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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1977 ESTIMATES 

GENERAL STATEMENT 

The National Aeronautics and Space Administration, established October 1, 1958, conducts space and aero
na~tica1 activities for peaceful purposes for the benefit of all mankind. In maintaining United States 
leadership in research, technology, and utilization in these fields, NASA's programs: 

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

Expand practical applications of space technology; 

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

Improve the civil and military usefulness of aeronautical vehicles, wh~le minimizing their 

environmental effects and energy consumption. 


Disseminate pertinent findings to potential users; and 

Promote international cooperation in peaceful activities in space. 

The FY 1977 budget provides for continued progress toward the era of wide-spread participation in the 
exploration and use of space and of more efficient flight in the atmosphere. The budget provides for 
continued development of the Space Shuttle on a schedule consistent with an initial orbital flight in 1979, 
leading to an economical, versatile operational capability providing a wide variety of user~ __~ith_ro~~.
trip access to space in the 1980's. At the same time, the budget provides for continuing ongoing research 
and development and technology and initiating some significant new projects. Major ongoing projects 
which will continue in development in FY 1977 include the High Energy Astronomy Observatories, the Pioneer 
Venus missions, the ~..ariner missions to Jupiter Rnd Satllrn, IANDSAT-C, SEASAT, and TIROS-N, as well as 
science and applications explorers. In addition, work will be in progress on flight experiments which 
will take advantage of the unique capabilities of the Shuttle and Space1ab. The FY 1977 budget provides 
for initiation of the Solar Maximum Mission to study the Sun during its next period ,of peak activity; a 
magnetic field satellite, an applications explorer, to provide data useful for location of mineral re
sources; and a thematic mapper instrument to increase our future capability for detection and monitoring 
of earth resources. ',f. J 

~~f; 
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I n  ae ronau t i c s ,  t h e  budget provides  f o r  cont inua t ion  of ongoing research  a c t i v i t y  and demonstration 
p r o j e c t s ,  and f o r  a focussing of  e f f o r t  on developing the  technology t o  permit  t h e  U.S. t o  produce i n  
t h e  1 9 8 0 ' s  a i r c r a f t  capable  of approximately twice t h e  e f f i c i e n c y  of cu r ren t  aircraft, The Budget a l s o  
provides  f o r  i n i t i a t i o n  of cons t ruc t ion  o f  a Nat ional  Transonic F a c i l i t y ,  a s p e c i a l i z e d  aeronaut ica l  
f a c i l i t y  which w i l l  have advanced c a p a b i l i t i e s  t o  neascre a i r - f low c h a r a c t e r i s t i c s  of a i r c r a f t  opera t ing  
nea r  t h e  speed of sound and w i l l  have wide a p p l i c a t i o n s  a s  an R&D t o o l  for development of fucure c i v i l -  
i a n  and m i l i t a r y  a i r c r a f t  e s s e n t i a l  f o r  maintaining United States l eade r sh ip  i n  aeronaut ics .  

The i n d u s t r i a l  community, under c b n t r a c t s  w i th  NASA, w i l l  cont inue t o  c a r r y  forward t h e  prime design,  
development, and f a b r i c a t i o n  e f f o r t  o f  t h e  major hardware elements involved i n  t h e  NASA programs. Other 
e lements  of the program will bc p u r s ~ e d  withi:: XASA i n s t a l l a t i o ~ s ,  n t h e r  Government agencies  un ive r s i -  
ties, and research  con t r ac to r s .  

Appropriat ions t o t a l i n g  $3,697,000,000 are requested f o r  FY 1977 to  suppor t  t h e  program descr ibed i n  
t h e s e  j u s t i f i c a t i o n s  . 

BUDGET S-Y 

Trans i t i on  
FY 1975 FY 1976 Quarter  N 1977 

(Thousands' of Dol la rs )  
BUDGET P U N  

700 , 600 2,758,925 
82 , 130 10  , 750 124,020 Construct ion of f a c i l i t i e s . . . . . . .  .............. 142 , 655 

Research and program management. ............... 764,704 795 498 220,795 814,055 

3.697 .OOO 932.145 

908.700 3.676.000 

gesearch and development ....................... 2,323,563 2,677,380 

'I 3 : . ,  G A L  

TOTAL BUDGET PLAN... ......................... 3.230.922 3.555.008 

O U T L A Y S . . . . . . . . . . . . . . . .  ...................... 3.266.708 3.517.200 

AS 2 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

BUDGET SUMMARY 
(Thousands of D o l l ~ r s )  

Rudget Plan 
Transition 

FY 1976 Quarter FY 1977 FY 1975 Research and Development 

1,644,700 
1.288.100 

1,560,500 406 , 500 
1,206 , 000 321,000 

1,235,800 
797,500 

SPACE FLIGHT......... ............................. 
space f l i - g h t  operations.. ....................... 
Expendable launch vehicles. ..................... 
Space shuttle ................................... 

205 ; 200 
151,4UU 

298,  aoo 
139,500 

188,600 48,400 
165,900 37,100 

379,025 
165,800 

417 , 315 434 , 200 116,400 
136,315 159,300 43,500 

SPACE SCIENCE....... .............................. 
Physics and astronomy.. ......................... 
Life sciences........ ........................... 
Lunar and planetary exploration ................. 261; 200 

19,800 
254,100 67,700 

20,800 5,200 
191,100 

22,125 

198,200 
198,200 

178,230 47,700 
178,230 47 , 700 

174,748 
174 , 748 

APPLICATIONS...... ................................ 
Space applications .............................. 

271,100 
189,  io0  

250 > 250 63,100 
175,350 43,800 

237 , 765 
166,400 

71,365 

AERONAUTICS AND SPACE TECHNOLOGY.................. 
Aeronautical research and technology.. .......... 
Space research and technology... ................ 82;  000 74,900 19,300 

5,900 1,500 
5,900 1,500 

4,435 
4,435 

258,000 240,800 63,400 248 ooo TRACKING AND DATA ACQUISITION ..................... 
7 , 900 7,500 2,000 5,500 

2,323,563 

TECHNOLOGY UTILIZATION ............................ 
TOTAL RESEARCH AND DEVELOPMENT ................ 2,758,925 

124,020 

814,055 

3.697.000 

1,676.000 

AS 3 

2,677,380 700,600 

10,750 Construction of Facilities.... ...................... 142,655 82,130 

764,704 795,498 220,795 

932.145 

.3 qcc 708 3 517 200 908 .?on OUTLAYS.. ........................................... J . L V V .  

Research and Program Management..... ................ 
TOTAL... .................................... 3.- 230.922 3.555.008 



N a t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion  

SPACE FLIGHT 

0 Promote I n t e r n a t i o n a l  Coopera t ion  i n  Space 

--Spacelab Development by European Space Agency 

0 Develop Space S h u t t l e  Transpor td i iwi i  S y s t e m  

--Roundtrip Access t o  and from Space 
--Economical T r a n s p o r t a t i o n  Costs 
--Economical Payload C o s t s  

MAJOR FLIGHT ACTIVITY 

1 9 7 5  1 9 7 6  1 9 7 7  1978 1 9 7 9  1980 1 9 8 1  
- - - I _ - - -  

Apol lo  Soyuz T e s t  Project  ........... ..A 

A A .............. S h u t t l e  
R o l l o u t  of F i r s t  O r b i t e r . . . .  
F i r s t  Approach and Landing T e s t . . . . . . . . . . . . . . . . . . . .  
Development F l i g h t s  

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 . .  ............................................. 
A F i r s t  Manned O r b i t a l  F l i g h t  .................................. 

Subsequent O r b i t a l  F l i g h t s  ................................... AA U A  

A A I n i t i a l  F l i g h t  Hardware D e l i v e r y  ............................... 
F i r s t  O p e r a t i o n a l  F l i g h t  ................................................ 

Space lab  

AS 4 



N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  

SPACE SCIENCE 

a Extend t h e  c u r r e n t  s t a t e  of  knowledge i n  s p a c e  s c i e n c e s  through a ba lanced  program 
of new e x p l o r a t o r y  m i s s i o n s  and  ground-based i n v e s t i g a t i o n s  

E x p l o i t  t h e  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  o f  t h e  s c i e n t i f i c  d a t a  o b t a i n e d  

i n s t r u m e n t a t i o n  f i e l d s .  

0 

a U t i l i z e  t h e  space  environment  for iesearch in the biomediea:, biologie~l 222 bit- 

MAJOR FLIGHT ACTIVITY 

1975 1 9 7 6  1977 1 9 7 8  1979 1980 1981 ------- 
Near E a r t h  Space E x p l o r a t i o n :  

E x p l o r e r  Launches . . . . . .  ...................... AA ..A. ... A .. .A4 .. A 
S p a c e l a b  S c i e n c e  Experiments .  ............................................... .u 

Solar E x p l o r a t i o n :  
Solar :  Obse rva to ry  Launch. .................... A 
H e l i o s  Launch ....................................... A 
S o l a r  Maximum Miss ion  ................................................ A 

P l a n e t a r y  E x p l o r a t i o n :  
Mariner-Venus Mercury Flyby .................. @ 
M a r i n e r - J u p i t e r / S a t u r n  Launch & E n c o u n t e r s  ................ A A  .......88... @..... a 
P i o n e e r - S a t u r n  F lyby  ................................................. A 
Pioneer-Venus O r b i t e r  Launch & E n c o u n t e r  ........................ A @ 
Pioneer-Venus Probe Launch & Encoun te r . . . . . . . . . . . . . . . . . . . . . . . . . .  A@ 
Viking-Mars Orb i t e r /Lande r  Launch & Landing. AA. @ @  

A s t r o n o m i c a l  E x p l o r a t i o n :  
E x p l o r e r  Launches . . . . . . . . . . . . . . . . . . . . . . . . . . .  . A......... A 
High Energy Observa tory  Launches ........................ A... A ... A 

Life Sciences I n v e s t i g a t i o n s :  b V e s t i b u l a r  Func t ion  Research............................................... 
Common Opera t ing  Research Equipment. .  - ........................................... 
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N a t i o n a l  A e r o n a u t i c s  and Space A d i i i i i i i s t r a t i o n  

8 For civil and m i l i t a r y  a i r c r a f t :  

--Improved Performance 

--Reduced Energy Requirements 

--Reduced Environmental  E f f e c t s  

MAJOR PROGRAMS 

--Highly Maneuverable A i r c r a f t  Technology 

--Quiet ,  C l e a n ,  STOL Exper imenta l  Engine 

- - T i l t  Rotor  Research  A i r c r a f t  

--Rotor Systems Research  A i r c r a f t  

--Quiet  P r o p u l s i v e  L i f t  Technology 

MAJOR TECHNOLOGY FOCUS 

- - 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  



.- 
N a t i  onai Aeronaut ics  aiid Space A d m i i i i s t r a t i ~ f i  

SPACE RESEARCH ~~ AND TECHNOLOGY 

0 Provide a technology base f o r  f u t u r e  space a c t i v i t i e s  

--Advanced Spacec ra f t  and Spacecraf t  Systems Mate r i a l s  
and S t r u c t u r e s  

--Improved Chemical and E l e c t r i c  Propuls ion 

--High-Rel iabi l i ty  E lec t ron ic s  

--Improved Thermal Design f o r  Spacec ra f t  

- - E f f i c i e n t  Power Systems 

--Low Cost Standardized Components 

TECHNOLOGY U T I L I Z A T I O N  

0 Accelera te  t h e  t r a n s f e r  of NASA-developed r e sea rch  
and technology advances t o  pub l i c  and p r i v a t e  
s e c t o r s .  

AS 8 
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Nat iona l  Aeronautics and Space Adminis t ra t ion  

0 Worldwide networks of ground s t a t i o n s ,  an  in s t rumen ta t ion  sh ip ,  and i n s t r u m e n t e d  
a i r c r a f t  in te rconnec ted  with h igh ly  r e l i a b l e  communications t o  provide support  
to : 

--Automated E a r t h  Orb i t ing  Missions - Covers approximately 4 0  a c t i v e  s a t e l l i t e s  
inc lud ing  NIMBUS-F, Geodynamic Experimental Ocean S a t e l l i t e  (GEOS) C ,  Landsat 
1 and 2 ,  Atmosphere Explorers  (AE) C ,  D ,  and E ,  Orb i t ing  Solar  Observatory (OSO) I 
and 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) and t h e  High Energy 
Astronomy Observatory (HEAO) missions.  

- -Planetary Missions - I n  a d d i t i o n  t o  cont inuing  suppor t  f o r  s e v e r a l  Pioneer 
s p a c e c r a f t ,  Hel ios  1 and 2 ,  Viking 1 and 2 ,  and t h e  MJS ' 7 7  w i l l  be covered. 

--Sounding Rockets 

--Research A i r c r a f t  

AS 10 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1977 ESTIMATES 

Appropriations 

SUMMARY OF APPROPRIATIONS 
(Thousands of dollars) 

Research and Development 2,331,015 2,677,380 

Basic Appropriation.. ............................ (2,326,580) (2,677,380) 
Special Energy Research and Development - - -  Appropriation Act, 1975 (PL 93-322) ............ (4,435) 

Construction of Facilities 140,155 82,130 

Research and Program Management 759,975 795,498 

Basic Appropriation .............................. (740,000) (775,512) 
Supplement a1 Appropriation for civi li an 

Proposed supplemental for civilian pay 
--- pay raises (PL 94-32) .......................... 

raises......................................... 

(19,975) 

(19 , 986) --- 

Total.............................................. 3.231.145 3.555.008 

Transition 
Quarter 

pT, 96-116 

700,600 

(700,600) 

10,750 

220 , 795 

(213,678) 

(7 , 117) 
932.145 

FY 1977 
Reaues t 

2.758.925 

(2,758,925) 

124,020 

814,055 

(814,055) 

3,697 .OOO 

AS 11 



Fiscal Year 1975 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1977 ESTIMATES 

Research and 
Total Development 

Appropriation, PL 93-414 3,206,735 2,326,580 
*PL 93-322 4,435 4,435 

Supplemental Appropriation, PL 94-32 19,975 - - -  
2,331,015 Subtotal ............................... 3,231,145 

Transfers to other accounts: 
"Salaries and Expenses, General 
Management and Agency Operations," 
General Services Administration, 1975 

-52 --- 
Transfers between appropriations ......... --- -7,452 

-171 - - -  

2.323.563 

( 3 1  USC 5 8 1 c ) .  ......................... 
Unobligated balance lapsing .............. 

Total Budget Plan. ................... 3.230.922 

Fiscal Year 1976 

Appropriation, PL 94-116 3,535,022 2,677,380 

Proposed suppiementai for civilian pay 
- - -  raises... .............................. 19 , 986 

Total Adjusted Appropriation (Budget 
2.677.380 Authority/Budget Plan) ................. 3,555.008 

.,. m napecia1 Energy Rzaearch and Developm~~t  Appropriation Act, 1975. 

Research and 
Construct ion Program . .- management. of Faciiities 

140,155 740,000 
--- -..- 
---  

140 , 155 

142.655 

82,130 

- - -  

82.130 

19  , 975 
759,975 

-52 

-171 
+4,952 

764.704 

775,512 

19,986 

795.496 

AS 1 2  



Trans i t i on  Quarter 

Research and 
Research and Construction Program 

T o i a i  U T V  e I U ~ 1 L L C " L  "I n G  l 7 , n i l i t i n c  L U - a . L - - - - -  Mzxgemen t 7. ----'I ̂__^^ c 

Appropriation, Pi, 94-116 925,028 700 600 10 $750 213,678 

Proposed supplemental f o r  c i v i l i a n  pay 
ra ises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7,117 - - -  - - -  7,117 

T o t a l  Ad j u s  ted Appropriation (Budget 
Authority/Budget Plan) ................ 932.145 700.600 10.750 220.795 

F i s c a l  Year 1977 

814.055 Appropriation request/Budget Plan. .  ..... ,3,697,000 2.758.925 124.020 

AS 13 



Installation 

Johnso-n Space Center ............ 
John F,_ Kennedy Space 

Marshall Space Flight Center.... 
National Space Technology 
Laboratories.... .............. 

Coddard Space Flight Center..... 
Wallops Flight Center.. ......... 
Jet Ropulsian Laboratory. ...... 
Ames R9earch Center............ 
Flight Geearch Center.. ........ 
Langley Research Center......... 
Lewis Research Center........... 

NASA Headquarters ............... 
Construction of Facilities 
Programs 

Center, NASA .................. 

Various Locations..... ........ 
Facility Plannlng and Design.. 
Balence of the following 
prqgrams undistribuced by 
installation 
Space Shuttle Facilities.... 
Rehabilitation and 
Modification.. ............ 

Minor Construction. ......... 
Total Budget Plan... .... 

NATIONAL AERONAUTICS AND SPACE ADMINISTRAI'IUN 

FISCAL YEAR 1977 AND TRANSITION QUARTER ESTIMATES 

SUMMARY OF APPROPRIATION BUDGET PUNS BY INSTALJATION 

(In millions of dollars) 

Research and Development 
Transition ~~ ~ 

1975 1976 Quarter 1977 
793.0 1,000.2 255.3 971.3 

- -  

102.5 
290.9 

1.7 
384.2 
14.6 
173.7 

116.3 
16.2 
194.0 
130.7 

105.8 

110.0 35.7 168.3 
415.0 109.8 465.7 

10.5 2.5 11.8 
361.2 94.4 403.0 
14.9 4.0 14.7 
189.3 51.5 177.9 

140.3 32.9 115.3 
20.9 5.4 19.6 
152.7 45.0 148.8 
164.7 39.7 154.8 

97.7 24.4 107.7 

Construction of Facilities 
Transition 

1975 1976 Quarter 1977 -- 
3.6 

68.1 
11.7 

.1 
4.4 
2.9 
11.3 

5.5 
3.2 
5.7 
5.7 

- - -  

7.5 
10.9 

.8 

.i 
1.1 - 
w 

4.7 .3 

37.0 .4 
1.4 .4 

.1 .2 
1.3 .9 
1.0 .1 
1.8 1.2 

4.8 .3 
5.8 
4.2 .9 
1.4 .6 

- - -  

- -_ 3.0 

3.8 L .  I 
* f  

2.5 __ .2 

m u  
- 

5.0 

42.9 
3.9 

.9 
2.4 
1.7 
2.3 

6.5 
1.2 
33.9 
3.7 

_- -  

--- 
12.6 

1.8 

3.4 
1.8 
&g& 

lesearch and Program Management 

1975 1976 Quarter 1977 
Transition 

- -  
L21.3 

95.9 
129.1 

1.6 
104.8 
12.4 --- 
48.6 
13.2 
88.6 
80.3 

68.9 

128.2 36.2 134.3 

97.4 30.5 103.6 
133.4 35.7 133.2 

1.8 .4 1.8 
108.6 28.8 109.2 
13.1 3.6 13.7 - - -  - - -  - -_  
50.6 13.2 50.5 
14.1 5.0 15.E 
92.9 24.3 91.7 
81.7 22.6 85.7 

73.7 20.5 74.6 

Total - Trans it ion 

1975 1976 Quarter 1977 - -  
917.9 

266.5 
431.7 

3.4 
493.4 
29.9 
185.0 

170.4 
32.6 
288.3 
216.7 

174.7 

7.5 
10.9 

.8 

.2 
1.1 

.231.0 - 

1,133.1 

244.4 
549.8 

12.4 
471.1 
29.0 
191.1 

195.7 
40.8 
249.8 
247.8 

171.4 

- - -  
9.3 

3.0 

3.8 
2.5 

3,555.0 

291.8 

66.6 
145.9 

3.1 
124.1 
7.7 
52.7 

46.4 
10.4 
70.2 
62.9 

44.9 

- - -  
2.5 

- - -  
2.7 
2 
932.1 - 

1,110.6 

314.8 
602.8 

14.5 
514.6 
30.1 
180.2 

172.3 
36.6 
274.4 
244.2 

182.3 

_- -  
12.6 

1.8 

3.4 
1.8 

3.697.0 
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Johnson Space Center .............................. 
Kennedy Space Center .............................. 
Marshall Space Flight Center ...................... 
National Space Technology Laboratories ............ 
Goddard Space Flight Center ....................... 
Wallops Flight Center ............................. 
Ames Research Center .............................. 
Flight Research Center ............................ 
Langley Research Center ........................... 
Lewis Research Center ............................. 

FY 1975 

3 .  632 

2 .  259 

4 .  113 

70 

3 .  753 

416 

1 .  678 

490 

3 .  309 

3 .  025 

FY 1976 

3 .  613 

2 .  259 

4 .  113  

7 0  

3 .  747 

415 

1 .  676 

49 7 

3 .  330 

3.  025 

Headquarters ...................................... 1. 571 1. 571 

24.316 Total, Permanent Positions ...................... 24.316 

Transition 
Quarter 

3 .  613 

2 .  259 

4 .  113 

70  

3 .  747 

415 

1.  676 

497 

3 .  330 

3 .  025 

1 .  571 

24.316 

FY 1977 

3 .  613 

2 .  259 

3 .  925 

70  

3 .  675 

414 

1 .  613 

497 

3 .  172 

3 .  025 

1. 553 

23.816 
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RESEARCH A N D  DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

The o b j e c t i v e s  of  t he  National Aeronaut ics  and Space A d m i n L s t r a t i o n  p ~ g r a m  of  research and development 

These o b j e c t i v e s  are achieved through t h e  
are t o  advance our knowledge of  Earth,  i t s  space environment, and t h e  universe ,  and t o  develop and u t i l i z e  
a e r o n a u t i c s  and space technology t o  accomplish n a t i o n a l  goa l s .  
f o l l m h f :  elements: 

SPACE FLIGHT: 
t o  conduct a l l  space operat ions.  
key element of  an economical, v e r s a t i l e  t r a n s p o r t a t i o n  system to  provide a wide v a r i e t y  of  u s e r s  with 
round t r i p  access  t o  space during t h e  1980's and beyond. 

A program t o  provide the  t r a n s p o r t a t i o n  and r e l a t e d  support  and c a p a b i l i t i e s  r equ i r ed  
The major development o b j e c t i v e  i s  t h e  r eusab le  Space S h u t t l e ,  t h e  

SPACE SCIENCE: 
obsenrations,  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 .  
our  knowledge of t h e  Earth 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 ,  i n t e r -  
p l ane ta ry  and i n t e r s t e l l a r  space,  and t h e  o t h e r  stars o f  our  galaxy and the  universe .  

A program, u t i l i z i n g  space systems, supported by ex tens ive  ground-based and a i r b o r n e  
The o b j e c t i v e  i s  to advance 

APPLICATIONS: A program using space,  a i r c r a f t ,  and ground-based systems to  i d e n t i f y  and demonstrate 
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  t h e  areas of  resources  d e t e c t i o n  and monitoring, e a r t h  
dynamics monitoring and f o r e c a s t i n g ,  ocean cond i t ion  monitoring and fo recas t ing ,  environmental q u a l i t y  
monitoring, weather and climate obse rva t ion  and f o r e c a s t i n g ,  materials processing i n  space,  space 
communications and information management. 

