem t o  r e d u c e  t h e  t i m e  r e q u i r e d  t o  p r o v i d e  da ta  t o  u s e r s .  The 
o p e r a t i o n a l  requi rement  f o r  t h i s  f a c i l i t y  i s  expec ted  t o  c o n t i n u e  through t h e  n e x t  several  y e a r s  f o r  suppor t  
o f  t h e  c u r r e n t l y  approved e a r t h  r e s o u r c e s  programs. 

L L  1978 

The t e l e m e t r y  p r o c e s s i n g  f a c i l i t y  which h a s  handled t h e  c o n v e n t i o n a l ,  nonimagery d a t a  w i l l  b e  reconf igured  
i n  FY 1978 when the Telemetry On-Line P r o c e s s i n g  System (TELOPS) i s  phased i n .  This  r e c o n f i g u r a t i o n  w i l l  
r e s u l t  i n  t h e  change from a t a p e - o r i e n t e d  p r o c e s s  t o  an  automated o n - l i n e  e l e c t r o n i c  mass s t o r a g e  system. 
TELOPS w i l l  receive s a t e l l i t e  d a t a  i n  d i g i t a l  form from t h e  network on NASCOM communication l i n e s .  This 
sys tem w i l l  b e  a b l e  t o  s t o r e  up t o  s i x  months of  t e l e m e t r y  d a t a  o n - l i n e ,  t h u s  e l i m i n a t i n g  most of t h e  t a p e  
h a n d l i n g  o p e r a t i o n s  w i t h i n  t h e  d a t a  p r o c e s s i n g  f a c i l i t y .  
TELOPS r e q u i r e s  a d d i t i o n a l  funding u n t i l  t h e  new system i s  checked o u t  and accepted .  

Concurrent  o p e r a t i o n  of  t h e  p r e s e n t  system w i t h  

A s  i n  t h e  o t h e r  areas of o p e r a t i o n s ,  e s c a l a t i o n  i s  a s i g n i f i c a n t  f a c t o r  c o n t r i b u t i n g  t o  t h e  i n c r e a s e d  
funding  level  r e q u e s t e d  f o r  FY 1978 o v e r  FY 1977. 

B A S I S  OF FY 1978 FUNDING REQUIREMENTS: 

SYSTEMS IMPLEMENTAT I ON 

The o b j e c t i v e s  of t h e  NASA t r a c k i n g  and d a t a  systems implementat ion program are t o  m a i n t a i n  t h e  e x i s t i n g  
ground s u p p o r t  c a p a b i l i t y  a t  a h igh  l e v e l  of  p r o f i c i e n c y  and r e l i a b i l i t y  i n  o r d e r  t o  meet t h e  a g g r e g a t e  
s u p p o r t  needs of t h e  many and v a r i e d  s p a c e  m i s s i o n s ,  and t o  p r o v i d e  augmentation t o  t h i s  c a p a b i l i t y ,  as 
n e c e s s a r y ,  t o  m e e t  t h e  s p e c i a l  requi rements  of  i n d i v i d u a l  f l i g h t  p r o j e c t s .  These ground s u p p o r t  systems 
c m s i s t  ~f t h e  trazklrig m c !  zomiixi icat ions networks , c o i ~ i r u i  ceriLers, d a t a  p r o c e s s i n g  f a c i l i t i e s  and 
a e r o n a u t i c s  and sounding r o c k e t  i n s t r u m e n t a t i o n .  

The systems implementat ion program encompasses t h e  e n g i n e e r i n g ,  des ign  and procurement of  t h e  n e c e s s a r y  
equipment,  subsystems,  and systems i n  r e s p o n s e  t o  t h e  requi rements  of  t h e  v a r i o u s  f l i g h t  miss ions  and o t h e r  
r e s e a r c h  p r o j e c t s .  It a l s o  i n c l u d e s  r e l a t e d  documentat ion and development of i n i t i a l  computer programs, t h e  
p r o v i s i o n i n g  of  l a r g e  module s p a r e s ,  and a s s o c i a t e d  services such as acceptance t e s t i n g ,  i n t e g r a t i o n  and 
checkout of  subsys t e m s  and systems. 
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Funds are necessary to maintain the required level of operational proficiency and reliability of network 
systems through the replacement of obsolete and wornout equipment, the modification and augmentation of 
existing systems to maintain compatibility with changes in associated onboard spacecraft communications 
systems and to improve the utilization and efficiency of network systems. 

Fiscal year 1978 funds are required to continue the impiementation o f  new capabilities tor upcoming 
approved missions including the Mariner Jupiter/Saturn 1 9 7 7 ,  Pioneer Venus and Shuttle programs. Funds 
are a l so  required for augmentfng tile data processing and conLroi center faciiicies LO 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. 

Transition 1977 
1976 Quarter Budget Current 

Actual Actual Es that e Es t ima t e 
(Thousands of Dollars) 

....... 5,200 19,000 Spaceflight tracking and data network.. 19,150 
Deep space network ............................ 10,886 3 , 200 14 , 000 

Communications.... ............................ 3,284 900 3 , 900 
Data processing. .............................. 3,200 600 3,000 

Aeronautics and sounding rocket support... .... 2,523 800 2 , 600 

Total...................... ................. 39.043 10.700 42.500 

Spaceflight Tracking and Data Network Systems Implementation 

19,150 5 , 200 19 , 000 

OBJECTIVES AND STATUS : 

19,000 
14 , 000 

2 , 800 
3,900 
3,000 

42.700 

19,000 

1978 
Budget 
Estimate 

20,000 
12,700 

3 , 0 0 0  
3,500 
3 ,300 

42.500 

20 , 000 

During FY 1978,  the network will continue to support approximately fifty spacecraft on an around-the-clock _. basis. l'nese include many ongoing missions with highly complex requirements for tracking, dat acquisition, 
and command. Among these are the Space Shuttle Approach and Landing Tests, Landsats 1 and 2 ,  the Laser 
Geodjmaiiiic Satellite ('IAGEGSj, Applications T d i i i o l o g y  S a t e l l i t e  (AT5 6 1 ,  ilie Geodynamic Experimentai Ocean 
Satellite (GEOS 3 ) .  In addition to the ongoing missions, the network will provide support to a number of 
new missions including the High Energy Astronomy Observatory Landsat-C , the International Sun- Ear th 
Explorers (ISEE A, B, and C ) ,  the International Ultraviolet Explorer (IUE), the Heat Capacity Mapping Mission 
\lLbrulj , i)caDaL-fi, allu L l l c  L Q U I I L I I ~ ~  OL V ~ L L U U Y  L u L t f L g i i ,  cwiiuiieLcfai, arid oilier G.S.  Government agency spacecraft. / i T m n f \  c4 - - - -  A - -> LL- 1 L.-- C _ _ _ _ _  2 C -._. 3 . .  
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The Spaceflight Tracking and Data Network systems implementation program encompasses the procurement and 
implementation of systems and services necessary to sustain the network's continuing capability for reliable 

assure efficient and multipurpose tracking, command, and data acquisition support for all manned and unmanned 
earth orbital misstons, a d  to meet new support renliirements Y- f o r  spacecraft to 3e launched in the near future. 