AERONAUTICS AND SPACE TECHNOLOGY: 
technology needed t o  maintain United S t a t e s  l eade r sh ip  i n  ae ronau t i c s  and space. 

A program to  a c q u i r e  t h e  fundamental knowledge and t o  develop t h e  

TRACKING AND DATA ACQUISITION:  A worldwide program t o  support  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. 

ENERGY TECHNOLOGY APPLICATIONS: 
t h e  maximum b e n e f i t  from NASA-developed ae ronau t i c s  and space technology. 
providing reimbursable support  t o  o t h e r  Federal  agencies  and s t a t e  and l o c a l  governments engaged i n  
r e sea rch  and development programs t h a t  are aimed a t  meeting n a t i o n a l  energy needs. 

A program t o  assure t h a t  nz t iznz l  energy technology programs r ece ive  
Emphasis is now placed on 

TECHNOLOGY UTILIZATION: 
s e c t o r s  of advances achieved i n  N A S A ' s  r e sea rch ,  technology and development programs. 

A program t o  a c c e l e r a t e  t h e  disseminat ion t o  both the  pub l i c  and t h e  p r i v a t e  
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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  s u p p o r t  arid capabiltties r equ i r ed  
t o  conduct space ope ra t ions .  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  t he  Space S h u t t l e  -- 
t he  f i r s c  reusatlr space v e h l c l z ,  2-d the key e I e m m t  of  a n  econvrnical , v z r s a t l l c  S p c e  Transportat ion 
System t o  provide domestic and i n t e r n a t i o n a l  u s e r s  with round t r i p  access t o  space f o r  t h e  198U's and 
1. u c y v d .  

A major h i g h l i g h t  of  t h e  1975 program w a s  t h e  successful  completion las t  J u l y  of t he  j o i n t  US/USSR Apollo 

T ~ P  forward t h r u s t  of Space F l i g h t  Opera- 
Soyuz Test P r o j e c t  mission - - . t h e  f i r s t  manned i n t e r n a t i o n a l  space f l i g h t .  
t h e  pioneering and produccive A p ~ l l ~  era o f  iiiirizzd s p ~ c e  f l F g h t ;  
t i o n s  a c t i v i t i e s  now focusses  on an o r d e r l y  t r a n s i t i o n  to  t h e  Space Transpor t a t ion  System/ Shu t t l e  era, which 
w i l l  g r e a t l y  inc rease  t h e  o p p o r t u n i t i e s  f o r  wide-spread p a r t i c i p a t i o n  i n  t h e  exp lo ra t ion  and use of space. 

This mission marked t h e  end of 

During FY 1977, the development of  t h e  Space S h u t t l e  and t h e  development a c t i v i t i e s  r e l a t e d  t o  t h e  
establ ishment  of t h e  space t r a n s p o r t a t i o n  system operat ions c a p a b i l i t y  w i l l  cont inue t o  i n t e n s i f y  as w e  
move forward to  t h i s  new era i n  expanding t h e  b e n e f i c i a l  r e t u r n s  from space ope ra t ions .  The Space S h u t t l e  
i s  t h e  most important element of a n  economical, multipurpose space t r a n s p o r t a t i o n  system f o r  access t o  arid 
from low e a r t h  o r b i t .  I t s  development w i l l  provide economical space ope ra t ions  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 ,  defense,  and technological  payloads. The S h u t t l e  w i l l  c o n s i s t  of  a r eusab le  
delta-wing o r b i t e r  v e h i c l e  w i th  t h r e e  main engines,  a n  expendable p r o p e l l a n t  tank,  and r eusab le  twin s o l i d  
rocke t  boosters .  
i n - o r b i t  s e rv i c ing  of  s a t e l l i t e s ,  and d e l i v e r y  to e a r t h  o r b i t  o f  payloads and propuls ive s t a g e s  f o r  h igh  
energy and escape missions.  
f o r  both automated payloads and 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 using 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 ope ra t ions .  
I n  a d d i t i o n  t o  t h e  savings r e s u l t i n g  from reduced t r a n s p o r t a t i o n  c o s t s ,  major savings are a n t i c i p a t e d  i n  
payload c o s t s ,  r e s u l t i n g  from r e p a i r  and r euse  of payloads and from r e l a x a t i o n  o f  payload weight,  s i z e ,  
and 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 roduc t iv i ty  of 
space missions compared t o  e x i s t i n g  expendable launch v e h i c l e s .  

The S h u t t l e  w i l l  p rov ide  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  o f  sa te l l i tes ,  

The advent  of  r a p i d ,  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  

Space *.uttle development is w e l l  underway. A l l  t he  major elements of t h e  Space S h u t t l e  are under 
c o n t r a c t ,  and the  design and component f a b r i c a t i o n  and t e s t i n g  a c t i v i t i e s  are progressing toward the  
achievement of t h e  f i r s t  approach and landing t e s t  i n  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  1979. 

The a c t i v i t i e s  r e l a t e d  t o  t h e  establ ishment  of t h e  space t r a n s p o r t a t i o n  system ope ra t ions  c a p a b i l i t y  
w i l i  i n t e n s i f y  i n  FY 1977. The Spacelab, which w i l l  be a multipurpose payload carrier t o  be  used i n  t h e  
Space S h u t t l e ,  w i l l  a l l ow s c i e n t i s t s ,  r e s e a r c h e r s ,  and t echn ic i ans  t o  conduct t h e i r  experiments i n  t h e  
unique environmenc of  space. 
Agency @SA) ,  with 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. 

Zie Spaczlah i s  being desi-gned and b u i l t  f o r  NASA by t h e  European Space 
The In t e r im  Upper 
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Stage (lusj is an upper sizgjr. t o  LE xsc2 ts cleeplcy Shvttle-launched vavloads to  high energy and escape 
o r b i t s .  The U.S. A i r  Force w i l l  develop the IUS and NASA w i l l  d e f i n e  t h e  non-DOD IUS des ign  and opera- 
t i o n a i  requiremenis ani: devslop these items t h a t  are iinique t o  NASA and o t h e r  non-DOD missions.  

Otiier Space F l i g h t  e f f o r t s  include t h e  development of Multiuse Mission Support Equipment , which will 

This hardware w i l l  be  developed i n t o  a s tandard,  reusable  inventory f o r  a l l  
c o n s i s t  o f  ground and f l i g h t  hardware required f o r  the I n t e r f a c e  betwee2 t h e  payloads and t h e  space t r a n s -  
p o r t a t i o n  system elements. 
payloads.  

FY 1977 Space F l i g h t  a c t i v i t i e s  a l s o  include expendable launch v e h i c l e s  f o r  automated. p r o j e c i s  
Launch v e h i c l e  hardware, launch s e r v i c e s ,  and engineer ing support  a r e  being provided. 

SPACE SCIENCE 

The Space Science program u t i l i z e s  space systems , supported by a i r b o r n e  and ground-based observat 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  Earth and i t s  atmosphere, t he  Moon, t h e  Sun, t h e  i n n e 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,  as w e l l  as the  o t h e r  stars of  our  galaxy and 
universe .  
un ive r se ,  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 Earth.  

The results from these  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  understanding of t h e  

The Sun exerts a primary in f luence  on the  Earth.  A series o f  Orbi t ing Solar Observatory (OSO) missions,  
including t h e  OSO-8 mission launched i n  June 1975, has been c a r r i e d  o u t  t o  study s o l a r  phenomena. 
d i scove r i e s  from t h e s e  missions and from the  Apollo Telescope Mount (ATM) experiments flown on Skylab pro- 
v i d e  t h e  foundation f o r  t h e  Solar Maximum Mission (SMM) planned f o r  i n i t i a t i o n  i n  FY 1977. The SMM w i l l  
provide s c i e n t i s t s  with the  oppor tun i ty  t o  s tudy t h e  Sun, including s o l a r  f l a r e s  and o t h e r  
phenomena, during t h e  next  per iod of peak s o l a r  a c t i v i t y  i n  1979-80. 

The 

A Small Astronomy S a t e l l i t e  (SAS-3) w a s  launched i n  June 1975 t o  expand on the d i s c o v e r i e s  of  t h e  
success fu l  SAS-A (Uhuru) p r o j e c t .  Two atmosphere exp lo re r s  (AE-D and E )  were launched i n  October and 
November and are i n v e s t i g a t i n g  t h e  physical  and chemical processes  occurr ing i n  t h e  lower regions of  
t he  E a r t h ' s  upper atmosphere. 

I T - - l -  - 
W U L K  is continu5ng m t h e  three  High Energy Astronomy Observatory (-0) missions,  planned f o r  launch 

i n  1977, 1978, and 1979. 
X-ray, gamma ray ,  and cosmic r a y  instruments .  Work i s  a l s o  underway on explorer  s p a c e c r a f t  t o  s tudy  u l t r a -  
v i o l e t  astronomy and t h e  sun-ear 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 the  
~ n l q u e  c a p a b i l i t i e s  of  t h e  Space Shu t t l e /  Spacelab. 

These missions a r e  designed t o  explore  the  high energy phenomena observable  w i t h  
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During t h e  p a s t  y e a r ,  t he  i i i i ice of Space Science was a s s i g ~ e d  r e s p o n s i b i l i t y  f o r  coordinat ing and 
conso l ida t ing  a l l  a c t i v i t i e s  r e l a t e d  t o  upper atmospheric r e sea rch .  
I?esParch program i s  to  Letter i i n d e r s t a d  t h c  physics and chemistry o f  t h e  E a r t h ' s  atmosphere. 
be ing  given t o  a s s e s s i n g  t h e  p o t e n t i a l  impact of  chlorofluoromethanes on t h e  acmospfiere. 

The o b j e c t i v e  of t h e  Upper Atmospheric 
Emphasis i s  

A major h i g h l i g h t  of  t h e  1975 a c t i v i t i e s  w a s  t he  success fu l  launch of  hi0 Tr:l-;-- v l n L L 1 6  m - i ~ c i n n c  L L L L U U L V . . Y  t o  explore  the  
p l a n e t  Mars. Now i n  t r a n s i t ,  t h e  s p a c e c r a f t  are scheduled f o r  encounter and landing on the su r face  of Mars 
i n  mid-1976. The Viking s p a c e c r a f t  con ta in  s c i e n t i f i c  apparatus  t o  eva lua te  t h e  p l a n e t ' s  environment and 
siirface cccditi2ns 2nd t-n r o n d i i r t  our  f i r s t  real search f o r  extraterrestrial  l i f e .  

Following on t h e  successes  o f  Mariner 10, i n v e s t i g a t i o n  of the  p l a n e t  Venus w i l l  continue with two Pioneer 
missions under development f o r  launch i n  1978. One of the missions w i l l  ga the r  s c i e n t i f i c  da t a  wh i l e  o r -  
b i t i n g  Venus; t he  second w i l l  launch m u l t i p l e  probes t o  g ive  u s  our f i r s t  d e t a i l e d  i n  s i t u  measurements of  
t h e  Venusian atmosphere. 

The Helios-1 mission, a coope ra t ive  mission wi th  West Germany, was launched i n  December 1974, and has  
y i e lded  va luab le  d a t a  on t h e  s t r u c t u r e  o f  magnetic f i e l d s  and e n e r g e t i c  par t ic les  i n  regions nea r  t h e  
Sun. A second Hel ios  s p a c e c r a f t  w a s  launched i n  Jaunary 1976. 

Explorat ion of the o u t e r  p l a n e t s  continued wi th  t h e  Pioneer 11 encounter of  J u p i t e r  i n  December 1974. 
The s p a c e c r a f t  i s  en r o u t e  t o  a rendezvous wi th  Saturn i n  1979. I ts  s is ter  s p a c e c r a f t ,  Pioneer 10, is  
on i t s  way t o  being 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. 
are under development for launch i n  1977. 

Two Mariner J u p i t e r I S a t u r n  missions 

New d a t a  on t h e  phys ica l  c h a r a c t e r i s t i c s  of  t h e  Moon cont inue t o  b e  gathered by t h e  Apollo Lunar Surface 
Experiment Packages (ALSEPs). 
t hese  and o t h e r  d a t a  acquired from luna r  f l i g h t  programs, ground-based observat ions,  l abo ra to ry  i n v e s t i -  
g a t i o n s ,  and lunar sample s t u d i e s  s t i l l  i n  process .  

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  analyze and i n t e r p r e t  

The L i f e  Sciences e f f o r t s  c a r r i e d  o u t  w i t h i n  t h e  Space Science program support  research and development 
programs i n  space l i f e  r e sea rch ,  l i f e  support  and p r o t e c t i v e  s y s  terns, biolnstrumentztioc, p lane ta ry  biology,  
and p l a n e t a r y  quarant ine.  
e f f i o i e n t l y  i n  space,  t o  develop expe r inen t s  and r e l a t e d  equipment t o  be flown on Spacelab missions,  and 
t o  support  NASA's e f f o r t s  i n  the  search 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 the  L i f e  
Sciences 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 echn ica l  community f o r  a p p l i c a t i o n  and advance- 
ment of research,  educat ion,  and technology. 

The program i s  designed t o  provide a b a s i s  f o r  enhancing peop le ' s  a b i l i t y  t o  work 
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APPLICATIONS 

The o b j e c t i v e  of t he  Space Applicat ions program i s  t o  conduct research and development a c t i v i t i e s  t h a t  
demonstrate t ne  appi icai ivi is  U T  space-rekted tzchnzlzgy, systems 2nd n thm 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  app l i ed  i n  the non-space r e l a t e d  s e c t o r  f o r  p r a c t i c a l  b e n e f i t s  t o  mankind. These a c t i v i t i e s  
are grouped i n  the  f ~ l l e w i n g  areas: Earth Resources Detection and Monitoring, Ea r th  Dynamics Monitoring 
and Forecas t ing ,  Ocean Condition Monitoring and Forecast ing,  Environmental Q u a l i t y  Monitoring, Weather 
and C l i m a t e  Observation and Forecasting?, Materials Processing i n  Space, Space Communications , Information 
Management , and Applicat ions Explorer Missions.  

I n  t h e  Earth Resources a rea ,Landsa t s  1 and 2 are cont inuing t o  r e t u r n  va luab le  d a t a  from o r b i t .  Appli- 
c a t i o n s  Transfer  and Demonstration a c t i v i t i e s  are i n  progress  t o  demonstrate t o  t h e  u s e r  community t h a t  
remotely obtained d a t a ,  from sa te l l i t es  and a i r c r a f t ,  provide new c a p a b i l i t i e s  t o  supplement and extend 
e x i s t i n g  data?gather ing c a p a b i l i t i e s .  The most s i g n i f i c a n t  of  these demonstrations i s  the  Large Area 
C r ~ p  Inventory Experiment (LACIE), an experiment using Landsat da t a  to  determine wheat production over 
t h e  North American cont inent  with p o s s i b l e  extension t o  t h e  e n t i r e  world. Landsat-Cy c u r r e n t l y  under 
development, w i l l  provide thermal i n f r a r e d  d a t a  and g r e a t e r  r e s o l u t i o n ,  as w e l l  as c o n t i n u i t y  of expe r i -  
mental d a t a  a f t e r  I a n d s a t s  1 and 2 cease  t o  operate .  The development of t h e  Thematic Mapper, a second- 
gene ra t ion  m u l t i s p e c t r a l  scanner w i l l  provide a n  instrument  wi th  s i g n i f i c a n t l y  g r e a t e r  performance and 
r e s o l u t i o n  than are c u r r e n t l y  a v a i l a b l e .  

The Earth Dynamics program includes s tudy of  t h e  motion of  t ec ton ic  plates ,  which i s  one of t he  causes 
of  l a r g e  earthquakes.  
1976, and a c c u r a t e  ground instruments ,  w i l l  permit a b e t t e r  understanding o f  t h i s  dynamic process  and 
may l e a d  t o  a c a p a b i l i t y  t o  p r e d i c t  earthquakes.  

Measurement o f  t h e s e  motions, u s ing  both the IAGEOS s a t e l l i t e  t o  be  launched i n  

The Ocean Condition Monitoring program provides  f o r  t he  s tudy of the oceans from space.  Acquiring t h i s  
t y p e  o f  d a t a  f o r  ocean research can l ead  t o  major advances i n  our  a b i l i t y  t o  p r e d i c t  sea condi t ions.  
Seasat-A sa t e l l i t e ,  now under development, i s  a n  e s s e n t i a l  element i n  achieving t h i s  p r e d i c t i v e  c a p a b i l i t y .  

The 

The Envfroniiiental Qua l i ty  Monitoring program has  as i t s  o b j e c t i v e  t h e  development and demonstration of 
systems capable  of i d e n t i f y i n g  and measuring p o l l u t a n t s  i n  t h e  a i r  and water on g loba l  and r eg iona l  s c a l e s .  
A s i g n i f i c a n t  s t e p  forward i n  t h i s  area w i l l  occur with the  NIMBUS-G s a t e l l i t e  c u r r e n t l y  under development 
and planned f o r  launch i n  1978. 

The Weather and Climate program w i l l  cont inue progress  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  da ta  t o  problems 
i n  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 o f  severe storms and the  improvement o f  our  c a p a b i l i t y  f o r  
mid-range (1-14 days j  and long-range ( c i i m i e j  weather p red ic t ion .  ?.e m z j o r  activities i n  t h i s  program 
are: continued emphasis on app l i ed  r e s e a r c h  and technology; severe storm re sea rch ;  t h e  development of  
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TIROS-N; and prepara t ion  f o r  the f i r s t  inierIiatioiia: Global Atrfispheric %?search program experiment t o  b e  
conducted i n  1978. 

The o b j e c t i v e  of  the  Mate r i a l s  Processing program i s  t o  t ake  advantage o t  the unique c h a r a c i e r i s i i c s  of 
zero g r a v i t y  t o  prepare and process  m a t e r i a l s  i n  ways t h a t  a r e  no t  p o s s i b l e  o r  economically p r a c t i c a l  on 
e a r t h .  E f f o r t s  w i l l  cont inue  i n  l abora to ry  experiments and use of smii rocke t s  t o  ob ta in  weight less  
cond i t ions  f o r  s h o r t  per iods  t o  c o n t r i b u t e  t o  f u t u r e  development of  experiments t h a t  w i l l  be  flown on t h e  
S h u t t l e /  Spacelab. 

The cu r ren t  NASA e f f o r t  i n  space communications i s  d i r e c t e d  toward t h e  development of advanced technoiogy 
and t h e  performance of t h e  Agency's r e s p o n s i b i l i t i e s  t o  provide expe r t  advice  and consu l t a t ion  on s a t e l l i t e  
communications t o  va r ious  Government agencies .  
S a t e l l i t e s  (ATS-1, 3 ,  5,  6) and t h e  coopera t ive  U.S./Canadian S a t e l l i t e  CAS-C w i l l  cont inue  t o  be  used by 
v a r i o u s  domestic and i n t e r n a t i o n a l  experimenters.  S ign i f i can t  e f f o r t  w i l l  b e  devoted t o  support  of U. S. 
p a r t i c i p a t i o n  i n  t h e  1979 World Adminis t ra t ive  Radio Conference, t h e  f i r s t  o f  i t s  kind s i n c e  1959. 

The h ighly  success fu l  series of  Appl ica t ions  Technology 

Information Management ac t iv i t ies  involve  systematic  s tudy,  des ign ,  development, and demonstration of 
t h e  technology needed t o  improve t h e  flow of da t a  from t h e  i n i t i a l  c o l l e c t i o n  by sa te l l i t e  t o  t h e  use r ,  
and t o  provide t h e  use r  wi th  improved c a p a b i l i t i e s  f o r  r a p i d l y  s t o r i n g ,  maintaining,  and r e t r i e v i n g  t h e  
requi red  da ta  products.  

The Appl ica t ions  Explorer  Missions program was es t ab l i shed  . to  develop small , low c o s t  , Scout-launched 
spacec ra f t  t a i l o r e d  to  s p e c i f i c  areas of research  and o r b i t a l  requirements .  This program inc ludes  the  
Heat Capacity Mapping Mission (AEM-A) t o  provide thermal da t a  f o r  s t u d i e s  o f  s o i l  moisture ,  and mapping 
of thermal e f f l u e n t s ;  t h e  S t r a tosphe r i c  Aerosol and Gas Experiment (AEM-B), t o  develop measurement 
techniques f o r  t h e  d e t e c t i o n  and mapping of s t r a t o s p h e r i c  ae roso l s  and ozone; and t h e  Magnetic F ie ld  
Sa te l l i t e ,  c a l l e d  MAGSAT (AEM-C), t o  map t h e  magnitude and d i r e c t i o n  of  the  Ea r th ' s  g loba l  magnetic 
f i e l d  with improved accuracy. 
resources ,  such a s  coa l ,  o i l ,  and minera ls .  

MAGSAT i s  a l s o  expected t o  y i e l d  u s e f u l  information f o r  l oca t ing  n a t u r a l  

AERONAUTICS AND SPACE TECHNOLOGY 

Tne vL j e c t i v e s  o f  t he  Aeronaut ics  progran cont inue to  be the advancement o f  ae ronau t i ca l  technology t o  
ensure  s a f e r ,  more economical, e f f i c i e n t  and environmentally accep tab le  a i r  t r a n s p o r t a t i o n  systems which 
a r e  responsive t o  c u r r e n t  and p ro jec t ed  n a t i o n a l  needs. 
t h e s t r o n g  competi t ive p o s i t i o n  of  t h e  United States i n  the  i n t e r n a t i o n a l  a v i a t i o n  marketplace and t o  a i d  
t h e  m F l F t s r y  i r z  maintaining t h e  s u p e r i o r i t y  of  t h e  n a t i o n ' s  m i l i t a r y  a i r c r a f t .  

This technology i s  necessary  t o  he lp  maintain 
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A s t r o n g  r e sea rch  e f f o r t  w i l l  b e  maintained i n  t h e  d i s c i p i i n a r y  areas of  materials, s t r u c t u r e s ,  propul- 
s i o n ,  av ion ic s ,  aerodynamics and human-vehicle i n t e r a c t i o n s  t o  provide advanced technology to  m e e t  t h e  
Iutx-e  zeeds sf c i v i l  s v i i t i c n .  
prove performance, reduce energy requirements,  enhance ope ra t ing  e f f i c i e n c y ,  reduce undes i r ab le  environ- 
m e ~ t a l  effectsj improve s a f e t y  and r e l i a b i l i t y ,  and improve terminal area o p e r a t i o n s f o r  a l l  types of  
a i r c r a f t .  These technology e f f o r t s  are i n t e g r a t e d  with a d d i t i o n a l  focused technology e f f o r t s  t o  develop 
advanced long hau l  and s h o r t  hau l  a i r  t r a n s p o r t a t i o n  system concepts. 

. .  'The program wiii cont inue t o  focus oil developing t h e  techzology te in- 

A i r c r a f c  energy eii icieiicy techiiology efforts r e p r e s e r ~ t  2 r e f o a l x i n g  within t h e  a e r o n a u t i c a l  r e sea rch  
program t o  p l ace  added emphasis on those technologies  t h a t  w i l l  lead to  more energy e f f i c i e n t  d e r i v a t i v e s  
and/or  r e t r o f i t s  of c u r r e n t  a i r c r a f t ,  as w e l l  as t o  more energy e f f i c i e n t  designs of  f u t u r e  a i r c r a f t .  
These technology e f f o r t s  evolved as a r e s u l t  o f  a study involving o t h e r  agencies  and the  a i r c r a f t  and 
a i r l i n e  i n d u s t r i e s  which i d e n t i f i e d  t h e  most c r u c i a l  areas wi th  t h e  most probable payoff i n  increased 
a f r c r a f t  e f f i c i e n c y  and t h e  g r e a t e s t  need f o r  NASA involvement. The f i v e  p r i n c i p a l  a r e a s  of a c t i v i t y  
are: Engine Component Improvement; Energy E f f i c i e n t  Engines; Laminar Flow Control;  Energy E f f i c i e n t  
T ranspor t ;  and Composite Primary A i r c r a f t  S t ruc tu res .  

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 base which w i l l  
adequately support  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 ,  and implement approaches f o r  f u r t h e r  reducing t h e  
c o s t s  of f u t u r e  space ac t iv i t ies  through s t anda rd iza t ion .  

A s t r o n g  r e sea rch  e f f o r t  w i l l  b e  maintained i n  t h e  areas of  materials, s t r u c t u r e s ,  fundamental e l ec t ron -  
ics ,  guidance and c o n t r o l ,  information systems, chemical and e l e c t r i c  propuls ion,  energy systems and aero-  
thermodynamics. Systems Studies  w i l l  b e  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  and t o  
i d e n t i f y  and eva lua te  t h e  technology requirements of f u t u r e  missions.  
cont inue toward extending t h e  temperature l i m i t s  f o r  composite materials t o  a l low t h e i r  u se  on advanced 
space t r a n s p o r t a t i o n  systems, and toward providing 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 .  Increased a c t i v i t y  i n  t h e  Space Technology Payloads program i s  aimed a t  de f in ing  a s e r i e s . o f  
f l i g h t  experiments t h a t  w i l l  f l y  on t h e  Space S h u t t l e  during t h e  e a r l y  1980's. 

Systems Technology e f f o r t s  w i l l  

I n  t h e  Low Cost Systems area, t h e  primary emphasis w i l l  cont inue t o  be  on the  development and upgrading 
of v a r i o u s  standard s p a c e c r a f t  components i n  a n  e f f o r t  toward reducing t h e  o v e r a l l  c o s t  of space systems. 

TRACKING AND DATA ACQUISITION 

This program provides f o r  con t inua t ion  of t r ack ing  and d a t a  a c q u i s i t i o n  support  f o r  manned and unmanned 
e a r t h  o r b i i i i i g  spacecraft ,  planetary misslox , snunding rockets and r e sea rch  a i r c r a f t .  This support  i s  
provided by a worldwide network o f  NASA ground s t a t i o n s ,  a n  instrumentat ion s h i p ,  and instrumented a i r c r a f t ,  
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in te rconnec ted  by a h igh ly  r e l i a b l e  communications sys  t e m  which provides  the  c a p a b i l i t y  f o r  ins tan taneous  
t ransmission of  d a t a  and c r i t i c a l  commands between spacec ra f t  and t h e  f l i g h t  con t ro l  cen te r s .  F a c i l i t i e s  
a l s o  are provided t o  process  i n t o  meaningful form t h e  l a r g e  amounts o f  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and 
eiigiiieeriiig data which zrc  co l l ccccd  f ro -  flight p r c j  ccta.  

The support  workload w i l l  remain high wi th  t h e  Spacef l igh t  Tracking and Data Network (STDN) support ing 
an  average of approximately 40 unmanned s c i e n t i f i c  and a p p l i c a t i o n s  spacec ra f t  and the Deep Space Network 
(DSN) support ing a f u l l  complement o f  p l ane ta ry  missions.  Upcoming missions t o  b e  supported by t h e  Space- 
f l i g h t  Tracking and Data Network inc lude  t h e  High Energy Astronomical Observatory (HEAO), t h e  I n t e r -  
n a t i o n a i  U i t r a v i o i e t  Expiorer  ( i i i E j  , and many o t h e r  iiiteriiatioiia: iiiissioiis a d  mlsslons of  otIiIicr 5.S. 
agencies .  Addi t ions  t o  t h e  support  workload of  t h e  Deep Space Network inc lude  the  Viking extended mission 
and t h e  Mariner J u p i t e r / S a t u r n  missions i n  1977. 

A major a s p e c t  o f  t he  Tracking and Data Acquis i t ion  program i n  f u t u r e  years  w i l l  be  t h e  Tracking and Data 
Relay Sa te l l i t e  System (TDRSS). The TDRSS w i l l  support  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  spacec ra f t  missions 
and w i l l  g r e a t l y  improve NASA's e a r t h  o r b i t a l  t r ack ing  and da ta  a c q u i s i t i o n  c a p a b i l i t i e s .  NASA p lans  t o  
acqu i r e  t h i s  c a p a b i l i t y  through a c o n t r a c t  f o r  s e r v i c e s  arrangement under which the  con t r ac to r  w i l l  
e s t a b l i s h  t h e  system and provide  NASA wi th  TDRSS services f o r  a per iod of t e n  years .  
funding f o r  t h e s e  services w i l l  n o t  be  requi red  u n t i l  t h e  s e r v i c e s  commence i n  FY 1979. 

Therefore ,  NASA 

ENERGY TECHNOLOGY APPLICATIONS 

Energy r e sea rch  and technology e f f o r t s  i n  NASA have been p r imar i ly  d i r e c t e d  toward i d e n 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 -  
bu t ions  t o  t h e  s o l u t i o n  of  energy problems on e a r t h  and support 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  hea t ing  and cool ing,  
and e l e c t r i c  power gene ra t ion  by wind power. No d i r e c t  NASA R&D funding i s  contained i n  t h e  FY 1977 
budget; however, NASA w i l l  cont inue  t o  make i t s  cons iderable  c a p a b i l i t i e s  and expe r t i s e  a v a i l a b l e  t o  
ERDA and o t h e r  agencies ,  as requested,  t o  proceed with energy technology a c t i v i t i e s  on a reimbursable  
b a s i s .  

TECHNOLOGY UTILIZATION 

The o b j e c t i v e  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-deveioped technoivgy Iii 
t he  p r i v a t e  and pub l i c  s e c t o r s .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

P R O P O S E D  A P P R O P R I A T I O N  LANGUAGE 

Federal Fun& 
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 
personal property ; tracking and data relay satellite services as 
authorized 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, 
[$2,677,380,000~$2,768,~25,000, to remain available until expended. 

[For “Research and development,” to be available July 1,  1976, 
$700,600,000, to  remain available until expended.] (42 U.S.C. 
4461, et seq.; Department of Housing and Urban Devdopment- 
Independent Agencies Appropriation Act, 1976; additioqal authorizing 
legislation t o  be proposed.) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Program md Financing (in thousands of dollars) 

Budget plan (amounts mr research and developnrent 
actions programed) Costs and obligations 

................... 0 "'"+!-* 1975 rctual 1976 estimate TQ srtinnte 1977 estimate 1975 actual 1976 estimate TQ ntimate 1977 astimata 
I Y D I I I I I L ~ L W I I  WUS LI - "."" 
Program by actlvltler: 

1. Space flight: 
Direct program: 

(a) Space $huttie .......................................... 797,500 1.206.000 321,000 1,288. 1W 864,667 1,143,wO 321, OOo 1,282,700 
(b) Space flight operations .................................. 298,800 188.600 48,400 205,200 336,985 215,300 48,100 200,800 
(c) Expendable launch vehicle development and wppgrt. ...... 92,000 97,100 22,400 87,600 94,105 95, BO 24.900 ................................................................................................ 1,130 300 ......................... 

( I )  Physics and astronomy. ..... ~ ........................... 150.815 184,300 4% 7 W  188.300 145,421 187,500 42,600 177,780 

3. Space applications ........................................... 186,048 184.930 48,500 212.300 164,786 203,600 52,400 212,100 
4. Spue research and technology. ............................... 75,800 80,800 20,800 82,000 83.926 83,100 19,700 
5. Aeronautical research and technology .......................... 166,400 175,350 43,800 189,100 161,731 181,100 49,500 180,100 

w. 900 
(d) Apollo 

2. Scientific investigations in space: 

I") Lunar and planetary exploration .......................... 282,940 291,200 76,400 218,300 33 ,675 314,700 77, 700 234,700 
c) Life riences ........................................... 19,800 20,800 5 , A O  22,125 28,795 20.100 

(a{ Tracking and data acquisition ............................ 248,000 240,800 63,400 258, OOO 258.535 260,100 63,700 258.m 

5. m 24.m 

83. Mo 

b Supporting activities: 
......................................................................... 212 400 ......................... (b Sustaining unlmrsity program.. 

(c) Technology utilization 5,500 7.500 2,000 7,900 4,919 7.600 1,300 6,600 

Total direct pmgram costs, funded.. ~ _ _ _ _ _  _ _ _ _ _  _ _  _ _ _ _  2,323,563 2,677,380 700,600 2,758,925 2,476,885 2,712,000 706,100 2.752, OOO 
................................... _____ _____ _I___ ______ 

__-- P = P =- ======== 
Roimbursabk program: 

1. Space flight: 

2. Scientific investigations i n  space: 

(a) Space shuttle ........................................... 
(b) Space fliRht operations .................................. 
(a) Physics and astronomy .................................. 
( b )  Lunar and planetary exploration ......................... 
(e) Life sciences ........................................... 

3. Space applications. .......................................... 

5. Aeronautical research and tec nology .......................... 

:::::::::::::::::::::::~~:~: 

4. Space research and technologk. .............................. 

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

Total reimbursable program costs ...................... 
Total program costs, funded ........................... 

C h a n g  ;; j&jc:ed :~:gg::s: !!m$s!iwad orders and stores) .......... 

10 Total ....................................................... 

442' 
8,332 
10,135 

66 
122 

179,528 
918 

17,322 

580 
3,702 
10,322 

231,469 

2,555,032 
-__ 
............ 

2, 555,032 

258 
5.814 

8,887 

175,874 
20 

19,237 
485 

4- 425 
49,100 

264,100 

2,941,480 

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

_ _ ~  ___ 

50 
1,427 

278 

JOO 
5,535 

4,725 

............ 
29,405 

............ 
3,800 

50 
1,190 
15,400 

............ 
129,910 

15,355 
............ 

4ao 
5,675 
82,700 

486 
9,174 
9,760 

66 
28 

148,896 
-313 

24,816 
232 

4 051 
6: 253 

300 
8,790 

8,m 
110 

184,500 
1.300 

25,400 

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

~~ 

51, GOO 

752,200 
_-__ 244,600 

3,003,525 
_~ 
~ 

2, 941, 480 752,200 

203,449 

2,680,334 
-08,419 

3,003,525 2,611,915 

264,100 

Z 976, 100 
310,735 

3,286,835 

____ 
___ 

............ 
1,400 

1, JOO 

28,400 

3,800 
100 

I ,  200 
15,400 

51,600 
757 700 

752.200 

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

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

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

-- -- 
-d 500 

3M) 
5, sa, 
5, 900 ............. 

............. 
156,900 

3M) 
15,400 

u# 
5.700 

54. MO 
244.600 

2,996 600 
6: 925 

3,003,525 

-~ 
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1975 actual 1976 estimate TQ estimate 1977 estimate 1975 actual 1976 eslimate T Q  estimate 1977 estimate 
- Identification code 27-00-0108 0-1-999 

Financine: 
Receioti and reimbursements from: 

11 Federalfunas ..___.___._._____ ~ _ _ _ _ _ _ _ _ _ _ _  ~ __.__.___ _ _ _ _ _ _ _  _ _ _ _  
Unobligated balance available, start of period: 

For completion of prior period budget plans: 

14 Nan-Federal sources.. . . . ~ ~ . ~ ~ ~ ~ . . . . . . ~. ..-.. ... ..- __._.___ 
21 

..- ""* ... ."a ..n r-)C 4 4  0% -110 OYJ 4 6 , 5 5 3  -IW *YO -%,OS; -LLO, 

- 1 d 3 7 6  -145: 405 -21,047 -80: 104 -147,376 -145,405 

24 Unobligated balance available, end of period: 
For completion of prior period budget plans: 

Direct ..___.______._._.....~.~.~..__._________ _ _  _______.__ ~ - .  _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  _ _ _ _  235,322 _ _ _  _ _ _ _ _ _  _ _ _  ~ _ _ _ _ _ _ _ _  _ - -  _ _ _ _ - _  - - - -  _ - -  
Reimbursable ._____._._._... ~ ________._._ ~ _.__.____________._ ~ ___._ ~ _ _ _ _ _  _________._. _______. __._ _ _  _ _ _ _ _ _ _ _  _ _  llO,Oj3 : :..-- _ - _ _ _ _  _ _  - - - - - - - - - -  ::::::::::::I 
Budget author l ty  .____. . _____. _ _  ~. . __. . -. -. . __. -. . _ _  ~. . . _ _ _  -. 2,323,563 2,677,380 700,600 2,758.925 2,323,563 2,677,380 700,600 2,7SB, 925 

25 Unobligated balance lapsing ........ .___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _  __________._ ..._________ _ _ _  .________ _._.________ 3 2  _..._. _ _ _ _  _ _ _ _  .---..-- -__ - ~ - ~ - -- -~ 

Budget authority: 
40 Appropriation .... .._____.__.___ _ _ _ _ _ _ _ _ _ _ _  _______.___ ~ _ _ _ _  ~ ._____ 2,331,015 2,677,380 700,640 2,758,925 2,331,015 2,677,380 700,Mw) 2,758,925 
41 Transferred to other accounts ... ___. _ _  -.- ____. ~ ___. _ _  _ _ _ _  _ _  __. _ _  - - - - 7,452 ________.__ ~ __________.. _ _ _ _ _ _ _ _ _ _ _ _  - 7,452 _____.______ ..____._---- ..---...----- ---- 
43 Appropriation (adjusted). _ _  -.. _ _ _ _  ___. _ _  ____. ~. . .. . . .. ...-. . 2,323,563 2,677,380 700.6~) 2,758,925 2,323,563 2,677,380 700,600 2,758,925 

Relation of ob l imionr  to outlays: 
71 Obligations incurred. net.. .-.- ..___ _ _ _  ____. ___. --.. ~. _ _ _ _  _ _  __._ _ _ _  _ _ _  _ _ _  .~ _ _ _ _ _ _  _ _  .~ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _  ~ _ _  __._ -. _ _ _  
72 Obligated balance, start of period.. -. - _. _ _  _ _ _ _  __. . _ _  ___. _ _  - - _ _ _ _  - _ _ _  _ _  - -. ___. _ _  _ _  ____. _ _ _  _ _ _ _ _ _ _ _  _ _ _ _  _______. --.. . _ _ _  ___. 
74 Obligated balance, end of period.. ~ ___. . .- __._ - ._ -.. . _ _ _ _  _ _ _ _  _ _ _  - -. . - ___. -. _ _  __. . _ _ _ _  - _____. _ _ _ _  .~ .  ____. .~ _ _ _ _  _ _  _ _ _ _ _  _ _  _ _ _  

2,380,446 3,022,735 700,6W 2 758 925 
771 594 731 653 1 146 688 1' 191'388 

-731: 653 -1,146: 688 -1: 191: 388 -1: 216,013 

1975 1976 TQ !977 
actual est imate estimate estlmate 

Note.-Reconciliation of budget plan to obligations: 
Total budget plan.. . . . . . . . . . . . . . . -. . . . -. __. . _ _ _ _  -. _.__. . __.___ 3,0038525 
Deduct por!ion of budget plan to be obligated i n  subsequent periods. 227,353 _ _  ._._._- _----.-- - - - - - - - - -  
Add obligations of orior oeriod budaet olans .... _______.___._.___._ 284.236 345.355 - - - - - - -  - - - - - - - - -  

2,555,032 2,941,480 752,200 

- - - - -  - .  . .  

Total obligations. ___ .  .._ _ _ _  _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  2,611,915 3,286,835 752,200 3,003,525 

SUM 11 



Code 
253 
253 
254 

254 
254 
253 

254 

40 5 
254 

254 

255 

255 

KATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

BUDGET PLAN SUMMARY 

SPACE FLIGHT ............................. 
Space s h u t t l e  .......................... 
Space f l i g h t  operat ions ................ 
Expendable launch veh ic l e s  ............. 

SPACE SCIENCE ............................ 
Physics and astronomy .................. 
Lunar and p l ane ta ry  exp lo ra t ion  ........ 
L i f e  science ........................... 

APPLICATIONS ............................. 
Space a p p l i c a t i o n s  ..................... 

AERONAUTICS AND SPACE TECHNOLOGY ......... 
Aeronaut ical  r e sea rch  and technology ... 
Space r e sea rch  and technology .......... 

TECHNOLOGY UTILIZATION ................... 
TOTAL ................................ 

FY 1975 

1. 235 . 800 
797. 500 
298 . 800 
139. 500 

417. 315 
136. 315 
261. 200 

19 . 800 

174. 748 
174. 748 

237. 765 
166 . 400 

71 .  365 

4. 435 

248 000 

5 .  500 

2.323.563 

Transi  t i o n  
FY 1976 Quar t er 
(Tnousands of Do i i a r s j  

1.560. 500 
1 . 206. 000 

188. 600 
165 . 900 

434. 200 
159 . 300 
254. 100 

20 . 800 

178 . 230 
178. 230 

250. 250 
175. 350 

74. 900 

5 .  900 

240 800 

7 .  500 

2.677.380 

406 . 500 
321. 000 

48. 400 
37 . 100 

116. 400 
43 .  500 
67. 700 

5 .  200 

47. 700 
47 . 700 

63 .  100 
43 . 800 
19.  300 

1. 500 

63 .  400 

2 . 000 

700.600 

FY 1977 

1.644. 700 
1 . 288 . 100 

205 . 200 
151. 400 

379. 025 
165. 800 

22 . 125 

198.  200 
198 . 200 

27 1 . 100 
189. 100 

82 . 000 

191. 100 

... 

258. 000 

7 .  900 

2.758.925 

SUM 1 2  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Code 

RESEARCH AND DEVELOPMENT 

SUMMARY OF BUDGET PLAN BY SUBFUNCTION 

Transition 
FY 1975 FY 1976 Quarter 

(Thousands nf Dollars) 

253 Space Flight.. ........................... 1,116,100 1,415,400 374,600 

254 Space Science, Applications 
and Technolo gy......................... 787,563 838,330 216,800 

.............. 65,400 255 Supporting Space Activities 253,500 248,300 

( 2 5 0 )  Subtotal, General Science, Space 
and Technology.. ..................... 2,157,163 2,502,030 656,800 

...................... 43,800 405 Air Transportation. 166,400 175,350 

Total.. .................................. 2,323,563 2.677.380 700,600 

FY 1977 

1,515,425 

788,500 

265,900 

2,569,825 

189 , 100 

2.758.925 

SUM 1 3  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1977 ESTIMATES 

DIS'CRIBUTION OF ReSEARCH AND DEWLOmNT BUDGET PLAN BY INSTALLATION AND FISCAL 1EAR 
(Thousands of  Dollars) 

PROGRAM 

OFFICE OF SPACE FLIGHT, 
TOTAL 1975 

1976 
TQ 

1977 

Space s h u t t l e  1975 
1976 

TQ 
1977 

Space f l i g h t  opera t ions  1975 
1976 

TQ 
1977 

Expendable launch 
vehic les  1975 

1976 
TQ 

1Y77 

OFFICE OF SPACE SCIENCE 
TOTAL 1975 

1976 
TQ 

1'377 

- 

Physics and astronomy 1975 
1976 

TQ 
1977 

Lunar and p lane tary  
explora t ion  1975 

1976 
TQ 

1377 

L i f e  sciences 1975 
1976 

TQ 
1977 

OFFICE OF APPLICATIONS, 
(Space appl ica t ions)  1975 

1976 
TQ 

1977 

OFFICE OF AERONAUTICS A E  
SPACE TECHNOLOGY. TOTS 1975 

1976 
TQ 

1977 

Aeronautical research a n d  
technology 1975 

1976 
TQ 

1977 

Space research and 
technology 1975 

1976 
TQ 

1977 

OFFICE OF TRAWING ANTI 
DATA ACQUISIfION 1975 

1976 
T9 

1977 
~. 