si lppnrt  to th.ese nngnino, scientific 226 a p p l i ~ a t i ~ n s  ~ , a t e l l i t n ,  rniss i~ns , ts p r o v i d e  r;et>jork capabilities t o  

BASIS OF FY 1978 ESTIMATE: 

Equipment modifications are required in the network in FY 1978 to maintain the required level of proficiency 
for support of a diverse and demanding workload and to assure the reliability of the network systems. Accord- 

cations and 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 provision and modifi- 
cation of test equipment, and for minor equipment modifications resulting from changes in support requirements 
from one mission to the next. 

~ E O ~ I T  fijnrlc z)rn rnntiirnrl .. U'i"" -u L"L f n r  ronl L b y L U C C L L ' G I I I C  qnornnnt = f  =ut systems r ,~i-z re l iab le  . c ~ - j t ~ ,  f o r  eq"ipi,ipiLt ll,odifi- 
0 3 > ------ --- 

The network systems modifications required for support of the Space Shuttle Orbital Flight Tests were ini- 
tiated in FY 1976 and FY 1977 and installation of the equipment will be completed in FY 1978 to assure the 
network's readiness to support the first manned orbital flight. Additionally, procurements were initiated 
in FY 1977 to provide necessary systems for prelaunch verification of the ampoatibility between Space Shuttle 
payloads and data formats to be used in communications between the payloads and the Tracking and Data Relay 
Satellite System (TDRSS). These modifications will be continued in FY 1978. 

Several significant control center augmentations at the Goddard Space Flight Center (GSFC) are also planned 
in FY 1978, in order to meet the requirements of upcoming missions. Modifications to the existing Meteorolog- 
ical Data Handling System (MDHS) will be completed in time to support the launch of the Nimbus-G spacecraft. 
A telemetry input processor will be purchased to accommodate high data rates which will be received from 
future spacecraft via wide bandwidth "bent pipe'' communication circuits. This single processor will perform 
the necessary data identification functions which are now being done at each of the individual network 
stations. 

To meet the mission control workload in the 1980 ' s  a new approach to control center design will be initiated 
in FY 1978. This approach will involve techniques to rapidly configure control center equipment to meet the 
requirements of a particuiar 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. 
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A new c o n t r o l  c e n t e r  i s  planned f o r  implementat ion f o r  s u p p o r t  o f  t h e  Landsat-D mission. The Landsat-D 
s p a c e c r a f t  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  Landsat  1, 2 and C s p a c e c r a f t  and cannot b e  a d e q u a t e l y  
aUppULLcu uy Lilt t = L a L A L l s  C u l t L L u L  C C ~ I L ~ L .  u a ~ d u s e  of the lorig teri i i  a d  coiiiiriuous supporc requi rements  f o r  
t h e  approved Landsat program i t  i s  n o t  p o s s i b l e  t o  make major m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  c o n t r o l  c e n t e r  
W I I L ~ ~  a t  the same tiliie suppor t i t ig  currenL i a n d s a c  operanions .  Zonsequenciy: a new c o n t r o i  c m  ter i 
r e q u i r e d .  

_....__- c,d L.- tl.- .-_._ c:,, n--- 

--L: 1 

Deep Space Network Systems Implementat ion 

T r a n s i t i o n  1977 1978 
i976  Q u a r t e r  Budget Curren t  Budget 

Actua l  A c t u a l  Estimate E s  t i m a  t e E s t  %mate 
(Thousands of D o l l a r s )  

10,886 3 , 200 14 , 000 14 , 000 12,700 

OBJECTIVES AND STATUS: 

S p a c e c r a f t  c o n t r o l  and s c i e n c e  d a t a  r e c o v e r y  from d i s t a n t  p l a n e t a r y  and i n t e r p l a n e t a r y  s p a c e c r a f t  are accom- 
p l i s h e d  through h i g h l y  s p e c i a l i z e d  ground c a p a b i l i t i e s  i n  t h e  Deep Space Network. These c a p a b i l i t i e s  i n c l u d e  
h i g h  power t r a n s m i t t e r s ,  u l t r a  s e n s i t i v e  r e c e i v e r s  and an tenna  components, and advanced d a t a  h a n d l i n g  systems 
used w i t h  t h e  s t r a t e g i c a l l y  l o c a t e d  64-meter and 26-meter an tennas  around t h e  world.  

The Deep Space Network systems implementat ion program p r o v i d e s  f o r  t h e  procurement of equipment and r e l a t e d  
services t o  b e  used i n  t h i s  network t o  a s s u r e  t h a t  i t s  c a p a b i l i t i e s  keep pace  w i t h  ongoing and upcoming 
approved p l a n e t a r y  m i s s i o n  s u p p o r t  requi rements .  The i n c r e a s e d  complexi ty  of  p l a n e t a r y  miss ions  a s s o c i a t e d  
w i t h  advancements i n  s p a c e c r a f t  t echnology and a g r e a t e r  unders tanding  of p l a n e t s '  c h a r a c t e r i s t i c s  h a s  
r e s u l t e d  i n  e v o l v i n g  demands b e i n g  p l a c e d  on t h e  Deep Space Network. 

Due t o  t h e  l o n g  communication d i s t a n c e s  involved ,  long  f l i g h t  d u r a t i o n s ,  and t h e  need f o r  d e d i c a t e d  network 
si ipport  drjring criticzl m i s s i n r z  events  , the s u ~ p o r t  r e q u i r e m e n t s  cf apprcved prcgrams push t h e  s t a t e  ef the  
a r t  i n  ground communication and s p a c e c r a f t  n a v i g a t i o n  technology.  This  r e q u i r e s  a c o n t i n u i n g  e f f o r t  t o  extend 
t h e  c a p a b i l i t i e s  and improve t h e  performance and r e l i a b i l i t y  of t h e  network. 