OFFICE OF TECHNOLOGY 
L l T n n m m K  1975 

1976 
TQ 

1977 

ENERGY TECHNOLOGY 
APPLICATIONS 1975 

1976 
TQ 

1977 

TOTAL BUDGET PIAN I975 
1976 

TQ 
1977 

TOTAL 

,235,800 
,560,500 
406,500 

,644,700 

797,500 
,206,000 
321,000 

,288,100 

298,800 
188,600 
48,400 

205,200 

139,500 
165,900 

37,100 
151,400 

417,315 

116,400 
379.025 

434,200 

136.315 
159,300 
43,500 

165,800 

261,200 
254,100 

67,700 
191,100 

19,800 
20,800 

5,200 
22,125 

174,748 
178,230 
47,700 

198,200 

237,765 
250,250 

63,100 
271,100 

166,400 
175,350 

189,100 
43,800 

71,365 
74,900 
19,300 
82,000 

248,000 
240,800 
63,400 

258,000 

5,500 
7,500 
2,000 
7,900 

4,435 
5,900 
1,500 --- 

,323,563 
,677,380 
700,600 

,758,925 

~~ 

National 
hnson Kennedy Marshall Space Goddard J e t  Wallops Ames F l i g h t  Langley L e w i s  
pace Space Space F l i g h t  Technology Space F l i g h t  Propulsion F l i g h t  Research Research Rese.irch Research NASA 
n t e r  Center Center Laboratories Center labora tory  Center Center Center Cen :er Center Headquarters 

41,238 101,237 228,965 
48,954 109,075 329,310 
43,403 35,605 87,060 
#15,488 166,463 404,757 

825,260 12,300 151,898 
:54,294 52,800 284,200 
!18,200 23,900 75,200 
114,500 105,200 353,200 

1,434 47,014 651 10 540 
9,940 37,714 796 --- 1,244 

365 

345 68 --- --- --- 
_-_ 760 

700 --- --- --- --- 

2,500 7,930 250 --- 200 
11,200 38,427 550 _ _ _  

____c 

2,800 189 --- 
4,  ZOO --- --- --- --- 

--- 11,315 68,275 34,621 
16,083 714 11,065 95,605 --- 3,500 22,300 3,752 

--- 10,750 77,300 19,400 

--- 28 - -- 7,601 
714 341 _ _ _  9,902 _-- --- _ _ _  3,000 
--_ --- --- 11,000 

.15,978 77,320 77,067 1,089 488 651 --- 540 -_. 402 200 25,065 
94,660 38,000 45,110 7,140 525 796 _ _ _  484 274 155 1,456 
25,203 8,310 11,860 1,800 200 250 --- 200 200 100 277 

~00,988 42,940 51,557 7,000 400 550 --- 365 200 200 1,000 

1,955 
4,725 

7,400 

11,385 68,075 
10,450 95,450 

10,550 77,100 

__-  11,617 _ _ _  --- 46,458 --- l o  --- _-- 18,275 __-  --- 37,000 --- --- --- 
--- 3,395 --- 7,730 --- --- --- --.. 3,300 22,200 475 _ _ -  18,323 __- 38,027 --- --- --- 

--_ 
--- 

18,845 18 50,942 --- 64,327 91,690 2,459 52,088 101, 95,192 _-- 41,648 
17,852 100 74,467 --- 62,289 100,684 3,730 77,695 100 49,673 _-- 47,610 

15,081 26,240 941 19,893 --- 14,657 - - -  16,046 
20,383 1,000 46,250 --- 83,968 73,950 3,950 63,095 100 28,348 1,600 56,381 

__-  19,152 --- 4,390 

947 --- 50,029 --- 55,940 628 2,404 7,126 --- 1 358 _-- 17,883 
1,237 --- 73,961 --- 54,122 958 3,675 7,145 --- 697 _-- 17,499 

27,209 
300 _ _ _  19,037 --- 13,954 170 926 1,293 --- 281 --- 7,539 

1 340 1,600 2,458 _ _  - 46,250 --- 74,843 1,700 3,900 6,500 --- 

12,100 _-_ 60 --- 8,387 89,636 55 36,971 __-  93.784 _ _ _  20,207 
10,815 --- _ _ _  --- 8,167 98,226 55 62,203 --- 48,976 _-- 25,658 

11,925 __-  --- --- 8,625 70,150 50 48,220 __-  27,008 __- 25,122 
--- 15,765 _-- 5,858 1,127 25,735 15 16,950 --- 2,250 --- --- 

5,798 18 853 --- 1,426 --- 7,991 106 50 __-  3,558 
5,800 100 500 --- --- 1,500 --- 8,347 100 --- __- 4,453 

--- 
1,840 _ _ _  --- 335 _ _ _  1,650 - - -  --- --- 1,260 115 
6,000 1,000 --- 500 2,100 --- 8,375 100 _-- --- 4,050 

--- --- 
~ - -  --- 

32,262 1,227 7,691 265 91,095 10,549 6,734 5,980 _ _  - 9,653 2,732 6,560 
30,863 7 10 7,225 543 86,889 15,372 6,430 7,169 _ _  - 9,631 3,292 10,106 

6,934 95 2,364 38 25,817 4,990 1,508 1,900 - _ -  2,H38 492 724 
32,815 700 11,155 548 89,953 28,980 5,542 8,553 _ _  - 9,324 2,732 7,898 

271 __-  2,595 --- 5,358 18,661 345 57,047 13 ,5f8  76,717 59,017 4,166 

1,115 290 30 857 --- 1 , 2 1 7  4,780 265 10,664 
644 50 3,105 --- 5,763 18,035 460 53,247 17,770 81,675 63,742 5,759 

1,985 _-- 3,189 --- 8,362 19,142 420 42,598 17,015 99,994 72,896 5,499 
4 . 8 ~ 5  22,451 16,586 

~- 

100 --- 670 --- --_ 1,540 290 48,023 12,6t13 61,781 39,511 1,802 
350 _ _ _  740 --- 100 730 405 44,953 16,8:!0 63,966 44,737 2,.549 

538 225 --- 125 _ _ _  262 250 8,558 
575 _-- 800 --- 200 1,215 365 33,708 17,0-.5 8C,309 52,403 2,510 

4,845 17,566 11,431 --- 

171 --- 1,925 --- 5,358 17,121 55 9,024 905 1[,936 19,506 2,364 
294 50 2 365 --- 5,663 17,305 55 8,294 950 1;,709 19,005 3,210 

1,410 --- 2,389 --- 8,162 17,927 55 8,890 _ _ _  111,685 20,493 2,989 
65 30 732 --- 1,217 4,518 15 2,106 _ _ -  1.,885 5,153 577 

388 40 58 --- 350 473 15 438 __. 455 80 3,203 

100 2') 100 --- 100 zoo --- 150 _ - _  125 50 1,150 
566 11CI 40 8 53 547 694 15 718 - -_  645 250 3,494 

600 100 400 50 350 520 15 680 _ _ _  440 250 4,495 

--- 
615 
525 

180 --_ 235 

43 __-  
1,315 --_ 

_-- _-- --- 
--= 

793,047 102,522 290,870' 
,000,194 110,045 415,040 
255,297 35,755 109,768 
971,271 168,263 465,751 

97,652 
24,398 

107,673 

173,720 2,620 116,253 16.1 6!, 193,992 130,659 1,699 384,168 
10,536 361,162 189,281 14,935 140,258 20,1184 152,689 164.704 

51,510 3,964 32,857 5,445 44,960 39.738 2,538 94,370 177,942 14,727 115,291 19,015 148,856 154,778 
11,798 402,960 

SUM 14 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURRENT STRUCTURE 

RESEARCH AM)  DEVELOPMENT - FY 1975 (ACTUAL) PLAN 
(Millions of Dollars) 

PREVIOUS STRUCTU 

Space shuttle. ......... 
Space fltght operations 
Advanced missions...... 

Physics and astronomy.. 
Lunar and planetary 

exploration .......... 
Launch vehicle 
procurement .......... 

Space applications ..... 
Aeronautical research 
and technology.. . . . . . 

Space nr.d n g c l e i r  
research and 
technology ........... 

Energy technology 
applications ......... 

Treck ing  2nd data 
acquisition .......... 

Lechnology U E i i i z d L i u u  

FY 1975 Budget ..... 

FY 1975 
Plan 

797.5 
311.3 
1.5 

136.3 

266.0 

140.5 

174.8 

166.4 

11.4 

4.4 

248.0 

c c  2.4 

'.323,6 

CURRENT STRUCTURE 

Space Flight Launch Physics & Planetary Life Space Research & Research & Technology and Data Technology 
Shuttle Operations Vehicles Astronomy Exploration Sciences Applications Technology Technology Applications Acquisition Utilization 

Space Expendable Lunar <ng & 

SUM 15 



~ , ~ m T ~ ~ V k T  L Y L L L V L U I Y  cxI'\"I.'zY r n n r 3 ~ 7 r T r T T C P  * L y y  .-.- A w n  L- C D A P P  ..~- AnMTNTSTIIATTnN -.-. . - 

RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURRENT STRUCTURE 

RFSEARCH AhQ DEVELOPMENT - FY 1976 BLTDGET PLAN 
(Millions of Dollars) 

PREVIOUS STRUCTl 

Space shuttle. .......... 
Space flight operations 
Advanced missions....... 

Physics and astronomy... 
Lunar and planetary 
exploration. .......,.. 

Launch vehicle 
procurement....... .... 

Space applications, ..... 
Aeronautical research 

Space and nuclear 
and technology.. ...... 
research and technolog: 

EGerg; techaclcg,. 
applications .......... 

Tracking and data 
acquisition ........... 

Technology utilization.. 

Budget Estimate..... 

N 1976 
idget Plan 

1,206.0 
207.1 
1.5 

155.8 

259.9 

166.9 

175.0 

175.4 

74.9 

5.9 

243.0 

7.0 

2.678.4 

CURRENT STRUCTURE 

Space Flight Launch Phygics & Planetary Life Space Research & Research & Technology and Data Technology 
Shuttle Operations Vehicles Astronomy Exploration Sciences Applications Technology Technology Applications Acquisition Utilization 

SEaxe Expendable Lunar & Aeronautical Space Energy Tracking 

1.0 165.9 



.-.---.-.- a - - -  .... ""7"" .\m r n r n n  Ln,"TIITC.CDhlPTnh, IYHLLUIWL fiPlfi","fi"*LbO N I Y  ULr%..L C Y I L I * I . L " . l - . - L - . .  

RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURRENT STRUCTURE 

RESEARCH AND DEVEL0F"T - TRANSITION QUARTER BUDGET PLAN 
(Millions of Dollars) 

PREVIOUS STRUCTU 

Space shuttle. ........... 
Space flight operations.. 
Advanced missions. ....... 
Physics and astronomy.... 
Lunar and planetary 
exploration...........2 

Launch vehicle 
procurement............ 

Space applications ....... 
Aeronautical research 

Space and nuclear 
and technology ......... 
research and technology 

Energy technology 
applications ........... 

Tracking and data 
acqni  sition . . . . . . . 

Technology utilization ... 
Budget hstimate...... 

ransition 
Quarter 
idget Plan 

321.0 
55.1 

.5 

46.6 

73.3 

40.4 

54.7 

46.8 

22.3 

1 . 5  

66.4 

2.0 

730.6 

CURRENT STRUCTURE 

Space Flight Launch Physics & Planetary Life Space Research & Research & Technology and Data Technology 
Aeronautical Space Energy Tracking Space Expendable Lunar & 

jhuttle Operations Vehciles Astronomy Emloration Sciences Applications Technolonv ADDlicatiOW h&&€h2R 

32i.G J2.L 40.1 46.6 72.4 5.7 54.7 46.8 22.3 1.5 66.4 2.0 c ,  1 

Svn 17 



RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURREW STRUCTURE 

OFFICEDROGRAM 
SPACE FLICHT 

SpaceGSiuG3.e. ............... 
Space Flight Operations. ..... 
Development, test and 
mission operations (DTMO) 

Space life sciences........ 
Mission systems and 

integration: 
Payload integratian and 

Spacelab/concept 
mission analysis.. ..... 

Advanced development ..... 
Interim upper stage/ 

verification testing... 

Space Tug.......... .... 
A S T P . . . . . . . . . . . . . . . . . . . . . .  . 

Advanced Missions............ 

SPACE SCIHBCE 

v. ....... 
Lunar and PlaneLary 
Exploration. ............... 
Planetary quarantine.. ..... 
Exobiology(G3Adv Studies) 
A11 other projects ......... 

Launch Vehicle Procurement. 
Supporting research and 

- 
.~ 
technology/adv studies.. . 

All other projects ......... 
Total.................... 

FY 1975 
Plan 

797.5 
311.3 

170.2 
18.0 

(13.5) 

5.0 

2.0 
5.5 

1.0 
109.6 

1.5 

- 

- 

136.3 

266.0 
1.5 
3.3 

261.2 

140.5 

i .0 
139.5 

- 

--- - 

RESEARCH AND DEVELOPMENT - FY 1975 PLAN (ACTUAL) 
(Millions of Dollars) 

CURRENT STRUCTURE 
 FACE F‘iiGIiT 

SPACE FLIGHT OPERATIONS 
STS Ouerations ~~ 

Capability Advanced 
Development Program ASTP Total 

_- -  --_ - -  
109.6 296.3 

_ _ _  170.2 
- - -  3.0 

-- 

--- 5.0 

- - -  1.0 
109.6 109.6 

--- 1.0 

- - -  1.0 

- -  

SPACE SCIENCE 

Lunar and 

Astronomy Exploration Sciences 
Physics and Planetary Life 

SUM 18 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RECONCILIATION OF FY 1976 BUDGT STRUCTURE TO CURRENT STRUCTURE 

n7vToP l TmAPDhM 

SPACE FLIGHT 

Space Shuttle .............. 
Space Flight Operations.. . . 

"I ' A"", . .."III1 

Development, test and 

Space life sciences.. . . . . 
Mission systems and 

mission operations (DTMO) 

integration: 
Payload integration and 
mission analysis.. . . . 

Spacelab/concept 
verification testing 

Advanced development... 
Interim upper stage/ 
Space TUB .... ........ 

Advanced Missions.......... 

SPACE SCIENCE 

physics and Asmono my.... . .  

Lunar and Planetary 
Ex loration.............. -me--- anetary quarantine..... 
Exobiology(SRT/Adv Studies 
All other projects ....... 

Launch Vehicle Procurement 
Supporting research and 
technology/adv studies. 

A l l  other projects ....... 
Budget Estimate........ 

'otal in 
'Y 1976 
&doer 

1,206.0 

207.1 

166.1 
19.0 

(22.0) 

6.0 

6.1 
6.5 

3.4 

1.5 

155.8 

259.9 
1.5 
3.3 

255.1 

166.9 

1.0 
165,9 

- - -  

CLTRRENT STRUCTURE 
SPACE FLIGHT , 

SPACE FLIGHT OPERATIONS 
STS Operations 

Space 
S h i i t t l P  

L206.0 

--- 

Capability Advanced 
Total DTMO Develop& Programs - __-- 

Expendable 
Launch 
Vehicles 

S ? K E  S i i E N C E  

&&r and 
Physics and Planetary 
Astronomy Exploration Sciences 

Life 

--- 
16.0 

SUM 19 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RECONCILIATION OF FY 1976 BUDGET STRUCm TO CURRENT STRUCTURE 

?.ESFaI?CH AND DEVELOPMENT - TRANSITION OUARTER BUDGET PLAN 
(;.x:::ons o: =::ars> 

CURRENT STRUCTURE 
SPACE FLIGHT 

SPACE FLIGHT OPERATIONS 
opbrattibfis 

PREVIOUS STRUCTURE 
SPACE SCIENCE 

rota1 in 
rans i  t i o n  
quar te r  
Budget 

321.0 
55.1 
43.2 
5.5 

( 6 . 4 )  

1.8 

1.9 
2.0 

.7 

.5 

46.6 

73.3 
.4 
.6 

72.3 

40.4 

- 3  
bO.1 

- - -  

xumr afia 
Rhysics and Planetary Li fe  
Astronomy iixpioracion bciences DTMO - Total  - 

--- - 
50.3 

43.2 
. 7  

- 

1.8 

1.9 
2.0 

.7 

. 5  - 

--_ - 

- _ -  

OFFICE/ PROGRAM 

SPACE FLIGHT 

Space Shut t le . .  .............. 
Space F l ight  Operations...... 

Development, t e s t  and 
mission operat ions (DTMO: 

Space l i f e  sciences........ 
Mission systems and 

in tegra t ion :  
Payload i n t e g r a t i o n  and 
mission analysis.. . . . .  

Space lab/  conc ep t 
verification... . . . . . . .  

Advanced development .... 
Inter im upper s tage l  

Space Tug............. 

Advanced Missions.. ......... 

43.2 --_ -__  
4.8 

SPACE SCIENCE 

physics and Astro nomy....... 

Lunar and Planetary 
Exploration ............... 
Planetary quarantine. ..... 
ExobFology(SRT/Adv Studies) 
A l l  o ther  p r o j e c t s  ........ 

Launch Vehicle Procurement.. 
Supporting research and 

technology/ado s t u d i e s . .  
A l l  o ther  pro jec ts  ........ 

Budget Estimate......... 46.6 72.4 5.7 43.2 2.6 5.3 51.: 

SUM 20 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURRENT STRUCTURE 

RESEARCH AND DEVELOPMEW SPACE APF'LICATIONS P R O W  - FY 1975 P R O W  (ACTUAL) 
( M i l l i o n s  of Dollars) 

PREVIOUS STRUCTURE 

Weather end climate ......... 
Pollution monitoring. ....... 
Earth resources survey: 
Airborne research......... 
Other projects ............ 

Earth and ocean physics ..... 
Space processing ............ 
Comnunicstions.. ............ 
Data management ............. 
Payloads .................... 
MvaGcad epplications 

flight experiments.. ...... 
Applications systems 
analyses.. ................ 

ptpl  ica t ions explorer 
missiolls..... ............ 

Earth observation satellite 
definition............ .... 

T C C d .  ................ 

Y 1975 
Plan 

36.5 
22 .4  

( 6 0 . 9 )  
15.5 
45 .4  
18.9 

3 . 3  
11.0 
4 . 0  
4 .5  

4 : 7  

5.9 

2 . 6  

1.0 - 
u 

CURRENT STRUCTURE 
Earth Earth Ocean Weather 

Resources Dynamics Condition Environmental and Climate Materials Space Applications 
Detection Monitoring Monitoring Quality Observation Processing Communi- Information Explorer 
Monitoring & Forecasting & Forecasting Monitoring 6 Forecasting in Space cations Management Missions 

--- - - -  - - -  --- - . 4  - - -  - - -  --- 36.1  
- - -  - - -  - - -  22.4 - _ -  - - -  - - -  _-- --- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTR4TION 

RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURRENT STRUCTURE 

RESEARCH AND DEVELOPMENT SPACE APPLICATIONS PROGRAM - FY 1976 BUDGET PLAN 
(Millions of Dollars) 

PREVIOUS STRUCTURE 

Weather and climate........ ... 
Pollution monitoring.. ........ 
Earth Tesources survey: 
Airborne research... ........ 
Other projects .............. 

Earth and ocean physics ....... 
Space processing .............. 
Communications ................ 
Data management. .............. 
Payloads ...................... 
Advanced applications 
flight experiments........ .. 

Applications systems 
analyses .................... 

Total in 
FY 1976 
Budget 

33.6 
19.2 

( 6 2 . 0 )  
13.3 
48.7 
26 .4  

3.7 
7 . 5  
4 .0  
3 . 0  

4 . 7  

Budger: Escimace.. ......... 

CURRENT STRUCTURE 
Earth Earth Ocean Weather 

Resources DyMdCS Condition Enviromental and Climate Materials Space Applications 
Detection Monitoring Monitoring Quality Observation Processing Communi- Information Explorer 
Monitoring & Forecasting & Forecasting Monitoring & Forecasting in Space cations Management Missions 

_ - -  --- .6 . 3  .3 1 . 3  1.6 .5 . 1  

--- 1.6 .3 .6 .6 1.0 .3 .4 .2 

--- 5.9 

57.7 5 . 3  2 2 . 8  24.2 39.7 5 .3  8 . 2  3.2 5.9 

_ - -  - - -  - - -  --- - - -  - - -  - - -  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RECONCILIATION OF FY 1976 BUDGET STRUCTURE TO CURRENT STRUCTURE 

RESEARCH AND DEVELOPMENT SPACE APPLICATIONS PROGRAM - TRANSITION QUARTER 
(Millions of Dollars) 

PREVIOUS STRUCTUR 

Weather and-climate ........ 
Pollution monitoring. ...... 
Earth resources survey: 
Airborne research. ....... 
Other projects ........... 

Earth and ocean physics .... 
Space processing ........... 
Communications. ............ 
Data management ............ 
Advanced applications 

Applications systems 

Applications explorer 

Payloads. .................. 
flight experiments.... ... 
analyses ................. 
missions.. ............... 
Budget Estimate.. ...... 

Total in 
rans i t ion 
Quarter 
Budget 

11.7 
8 . 7  

(15.0) 
3.6 
11.4 

7 . 6  
1.2 
2.0 
1 . 5  
1.5 

1.3 

1.4 

2.6 

54.7 

CURRENT STRUCTURE 
Earth Earth Ocean Weather 

Resources Dynamics Condition Environmental and Climate Materials Space Applications 
Detection Monitoring Monitoring Quality Observation Processing Communi - Information Explorer 

& Monitoring & Forecasting & Forecastin& Monitoring & Forecasting in Space cations Management Missions _ _  

SUM 23 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1977 ESTIMATES 

Budxe t P 1 an 

1975 Budget Current Budget Current Budget 
Actual Estimate Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 

1976 Trans it ion Qu ar t er 1977 

Space Shuttle................... 797,500 1,206,000 1,206,000 321,000 321,000 1,288,100 

Space Flight Operations ......... 298,800 193 , 600 188,600 51,100 48,400 205,200 

Expendable Launch Vehicles...... 139,500 165 , 900 165,900 40,100 37 , 100 15 1 , 400 

Total........ ................. 1.235.800 1.565.500 1,560.500 412.200 406,500 1.644.700 

SF 1 



RESEARCH AND DEVELOPMENT 

PISC.&L YEAR. I 977 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE FLIGHT SPACE SHUTTLE PROGRAM 

1976 T r a n s i t i o n  Quarter  
Current  1975 Budget Current  Budget 

Actual  Estimate Estimate E s t i m a t e  Estimate 
(Thousands of Do l l a r s )  

230 , 900 226,000 O r b i t e r  634,757 877,300 871,200 

Sol id  rocke t  b o o s t e r . . . . . . . . . . . . .  21,143 76 , 200 69 , 300 18 , 000 18,000. 
17 , 100 

Launch and landing ............... 12,300 50,900 52,800 21,000 23,900 

T o t a l . . . . . . . . .  ................. 797.500 1.206.000 1.206.000 321.000 321.000 

.......................... 
Main engine. .  .................... 95,300 135,500 135,500 36 , 000 3,6,000 

Externa l  tank.. .  ................. 34,000 66 , 100 77,200 15 , 100 

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. . . . . . . . . . . . .  
Kennedy Space Center . . . . . . . . . . . . .  
Marshall  Space F l i g h t  Center . . . . .  
Nat ional  Space Technology 

Labora to r i e s . . .  ................ 
Goddard Space F l i g h t  Center. . . . . .  

F l i g h t  Research Center . . . . . . . . . . .  
Langley Research Center . . . . . . . . . .  
Eieadquarters ..................... 

Ames Research,Center ............. 

625 , 260 
12,300 

151,898 

345 
68 

--- 
--- 
28 

7,601 

864 , 948 
50 , 900 

278,400 

1,900 
100 --- 
--- 
52 

9,700 

854,294 
52 , 800 

284,200 

2 , 800 
189 
760 
7 14 
341 

9,902 

227,265 
21,000 
69,200 

500 
25 

--- 
--- 

l o  
3,000 

218,200 
23,900 
75 , 200 

700 
--- 

--- 
3,000 

1977 
Budget 

Estimate 

842 , 500 
193 , 800 

82 , 600 
64,000 

105,200 

1.288.100 

8 14,500 
105,200 
353 , 200 

4,200 

11 , 000 

- 797.500 ?.205.000 L.2n6.000 321.000 321.000 1.288.10Q ,rotai...,...................... 
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OFFICE OF SPACE FLIGHT 

PROGRAM 

Space Shuttle 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

SCHEDULE 

Rollout of Orbiter No. 1 
First Approach and Landing Test 
First Manned Orbital Flight 
Developmental Flights 

Initial Shuttle Operational 
Capability 

SPACE SHUTTLE PROGRAM 

September 1976 
4th Quarter 1977 
Mid-1979 
3rd Quarter 1979 - 
Mid - 19 80 

Mid- 1980 
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RESEARCH ANJI DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF SPACE FLIGHT SPACE SHUTTLE PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space S h u t t l e  i s  t h e  key element o f  an economical space t r a n s p o r t a t i o n  system t h a t  w i l l  provide 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 th  round-cr ip  access to space b r g i r d z g  III the 1980's. 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  space v e h i c l e  and w i l l  be configured 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 .  I ts  development w i l l  provide economical space ope ra t ions  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 ,  defense and t echno log ica l  payloads.  The S h u t t l e  i s ,  however, much more than 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 .  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 wi th  today ' s  expend- 
a b l e  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  reuse ;  t o  s e r v i c e  and r e p a i r  sa te l l i tes  i n  space;  
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 ;  and t o  perform re scue  missions.  These cap- 
a b i l i t i e s  w i l l  r e s u l t  i n  savings i n  t h e  c o s t  o f  space o p e r a t i o n s ,  wh i l e  g r e a t l y  enhancing t h e  f l e x i b i l i t y  
and p r o d u c t i v i t y  of t h e  missions.  

I 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 -- t h e  o r b i t e r ,  t h e  main engines ,  a n  
exfxmal p r o p e l l a n t  t.ank and twin s o l i d  r o c k e t  b o o s t e r s  -- and t h e  launch and landing systems. The o r b i t e r  
is 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  o f  t h e  Space S h u t t l e  system. I ts  l a r g e  payload volume of  285 cubic  meters 
(370 cub ic  yards) and cargo c a r r y i n g  c a p a c i t y  of up to  29,500 kilograms (65,000 pounds) w i l l  permit payloads 
t o  b e  b u i l t  t o  less rest r ic t ive des ign  requirements.  
t o  o r b i t  to  perform t h e i r  a s s igned  t a s k s  and r e t u r n  them t o  e a r t h .  
D W L a i r c r a f t  and w i l l  b e  powered by t h r e e  l i q u i d  fueled r eusab le  w i n  engines.  The r eusab le  o r b i t e r  w i l l  
serve both as a space v e h i c l e  and, du r ing  t h e  r e t u r n  t o  e a r t h  phase, a s  an a i r c r a f t ,  It can provide a 
h a h i t a b l e  environment f o r  t h e  crew, inc lud ing  s c i e n t i s t s  and eng inee r s ,  f o r  missions up to t h i r t y  days 
f n  du ra t ion .  

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

- 
r4LbbLUN 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  of i t s  t h r e e  l i q u i d  oxygenl l iquid hydrogen 
main engines ,  burning i n  p a r a l l e l  w i th  t h e  twin solid rocke t  boos t e r s .  
a l t i t u d e  of about 45 k i lome te r s  (km) (25 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  boos t e r s  burn o u t ,  a r e  s epa ra t ed  
and descend by pa rachu te  t o  a s o f t  splashdown i n  t h e  ocean about 295 km (160 n a u t i c a l  miles)  down range. 
They w i l l  then be  recovered f o r  refurhishment  and reuse.  The o r b i t e r ,  powered by i t s  t h r e e  main engines, 

Two minutes i n t o  t h e  f l i g h t ,  a t  a n  
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w i l l  con t inue  on i n t o  space f o r  another  s i x  minutes. A t  t h e  end of t h a t  t i m e ,  t h e  engines w i l l  be s h u t  down. 
A t  this poi i i t ,  j u s t  be fo re  c r b i t a l  i n s e r t i o n ,  the  e x t e r n a l  t ank  w i l l  be j e t t i s o n e d .  Following a b a l l i s t i c  
t r a j e c t o r y ,  t h e  empty tank w i l l  f a l l  i n  a remote ocean a r e a  about 18,500 km (10,000 n a u t i c a l  miles) down 
range. The G r E F t e r ,  a ided  by o r b i t a l  maneuvering engines,  w i l l  e n t e r  e a r t h  o r b i t  t o  perform i t s  mission. 
A f t e r  completing i t s  mission,  the o r b i t e r  w i i i  again f i r e  iis u r t i t a :  iiiiiisiivcrkg zzgines tc rlenrhit  and re- 
e n t e r  t h e  atmosphere a t  a h igh  ang le  (about  34') i n  a shallow f l i g h t  p a t h  t o  minimize t h e  f r i c t i o n a l  hea t ing .  
A t  21 km (about 70,000 f e e t j  a l t i t u d e ,  the orbiter w i l l  begin f i n a l  mneuvering;  a l i g n  i t s  approach and land. 

The Space S h u t t l e  w i l l  have a f l i g h t  crew of three :  t h e  commander, t h e  p i l o t ,  and a mission s p e c i a l i s t .  
On some missions a payload s p e c i a l i s t  w i l l  be added t o  check o u t  complete payloads and deploy them i n  space. 
I n  t y p i c a l  ope ra t ions ,  the  S h u t t l e  can c a r r y  up t o  seven peopie ,  i nc lud ing  the f i i g h t  crew, 10s peir'cods ~p 
t o  seven days. 
launch and landing and w i l l  b e  a b l e  t o  perform t h e i r  work i n  s h i r t - s l e e v e  comfort. 

They w i l l  experience f o r c e s  no g r e a t e r  than t h r e e  t i m e s  t h a t  of g r a v i t y  (3-g forces)  during 

STATUS: 

Space S h u t t l e  development i s  w e l l  underway and i s  i n  t h e  pe r iod  of  peak development and t e s t i n g ,  l ead ing  
t o  t h e  planned achievement o f  t h e  f i r s t  approach and landing test 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 elements a r e  under c o n t r a c t  and development is proceeding as 
planned. Many components o f  t h e  S h u t t l e  system were completed i n  FY 1975 and o t h e r s  a r e  being completed 
du r ing  FY 1976 as f a b r i c a t i o n ,  assembly and t e s t i n g  con t inue  t o  progress .  Funding f o r  FY 1977 w i l l  permit  
S h u t t l e  prime c o n t r a c t o r s  and subcon t rac to r s  t o  cont inue t h e  manufacturing and t e s t i n g  of t h e  fou r  b a s i c  
f l i g h t  hardware elements of t h e  Space S h u t t l e  and t h e  development of t h e  launch and landing systems f o r  
t h e  S h u t t l e .  

During FY 1976,  s t r u c t u r a l  elements o f  O r b i t e r  No.  1 are be ing  completed and de l ive red  t o  t h e  assembly 
p l a n t  i n  Palmdale, C a l i f o r n i a .  By t h e  end o f  t h e  f i s c a l  year ,  assembly o p e r a t i o n s  f o r  t h i s  f i r s t  o r b i t e r  
w i l l  b e  e s s e n t i a l l y  completed, w i th  r o l l o u t  scheduled f o r  September 1976 - t h e  end of  the  T r a n s i t i o n  Quarter. 
O r b i t e r  No. 1 w i l l  b e  used f o r  t h e  approach and landing tests, beginning i n  1977. 
i n i t i a t e d  on f a b r i c a t i o n  of  p a r t 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  F i r s t  Manned O r b i t a l  F l i g h t  
i n  1979. Major s t r u c t u r e s ,  such as t h e  mid fuse lage ,  wings and vertical  s t a b i l i z e r  f o r  O r b i t e r  No. 2 w i l l  
be  shipped from t h e  subcon t rac to r s  du r ing  EY 1977 f o r  assembly a t  Palmdale, C a l i f o r n i a .  
ponent and i n t e g r a t e d  subsystem tes t  f i r i n g s  are underway and w i l l  con t inue  through EY 1976 and t h e  
._ T s i t i o n  Quarter. 

Work has  a l s o  been 

Main engine com- 

FY 1977 funding w i l l  suppor t  t h e  f i r s t  c a p t i v e  f l i g h t ,  w i th  O r b i t e r  No. 1 mated t o  the c a r r i e r  a i r c r a f t ,  

The main propuls ion 
i n  t h e  f i r s t  h a l f  of 1977 and t h e  f i r s t  approach and landing f l i g h t  i n  l a t e  1977, 
v e r i f y  t h e  o r b i t e r ' s  aerodynamic c h a r a c t e r i s t i c s  and approach and l and ing  c a p a t i l i t y .  

These f l i g h t s  w i l l  
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test a r t i c l e  coqor?ents  w i l l  b e  completed and d e l i v e r e d  t o  the  Nat ional  Space Technology Labora to r i e s  (NSTL) 
f o r  p r e p a r a t i o n s  l ead ing  t o  test  f i r i n g s  i n  FY 1978. 
main propuls ion system performance a t  sea l e v e l .  
w i l l  be d e l i v e r e d  i n  E'Y L Y / /  and ilie tzzk s t r u c t u r n l  t e s t  a r t i c l e s  w i l l  be d e l i v e r e d  i n  e a r l y  1978. 
development f i r i n g  tes t  program f o r  t h e  s o l i d  rocke t  motors w i l l  be i n i t i a t e d  i n  the second half of 1971. 
Delivery of t h e  i n i t i a l  iaini-computers and p e r i p h e r a l  devices  f o r  t h e  launch p rocess ing  system t o  t h e  
Kennedy Space Center i s  a l s o  scheduled f o r  FY 1977. 

These tes ts  are condi;cted t o  v e r i f y  t h e  o r b i t e r ' s  
The main propuls ion test a r t i c l e  f o r  t h e  e x t e r n a l  tank 

The ~ --- 

CHANGES FROM BUDGET ESTIMATES: 

The c u r r e n t  e s t i m a t e s  f o r  t h e  Space S h u t t l e  program a r e  t h e  same a s  t h e  budget estimates f o r  FY 1976 scz 
t h e  T r a n s i t i o n  Quarter .  
t h e  o r b i t e r  and s o l i d  rocke t  boos t e r  p r o j e c t s  r e s u l t i n g  p r i m a r i l y  from prime c o n t r a c t  n e g o t i a t i o n s ,  o f f s e t  
by i n c r e a s e s  i n  t h e  requirements f o r  t h e  e x t e r n a l  tank and launch and landing systems development. 
adjustment a r e  addresses under t h e  a p p r o p r i a t e  p r o j e c t  element. 

The funding a d j u s t r e n t s  among t h e  S h u t t l e  p r o j e c t  elements r e f l e c t  decreases  i n  

These 

BASIS OF FUND REQUIREMENTS: 

O r b i t e r  

1976 T r a n s i t i o n  Quar t e r  1977 
1975 Budget Current Current  Bud Pe t Budget 

0- -  - _ -  
Estimate Actual  Estimate Estimate Estimate Est imate  

(Thousands of Dollars) 

Orbiter........................,.. 634,757 877 300 871,200 230 900 226,000 842 500 

OBJECTIVES AND STATUS: 

The o r b i t e r  w i l l  be a f u l l y  r e u s a b l e  v e h i c l e  w i th  a c a p a b i l i t y  f o r  multipurpose Tow e a r t h  o r b i t a l  oper- 
a t i o n s .  
meters (15 fee.t) .  
kilograms (65,000 pounds) i n t o  a 185 k i lome te r  (100 n a u t i c a l  miles)  c i r c u l a r  o r b i t ,  due east launch 
azimuth. 

I t s  payload bay w i l l  measure 18.3 meters (60 f e e t j  i n  length and w i l l  have a diameter of 4.6 
The o r b i t e r  w i th  i t s  twin s o l i d  r o c k e t  boosters  w i l l  be capable  of p l a c i n g  29,500 

I n  FY 1976, the  o r b i t e r  prime c o n t r a c t o r ,  t h e  Rockwell I n t e r n a t i o n a l i s p a c e  Div i s ion ,  Downey, C a l i f o r n i a ,  --- L.v.LLy.Lc.c- nr\mnlntn d e s i p - ,  f a b r i c a t i o n  and major assembly of O r b i t e r  No. 1. Rol lou t  of  O r b i t e r  No. 1 is 
scheduled f o r  September 1976. This o r b i t e r  is  being configured f o r  t h e  f i r s t  approach and ianding test 
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which w i l l  be  conducted i n  l a t e  1977 a t  t h e  F l i g h t  Research Center,  Edwards, C a l i f o r n i a .  O r b i t e r  No. 2 
i s  i n  t h e  manufacturing s t a g e .  During 1977 t h e  subcon t rac to r s  f o r  t h e  mid-section, wings , vertical  s t a b i l i z e r ,  
cargo bay doors,  landing gear ,  nose s e c t i o n  and l ead ing  edges a r e  scheduled t o  s h i p  these  elements t o  Palmdale, 
C a i i f o r n i a  f o r  i n s t a i i a i i u u .  G r b l t e r  Kj. 2 Al l  Ez coz fFz~~r t . ,d  fer t h e  f irst  manned o r b i t a i  f l i g h t .  which 
i s  t o  b e  launched from t h e  Kennedy Space Center i n  1979. 

A C r i t i c a l  Design Review t o  v e r i f y  compliance wi th  t h e  system and t e c h n i c a l  requirements f o r  those systems 
Ground support  equipment and r e q u i r e d  f o r  t h e  S h u t t l e  approach and l and ing  tests w i l l  be conducted i n  1976. 

t h e  test  s t a t i o n  a t  Palmdale, C a l i f o r n i a ,  w i l l  be completed by t h e  end of FY 1976 and ready f o r  u s e  i n  t h e  
checkout of O r b i t e r  No. 1. l n  a d d i t i o n ,  6eveiopmeiiL tests t o  s q p a r t  przparatlon fc?r the  first approach 
and l and ing  tests w i l l  be  conducted a t  t h e  F l i g h t  Control  Hydraulic Laboratory i n  Downey, C a l i f o r n i a .  

The o r b i t e r  s t r u c t u r a l  t e s t  a r t i c l e f a b r i c a t i o n  i s  being i n i t i a t e d  during FY 1976 and t h e  q u a r t e r  scale 
ground v i b r a t i o n  test model w i l l  be  d e l i v e r e d  t o  Downey, Ca l i fo rn ia .  The o r b i t e r  main propuls ion t e s t  
a r t i c l e  w i l l  be completed and d e l i v e r e d  t o  t h e  Nat ional  Space Technology Labora to r i e s  f o r  t h e  propuls ion 
system tes t  program. Both t h e  a f t  pod and engine of t h e  o r b i t a l  maneuvering subsystem w i l l  be completed 
and d e l i v e r e d  t o  t h e  White Sands Test F a c i l i t y  i n  New Mexico. 

During FY 1976, major milestones on t h e  thermal p r o t e c t i o n  system f o r  t h e  o r b i t e r  w i l l  be achieved, i n -  
c lud ing  m a t e r i a l  c h a r a c t e r i z a t i o n  of bo th  t h e  low and high temperature 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 .  
ment t e s t i n g  of r e p r e s e n t a t i v e  pieces of  t h e  high temperature r eusab le  s u r f a c e  i n s u l a t i o n  and r eusab le  
carbon-carbon f o r  t h e  leading edges and t h e  nose w i l l  be subjected t o  kepeated r e - e n t r y  h e a t i n g  and environ- 
mental  t e s t i n g .  The thermal p r o t e c t i o n  f a c i l i t y  i s  being a c t i v a t e d  and checked out  du r ing  t h i s  per iod 
t o  support  thermal p r o t e c t i o n  system t i l e  d e l i v e r i e s  i n  t h e  second h a l f  of 1976. 

Develop- 

E f f o r t s  toward completion and i n s t a l l a t i o n  of  t h e  av ion ic s  hardware systems f o r  O r b i t e r  No. 1 are proceed- 
i n g  i n  FY 1976. These systems are guidance and nav iga t ion ,  f l i g h t  c o n t r o l ,  communications, d i s p l a y  and 
c o n t r o l ,  i n s t rumen ta t ion ,  d a t a  p rocess ing  and electrical power d i s t r i b u t i o n .  I n  a d d i t i o n ,  e f f o r t s  on t h e  
guidance and nav iga t ion  hardware systems f o r  O r b i t e r  No. - -  2 w i l l  be  underway and __I d e l i v e r y  _ _  of  system c o q o n e n t s  
w i l l  be i n i t i a t e d  i n  l a t e  1976. Q u a l i f i c a t i o n  of  t h e  communication and t r a c k i n g  system f o r  O r b i t e r  No. 1 w i l l  
be completed t o  s i ipp~r’ t  the f i r s t  approach and landing tes t  i n  1977. 
and t e s t e d  a t  t h e  Johnson Space Center and i n t e g r a t e d  wi th  the  av ion ic s  hardware systems f o r  v a l i d a t i o n  i n  t h e  
Center’s  S h u t t l e  Avionics I n t e g r a t i o n  Laboratory (SAIL). 

Software w i l l  cont inue t o  be developed 

I n  a d d i t i o n ,  the  o r b i t e r  a c t i v i t i e s  p rov ide  f o r  p r o j e c t  support  e f f o r t s  managed by t h e  Johnson Space 
Center.  These e f f o r t s  i nc lude  a c q u i r i n g  and developing s imula to r s ,  S h u t t l e  t r a i n i n g  a i r c r a f t  and t h e  
carrier a i r c r a f t ,  a s  w e l l  as supplying government furnished equipment, such as space s u i t s ,  and performing 
many tes ts  and s t u d i e s  r equ i r ed  tu support the ortj i ter  p r c j e c t .  
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CHANGES FROM FY 1976 AND TRANSITION QUARTER BUDGET ESTIMATES: 

Orb i t e r  funding f o r  FY 1976 and t h e  Trans i t i on  Quarter  was reduced by a t o t a l  o f  $11.0 mi l l i on .  This 
adiastrirent reflects revised phasing o f  funding requirements r e s u l t i n g  from the  Design, Development, Test 
and Evaluat ion (DDT&E) Increment I1 con t rac t  negotiaced wiiii “nu~kWe11 I r i t e r n z t l ~ ~ ~ l  ir: September 1975: 

BASIS OF FY 1977 ESTIMATES: 

I n  FY 1977, a f t e r  r o l l o u t  of  t h e  f i r s t  o r b i t e r ,  f i n a l  checkout w i l l  be completed i n  prepara t ion  f o r  t he  
approach and landing tes t  program. 
c r a f t  w i l l  occur i n  the  f i r s t  h a l f  of 1977. 
p lace  i n  l a te  1977. This  ALT program w i l l  v e r i f y  the  low speed aerodynamic c h a r a c t e r i s t i c s  of t he  a i r c r a f t ,  
t h e  av ionics  and communications systems, f l i g h t  con t ro l s ,  and o ther  subsystems involved i n  the  f i n a l  f l i g h t  
phase. 

The t i r s t  capt ive  f l i g h t  w i t h  t h e  o rb i t c r  rstec! tc the ?h7 carrier a i r -  
The f i r s t  approach and landing test  (ALT) f l i g h t  w i l l  t ake  

The c r i t i c a l  design review of the  thermal p ro tec t ion  system (TPS) w i l l  be he ld  i n  e a r l y  FY 1977. Tes t ing  
w i l l  cont inue during FY 1977 on t h e  var ious  TPS app l i ca t ions  such as t h e  carbon-carbon material f o r  t h e  
lead ing  edge and thermal gap p ro tec t ion  seals. Fabr ica t ion  of components of t h e  TPS system f o r  t he  f i r s t  
o r b i t a l  f l i g h t  veh ic l e  (Orbi te r  No. 2)  w i l l  be i n i t i a t e d .  This  e f f o r t  inc ludes  t h e  reusable  t i l e s  and 
leading  edge ma te r i a l ,  a s  w e l l  as the  f l e x i b l e ,  reusable  su r face  i n s u l a t i o n  (nomex f e l t )  blanket  f o r  t h e  
lowest temperature reg ions ,  which are loca ted  on top  of t he  o r b i t e r  and the  payload bay doors. 

During 1977, major s t r u c t u r a l  components f o r  Orb i t e r  No. 2 ,  such as the  wings, mid-fuselage, forward 
fuse lage ,  payload bay doors ,  a f t  fuse lage  and ver t ica l  s t a b i l i z e r ,  w i l l  b e  de l ivered  to  Palmdale, Ca l i fo rn ia  
f o r  i n i t i a l  systems i n s t a l l a t i o n  and f i n a l  assembly. 

Assembly and subsystems i n s t a l l a t i o n  of t h e  v ibro-acous t ic  tes t  a r t i c l e  w i l l  begin i n  FY 1977. The a i r -  
frame s t r u c t u r a l  test  a r t i c l e  set-up w i l l  a l s o  be completed a t  Palmdale, Cal i forn ia .  
ground v i b r a t i o n  test  model w i l l  be de l ive red  t o  the  Downey t e s t  f a c i l i t y  and t e s t i n g  w i l l  be i n i t i a t e d .  
The o r b i t e r  main propuls ion t e s t  a r t ic le  w i l l  be completed and de l ivered  t o  t h e  Nat ional  Space Technology 
Labora tor ies  f o r  t he  propuls ion system t e s t  program. During FY 1977, the  o r b i t a l  maneuvering subsystem 
w i l l  be i n s t a l l e d  i n  the  tes t  s tands  a t  t he  White Sands Test F a c i l i t y  t o  support  t h e  s ta r t  of t e s t i n g  i n  
1978. 

The one-quarter scale 

Tes t ing  and q u a l i f i c a t i o n  of t h e  a u x i l i a r y  power u n i t  w i l l  proceed during FY 1977. 

The var ious  av ionics  systems are areas of major importance i n  FY 1977. Emphasis w i l l  be placed on hard- 

The av ionics  
ware and sof tware 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 landing tests (ALT). Hard- 
ware and sof tware t e s t i n g  and q u a l i f i c a t i o n  fo r  o r b i t a l  f l i g h t  t e s t i n g  w i l l  a l s o  proceed. 
hardware/softvare reqEired i n  Orhiter N o .  1 €or ALT w i l l  undergo c e r t i f i c a t i o n  tests i n  the  S h u t t l e  Avionics 
I n t e g r a t i o n  Laboratory a t  the  Johnson Space Center i n  la te  FY 1977. 
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Main Enpine 

1976 Transition Quarter 1977 
i9 75 Budge t Ciirrent Sudge t Current Budget 

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

Main engine. ...................... 95,300 135,500 135,500 36 , 000 36 , 000 193 , 800 

The Space Shuttle orbiter will use three high pressure liquid hydrogenloxygen engines, each with a 
2,100,000-newton (470,000-pound) vacuum thrust level. The Space Shuttle main engine (SSME) represents a 
major advance in propulsion technology and incorporates maximum utilization of existing technologies. 
In addition, it has the advantage of a much longer operating life. It will be the first large liquid 
fuel rocket engine designed to be reusable and to require minimum maintenance between flights. 
mounted controller will be used to ensure operation within the limits of the high temperatures and 
pressures in the combustion cycle. 
with a high expansion ratio nozzle, which results in more efficient engine operations without increasing 
the size. 

An engine- 

Performance will be increased by using a two-stage combustion process 

In FY 1976, the prime contractor, Rocketdyne Division of Rockwell International, is conducting testing 
and fabrication of the major subsystems of the Space Shuttle main engines. Components tested at Santa 
Susana, California, include the ignition system, thrust chambers, fuel and oxidizer turbopumps and the 
preburners. 
ducted at the National Space Technology Laboratories in mid-FY 1976 attained 37 percent of the required 
power. 
of the main propulsion test article to support-the main propulsion test activity scheduled for early FY 1978 
is also continuing. 
initiated in FY 1976 to support the start of manufacturing in FY 1977. 