A major time-phased equipment m o d i f i c a t i o n  program, i n i t i a t e d  i n  p r i o r  y e a r s ,  i s  c o n t i n u i n g  throughout  t h e  
network t o  suppor t  t h e  upcoming Mariner  J u p i t e r / S a t u r n  1977 miss ions  (MJS 1977) .  The c a p a b i l i t i e s  b e i n g  
implemented under t h i s  program w i l l  have a mul t imiss ion  c o n f i g u r a t i o n  t h a t  p e r m i t s  concurren t  suppor t  of 
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t h e  MJS 1977 and t h e  ongoing Viking, P i o n e e r ,  and Hel ios  extended missions.  
c a t i o n  has a l s o  commenced on s p e c i a l  equipment t o  r e c o v e r  d a t a  from t h e  m u l t i p l e  P i o n e e r  Venus Probes d u r i n g  
t h e i r  c r i t i c a l  e n t r y  phase i n t o  t h e  atmosphere of  Venus. 

Design and e a r l y  hardware f a b r i -  

EASIS O F  FY 1978 ESTIMATE: 

Funds r e q u e s t e d  i n  FY 1978 w i l l  b e  used t o  p r o v i d e  an  i n c r e a s e d  command c a p a b i l i t y  r e q u i r e d  by t h e  MJS 1977 
s p a c e c r a f t  onboard computer systemsi C o n t i n u a l  updat i r r -  6 ~f ~r-ibsard s t ~ r e d  programs, a s  ---- L c L c l i ~ ~ y  *’-- done w i t h  
t h e  Viking s p a c e c r a f t  on Mars, h a s  demonstrated t h e  importance of be ing  a b l e  t o  a d a p t  t o  changing mission 
modes t o  maximize f l i g h t  p r o j e c t  o b j e c t i v e s .  The h i g h  d a t a  ra te  command system f o r  MJS 1977 i s  in tended  t o  
p r o v i d e  similar f l e x i b i l i t y  i n  working w i t h  t h e  onboard computer t o  c o n t r o l  t h e  numerous s p a c e c r a f t  f u n c t i o n s  
as v a r i a t i o n s  i n  t h e  miss ion  p r o f i l e  occur .  

Other  m o d i f i c a t i o n s  i n  t h e  network p lanned  f o r  complet ion i n  FY 1978 inc l i ide  new h i g h e r  f requency (X-band) 
t e l e m e t r y  decoding equipment. This  t e l e m e t r y  c a p a b i l i t y  i s  r e q u i r e d  f o r  t h e  r e t r i eva l  of  g e n e s a l  s c i e n c e  
and imagery d a t a  as t h e  MJS 1977 s p a c e c r a f t  swing by t h e  p l a n e t  J u p i t e r  and i t s  s a t e l l i t e s ,  I o ,  Ganymede, 
and C a l l i s t o .  These f l y b y s ,  o c c u r r i n g  o v e r  a b i l l i o n  k i l o m e t e r s  from Ear th ,  w i l l  b e  as c l o s e  as twenty- 
f i v e  thousand k i l o m e t e r s  from t h e  s u r f a c e  of t h e s e  s a t e l l i t e s  and w i l l  p r o v i d e  v a l u a b l e  d a t a  on t h e  composi- 
t i o n  of t h e i r  s u r f a c e s  and atmospheres.  

I n  o r d e r  t o  n a v i g a t e  t h e  s p a c e c r a f t  i n  c l o s e  p r o x i m i t y  t o  t h e  p l a n e t s  and, t o  a c h i e v e  t h e  c r i t i c a l  swingby 
t r a j e c t o r y  n e c e s s a r y  t o  t ravel  on t o  S a t u r n ,  a n  improved and more a c c u r a t e  t r a c k i n g ,  d a t a  handl ing ,  and t iming 
c a p a b i l i t y  i s  r e q u i r e d .  FY 1978 funding i s  n e c e s s a r y  t o  c o n t i n u e  development of t h i s  v e r y  p r e c i s e  system 
which u s e s  t h e  new technique  of v e r y  l o n g  b a s e l i n e  i n t e r f e r o m e t r y .  This  technique  employs t h e  use  of t r a c k -  
i n g  s t a t i o n s  a t  two widely s e p a r a t e d  l o c a t i o n s .  The d a t a  o b t a i n e d  by t h e s e  s t a t i o n s  p e r m i t s  a c c u r a t e  d e t e r -  
mina t ion  of  t h e  s t a t i o n  l o c a t i o n s  and a lso t h e  s p a c e c r a f t  p o s i t i o n .  From t h i s  i n f o r m a t i o n ,  improved space-  
c r a f t  n a v i g a t i o n  accuracy  i s  p o s s i b l e .  
c r i t i c a l  f o r  t h e  S a t u r n  encounter  phase  o f  t h e  MJS 1977 miss ion ,  which occurs  some one and one-ha l f  b i l l i o n  
k i l o m e t e r s  from E a r t h ,  and t h e  l a t e r  numerous s a t e l l i t e  f l y b y s  of t h e  J u p i t e r  O r b i t e r / P r o b e  mission.  

N a v i g a t i o n  s u p p o r t  by t h e s e  same techniques  w i l l  b e  even more 

S p e c i a l  equipment and m o d i f i c a t i o n s  are r e q u i r e d  t o  s u p p o r t  t h e  P ioneer  Venus o r b i t e r  and mul t iprobe  . .  
m7 . L L L a a L V I I .  m r - 7  nn Slx~? taneo i i s  recovery u f  daia from c’ne m u l t i p l e  probes e n t e r i n g  t h e  Venusian atmosphere r e q u i r e s  
a d d i t i o n a l  r e c e i v i n g ,  r e c o r d i n g ,  and d a t a  h a n d l i n g  c a p a b i l i t i e s  i n  t h e  network. I n i t i a t e d  i n  p r i o r  y e a r s ,  
t h i s  e f f o r t  w i l l  b e  completed w i t h  FY 1978 funds ;  

To meet t h e  s u b s t a n t i a l  Venus and J u p i t e r  encounter  workload t h a t  w i l l  occur  i n  1978, t h e  m o d i f i c a t i o n  of 
a Goldstone,  C a l i f o r n i a ,  26-meter s t a t i o n  h a s  been i n i t i a t e d .  This m o d i f i c a t i o n  w i l l  e n a b l e  t h e  s t a t i o n  t o  

as - - - l l  receive t h e  h i g h e r  performance X-band f req i ienc ies  heing 1xed  h ; ~  Pic)np_p_r Venus 2nd EJS I??? m l s s i o i i s  W C L I  
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a s  f u t u r e  p l a n e t a r y  miss ions .  
s t a t i o n s .  The a d d i t i o n a l  X-band r e c e p t i o n  c a p a b i l i t y  i n  t h e  network i s  needed t o  suppor t  t h e  c r u i s e  n a v i g a -  

t a r y  m i s s i o n s  such a s  t h e  Pioneer  10, which a t  t h a t  t i m e  w i l l  be  w e l l  beyond t h e  range of t h e  26-meter antenna 
c a p a b i l i t i e s .  

In FY 1978 s i m i l a r  m o d i f i c a t i o n s  w i l l  be  i n i t i a t e d  a t  two o v e r s e a s  26-meter 

L L V l l  requii-sinents f o r  . C T _  1 n-7 ~3 L Y ~ I  dnd iv aiiow ihe more s e n s i t i v e  64-meter s t a t i o n s  t o  suppor t  o t h e r  i n t e r p i a n e -  *: ^- 

The n e c e s s i t y  t o  cover  c r i t i c a l  one-t ime miss ion  e v e n t s  r e q u i r e s  a n  extremely h igh  l eve l  of  network r e l i a -  
b i l i t y .  
of s p a r e s  p r o v i s i o n i n g  and replacement  o f  f a i l u r e  prone and o b s o l e t e  components. A d d i t i o n a l l y ,  minor adapta-  
t i o n s  and m o d i f i c a t i o n s  are needed t o  i n t e r f a c e  new equipments w i t h  t h e  e x i s t i n g  complement. 

FY 1978 funds are needed t o  m a i n t a i n  t h i s  h i g h  leve l  o f  r e l i a b i l i t y  through a c o n t i n u i n g  program 

Aeronaut ics  and Sounding Rocket Support  Systems Implementation 

Trans i t i o n  1977 1978 
1976 Q u a r t e r  Budget Curren t  Budget 

A c t u a l  Actua l  E s t i m a  t e Estimate Estimate 
(Thousands of D o l l a r s )  

2,523 800 2 , 600 2,800 3,000 

OBJECTIVES AND STATUS : 

The a e r o n a u t i c s  and sounding r o c k e t  programs are  suppor ted  a t  t h e  Wallops F l i g h t  Center  i n  V i r g i n i a  and 
t h e  Dryden F l i g h t  Research Center  i n  C a l i f o r n i a .  

The a e r o n a u t i c s  program s u p p o r t  a t  Wallops c o n s i s t s  of s p a c e  component tes ts  u t i l i z i n g  h e l i c o p t e r  o r  a i r -  
c r a f t  d r o p s ,  a i r c r a f t  n o i s e  abatement p r o j e c t s ,  s low speed l a n d i n g  techniques  f o r  j e t  a i r c r a f t ,  a n t i s k i d  
t e s t s  on grooved runways, v e r t i c a l / s h o r t  t a k e o f f  and landing  (V/STOL) t e r m i n a l  area r e s e a r c h ,  microwave 
l a n d i n g  system development tes ts ,  c o l l i s i o n  avoidance programs and remote ( a i r b o r n e )  s e n s i n g  developments 
i n  suppor t  o f  t h e  e a r t h  r e s o u r c e s  programs. 

The sounding r o c k e t  programs suppor ted  a t  Wallops cover  a l l  of t h e  atmospheric  and space  d i s c i p l i n e s  i n  
which r e s e a r c h  i s  under taken ,  u t i l i z i n g  a fami ly  of launch v e h i c l e s  vary ing  i n  s i z e  and power from t h e  small 
m e t e o r o l o g i c a l  r o c k e t s  t o  t h e  72-foot  Scout  w i t h  an  o r b i t a l  launch c a p a b i l i t y .  More than  300 sounding r o c k e t s  
are a n n u a l l y  launched from Wallops I s l a n d  and remote s i t e s  around t h e  world,  c a r r y i n g  experiments  i n  t h e  
f i e l d s  of Aeronomy, E n e r g e t i c  P a r t i c l e s ,  I o n o s p h e r i c  P h y s i c s ,  Meteorology, and S o l a r  Phys ics .  Of p a r t i c u l a r  
i n t e r e s t  i s  t h e  c u r r e n t  e f f o r t  t o  measure t h e  e f f e c t  of a e r o s o l s  on t h e  p r o t e c t i v e  l a y e r  of ozone i n  t h e  
upper atmosphere which f i l t e r s  o u t  harmful  s o l a r  r a d i a t i o n .  
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To p r o v i d e  i n s t r u m e n t a t i o n  s u p p o r t  t o  t h e s e  programs, f i x e d  and mobile  ground suppor t  equipments are  pro-  
v ided  by Wallops. To main ta in  t h e s e  equipments ,  s p a r e  and replacement  p a r t s  are  r e q u i r e d ,  a s  w e l l  as some 
non- recove rab le  f l i g h t  hardware s u c h  as onboodrd ancennas and t r ansponder s .  T o  meet s p e c i f i c  tes t  r e q u i r e -  
ments,  m o d i f i c a t i o n s  and augmentat ions o f  s e l e c t e d  t e l eme t ry ,  communications,  t r a c k i n g ,  command, and d a t a  
h a n d l i n g  s y s  t e m s  a r e  requ’lred. I n  a d d i l i o n ,  che mobile y i i i p m e n t  m.12st h e  pe r i cc l i cz l ly  r e f u r b i s h d  
modi f ied  t o  meet remote s i t e  r equ i r emen t s  such as t h e  ongoing me teo ro log ica l  program i n  coope ra t ion  w i t h  
several n a t i o n s ,  i n c l u d i n g  Argent ina ,  B r a z i l ,  and Spain .  

The a e r o n a u t i c a l  r e s e a r c h  and technology programs suppor ted  by t h e  Dryden F l i g h t  Research Center  (DFRC) 
c o n s i s t  of h igh  a l t i t u d e  and t e r m i n a l  area tes ts  invo lv ing  h igh  performance a i r c r a f t  such as t h e  F-111,  
YF-12, 747 Shuttle c a r r i s r  a i r c r a f t ,  and v a r i o u s  o t h e r  a i r c r a f t  and h e l i c o p t e r s .  Dryden F l i g h t  Research 
Cen te r  w i l l  a l so  be  r e s p o n s i b l e  f o r  t h e  Approach and Landing Tests f o r  t h e  S h u t t l e  O r b i t e r .  The ground 
s u p p o r t  equipment i s  l o c a t e d  on t h e  Aerodynamics Test Range, which c o n s i s t s  of s t a t i o n s  a t  Edwards, Cal i -  
f o r n i a ,  and Ely,  Nevada. High p r e c i s i o n  r a d a r ,  t e l eme t ry  d a t a  hand l ing ,  and a s s o c i a t e d  t iming ,  communica- 
t i o n s  and command systems are  main ta ined  and modif ied t o  meet t h e  changing requi rements  of t h e  approved 
f l i g h t  p r o j e c t s .  