Continued testing of these components is scheduled through FY 1977. Engine firings con- 

These tests will be followed by throttling tests over the full power level spectrum. Fabrication 

Long-lead time procurement of materials and hardware for the flight engines is being 

In addition, the main engine activities provide €or necessary project support efforts. These e f f o r t s  
include the procurement of propellants for test firing the engine and its components; the maintenance of 
the engine systems hardware simulation laboratory; logistics support; evaluation o f  materials and pro- 
cesses; and support for the design, fabrication, test and analysis of the controller. A key area is the 
testing of the 188,000-newton (42,000 pound) thrust :model combustion chamber, which is providing valuable 
data on engine life. Detailed tests and analyses for this engine are being conducted during EY 1576 and 
wlll ccrntinue in -FY 1977. 
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BASIS OF FY 1977 ESTIMATES: 

FY 19?7 fgnding requirements for the main engine development provide €or intensive test activity. Engine 
component testing will continue at Santa Susana on such components as the fuel and oxidizer preburners, 
ignition subsystem, main combustion chamber and the high and low pressure turbopumps. Testing of these 

characteristics. Concurrent with component testing at Santa Susana, testing of flight configured engines 
will be condiicted at the National Space Technchgy Iabnratcrries (NSTL) to demonstrate the throttling cap- 
ability of the main engine throughout the power level spectrum. 

components will be conducted at operacionai power l e v e l s  to deiii~i~stratc &I.-:- L . I S I *  ---fn*ma-,-n pbA.r".Yur..rr -.I- 3-a rnliahilitv *'-*I-----, 

In late FY 1977, a set of three main propulsion test engines will be delivered to NSTL. They will be 
installed and combined with the orbiter and external tank test articles for cescing of ihe Space Shuttle 
main propulsion system scheduled to begin in early FY 1978. 
engines to be used in Orbiter No. 2 will also be initiated. 

Fabrication of components for the flight 

Project support tasks continuing at the Marshall Space Flight Center will include maintaining the 
engine systems hardware simulation laboratory to conduct control system and dynamic operations testing, 
engine software integration support activities and in-house assessments of engine controller components. 
In addition, project support funding provides for main engine propellant procurements required for the 
test programs at both NSTL and Santa Susana. 

Solid Rocket Boosters 

1976 Transition Quarter 1977 
1975 Budget Cur r en t Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Solid rocket boosters.......... .... 21,143 76,200 69,300 18,000 18 , 000 82,600 

OBJECTIVES AND STATUS: 

The Space Shuttle propulsion system includes two reusable solid rocket boosters (SRB) which burn in 
parallel with the orbiter main engines to provide the necessary thrust from lift-off to booster staging. 
These boosters are approximately 3.6 meters (12.2 feet) in diameter and 45.5 meters (149 feet) long. 
Each booster delivers approximately 11.6 million newtons (2.6 million pounds) average vacuum thrust. The 
boosters are attached to the external tank and at staging,about 45 kilometers (150,000 feet), separate 
from the orbiter and external tank. 
kilometers (160 nautical miiesj from the iaunch site. They will then be recovered by shFp and returned 
for refurbishment and reuse. 

The SRBs will descend by parachutes and land in the ocean about 295 
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The main element i n  the  s o l i d  rocke t  b o o s t e r  system i s  t h e  So l id  Rocket Motor (SRM), which i s  being 
developed by Thiokol,  Wasatch Divis ion,  Utah. The o t h e r  boos t e r  system elements,  such as t h e  recovery 
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 
or  w i i i  be  procured s e p a r d i e l y .  
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  boos t e r  e f f o r t .  

Tlie Zirsha:: Space F l i g h t  C c ~ t z r  vi?: p e r f o r m  d e s i g ~ t e d  c > r s t e ~ s   in+^- 

I n  FY 1976, f a b r i c a t i o n  of the  development motors i s  being conducted t o  support  t h e  f i r s t  test  f i r i n g s  
i n  FY 1977. Subcontractors  a r e  proceeding wi th  manufacture,  h e a t  t reatment  and machining of t h e  s o l i d  
rocke t  motor cases .  
f a b r i c a t e d  and t e s t i n g  w i l l  be i n i t i a t e d  du r ing  FY 1976. nardware f a b r i c a t i v n  lor iiie separatloii iiiitors 
and f a b r i c a t i o n  of major s t r u c t u r a l  components a r e  underway. 

A prototype f l e x i b l e  bea r ing  f o r  t h e  t h r u s t  vec to r  c o n t r o l  system i s  a l s o  being 
' 

I n  a d d i t i o n ,  c u r r e n t  e f f o r t s  i nc lude  s o l i d  rocke t  motor b a l l i s t i c  performance a n a l y s i s ,  development of a 
computer program t o  measure the  stress i n  t h e  s o l i d  rocke t  p r o p e l l a n t  and dynamic a n a l y s i s  of s o l i d  rocket  
b o o s t e r  s t r u c t u r e s .  These support  t a s k s  w i l l  con t inue  through FY 1977. 

CHANGES FROM BUDGET ESTIMATES: 

So l id  rocke t  boos t e r  funding f o r  FY 1976 was reduced by $6.9 mi l l i on .  There w a s  no change i n  the T r a n s i t i o n  
Quar t e r  estimate. The FY 1976 adjustment r e f l e c t s  r ev i sed  phasing of  funding requirements r e s u l t i n g  from 
n e g o t i a t i o n  of  t h e  Thiokol c o n t r a c t  and minor rephasing of funding f o r  boos t e r  subsystems, such as t h e  
s e p a r a t i o n  motor and t h e  t h r u s t  vec to r  c o n t r o l  system. 

BASIS OF FY 1977 ESTIMATES: 

Commencing i n  FY 1977,  d e l i v e r y  of t h e  f i r s t  s o l i d  r o c k e t  motor development cases  w i l l  be made by t h e  
case subcon t rac to r  (Rohr, l oca t ed  a t  Chula Vista,  C a l i f o r n i a )  t o  Thiokol f o r  p r o p e l l a n t  loading. This  
e f f o r t  w i l l  be followed by t h e  f i r s t  development motor f i r i n g  i n  l a t e  FY 1977. The f i r s t  development 
nozz le  w i l l  a l s o  be de l ive red  during FY 1977. The manufacture of t h e  motor c a s e s  f o r  t h e  f i r s t  manned 
o r b i t 2 1  f l i g h t  w i l l  be i n i t i a t e d ,  l ead ing  t o  d e l i v e r y  t o  Thiokol i n  FY 1975, 

P re l imina ry  design of t h e  recovery system w i l l  be completed i n  FY 1977,  and tests and e v a l u a t i o n  w i l l  be 
i n i t i a t e d .  I n  a d d i t i o n ,  the  recovery system hardware and a s t r u c t u r a l  t es t  a r t ic le  w i l l  be d e l i v e r e d  t o  
t h e  Marshal l  Space F l i g h t  Center. P ro to type  p a r t s  w i l l  be f a b r i c a t e d ,  t e s t e d  and d e l i v e r e d  during FY 
1977 and f l i g h t  a r t i c l e  p a r t s  f a b r i c a t i o n  w i l l  be coEtinued. Drop tests w i l l  a l s o  be conducted wi th  
p ro  t o  type  equipmen t . 
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In FY 1977, a critical design review of the complete Solid Rocket Booster is planned to verify compliance 
with the system and technical requirements. Hardware for electrical testing will be delivered during this 
period and design, fabrication and testing of the t h r u s t  vector control (n 'C)  components will - -A= ,,L vgress. 
Test units of the TVC will also be delivered to the Marshall Space Flight Center. Fabrication and delivery 
of che Tic components as well as assembly activLtiea will cmtlnue. 

During FY 1977, the booster assembly contractor, to be selected during 1976, will continue the tasks neces- 
sary to perform future launch support work. 
ations planning, design of assembly and checkout operations, and support to the launch sice operations. 
tasks are necessary to optimize the flow and efficiency of the assembly operations at the launch site. 

These efforcs wiii entail booster  assemb1p :ogistlca and oper- 
These 

External Tank 

1976 Transition Quarter 1977 
19 75 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

64,000 17 , 100 External tank...................... 34,000 66 , 100 77,200 15 , 100 

OBJECTIVES AND STATUS: 

The external tank contains all the propellants for the orbiter main engines - liquid hydrogen as the fuel 
and liquid oxygen as the oxidizer. 
from lift-off to main engine cut-off, which occurs just before orbital insertion. 
cut-off, the external tank will be separated from the orbiter and will tumble through a ballistic trajectory 
to impact within a designated remote ocean area. 
meters (27.5 feet) in diameter, and 47 meters (154 feet) long. The external tank will contain approximately 
700,000 kilograms (1.55 million pounds) of propellant at lift-off. The liquid hydrogen volume is 1,530 
cubic meters (54,000 cubic feet) and the liquid oxygen volume is approximately 565 cubic meters (20,000 
cubic feet). 

The liquid propellants are consumed by the main engines of the orbiter 
Following this main engine 

The external tank is a single assembly'approximately 8.5 

The Martin Marietta Corporation, Denver Division, is the design and development contractor for the external 
tank. Development and fabricatior, will take place in the government-owned Michoud Assembly Facility near 
New Orleans, Louisiana. Initial tooling is being installed for the manufacturing operations. 

The external tank is the only expendable element in the Space Shuttle system and every effort is being 
made to reduce the unit cost to a minimum. 
configuration between the tank elements in order to utilize the same tooling for,the oxygen and hydrogen 

The prime contractor's design has emphasized commonality of 
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tanks where feasible. Low cost production techniques and materials and processes are being employed while 
maintaining safety and reliability. Six large tools are common to the fabrication of domes and barrel 
sections for both of the propellant tanks. Extremely light weight one-inch thick foam insulation will be 
a p p i i t t 3  t o  ilit: cutel s u r f d ~ r  ~f tlie exteriial taiik bj. autouiated splay- process. 

I n  ?P 1 9 ? h ,  the pr ime contractor conducted a c r i t i c a l  design review of the external tank. Fabrication 
and assembly of the structural test articles (the intertank, the liquid oxygen and liquid hydrogen tanks) 
is starting in FY 1976, leading to delivery of the first test article to the Marshall Space Flight Center 
testing facilities in FY 1977. 

Other major activities in FY 1976 include fabrication of the main propulsion test article tank and main 
propulsion test article integration for testing with the orbiter aft fuselage and the three propulsion test 
engines at the National Space Technology Laboratories (NSTL). Welding facilities and equipment were completed 
and installed at Michoud in the first half of FY 1976. In addition, long lead time procurement of selected 
materials for the first increment of flight tanks is continuing in FY 1976. Tooling required for the fabri- 
cation and assembly of the flight tanks is being completed and verification will be completed before the 
start of fabrication in FY 1977. 

In addition, the external tank activities provide for necessary project support efforts. These efforts 
support the restoration and modification of existing fabrication equipment at the Michoud Assembly Facility 
and activation of structural test facilities at the Marshall Space Flight Center. 

CHANGES FROM FY 1976 AND TRANSITION QUARTER ESTIMATES: 

External tank funding for N 1976 and the Transition Quarter was increased by a total of $13.1 million. 
This increase is primarily associated with three areas: (1) increased effort to complete the critical 
design review (completed November 1975); (2) replacing the original thermal protection material with 
high temperature spray-on foam insulation and; ( 3 )  a change in material for the intertank structure. 

BASIS OF FY 1977 ESTIMATES: 

During FY 1977, component fabrication and assembly for the external tank for the first manned orbital 
flight will continue. In addition, fabrication of the first and second flight tanks will be initiated. 
In late 1977, the external tank test article for the main propulsion test will be delivered to the 
National- Space Technology Laboratories. Assembly and checkout of the structural test articles will be 
completed and deliveries will be =de tc the Xarshall Space Flight Center ir? early FY 1978. Ground 
support and test equipment final design release will also occur in FY 1977. 
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A s s a b l y  zncl c h e c k m t  of the test art i c l e s  r equ i r ed  f o r  t h e  ground v i b r a t i o n  t e s t  program w i l l  be performed 
during FY 1977, l ead ing  t o  d e l i v e r y  t o  MSFC f o r  t e s t i n g  i n  1978. 
mnt inua t i cn  c?f t h e  activation of  t h e  s t r u c t u r a l  tes t  f a c i l i t i e s  a t  t h e  Marshall  Space F l i g h t  Center and t h e  
i n i t i a t i o n  of t h e  e x t e r n a l  tank s t r u c t u r a i  t e s t  program. 

FY 1977 funding w i l l  a l s o  provide f o r  t h e  

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current  Budget Current Budget 

m - L - . - - L ^  A c  tua 1 Estimate Estimate Esrimare Estii l l i i ie U a L L l l l a L C  

(Thousands of Do l l a r s )  

105 , 200 Launch and landing ................. 12,300 50,900 52,800 21,000 23 , 900 

OBJECTIVES AND STATUS: 

T o  m e e t  requirements f o r  S h u t t l e  ground ope ra t ions ,  i nc lud ing  turnaround t i m e s ,  launch rates and c o s t  
o b j e c t i v e s ,  new launch processing techniques and equipment must be developed. 
a launch processing system (LPS) i s  being designed, developed and implemented a t  t h e  Kennedy Space Center 
(KSC). The LPS w i l l  c o n s i s t  of two major elements: 
and t h e  c e n t r a l  d a t a  subsystem (CDS). 
ce s s ing  network. 
c o n t r o l  func t ions .  The CDS w i l l  provide support  t o  t h e  CCMS and w i l l  be comprised of two l a r g e  scale 
computers (primary and secondary) w i th  shared mass s t o r a g e  dev ices ,  r e l a t e d  communications processors  
and i n t e r f a c e  and p e r i p h e r a l  devices .  

I n  response t o  t h i s  need, 

t h e  checkout,  c o n t r o l  and monitor subsystem (CCMS) 
The CCMS w i l l  make maximum use of a decen t r a l i zed  computer pro-  

Consoles, each con ta in ing  a small  computer, w i l l  perform w i t h i n  assigned subsystem 

I n  FY 1976, design e f f o r t s  on the  launch processing system a r e  cont inuing,  leading t o  a c r i t i c a l  design 
review t o  determine system o p e r a t i o n a l  c a p a b i l i t y .  
and i n t e g r a t i o n ,  programming of computers and program v a l i d a t i o n .  
sof tware,  mini-computers f o r  t h e  checkout,  c o n t r o l  and monitor subsystem, l i n e  p r i n t e r s ,  r eade r s  and con- 
s o l e s .  
of t h e  CDS l a r g e  s c a l e  computers i s  a l s o  being i n i t i a t e d .  

Major a c t i v i t i e s  i n  FY 1976 include systems engineer ing 
Procurement was i n i t i a t e d  i n  FY 1976 f o r  

S O I I I ~  of t h i s  qi i ipmer ; t  will be de l ive red  during FY 1976, Procurement activity f o r  major components 

I n  a d d i t i o n ,  t h e  launch and landing a c t i v i t i e s  provide f o r  necessa ry  p r o j e c t  support  e f f o r t s .  These 
e f f o r t s  i nc lude :  t h e  des ign ,  procurement and i n s t a l l a t i o n  of  unique ground support  equipment (GSE) f o r  
t h e  approach and landing tes ts ;  ZSE t o  support  the f i r s t  mrined o r b i t a l  f l i g h t ;  systems engineer ing and 
i n t e g r a t i o n  suppor t  between t h e s e  ground support  systems and o t h e r  i d e n t i f i e d  Space S h u t t l e  o p e r a t i o n a l  
a r e a s ;  e s t ab l i shmen t  o f  a n  engineer ing documentation c e n t e r ;  and. teciiriicill iliialyses. 
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CHANGES FKOM jj-..- 1976 m-jj TmqSiIi-iq --"-fi-i-EK ES-j--i"gTES : 

. .  
Launch and ianding funding requiremeats for FY 1976 aiid the Traiisi t ion Q t i ~ r t e r  Lncreased by z t ~ t a l  of $ 4 . 8  

million. 
cessing system, resulting in-higher- earIy year funding with offsetting reductions in later years. 

This increase is associated with the negotiation of two fixed price contracts in the launch pro- 

BASIS OF FY 1977 ESTIMATES: 

During FY 1977, major efforts will be concentrated on the launch processing system (LPS) engineering and 
System definition will be completed and integration of the LPS will be initiated. integration activities. 

Systems engineering and software development support will also continue throughout FY 1977, and mini-computeys 
and peripheral devices will be delivered and installed at the Kennedy Space Center. 
acceptance of the checkout, control and monitor equipment is planned during FY 1977. 
central data system will also be installed and checked out at the Kennedy Space Center. 
installation of LPS components will commence at the Shuttle Avionics Integration Laboratory at the Johnson 
Space Center to support overall Shuttle system testing. 

The first hardware 
Major portions of the 

During FY 1977, 

In FY 1977 the design engineering efforts, supported by systems analyses and other engineering studies, 
on major ground support equipment (GSE) items required for launch, landing and turnaround operations at the 
Kennedy Space Center will be at a peak level. The initial deliveries of GSE will also take place. Deliveries 
will include launch systems hardware elements, such as the solid rocket booster support equipment for the 
mobile launcher and the payload ground handling mechanism for the launch pad. 

Activities of the prime Shuttle element suppliers at KSC will be increased during FY 1977 and will be 
directed toward the checkout, maintenance, integration, and launch support requirements for the Shuttle. 
These efforts will also cover the planning and activation of Shuttle ground support equipment for each 
element. 
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RESEARCH AND DEVEMPMENT 

FISCAL YEAR 1977 ESTIMATES 

bUUcrJL1 3 U I ” U ” ~ l  
---.-.,.-T7 

SPACE FLIGHT OPERATIONS P R W M  

SUMMARY OF RESOURCES REQUIREMENTS 

1975 
Actua l  

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. .................... 3,000 

mission operat ions. .  ............ 170,200 
Development, tes t  and 

Advanced programs................. 16,000 
Apol lo  Soyuz Test Project......... 109,600 

Total........................... 298.800 

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.............. 115,978 
Kennedy Space Center.............. 77,320 

Na t iona l  Space Technology 

Goddard Space F l i g h t  Center..  ..... 488 
Jet Propuls ion  Laboratory.. ....... 651 
Ames Research Center.............. 540 

. Langley Rese-arch- Center..  ....... .-. 40 2 

Marsha l l  Space F l i g h t  Center.. .... 77,067 

Laboratories.................... 1,989 

Lewis Research Cencer............. 200 
Headquarters  ...................... 25,065 

Total........................... 298.800 

1977 I iransii iuii  Q ~ r t e i :  1976 
Current  Budget Curren t  Budget Budget 

E s t  h a t e  

9,500 

166,100 
18,000 --- 

193 600 

96,750 
39,100 
47,550 

? ,000 
340 
450 
825 
235 
250 

1,100 

193.600 

- 
Estimate Estimate Estimate Estimate 

(Thousands of Do l l a r s )  

9,500 

1 6 i ,  100 
18,000 --- 

188.600 

94,660 
38,000 
45,110 

7,140 
525 
796 
484 
274 
15 5 

1,456 

188.600 

2,600 2,000 

41,100 
5,300 5,300 

43,200 

51.100 48.400 

25,450 
10,250 
12,475 

1,800 
100 
250 
250 
125 
2 00 
200 

51! 100 

25,203 
8,310 

11,860 

1,800 
200 
250 
200 
200 
100 
277 

48.400 

17,300 

169,900 
18,000 --- 

205.200 

100,988 
42,940 
51,557 

7,000 
400 
550 
365 
200 
200 

1 , 000 

-io0 
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OFFICE OF SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

- ine Space Flight Cperaticns prcgrzm irrcludes Space Transportation System (STS) Operations Capability 
Development; the common support activities conducted under Development, Test and Mission Operations; and 
Advanced Programs. 
funded within the Space Flight Operations program. 

The Apollo Soyuz Test Project, which was successfully flown in July, 1975, was also 

The Space Transportation System (STS) Operations Capability Development includes space transpor- 
tation system development and support activities other than the Space Shuttle. These development and 
support activities are necessary to facilitate the planning and orderly transition to STS operations, 
which will provide the means for expanding our capabilities in space while reducing the cost of operations. 
The principal areas of activity include the Spacelab, the Interim Upper Stage (IUS), and Multi-use Mission 
Support Equipment (MMSE) . 
Development, Test and Mission Operations provide the common engineering, scientific and technical support 

operations conducted at the Johnson Space Center, the Kennedy Space Center, the Marshall Space Flight Cen- 
ter and the National Space Technology Laboratories in support of all Space Flight research and development 
activities. 

Advanced Programs effort concentrates on the necessary planning and integration of payload activities 

Advanced Programs also investigates the effective future use 
fo r  the space transportation system and provides technical as well as programmatic data for the evaluation 
of potential future space flight systems. 
of new technologies. 

All major objectives of the Apollo Soyuz Test Project mission were successfully accomplished. Fiscal 
Year 1975 was the last year of new obligational authority requirements for this project. 
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BASIS OF FUND REQUIREMENTS: 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Current  Budget Current  Eudget 

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

Spacelab .......................... 2,000 6,100 6,100 1,900 1,300 10,500 

Mul t i -use  Mission Support 
Interim Upper Stage... .  ........... 1,000 3,400 3,400 7 00 700 3,800 

--- --- 3,000 --- --- Equipment. ...................... --- 
Total. . . . . . . . . . . . . . . . . . . . . . . . . . .  3.000 9.500 9.500 2.600 2.000 17.300 

OBJECTIVES AND STATUS: 

The STS Operations Capab i l i t y  Development a c t i v i t y  c o n s i s t s  of t h r e e  major areas of e f f o r t :  Spacelab, 
I n t e r i m  Upper Stage (IUS) and Mult i -use Mission Support Equipment (MMSE). 

Spacelab development f a l l s  i n t o  two categories--program and ope ra t ions  c a p a b i l i t y .  Program a c t i v i t i e s  
suppor t  t h e  European Space Agency (ESA) Spacelab development e f f o r t  w i th  engineer ing  and ope ra t ions  s t u d i e s  
i n  areas such as payload s a f e t y  and accommodations, opera t ions  and l o g i s t i c s .  Addi t iona l  e f f o r t s  inc lude  
t h e  development of a crew t r a n s f e r  t unne l  and procurement of necessary mockups, t r a i n e r s  and o t h e r  ground 
suppor t  equ ipmnt .  
hardware and system a c t i v a t i o n  a c t i v i t i e s  l ead ing  t o  an ope ra t iona l  c a p a b i l i t y .  

The Spacelab ope ra t ions  c a p a b i l i t y  a c t i v i t i e s  i nc lude  procurement of f l i g h t  and ground 

The In te r im Upper S tage  (IUS) is an upper s t a g e  t h a t  w i l l  be  used t o  deploy Shut t le- launched payloads t o  
The Z.S. A i r  Force i s  r e spons ib l e  f o r  t h e  development of t h e  IUS. NASA has h igh  energy and escape orbits. 

t h e  r e s p o n s i b i l i t y  t o  d e f i n e  t h e  non-DoD IUS des ign  and ope ra t iona l  requirements  t h a t  are unique t o  NASA 
a d  other non-DoD missions.  