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

The i n c r e a s e  of $200 thousand i n  t h e  FY 1977 funding  level r e s u l t e d  from t h e  requi rement  f o r  a d d i t i o n s  t o  
t h e  r ange  communication system i n  s u p p o r t  o f  t h e  S h u t t l e  Approach and Landing Tests. 

BASIS OF FY 1978 ESTIMATE: 

Funds are r eques t ed  i n  FY 1978 t o  p r o v i d e  the s u s t a i n i n g  equipment and m o d i f i c a t i o n s  t o  suppor t  t h e  sound- 
i n g  r o c k e t  and a e r o n a u t i c s  program as d e s c r i b e d  above. 

Communications Systems Implementat ion 

1977 1978 T r a n s i t i o n  
197 6 Q G a r  t e r  Eudge t  Currenc Budget 

A c t u a l  Actua l  E s t i m a t e  E s  t i m a  t e Estimate 
(Thousands of D o l  l a . r s )  

3,284 900 3 , 900 3 , 900 3,500 
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OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Communications S y s t e m  Tmplementatisn Prsg ran  is to provide  the necessary c a p a b i i i t y  
i n  NASA’s g l o b a l  communications network (NASCOM) t o  meet new program suppor t  requi rements ,  t o  i n c r e a s e  t h e  
e f f i c i e n c y  o f  t h e  network,  and t o  s r i s t a i n  PJASCOM a t  a h i g h  level  o f  r e l i a b i l i t y  i n  Che t r ansmiss ion  of  dataz 

NASCOM i n t e r c o n n e c t s  the t r a c k i n g  and d a t a  acquisition f a c i l i t i e s  which suppor t  a l l  f l i g h t  p r o j e c t s .  
NASCSvl ais0 l i n k s  t o g e t h e r  such f a c i l i t i e s  as launch areas, t e s t  s i t e s ,  and miss ion  c o n t r o l  centers. 

BASIS OF FY 1978 ESTIMATE: 

Funds r eques t ed  i n  FY 1978 w i l l  p rov ide  f o r  t h e  c o n t i n u i n g  procurement of systems t o  improve t h e  d a t a  
t r a n s m i s s i o n  c a p a b i l i t y  of t h e  network. A s  d i s c u s s e d  i n  t h e  communications o p e r a t i o n s  area, t h e  NASCOM 
i s  us ing  d i g i t a l  t echn iques  t o  hand le  t h e  h i g h e r  d a t a  ra tes  of t h e  f l i g h t  p r o j e c t s .  The u s e  of d i g i t a l  
t echn iques  r e q u i r e s  s p e c i a l i z e d  equipment t o  t r a n s m i t  t h e  d a t a  ove r  t h e  l ea sed  communications c i r c u i t s .  

Along wi th  d i g i t a l  t echn iques ,  i t  i s  becoming i n c r e a s i n g l y  c o s t  e f f e c t i v e  t o  use  wideband c i r c u i t s  i n  
NASCOM t o  “bent  p i p e ”  d a t a  from t h e  s t a t i o n s  t o  c o n t r o l  c e n t e r s .  
w i l l  be  procured  i n  FY 1978 as t h e  common carriers make a v a i l a b l e  a g r e a t e r  v a r i e t y  of wideband c o m u n i c a -  
t i o n  services 

Wideband t e rmina l  and i n t e r f a c e  equipment 

To ma in ta in  sys tem r e l i a b i l i t y ,  a c o n t i n u i n g  program t o  p r o c u r e  rep lacement  p a r t s ,  s p a r e s ,  t e s t ,  and moni- 
t o r i n g  equipment i s  necessa ry .  Funds f o r  t h i s  purpose  are inc luded  i n  t h e  FY 1978 r e q u e s t .  

Data P r o c e s s i n g  Systems Implementat ion 

T r a n s i t  In 1977 1978 
Budget 197 6 Q u a r t e r  Budget Cur ren t  

Ac tua l  Ac tua l  Estimate Estimate Estimate 
(Thousands of D o l l a r s )  

3,200 600 3,000 3,000 3,300 

OBJECTIVES AXE STATiiS : 

The Data P rocess ing  Systems Imp,anentat ion Program p rov ides  f o r  t h e  procurement of equipment and r e l a t e d  
s e r v i c e s  t o  s u s t a i n  t h e  l a r g e  computer complexes a t  t h e  Goddard Space F l i g h t  Center  (GSFC) which s u p p o r t  bo th  
+h, L L L L  V t / C L Q L L u L I Q ~  -*--..+:---l CLUU - - J  ----l p d y ~ u a d  requi rements  of space  miss ions .  The o p e r a t i o n a l  c a p a b i l i t y  of t h e s e  complexes 
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are  used t o  determine s p a c e c r a f t  a t t i t u d e  and o r b i t ,  t o  g e n e r a t e  commands t o  t h e  s p a c e c r a f t ,  and t o  p r o v i d e  

science and a p p l i c a t i o n s  exper iments  f o r  subsequent  t r a n s f e r  t o  t h e  experiments .  
t he  s t a t u s  sf onboard s.d~systei-ils, T- LII  s u p p u ~ t  of  s p a c e c r a i i  payloads ,  t h e s e  compiexes p rocess  t h e  d a t a  from 

S e v e r a l  s i g n i f i c a n t  act ivi t ies  i n  t h i s  program are underway a t  GSFC. For  t h e  p rocess ing  of d i g i t a l  d a t a ,  
a Telemetry On-Line P rocess ing  System (TELOPS) i s  under c o n t r a c t ,  and d e l i v e r y  i s  a n t i c i p a t e d  i n  FY 1978, 
A second major a c t i v i t y  underway i s  a m o d i f i c a t i o n  t o  the  Image Process ing  F a c i l i t y  t o  provide  f o r  h ighe r  
r e s o l u t i o n  and g r e a t e r  accu racy  i n  the hand l ing  of  imagery d a t a .  A l s o ,  equipment i s  be ing  procured  t o  
i n t e r f a c e  between t h e  NASCOM t e r m i n a l  and t h e  e x i s t i n g  d a t a  p r o c e s s i n g  f a c i l i t y  t o  accommodate t h e  wide- 
baiid da ta  CrafismLssluii lttude c u r r e r i i i y  b e i n g  implemented i n  t h e  NASCUM network. 

BASIS OF FY 1978 ESTIMATE: 

The FY 1978 estimate i n c l u d e s  funds t o  augment and complete  t h e  i n t e r f a c e  of  t h e  e x i s t i n g  Univac 1108 
m u l t i p r o c e s s o r  used i n  d a t a  p r o c e s s i n g  w i t h  t h e  new Telemetry On-Line P rocess ing  System (TELOPS). 
t o  be  procured  i n c l u d e s  h i g h  d e n s i t y  r e c o r d e r s ,  f ron t - end  p r o c e s s o r s  and l a r g e  d i s c  s t o r a g e  f o r  t h e  1108. 

Equipment 

Funds are  a l s o  inc luded  i n  t h e  FY 1978 r e q u e s t  t o  p rov ide  t h e  TELOPS w i t h  a d a t a  c a p t u r e  c a p a b i l i t y  f o r  
h a n d l i n g  and i d e n t i f y i n g  d a t a  from m u l t i p l e  NASCOM c i r c u i t s  i n c l u d i n g  TDRSS wideband t r ansmiss ions .  This  
wideband d a t a  c a p t u r e  c a p a b i l i t y  w i l l  a l s o  p rov ide  an i n t e r i m  s o l u t i o n  f o r  d a t a  p rocess ing  of Space labs  1 
and 2 payloads .  

For  l a te r  Spacelab mis s ions  much h i g h e r  d a t a  rates are expec ted ,  which may r e q u i r e  a d d i t i o n a l  expansion 
of  t h e  d a t a  p rocess ing  c a p a b i l i t y .  

The FY 1978 estimate a l s o  i n c l u d e s  funds t o  complete  t h e  conve r s ion  of  t h e  e x i s t i n g  NASA Image Data Pro- 
c e s s i n g  F a c i l i t y  t o  a g e n e r a l  purpose  sys tem,  and t o  complete  t h e  s e n s o r  p e c u l i a r  p rep rocess ing  and p roduc t  
g e n e r a t i o n  subsystems f o r  s u p p o r t i n g  upcoming miss ions  such as HCMM and Nimbus-G. Funds are  a l s o  r e q u i r e d  
t o  demonst ra te  on a l i m i t e d  scale a c a p a b i l i t y  t o  p rep rocess  s e n s o r  d a t a  a t  rates t e n  times g r e a t e r  than  
t h e  p r e s e n t  c a p a b i l i t y .  4 p p l i c a t i o n  preprocesscrs I.;.,(! r e l a t e d  s s f t w a r e  are  planned f o r  procurement i i i  

FY 1978 as p a r t  of  t h i s  e f f o r t .  
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BASIS OF FY 1978 FUNDING REQUIREMENTS: 

ADVANCED SYSTEPIS 

T r a n s i t i o n  1977 1978 
i97 6 Q u a r t e r  Budget Curren t  Budget 

Actua l  Actua l  Estimate E s t i m a t e  Estimate 
(Tnousands of D o i i a r s  j 

9 ,221  2,300 8,700 8,700 9,300 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of  t h e  Tracking and Data A c q u i s i t i o n  Advanced Systems Program i s  t o  accomplish s t u d i e s  and 
developments which p r o v i d e  a sound b a s i s  f o r  c o s t - e f f e c t i v e  s u p p o r t  o f  t h e  t o t a l  mix of space  f l i g h t  missions.  
These s t u d i e s  and developments focus on new and improved network and d a t a  p r o c e s s i n g  c a p a b i l i t i e s  t o  meet 
upcoming miss ion  requi rements .  Included are such  e f f o r t s  as o p t i m i z i n g  space- to-ground te lecommunicat ions 
l i n k s  and t h e  development of techniques  f o r  p l a n n i n g  economical and r e l i a b l e  o p e r a t i o n a l  suppor t .  

BASIS OF FY 1978 ESTIMATE: 

C a p a b i l i t i e s  t o  telemeter, a c q u i r e ,  and p r o c e s s  image t y p e  d a t a  a r e  be ing  developed which p r o v i d e  f o r  a 
level  of p i c t u r e  d e t a i l  g r e a t e r  than  t h a t  of a q u a l i t y  TV channel .  F u t u r e  s p a c e c r a f t  w i t h  i n s t r u m e n t s  t h a t  
can c o l l e c t  a whole new spectrum of i n f o r m a t i o n  about  l a n d ,  sea and environmental  c o n d i t i o n s  r e q u i r e  d a t a  
r a t e  h a n d l i n g  c a p a b i l i t i e s  many times g r e a t e r  t h a n  now p o s s i b l e .  I n  FY 1978 work w i l l  b e  pursued on m i l l i -  
meter-wave, r a d i o  f requency  (R-F) systems and automated d i g i t a l  p r o c e s s i n g  techniques  needed t o  meet t r a c k -  
i n g  and d a t a  a c q u i s i t i o n  suppor t  requi rements  f o r  miss ions  w i t h  h i g h e r  d a t a  ra tes .  These requi rements  cannot  
be m e t  w i t h  c u r r e n t  c a p a b i l i t i e s .  

Some of  t h e  most impress ive  improvements i n  t r a c k i n g  and d a t a  a c q u i s i t i o n  c a p a b i l i t i e s  have been i n  p lane-  
t a r y  miss ion  te lecommunicat ions.  Through improvements on an tennas  and f e e d s ,  low n o i s e  r e c e i v e r s ,  s p a c e c r a f t  
R-F systems,  i n  s i g n a l  coding and r e l a t e d  e f f o r t s  we have extended p l a n e t a r y  te lecommunicat ions c a p a b i l i t i e s  
from approximate ly  8 b i t s  p e r  second i n  1965 a t  t h e  d i s t a n c e  of Mars t o  approximately 16,000 b i t s  p e r  second 
2.t t h e  d i s t a n c e  of z u p l t e r .  %is i s  m ii i iprovemei i t  f a c t o r  of 5,000 I n  tile daia ra ie  a t  approximateiy 6 times 
t h e  d i s t a n c e .  Work w i l l  c o n t i n u e  i n  FY 1978 i n  t h i s  area t o  meet f u t u r e  requi rements .  F u t u r e  s p a c e c r a f t  
command and d a t a  a c q u i s i t i o n  requirements  are expec ted  t o  exceed 40,000 b i t s  p e r  second a t  d i s t a n c e s  of 
Satclrn, approximate ly  1.5 b i l l i o n  k i l o m e t e r s  from Ear th .  
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S i m i l a r l y  impress ive  improvements have been made i n  t h e  area of ground monitored and d i r e c t e d  s p a c e c r a f t  
-,...--..+ r lav;6;a .LLull .  :e.. T . T n - l r  w u L k  - . A l l  W L l l  ~ U I ~ L L ~ ~ U e  ---+:-..e oii g r o w i d  t rack ing  systems aiid techniques  aimed at iwetiLig i'rie exireme 
a c c u r a c i e s  needed f o r  t h e  o u t e r  p l a n e t  miss ions  t o  accomplish,  f o r  example, p r e c i s i o n  " s l i n g  s h o t "  swing 
bys and t o  o b t a i n  p l a n e t a r y  s a t e l l i t e  p i c t u r e s .  Such techniques  i n c l u d e  two-s t a t ion  t r a c k i n g ,  Very Long 
Base l ine  I n t e r f e r o m e t r y  (VLBI), a tomic frequency s t a n d a r d s ,  and p r e c i s e  s t a t i o n - t o - s t a t i o n  t iming  synchron- 
i z a  t ion .  