Mult i -use Mission Support Equipment ( M E )  c o n s i s t s  of 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. 
a s tandard ,  r eusab le  inventory  f o r  a l l  payloads.  

This c l a s s  of hardware w i l l  be  developed i n t o  
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BASIS OF FY 1977 ESTIMATES: 

Iii FY 1977 Spacelsb funding v i l l  he ~ i r e r i  tn  rontinue studies in support of Spacelab development and 
operations concepts. 
Fiinding f o r  procurement of a high fidelity mockup/lg trainer will be completed and procurement of a hard- 
ware inventory of Spacelab elements will be initiated. 

The crew transfer tunnel design will be completed and manufacture will be initiated. 

In conjunction with the USAF Interim Upper Stage design, development, test and evaluation phase in 
y l y l i ,  Ti'ASA w i l l  determifie the req i i l i ements  for >XSh-unFn*-n -I-- ----*-- i +em= to suppnrt non-DnD IUS missions. .?.__ 

FY 1977 funding for Multi-use Mission Support Equipment will provide for initiating development of 
selected hardware items to support Space Transportation System/payload integration and ground opera- 
tion activities at the launch and landing site, as well as payload operations in orbit. 

Spacelab 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

2,000 6,100 6,100 1,900 1,300 10,500 

OBJECTIVES AND STATUS : 

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

The Spacelab will con- 

Ten European nations, of which nine are members of the European Space Agency, are participating in the 
program. NASA and ESA are comitted to bear the cost of their respective program responsibilities. ESA 
funding responsibilities include the design, development, production, and delivery of the first Spacelab 
and associated ground support equipment to NASA, as well as the capability to produce additional Spacelabs. 
*I* nnan C. A C..-d:?- L U ~ ~  Ll res-,.-,-. p ~ , , a ~ b A ~ ~ L A e s  4 1. c i  include the development of f l i g h t  and .ground support equipment not provided 
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by ESA, development and conduct of Spacelab ope ra t ions ,  and procuremeni oi a d d i t i o r i a l  harbware needed tc 
suppor t  NASA’s missions.  

F i s c a l  Year 1976 and T r a n s i t i o n  Q u a r t e r  .funds are being used t o  cont inue  on-going engineer ing  s t u d i e s  
d e f i n i n g  e f f e c t i v e  methods of ope ra t ing  t h e  Spacelab system w i t h  i t s  v a r i e t y  of payloads and developing 
e f f i c i e n t ,  economical techniques f o r  computerized approaches t o  experiment i n t e g r a t i o n ,  mission p ianning  
and payload ope ra t ions .  Addi t iona l  engineer ing  s t u d i e s  are be ing  i n i t i a t e d  t o  determine t h e  most econom- 
i c a l  l o g i s t i c s  and ground ope ra t ions  procedures  and t o  minimize onboard contaminat ion which would be  d e t r i -  
mentai E O  &e s c i e r i i i i i L  cjbjjec~lves of some cxpzrizents. 
w i l l  be  i n i t i a t e d  du r ing  FY 1976 f o r  use a t  the  Kennedy Space Center  i n  v e r i f y i n g  t h e  i n t e r f a c e s  wi th  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  access ) .  This mockup 
w i l l  serve l a t e r  as a l g  crew t r a i n e r  a t  t h e  Johnson Space Center ,  t hus  e l imina t ing  t h e  requirement t o  
procure  a s e p a r a t e  l g  t r a i n e r .  FY 1976 funds a r e  a l s o  being u t i l i z e d  f o r  development of t h e  crew t r a n s f e r  
t unne l  l i n k i n g  the  Spacelab t o  t h e  Space S h u t t l e  o r b i t e r  cabin.  

Procurement nf a high f i d e l i t y  mockup/lg t r a i n e r  

These a c t i v i t i e s  w i l l  con t inue  dur ing  t h e  Trans i t i on  Quarter, wi th  t h e  expec ta t ion  t h a t  t h e  d e f i n i t i o n  
of hardware and sof tware  necessary  t o  o p e r a t e  t h e  Spacelab,  and i t s  planned payloads, w i l l  be  completed. 

Concept V e r i f i c a t i o n  Tes t ing  (CVT) i s  the ground s imula t ion  a c t i v i t y  used t o  p l an  e f f e c t i v e  payload 
u t i l i z a t i o n  and ope ra t ion  of t h e  Spacelab. Through breadboards and s imula to r s ,  CVT provides  the ,means  f o r  
t h e  development of e f f e c t i v e  d a t a  management system i n t e r f a c e s  f o r  conduct ing systems s imula t ions ,  inc lud-  
i n g  sof tware ,  s o  t h a t  t h e  i n t e g r a t i o n  of f i n a l  experiment f l i g h t  hardware can be  designed f o r  e f f e c t i v e  
r e sea rch  and a p p l i c a t i o n s  a t  a minimum c o s t .  FY 1976 funding is  be ing  used f o r  t e s t i n g  and s imula t ion  
a c t i v i t i e s  i n  t h e  CVT General  Purpose Laboratory (GPL) and t h e  Data Management System Simulator  (DMSS) ~ 

i n  suppor t  of Spacelab ope ra t ions  c a p a b i l i t y  development, i nc lud ing  eva lua t ing  t h e  merits of t h e  c e n t r a l  
d a t a  computer compared t o  t h e  d i s t r i b u t i v e  mini computers. 
t h e  procurement of t h e  Space U l t r a - r e l i a b l e  Modular Computer (SUMC) 111. 

FY 1976 funds are a l s o  be ing  used t o  complete 

CHANGES FROM BUDGET ESTIYATES: 

Trans i t i on  Quarter Estimate: 

Spaceiab funding w a s  decreased b y  $600 thoiisziiid as p a r t  cf the adjustments necessary  t o  accommodate 
t h e  genera l  Congressional  r educ t ion  i n  NASA’s R&D budget r eques t  f o r  t h e  T r a n s i t i o n  Quarter .  
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BASIS OF FY 1977 ESTIMATES: 

The FY 1977 Spacelab funding requi rements  conr;inue i o  suppor t  t he  Eumpean Space Agency's development of 
t h e  Spacelab through e s t a b l i s h i n g  des ign  requi rements ,  i nc lud ing  those  of t h e  use r  community; de f in ing  the  
Space lab ' s  o p e r a t i o n a l  environment; deve loping  those  hardware elements not provided by ESA, such as t h e  
crcv transfer t i i n n e l  which provides  access between t h e  Spacelab and t h e  Space S h u t t l e  o r b i t e r  cab in ;  and 
developing  hardware mockups and t r a i n e r s .  

FY 1977 funding is  r equ i r ed  t o  con t inue  s t u d i e s  i n  t h e  engineer ing,  l o g i s t i c s ,  ope ra t ions  and i n t e r f a c e  
areas, as w e l l  as on-going system s t u d i e s  which involve  t rade-of f  s t u d i e s  t o  de te rmine  a l t e r n a t e  approaches 
t o  hardware process ing  and flow t o  minimize t h e  ground support  equipment, so f tware  and f a c i l i t i e s  r equ i r e -  
ments. 

FY 1977 funds w i l l  a l s o  provide f o r  t h e  des ign  and development of hardware. The crew tunne l  t r a n s f e r  
t unne l  des ign  w i l l  be  comp'leted i n  FY 1977 and manufacture w i l l  be i n i t i a t e d ,  
ment des ign  and development w i l l  a l s o  b e  cont inued through FY 1977. This i nc ludes  ground support  equip- 
ment r equ i r ed  t o  o u t f i t  t he  assembly and checkout s t ands ,  racks  and p a l l e t  assembly s t a n d s ,  and o t h e r  
equipment needed t o  accommodate t h e  Space lab  process ing  requirements .  Procurement of t h e  h i - f i d e l i t y  
mockup/lg t r a i n e r  w i l l  be  completed. Funding w i l l  a l s o  be used to purchase equipment such as senso r s  
and e l e c t r o n i c  ins t rumenta t ion  ( v e r t i f i c a t i o n  f l i g h t  ins t rumenta t ion)  r equ i r ed  t o  v e r i f y  Spacelab 
subsystem performance and t h e  induced environment t o  which payloads w i l l  be sub jec t ed .  

NASA ground suppor t  equip- 

The development of t h e  Spacelab o p e r a t i o n s  c a p a b i l i t y  i s  a NASA r e s p o n s i b i l i t y  which inc ludes  t h e  pro- 
curement of f l i g h t  hardware; t h e  p lanning ,  des ign ,  development and v e r i f i c a t i o n  of f a c i l i t i e s ;  hardware 
and so f tware  r equ i r ed  f o r  mission p l ann ing ;  payload i n t e g r a t i o n  and crew t r a i n i n g ;  p r e - f l i g h t  checkout; 
f l i g h t  ope ra t ions ;  p o s t - f l i g h t  re furb ishment ;  and d a t a  pre-process ing  and d i s t r i b u t i o n .  I n t e g r a t i o n  
e f f o r t  a s s o c i a t e d  wi th  t h e  Spacelab o p e r a t i o n s  c a p a b i l i t y  development w i l l  b e  implemented by i n t e g r a t i o n  
c o n t r a c t o r s  i n  FY 1977. Funds i n  F Y  1977 w i i i  ais0 b e  used t o  i n i t i a c e  procurenlent uE Che i i i i i i ~ m m  hard- 
ware inven to ry  of Spacelab f l i g h t  e lements  t o  suppor t  up t o  twelve missions pe r  year .  I n  a d d i t i o n  t o  

system development f o r  a f a c i l i t y  t o  i n t e g r a t e  experiment sof tware  i n t o  t h e  Spacelab computer system. 
This f a c i l i t y  should be  i n  ope ra t ion  when t h e  Spacelab engineer ing  model i s  d e l i v e r e d  t o  t h e  U.S. by 
ESA ' in mid-1978. 
two-year l e a d  t i m e  r equ i r ed  t o  develop complex s y s t e m  sof tware  f o r  t h e  f i r s t  Spacelab f l i g h t  scheduled 
f o r  l a t e  1980. Software development must proceed i n  p a r a l l e l  wi th  hardware procurement t o  i n s u r e  t h a t  
s o f t w a r e  v e r i f i c a t i o n  can be accomplished i n  a t imely  manner a f t e r  t h e  hardware has  been i n s t a l l e d .  

;..;+;"+' I .LII .LI.UC1~g hardware proccrement from ESA, funds are a l s o  r equ i r ed  t o  i n i t i a t e  hardware procurement and 

Timely completion o f  t h i s  i n t e g r a t i o n  f a c i l i t y  i s  necessa ry  t o  provide  the  approximate 
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I n t e r i m  Upper S tage  

1976 Trans i t i on  Quar te r  i977 
1975 Budget Curren t  Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  Est imate  E s t l i i i a t 2  Ea t Irate 
(Thousands of Do l l a r s )  

1 ,. 000 3,400 3,400 7 00 7 00 3,800 

OBJECTIVES AND STATUS: 

The I n t e r i m  Upper S tage  (IUS) i s  an i n t e g r a l  p a r t  of t h e  Space Transpor ta t ion  System. It i s  r equ i r ed  t o  
provide  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  high-energy and escape o r b i t s  no t  a t t a i n a b l e  
by  t h e  S h u t t l e  a lone .  DoD w i l l  develop t h e  I n t e r i m  Upper S tage ,  which w i l l  be  a mul t i - s tage ,  s o l i d  pro- 
p e l l a n t  expendable v e h i c l e  and w i l l  be  o p e r a t i o n a l  i n  mid-1980. The NASA IUS program o b j e c t i v e s  are t o  
coord ina te  NASA-unique and o t h e r  non-DoD requirements  w i th  DoD dur ing  t h e  des ign ,  development, t es t  and 
e v a l u a t i o n  phase t o  provide  f o r  t h e  d e f i n i t i o n  of t h e  non-DoD des ign  and ope ra t iona l  requirements ,  and 
t o  i n s u r e  IUS ope ra t ions  c o m p a t i b i l i t y  w i t h  t h e  Space Transpor t a t ion  System and r e s p e c t i v e  ground and 
f l i g h t  systems. 

NASA i s  c u r r e n t l y  coord ina t ing  t h e  inco rpora t ion  of t h e  non-DoD requirements  i n t o  t h e  DoD IUS 
program and p a r t i c i p a t i n g  i n  t h e  p lanning  of t he  v a l i d a t i o n  phase and development phase a c t i v i t i e s .  
a c t i v i t y  i n  FY 1976 inc ludes  t h e  d e f i n i t i o n  of mission/payload requirements  f o r  non-DoD missions,  i n -  
c r eased  d e f i n i t i o n  of t h e  IUS/Shut t le  and ground systems i n t e r f a c e s ,  i d e n t i f i c a t i o n  of NASA-unique hard- 
ware and sof tware  requirements ,  and d e f i n i t i o n  of ope ra t ions  concepts .  

NASA 

BASIS OF FY 1977 ESTIMATES: 

I n  FY 1977, NASA w i l l  con t inue  t o  work w i t h  t h e  DoD t o  a s s u r e  t h a t  t h e  I n t e r i m  Upper S tage  meets unique 
NASA and o t h e r  non-DoD requirements .  NASA w i l l  p a r t i c i p a t e  i n  the v a l i d a t i o n  phase aad t h e  p lanz ing  of the  
subsequent  f u l l - s c a l e  development phase. NASA funding i n  FY 1977 w i l l  support  t h e  d e f i n i t i o n  of t h e  
X-UA-unique hardware and sof tware .  This e f f o r t  w i l l  i nc lude  system and ope ra t ions  a n a l y s i s ;  p re l imina ry  
des ign ,  system s p e c i f i c a t i o n s ,  and hardware i n t e r f a c e  d e f i n i t i o n s ;  development of ope ra t iona l  p lanning  
concepts  and suppor t  requirements .  
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.I.. r.*u 1 c Li - - .LS e Mi r L L I I Y L V L .  c .? i n" Support  Equipment ( W E )  

T r a n s i t i o n  Quar te r  1977 
D . . d  - 1976 

1975 Budget c u r r e n t  budget C u i L e n t  UUUSLL 

Actua l  E s t i m a t e  Estimate E s t i m a t e  Estimate Estimate 
(Thoiiaaiida of Dollars) 

OBJECTIVES AND STATUS: 

The Mult i -use Mission Support  Equipment i s  a c l a s s  of ground and f l i g h t  hardware t h a t  provides  f o r  t h e  
i n t e r f a c e s  between t h e  elements of t h e  Space Transpor ta t ion  System and t h e  payloads t h a t  w i l l  be  flown 
on t h i s  system. This economical, r e u s a b l e ,  and long l i f e  equipment is  requi red  t o  t r a n s p o r t ,  handle,  
accommodate and ope ra t e  a wide range of s c i ence ,  app l i ca t ions  and technology payloads as t h i s  type  of 
ground and f l i g h t  hardware can be fu rn i shed  more economically from a s t anda rd  equipment inventory  r a t h e r  
than  by ind iv idua l  payload users. 

BASIS OF THE FY 1977 ESTIMATES: 

To m e e t  t he  need d a t e s  and corresponding hardware development mi les tones ,  development of c e r t a i n  Mult i -  
use  Mission Support Equipment must  be  i n i t i a t e d  i n  FY 1977. 
of  t h e  hardware t o  support  t h e  STSjpayload i n t e g r a t i o n  and groOnd ope ra t ions  a c t i v i t i e s  a t  t he  launch 
and recovery  s i t e  and t o  support  payload ope ra t ions  i n  o r b i t  dur ing  t h e  i n i t i a l  S h u t t l e  ope ra t iona l  
f l i g h t s .  These i n i t i a l  MMSE items i n c l u d e  an i n t e r - s i t e  payload t r a n s p o r t a t i o n  and handl ing system, 
payload s p e c i a l i s t  s t a t i o n  equipment, and a trace contamination ana lyzer  system. 

This  e f f o r t  i s  r equ i r ed  t o  i n s u r e  d e l i v e r y  

The i n t e r - s i t e  payload t r a n s p o r t a t i o n  and handl ing system w i l l  s a t i s f y  t h e  needs of t h e  payload devel-  
opers  and i n t e g r a t o r s  f o r  handl ing  and t r a n s p o r t i n g  payloads a t  t h e i r  s i tes and moving these  c ros s -  
count ry  t o  and from t h e  Space Transpor t a t ion  System launch and recovery si tes.  
p o r t e r ,  whose o u t s i d e  dimensions w i l l  be compatible with most road r e s L r i c t i o n s  and a v a i l a b l e  a i r  
c a r r i e r s ,  w i l l  form t h e  nucleus of t h e  system. 
cvridit ivnii ig t h e  payload i n s i d e  t h e  c a n i s t e r  w i l l  be  a c h a r a c t e r i s t i c  of t h e  canis ter .  

A c a n i s t e r  and t r ans -  

Auxi l ia ry  equipment f o r  handl ing  and environmental lv  

FY 1977 funds w i l l  p rovide  f o r  t h e  development of t he  payload s p e c i a l i s t  s t a t i o n  equipment which i s  an 
i n t e g r a t e d  command and d a t a  management c a p a b i l i t y  t o  ope ra t e  experiments l oca t ed  i n  the o r b i t e r  cargo 
bay. This equipment will be  designed f o r  i n s t a l l a t i o n  i n  t h e  a f t  f l i g h t  deck. 
special is t  s t a t i o n  equipment t o  s a t i s f y  upper s t a g e  and free f l y e r  requirements  w i l l  be emphasized to 

Use of Spacelab payload 

a l low development of permanently i n s t a l l e d  equipment. RD 2-9 



FY 1977 funds w i l l  a l s o  provide f o r  t he  development of a t r a c e  contamination ana lyzer  system which w i l l  
perform i n - f l i g h t  monitor ing of  aggregate  o f fgas ing  c o n s t i t u e n t s  from payioads,  metabolic soiirces and Space- 
l a b  systems. I ts  primary subsystems c o n s i s t  of a gas chromatograph t o  d e t e c t  the  presence of atmospheric 
substances and a 11es.s spec t ro i~c tzr  tc z ~ z c i ~ r e  the  concen t r a t ion  of each of the atmospheric c o n s t i t u e n t s .  
I n s t a l l a t i o n  of t h e  ana lyzer  i n  t h e  Spacelab p res su r i zed  module w i l l  a l low r e l a x a t i o n  of t h e  material re- 
ql i l re iwnts  f~ experiment hardware t o  be mounted i n  t h e  Spacelab. U s e  of t he  ana lyzer  t o  meet t h e  Space 
Transpor ta t ion  System s a f e t y  requirements w i l l  lead t o  sav ings  i n  experiment development e f f o r t .  

Development, Test and Mission Operat ions 

1976 Trans i t i on  Quarter 1977 
1975 Budget Current  Budget Current  Budget 

Estimate E s t i m a t e  Estimate Actual  Estimate Estimate 
(Thousands of Dol la rs )  

Research and test  ope ra t ions  ...... 51,040 55,400 47,400 14,500 12,700 51 , 300 
Data systems and f l i g h t  

Operat ions support . .  .............. 49,579 44,300 42,100 11,500 9,700 41,700 
Launch systems ope ra t ions  ......... 28,481 26,400 26,400 6,800 6,800 31,000 

operat ions. .  .................... 41,100 40,000 45 , 200 10 , 400 11 , 900 45,900 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . .  170.200 166.100 161,100 43.20041.100 169.900 

OBJECTIVES AM) STATUS : 

Development, T e s t  and Mission Operat ions (DTMO) provides  t h e  common engineer ing,  s c i e n t i f i c  and tech-  
n i c a l  suppor t  r equ i r ed  t o  conduct ongoing and proposed space f l i g h t  r e sea rch  and development a t  t he  Johnson 
Space Center ,  t h e  Kennedy Space Center ,  t h e  Marshal l  Space F l i g h t  Center and the  Nat iona l  Space Technology 
Labora tor ies .  DTMO func t ions  inc lude  r e sea rch  and test  opera t ions ,  d a t a  systems and f l i g h t  opera-  
t i o n s ,  ope ra t ions  suppor t ,  and launch systems opera t ions .  These common support  e f f o r t s  are necessary  t o  
provide  e a r i y  p r o j e c t  d e f i n i t i o n ,  inc luding  conceptual  des ign ,  p r o j e c t  s p e c i f i c a t i o n s ,  and r e sea rch  and 
technology; t o  a s s u r e  engineer ing  support  f o r  in -depth  t e c h n i c a l  examination of work performed by prime 
and major subcon t rac to r s  on space f l i g h t  systems; t o  provide  common support  equipment and s u p p l i e s ;  and 
t o  perform backup des ign ,  t e s t i n g  and a n a l y s i s  i n  h igh  technology areas. 

I t  i s  expected t h a t  fucu re  DTMO funding requirements  w i l l  g r adua l ly  decrease  as t h e  t r a n s i t i o n  i s  made 
t o  Space Transpor t a t ion  Systems (STS) ope ra t ions .  A t  t h a t  t i m e ,  STS ope ra t iona l  support  a c t i v i t i e s ,  d i r e c t  
and- ind i r ec t ,  w i l l  b e  funded under STS opera t ions  and oniy  support  of deve?=pment efforts will he funded 

w i t h i n  DTMO. RD 2-10 



The decrease ir? both FY 1976 and the Transition Quarter budget estimates for Development, Test and Mission 
Operations is the result of Congressionai action rsduciiig Sie rsquest. hse:! OI? b.:thnrizstfnn ('nmmittee 
action, the FY 1976 DlMO funding level was reduced by $5.0 million. 
funding level was decreased by $2.1 iiillllon as part cf t h e  adjustments necessary to absorb the Congressional 
cut of $30 million in NASA's R&D budget request for this period. 

In addition, the Transition Quarter 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 DTMO funding requirements provide for the common engineering, scientific and technical support 
required for all Space Flight programs. This support is required for activities conducted under Space 
Shuttle, Spacelab, the Interim Upper Stage, and Advanced Programs. The FY 1977 Development, Test and 
Mission Operations funding also provides for support contractor personnel who are an essential part of 
NASA's in-house capability and are required to pursue ongoing and planned Space Flight efforts. 

Research and Test Operations 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

51,300 51,040 55,400 47,400 14,500 12,700 

OBJECTIVES AND STATUS: 

Research and test operations support a broad spectrum of technical, engineering, scientific, reliability 
and quality assurance, and safety operations. 
contractors who are spread across the country in contractor-owned facilities and government plants. 