Tracking and d a t a  a c q u i s i t i o n  suppor t  o p e r a t i o n s  a r e  becoming more e f f i c i e n t  and e f f e c t i v e  because of t h e  
development of computer a s s i s t e d  o p e r a t i n g  techniques  which permi t  g r e a t e r  c e n t r a l i z e d  c o n t r o l  and moni tor ing  
of 2 0 t h  t h e  rietwork statioiis aid their c o i i i r v i  ceniers. Work con t inues  on er'r 'orcs 110 furEher  reduce r e c u r -  
r i n g  o p e r a t i o n s  c o s t s  and w i l l  focus  on t h e  "bent p ipe"  approach f o r  t r a n s m i t t i n g  d a t a .  
a s t a t i o n  a c q u i r e s  and r e l a y s ,  via NASCOM, a l l  s p a c e c r a f t  d a t a  i n  r e a l  t ime wi thou t  manipula t ion  a t  t h e  s t a t i o n .  
This  e f f o r t  w i l l  i n c l u d e  a c o n s o l i d a t i o n  of  s t a t i o n  f u n c t i o n s  wi th  automated o p e r a t i o n  i n  those  f u n c t i o n a l  a r e a s  
where o v e r a l l  c o s t  e f f e c t i v e n e s s  can  be shown. The s t u d i e s  w i l l  cons ide r  t h e  use  of minicomputers and micropro-  
c e s s o r s  a long  w i t h  t h e  development of a common aof tware  and hardware i n t e r t a c e s  f o r  u se  i n  t h e  va r ious  f u n c t i o n a l  
a r e a s .  

Under t h i s  approach 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1-978 ESTIYuALTES 

BUDGET S L W 4 R Y  

OFFICE OF INDUSTRY AFFAIRS 
Ah% TECHXOLOGY UTILIZATION TECHNOLOGY U T I L I Z A T I O N  PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Trans  i t i o n  1977 
Q u a r t e r  Budget Curren t  1976 

Ac tua 1 Ac tua  1 E s t i m a t e  Es t imate  
(Thousands of  D o l l a r s )  

................................. 

................................. .......................... 
3 .  145 1.  013 3 .  245 3 .  445 I n d u s t r i a l  a p p l i c a t i o n s  

Technology a p p l i c a t i o n s  
Program c o n t r o l  and e v a l u a t i o n  

3 .  500 812 3 .  640 3 .  640 
855 175 1 .  015 1, 015 

................................................. 2.500 2 . 000 7. 900 8. 100 T o t a l  

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

.................................... 

.................................... 
............................ 

.................. 

Johnson Space Center  433 
Kennedy Space Center  110 
Marsha l l  Space F l i g h t  Center  422 
N a t i o n a l  Space Technology L a b o r a t o r i e s  5 3  
Goddard Space F l i g h t  Center  39 1 
J e t  P ropu l s ion  Labora tory  6 30 
Wallops F l i g h t  Center  15 
A m e s  Research  Csnter 800 

............................. 
............................... 

................................... 
..................................... 

Dryden F l i g h t  Kesearch Center  ........................... 
Langley Research Center  900 
L e w i s  Research Center  55 

.-. 
.................................. 

................................... 
............................................ 3 ,  689 Headquar te rs  

l u u  

l o  
10 

128 
134 

206 

1 5 1  
5 

1, 256 

... 

... 

... 

450 
100 
600 

50 
500 
650 

800 
35 

700 
2 50 

3 .  750 

1 c  
LJ  

450 
100 
600 

50 
500 
650 

800 
35  

700 
2 50 

3 .  950 

I?- 

L 3  

................................................. 7.500 2 . 000 7.900 8 .  100 T o t a l  

1978 
Budget 

E s t ima t e 

3 .  445 
3 .  640 
1 .  015 

8 .  100 

450 
100 
600 

50 
500 
650 

1 5  
800 

35 
700 
250 

3 .  9 5 0  

8.100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1978 ESTIMATES 

OFFICE OF TNllliC;'E''Y P.FF>.I?,S 
AND TECHNOLOGY UTILIZATION TECHNOLOGY U T I L I Z A T I O N  PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION:  

The o v e r a l l  o b j e c t i v e  of t h e  NASA Technology U t i l i z a t i o n  Program i s t~ enhasce NatioLlai economic growth 
t l lrough c'ne t r a n s t e r  of new technology r e s u l t i n g  from a e r o n a u t i c a l  and space r e s e a r c h  and development e f -  
f o r t s  t o  t h e  non-aerospace segments of  t h e  economy. Developing secondary uses  f o r  ae rospace  technology 
a s s u r e s  added r e t u r n  on t h e  Nat iona l  inves tment  i n  ae rospace  r e sea rch  and development. 

The s p e c i f i c  o b j e c t i v e s  of t h e  program a r e  to :  

(1) Expedi te  t h e  a p p l i c a t i o n  o f  new technology by compressing t h e  t ime r equ i r ed  from g e n e r a t i o n  o f  
technology t o  i t s  use  i n  t h e  economy; 

(2) Encourage t h e  u s e  o f  ae rospace  technology i n  non-aerospace segments of  t h e  economy having problems 
amenable t o  t e c h n o l o g i c a l  s o l u t i o n s ;  and 

(3)  Understand more f u l l y  t h e  technology t r a n s f e r  p rocess  and i t s  impact and s y s t e m a t i c a l l y  manage and 
op t imize  t h e  p rocess .  

Over t h e  p a s t  15 y e a r s ,  thousands o f  ae rospace -de r ived  t echno log ie s  have spun o f f  t o  t h e  p u b l i c  and p r i -  
v a t e  s e c t o r s  of  t h e  economy. 
eve ry  f a c e t  of  ou r  l ives--home and au tomot ive  d e s i g n s ;  f i r e  p r e v e n t i o n  techniques  and p r o t e c t i o n  f o r  f i r e -  
f i g h t e r s ;  medical  d i a g n o s t i c  i n s t r u m e n t a t i o n ;  b r i d g e  c o n s t r u c t i o n ;  food process ing  equipment; farm machinery; 
computer ized banking; t r a f f i c  c o n t r o l s  and highway s a f e t y ;  m i c r o e l e c t r o n i c  products ;  energy systems; and 
i n d u s t r i a l  p rncesses  ~f aliiiost every d e s c r i p t i o n .  Many of t h e s e  advances have v a l u e s  measured i n  m i l l i o n s  of 
d o l l a r s .  I n  aggrega te ,  s p i n - o f f s  o f  ae rospace  technology have provided s i g n i f i c a n t  b e n e f i t s  t o  t h e  g e n e r a l  
w e l f a r e  and t o  t h e  n a t i o n a l  economy, 

A s t e a d y  s t r e a m  of t e c h n o l o g i c a l  i nnova t ions  and advances has  a f f e c t e d  n e a r l y  

During FY 1977 and FY 1978, NASA w i l l  c o n t i n u e  i t s  e f f o r t s  t o  convey new ae rospace  knowledge and innova t ive  
t e c h n o l o g i e s  t o  a wide v a r i e t y  of i l s e r s  i n  t h e  p u b l i c  and p r i v a t e  s e c t o r s  of t h e  economy. Represen ta t ive  
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examples of these activities include: 

lutiications: Announcement and dissemination of available aerospace technologies (e.g., NASA Tech Briefs). 
Nearly 50,000 specific requests for additional technical information result each year from this effort. 

Industrial Applications Centers: Six regional computerized NASA technical information centers serving 
indrrstry nationwide on a fee-paying hasis .  Kearly 80,OOS client interactions occurred in 1976. 

Computer Software Management and Information Center (COSMIC): One of the Nation's largest libraries of 
computer programs, containing over 1,600 programs, for dissemination to i n d u s t r i a l  u s e r s .  

State and local technical assistance activities: An experimental effort begun in FY 1977, in conjunction 
with the Universities of Florida and Kentucky, to facilitate the provision of technical assistance and tech- 
nology transfer at state and local levels. 

Applications teams: Multidisciplinary groups of technologists to assist organizations in selected public 
sector areas, such as medicine and transportation, in problem-definition and solution. In 1976, for example, 
nearly 90 different medical institutions across the Nation were served through application team efforts. 

Applications engineering projects: Projects for adapting existing aerospace technology for use in other 
public sector agencies. 
cooperation with the National Fire Prevention and Control Administration, is investigating the use and 
applicablity of new materials developed for aerospace programs to improve firefighters' equipment, including 
protective garments and firefighting implements and tools; and Tissue Stimulator - Extension of  successful 
rechargeable cardiac pacemaker technology and telemetry techniques to the development of a fully implantable 
human tissue stimulator to reduce pain in patients with nerve and muscle problems. 
sponsored by the Johns Hopkins University Hospital. 

Among the nearly 60 currently active projects are: Project FIRES - NASA, in 

This project is jointly 

CHANGES FROM FY 1977 BUDGET ESTIMATE: 

A d d i t i Q m l  funds  I n  the aiiiourii of $200,000 were made available in FY 1977 as a result of Congressional 
authorization action. This increase made possible the initiation of an experimental technical assistance 
activity in conjunction with the University of Kentucky t o  facilitste t h e  t r a n s f 2 r  of a e r o s p a c e  rrec'nnoiogy 
to state, local and industrial needs of that area, 
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BASIS OF FY 1978 ESTIMATE: 

Industrial Applications 

In FY 1978, NASA plans to continue its efforts to improve t h e  distri5utLoi-i  of ~ r w  iechnoiogy to a broader 
induscriai community. Additional attention will be focused on small business firms through cooperative ef- 
forts with the S m a l l  Business Administration and extension o f  an  experimental cffmt begun i n  FY i 9 7 7  for 
stnaii  businesses located in southern California. 

In addition, NASA will continue to increase its efforts to encourage industrial and professional joiirnal 
publishers t o  reflect inforritlon oa aerospace technology advances of interest to their readers. Such ef- 
forts will create increased awareness in the business community of available aerospace technologies which, 
when applied, may favorably affect industrial productivity. 

The experimental technical assistance activities in Florida and Kentucky will continue to seek meaningful 
and productive ways i n  which NASA can work with state and local governments in applying aerospace technology 
to identified governmental and industrial needs of these regions. 
are being jointly funded with these states, may lead to a more systematic and effective means for intergovern- 
mental technology transfer than has been available before. 

The results of these two activities, which 

Technology Applications 

In FY 1978, the Technology Utilization PPogram will continue to pursue technological solutions for identi- 
fied public sector problems in such areas as medicine, transportation, and public safety. Existing aerospace 
technologies are adapted to solve problems specified in cooperation with other mission-oriented agencies at the 
Federal, state and local levels. Approximately two-thirds of the funds requested for technology applications 
will be used to continue multi-year projects (e.g., Project FIRES) and to initiate new efforts. 

In addition, continued support will be provided to the application teams, which identify and assess problem- 
solution opportunities, generally defined in conjunction with other governmental organizations. Particular 
emphasis w’ll be placed on the maniif;lctnring ~ r c c c s s c s  t e a =  and t l i e L r  efforts to increase indiistrial produc- 
tivity through the application of advanced aerospace technology and fabrication techniques. 

Program Controi and Evaluation 

In FY 1978, NASA plans to continue to build on the FY 1977 analyses of technological, societal and economic 
show C L - -  impacts of aerospace-developed techniques. Recent analyses by the nepartment nf  C$miercc Llld L ddvances 
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in technology are the single most important factors in the improvement of productivity. In addition, NASA 
plans to continue and improve its efforts to document specific evidence of technology t r ans fe r ,  2nd convey 
such information to the general public. Creating awareness of successful uses of aerospace knowledge and 
innovative technologies further stimulates the technology transfer process and broadens the spectrum of  use 
i n  the p u b l i c  .r...l ~ r i ~ . r ~ t e  s e c t o r s  of the ecofianiji. 
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