These activities complement the work of the major development 

CHANGES FROM BUDGET ESTIMATES: 

The Research and Test Operations funding was reduced by $8.0 million in FY 1976 and by $1.8 million in 
the Transition Quarter. The FY 1976 reduction was made to absorb part of the Authorization Committee 
action which reduced the FY 1976 request. In addition, a reduction resulted from a rephasing of funds 
tc? support additional requirements in Data Systems and Flight Operations. 
ing level was decreased as part of the adjustments necessary to absorb the Congressional cut of $39 millis= 

The Transition Quarter fund- 

in NASA's R&D budget request for this period. RD 2-11 



BASIS OF FY 1977 ESTIMATES: 

During FY 1977 r e sea rch  and test ope ra t ions  w i l l  support  - 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  
plementing t h e  Eurvpeari Spacelab devs?op;nznt; p r c l i z i n a r y  IFC d e s i g n ;  and o t h e r  r e sea rch  and 
a c t i v i t i e s  i n  advanced programs. E f f o r t  i n  t h i s  area w i l l  i nc rease  over FY 1976 i n  order  t o  
With S h u t t l e  deVelGpEe2t. 

e f f o r t s  com- 
development 
keep pace 

Engineer ing and tes t  support  i s  provided t o  a s s u r e  f u l f i l l m e n t  of t echn ica l  goa ls  as they  r e l a t e  t o  each 
program. Examples of FY 1977 Space S h u t t l e  support  t o  be provided a t  the  Johnson Space Center  inc lude :  
(1) conduct ing t h e  tes t  and eva iua t ion  of t h e  Ku-band siari-able aiitenna and pcrfcrzance tes tF r?g  of f i i l l  
scale antenna p a t t e r n s  on the  S h u t t l e  antenna;  ( 2 )  performing i n t e r f a c e  s t u d i e s  u t i l i z i n g  O r b i t e r  mockups 
and manipulator  development f a c i l i t i e s ;  ( 3 )  br ing ing  t h e  crew s t a t i o n  mockup t o  ope ra t iona l  s t a tus  i n  
suppor t  of 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  (OFT) / c r i t i c a l  des ign  review ( 4 )  completing S h u t t l e  Avionics 
I n t e g r a t i o n  Lab (SAIL) t e s t i n g  f o r  Approach and Landing Test  (ALT) av ion ic s  v e r i f i c a t i o n ,  suppor t ing  the  
ALT f l i g h t  test program, and r econf igu r ing  SAIL f o r  OFT avionics  c e r t i f i c a t i o n  program; and (5) conduct- 
i n g  f a c i l i t y  checkout tes ts  i n  p repa ra t ion  f o r  O r b i t e r  a f t  fu se l age  v ib roacous t i c  t e s t i n g ,  

A t  t h e  Marshal l  Space F l i g h t  Center,  FY 1977 funding provides  f o r :  (1) support  t o  t h e  S h u t t l e  
mated ver t ical  ground v i b r a t i o n  tes t ,  (2) engineer ing  support  f o r  the  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  systems f o r  t h e  S h u t t l e  main engine by performing t h e  necessary  
a n a l y s i s ,  review, and coord ina t ion ;  (3 )  s e r v i c e s  necessary  t o  determine the  s t r u c t u r a l  i n t e g r i t y  of t h e  
s t r u c t u r a l  tes t  a r t ic le  f o r  t h e  e x t e r n a l  tank,  t h e  model c h a r a c t e r i s t i c s  of t h e  l i q u i d  oxygen tank,  and 
t o  suppor t  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  test  and the  main propuls ion  tes t  programs; 
and ( 4 )  systems requirements and a n a l y s i s ,  documentation and conf igu ra t ion  management, q u a l i t y ,  re l ia -  
b i l i t y  and systems s a f e t y ,  ground suppor t  equipment systems and systems tes t  planning,  and methods of 
contaminat ion c o n t r o l  i n  support  of t h e  Spacelab program. 

I n  a d d i t i o n ,  FY 1977 r e sea rch  and test ope ra t ions  funds which a r e  t o  be provided t o  the  Johnson 
Space Center  and the  Marshall  Space F l i g h t  Center  w i l l  support  Space S h u t t l e  des ign  reviews, c e r t i f i c a -  
t i o n  t e s t i n g  in spec t ions ,  tests, conf igu ra t ion  c o n t r o l  pane ls ,  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 g h t  Operat ions 

19?? 1976 T- L L a n s F t i m  Quarter 
1975 Budget Current Budget Current  Budget 

Actua l  Estimate Estimate Estimate Est imate  Est imate  
(Thousands of Dol la rs )  

41,100 40,000 45,200 10,400 11,900 4 5 ,  YWU 
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OBJECTIVES AND STATUS : 

systems 2nd f l i g h t  npergtions inci iide t h e  requirements  de f in iL ion ,  des ign ,  Fmplementatioii, and 
checkout of hardware and so f tware  mod i f i ca t ions  t o  t h e  Johnson Space Cen te r ' s  Mission Control  Center  (MCC) 
and t h e  Real T i m e  Computer Complex (RTCC), as w e l l  as f o r  t h e  ope ra t ion  and maintenance of t he  f a c i l i t i e s  
dur ing  p repa ra t ion  f o r  mission suppor t  and du r ing  t h e  f l i g h t  missions.  

F l i g h t  s imula t ion  e f f o r t s  w i l l  r e q u i r e  ope ra t ion  and maintenance of  fu l l -mis s ion  and p a r t - t a s k  s imula t ions  
io1 i l i g i i t  proced~res development and validatic:: sn:! flight c r e v  trair?irro 0 )  1-5 well as t h e  operation of the 
JSC C e n t r a l  Data Computation F a c i l i t y  and S p e c i a l  Purpose Data System which are requ i r ed  t o  suppor t  Center-  
wide a c t i v i t i e s  i n  mission a n a l y s i s ,  systems engineer ing,  development, and tes t  func t ions  f o r  t he  S h u t t l e  
p ro  gram. 

Spacec ra f t  and a i r c r a f t  o p e r a t i o n s  p rov ide  f o r  t h e  development of  S h u t t l e  f l i g h t  c o n t r o l ,  recovery  p l ans  
and procedures ,  p roduct ion  of  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  elements o f  d a t a  
management. 

CHANGES FROM BUDGET ESTIMATES : 

An adjustment  t o  t h e  FY 1976 estimate was  r equ i r ed  t o  i n i t i a t e  t h e  r econf igu ra t ion  of t h e  Mission Cont ro l  
Center  and t h e  Real Time Computer Complex t o  accommodate S h u t t l e  program requirements .  Planning and des ign  
e f f o r t  f o r  t h e  r equ i r ed  changes has  been i n t e n s i f i e d  r e s u l t i n g  i n  an  i n c r e a s e  of  $5.2 m i l l i o n  f o r  systems 
and f l i g h t  ope ra t ions  i n  FY 1976 from t h e  amount p rev ious ly  reques ted .  P ro jec t ed  requirements  i n  t h e  
T r a n s i t i o n  Quar te r  are $1.5 m i l l i o n  h ighe r  due t o  t h e  need t o  beg in  long l ead  procurement of hardware t o  
suppor t  t h e  Mission Control  Center  and t h e  Real Time Computer Complex modi f ica t ions .  

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funding i n  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 Cont ro l  Center  
and t h e  Reai T i m e  Computer Complex t o  provide  the f l i g h t  si;pport and f l i g h t  d a t a  mnagement func t ions  f o r  
t h e  Approach and Landing Test (ALT) and O r b i t a l  F l i g h t  Test (OFT) missions f o r  t h e  Space S h u t t l e  pro- 
gram. This e f f o r t  w i l l  also i n c l u d e  t h e  ope ra t ion  of t he  so f tware  development l abora to ry  (SDL, comprised 
p r i m a r i l y  of e x i s t i n g  RTCC systems) 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  
sof tware ,  as w e l l  as suppor t  t o  equipment and sof tware  changes. 

FY 1977 e f f o r t s  i n  f l i g h t  s imula t ion  and development d a t a  systems w i l l  i n c r e a s e  p r i n c i p a l l y  i n  suppor t  
Mission and systems des ign  and 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  new S h u t t l e  s imula to r  hardware. 

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  be  underway. 
suppor t  w i l l  cont inue  u n t i l  t h i s  e f f o r t  i s  completed a t  t h e  end o f  FY 1977. 

I n  a d d i t i o n ,  ASTP f l i g h t  d a t a  process ing  
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Spacec ra f t  and a i r c r a f t  ope ra t ions  ac t iv i t ies  which w i l l  be  supported i n  FY 1977 w i l l  i nc lude  modi f ica t ion ,  
a d  engineering support s e r v i c e s  r e l a t i n g  t o  t h e  T-38 space  f l i g h t  r ead iness  t r a i n i n g  a i r c r a f t  and t h e  KC-135 
zero-G a i rc ra t t .  Support requirements  i n  FY i977 w i l l  i n c r e a s e  i n  ch i s  a r e a  w i i i i  iiia a ~ ~ i l v a t i ~ i l  of the T-38 
chase a i r c r a f t  i n  l a t e  FY 1976. Also r equ i r ed  i n  FY 1977 is  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 engineer-  

Test programs. 
i n g  suppor t  of f l i g h t  operattons p lann ing  cGntrcl  fclr the  .!,?preach and Landing Test and the O r b i t a l  P l i g h t  

Opera t ions  Support 

1976 Trans i t i on  Quar te r  1977 
1975 Budget Current  Budget Curren t  Budget 

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

49,579 44,300 42 , 100 11,500 9,700 41,700 

OBJECTIVES AND STATUS: 

Opera t ions  suppor t  p rovides  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 maintain 
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  Marshal l  Space F l i g h t  Center ,  t h e  Kennedy Space 
Center ,  and t h e  Nat iona l  Space Technology Labora tor ies .  It a l s o  provides  f o r  t h e s e  t e c h n i c a l  services f o r  
Johnson Space Cen te r ' s  o f f - s i t e  ope ra t ions  a t  t h e  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  
Cen te r ' s  o f f - s i t e  ope ra t ions  a t  t h e  Michoud Assembly F a c i l i t y  and the  S l i d e l l  Computer Complex. 

CHANGES FROM BUDGET ESTIMATES: 

The Operat ions Support funding w a s  reduced by $2.2 m i l l i o n  i n  FY 1976 and by $1.8 m i l l i o n  i n  t h e  
T r a n s i t i o n  Quar te r .  
W I L L G I I  L ~ U U L ~ ~  the Fi' 1976 request.  
adjus tments  necessary  t o  absorb t h e  Congressional  c u t  of $30 m i l l i o n  i n  NASA's R&D budget r eques t  €or  t h i s  
pe r iod .  

The FY 1976 r educ t ion  w a s  made t o  absorb p a r t  of t he  Author iza t ion  Committee a c t i o n  
- - 7 . 2 - L  The Transit iar:  Quar te r  f m d i n g  leT?e1 was decreased as part of the  

BASIS OF FY 1977 ESTIMATES: 

F i s c a l  Year 1977 funding w i l l  p rovide  f o r  t h e  maintenance of h igh ly  t e c h n i c a l  f a c i l i t i e s  and equipment, 
f a c i l i t y  refurbishment  and renovat ion ,  chemical c l ean ing ,  engineer ing  design,  t ed i r ik~:  d ~ i i i i i a i t a t k n  
and ana lyses ,  telecommunications, component f a b r i c a t i o n  and l o g i s t i c  support .  
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A c r o s s  s e c t i o n  of  s p e c i f i c  services t o  be  provided i n  FY 1977 inc ludes :  (1) c leaning  of hoses ,  gauges, 
tub ing ,  and r e l a t e d  f l i g h t  i t e m s  t h a t  are f a b r i c a t e d  in-house; ( 2 )  opera t ion  of shops t o  do metal fu rb i sh -  
i ng ,  anodizing,  p i a t i n g ,  s t r i p p i n g ,  an6 e ~ ~ L L i i g  of se1ecte.d i t e m s  of I z -hzusc  f a b r i c s t &  flight har6vare; 
(3)  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 ec t r i ca l  and cryogenic  systems, and maintenance of tes t  
area cranes ;  ( 4 )  engineering, Lnsta l la tFon,   pera at inn zr?d miFntenance of c losed  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 tes ts ;  (5) photographic  services inc lud ing  s t i l l  
and motion p i c t u r e  p rocess ing  and audio v i s u a l  mission suppor t ;  ( 6 )  f a b r i c a t i o n  of models, breadboards,  
and s e l e c t e d  items of f l i g h t  hardware; (7) t e c h n i c a l  documentation services, telecommunications, and 
graphics ;  ( 8 )  t e c h n i c a l  services i n  suppor t  o t  Center  o p e r a t i o n s  inc lud ing  receipL,  storage, issue Uf 
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  services; and (9) management services 
i n  suppor t  o f  Center  o p e r a t i o n s ,  i nc lud ing  d a t a  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. 

F i s c a l  Year 1977 funds w i l l  a l s o  provide  a bas i c  level of maintenance, ope ra t ion ,  and suppor t  services 
r equ i r ed  a t  t h e  White Sands T e s t  F a c i l i t y  t o  suppor t  program requirements  i nc lud ing  materials and compo- 
n e n t s  t e s t i n g ,  and o r b i t a l  maneuvering systems test  suppor t  f o r  the S h u t t l e  program; ope ra t ion  and mainte- 
nance of 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  l e v e l  of ope ra t ion  and 
maintenance of t h e  Michoud Assembly F a c i l i t y  where t h e  e x t e r n a l  tanks  f o r  t h e  S h u t t l e  w i l l  b e  f a b r i c a t e d  
and assembled. 

I n  a d d i t i o n ,  t h e  FY 1977 o p e r a t i o n s  suppor t  funds w i l l  p rovide  t h e  b a s i c  level of suppor t  t o  t h e  Nat iona l  
Space Technology Labora to r i e s  which i s  engaged i n  t h e  s t a t i c  tes t  f i r i n g  of t h e  Space S h u t t l e  main engine ,  
i n t e g r a t e d  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 ropu l s ion  
test art icle.  

Launch Systems Opera t ions  

1976 Trans i t i on  Q u a r t e r  1977 
1975 Budget Curren t  Budget Current  Budget 

A c t u a l  Es t ima te  Estimate Estimate Estimate Estimate 
(Thousands of  Dol la rs )  

28,481 26,400 26,400 6 , 800 6,800 3i,OOO 

UBJECTIVES AND STATUS: 

Launch systems ope ra t ions  provides  f o r  the ope ra t ion  of t h e  checkout arid 1auiicl-i facl:5tles, c o q l e x e s  
and a s s o c i a t e d  ground suppor t  equipment as w e l l  as t he  h igh ly  t e c h n i c a l  services r equ i r ed  a t  the Kennedy 
Space Center. 

RD 2-15 



BASIS OF FY 1977 ESTIMATES: 
, .  DTMO requirements at the Kennedy Space CenEer w i l l  iilcrease bSginriIEg 5:: F Y  1977 tr! s q p n r t  preparation 

of its launch facilities to accommodate the first manned orbital flight in 1979. FY 1977 activities will 
support the reconfiguration and preparatton of t he  Center's launch facilities and systems, including the 
installation of newly designed ground support systems to accommodate the Space Shuttle flight hardware and 
payload systems. 

Fiscal Year 1977 funding provides for mechanical ground system activities i nvv lv i i i g  operatlo~s arid r a i n -  
tenance of launch systems and facilities as they are activated for Shuttle; support for development test- 
ing of Kennedy Space Center designed Shuttle ground support equipment in the Launch Equipment Test Facility 
(LETF); preservation, maintenance, and operation of Kennedy Space Center electrical and mechanical utilities 
systems; and operation of technical shops which support maintenance activities. 

Fiscal Year 1977 funding will also provide for the maintenance and modification of electrical/electronic 
and launch instrumentation systems such as automatic checkout equipment, operational voice and TV communi- 
cations, computation, measurements, telemetrics, and other electrical/electronic systems. These activities 
will include operations and maintenance of communication, computational and instrumentation systems as they 
are activated for Shuttle and instrumentation and measurement support for development testing of Kennedy 
Space Center designed Shuttle ground support equipment in the Launch Equipment Test Facility (LETF). 

1975 
Actual 

Payload integration and mission 

Advanced systems.............. ..... 11,000 
analysis ......................... 5,099 

Advanced Programs 

1976 Transition Quarter 1977 
Budget Current Budget Current Budget 
Estimate Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 

6,OOO 6,000 1,800 5,000 1 800 
12,000 12,000 3,500 3,500 13,000 

Total............................ 16,000 5.300 5.300 

RD 2-16 



OBJECTIVES AND STATUS: 

Advanced Programs c o n s i s t s  of two d i s t i n c t  a r e a s  of e f f o r t :  Payload I n t e g r a t i o n  and Mission Analysis  
and Advanced Syscems. 

A c t i v i t i e s  under Payload I n t e g r a t i o n  and Mission Analysis  w i l l  concen t r a t e  on a s su r inq  t h a t  t he  u s e  
of t h e  Space Transpor ta t ion  System (STS) w i l l  be conducted i n  the most e f f e c t i v e  and economical mnner 
and t h a t  payloads and t h e  STS elements w i l l  be  o p e r a t i o n a l l y  compatible.  

Advanced Systems ~ c t i v f t i e s  explore the f u t u r e  d i r e c t i o n  and o p p o r t u n i t i e s  f o r  t h e  n a t i o n ' s  space t r ans -  
p o r t a t i o n  and ope ra t ions  systems. New space  t r a n s p o r t a t i o n  concepts ,  f u t u r e  missions,  and opera t ions  i n  
space are s tudied .  
program r i s k s  and development c o s t s  and t o  ob ta in  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 
through the  e f f e c t i v e  use  of new technologies .  

Se lec ted  hardware and sof tware  t o  support  t h e  f u t u r e  missions are developed t o  reduce 

BASIS OF FY 1977 ESTINATES 

I n  FY 1977 t h e  Payload I n t e g r a t i o n  and Mission Analysis  e f f o r t s  w i l l  focus on t h e  Space Transpor ta t ion  
System (STS) u t i l i z a t i o n  planning,  t e c h n i c a l  and c o s t  t r a d e o f f s  f o r  candida te  ope ra t iona l  con- 
c e p t s  and p lans  r e l a t e d  t o  t h e  o r d e r l y  t r a n s i t i o n  t o  STS opera t ions  and phase-out of expendable launch 
veh ic l e s .  
des ign  requirements  w i l l  cont inue  i n  FY 1977. 

Payload ope ra t ions  and handl ing  s t u d i e s  as w e l l  as t h e  a c q u i s i t i o n  of payload d e s c r i p t i o n  and 

Advanced systems funding i n  FY 1977 w i l l  p rovide  f o r  t h e  con t inua t ion  of s tudy  e f f o r t s  i n  t h e  areas of 
a space  s t a t i o n  concept and assembly of l a r g e  s t r u c t u r e s  i n  space.  Other e f f o r t s  t o  be continued w i t h  
FY 1977 funding include:  ' the  s tudy  of h igh  performance upper s t a g e s  f o r  t he  STS; development engineer ing 
and t e s t i n g  of improved environmental  suppor t  and p r o t e c t i v e  equipment components; i n v e s t i g a t i o n s  of  t h e  
use  of new technologies  f o r  long l i f e  and r e a d i l y  maintainable  subsystems f o r  p o s s i b l e  space s t a t i o n  
concept a p p l i c a t i o n s ;  i n v e s t i g a t i o n s  o f  suppor t  equipment and t o o l s  requi red  f o r  extended ope ra t ions  i n  space  
and s t u d i e s  of f u t u r e  space system concepts .  

Payload I n t e g r a t i o n  and Mission Analysis  

1976 T r a n s i t i o n  Quarter 1977 
1975 Budget Current  Budget Current Budget 

Actua l  Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dol la rs )  

5,000 6,000 6,000 1,800 1,800 5,000 
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OBJECTIVES AND STATUS: 

The Payload Integration and Mission Analysis objectives are to assure hardware and operational compatibil- 
L t y  L,ct~-ccr: paylcads 2nd t h e  Space Trangnnr+g+inn y Y ' - - c - - . .  C ~ r c + n m  - J (CTS) 22.1 t~ ~htg i_n the most effective iige and 
economical operation of the STS. To achieve these objectives, activity focuses on three specific areas: 
(1) development of system requirements and the review of STS compliance with these requirements; (2)  analysis 
of interfaces between the STS and its payloads and the definition of systems required to conform to these 
interfaces; and, (3)  planning for payload operations and the operational interfaces between payloads and 
the STS. 

In FY 1976 and the Transition Quarter, STS utilization planning activities are focusing on formalizing 
early Space Shuttle mission planning, improving the fidelity of STS utilization planning and refining the 
cost and economic analytical capability to support mission planning. 
studies are developing a greater understanding of payload ground and flight operations requirements and 
such hardware and software critical end items as STS payload integration simulators, payload specialist 
flight training facilities and operations, and payload/STS operations software interfaces. Payload 
analysis and requirements studies are being continued to refine payload descriptions and requirements, 
support analyses of the impact of STS changes on payload requirements, and provide data to better under- 
stand safety and contamination control requirements for payloads. Other activities include finalization of 
user pricing policy, STS user community development and advanced payload applications studies. 

Payload operations and handling 

BASIS OF FY 1977 ESTIMATES: 

In FY 1977, STS utilization planning will concentrate on updating the early Space Shuttle mission plan 
to include hardware inventories and logistics requirements, improving the responsiveness of cargo load 
planning, refining the cost estimating of Spacelab integration and formalizing transition planning method- 
ology of conventional launch vehicles to the Space Shuttle. 
be expanded to develop a greater understanding of payload ground and flight operations and associated 
critical hardware and software end items including Mission Control Center modification and software require- 
ment studies. Payload analysis and requirement efforts will be continued in such activities as payload 
descriptions and requirements, payload operation centers' needs, STS change impact analysis, the support 
of the data bank, and safety and contamination control modeling studies. New user and applications tasks 
wiii be continued in the areas of STS user community development, advanced payload application studies, 
and support to implementing orbital servicing techniques. 

Payload operations and handling studies will 
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Advanced Systems 

1976 Transition Quarter 1977 
i97 5 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

13,000 11,000 12,000 12,000 3 , 500 3,500 

The objective of Advanced Systems is to investigate concepts, technology, performance, cost and schedule 
data required for management to make decisions on future programs. It also provides for the technology 
support and advanced planning associated with the current expendable launch vehicle capability. 
and laboratory investigations are performed on the definition and evaluation of advanced space systems; 
advanced concepts for space and ground operations needed for flight missions; the extension and new 
applications of existing systems; and integrated planning of future systems concepts. Investigations 
are conducted by small technical teams to detect and solve the problems of utilizing the latest technol- 
ogy in future space systems before committing its use in major future flight programs. This results in 
major cost avoidance by resolving problems associated with new technology use before reaching the criti- 
cal schedule and high manpower phase of program development efforts and thereby increases the effective 
use of new technologies. 

Studies 

Significant progress was made during FY 1976 in Advanced Systems efforts. The early space station 
concept studies indicated that a small four to six man space station is feasible based upon utili- 
zing Skylab, Shuttle and Spacelab technology and hardware with minimum modifications. 
new concept of utilizing a permanent space station as an operations base for erecting and maintaining space 
systems has resulted in parallel studies being initiated to determine alternative space station system 
configurations with the ability to evolve into an operational, multidisciplinary base and laboratory. 
initial study of packaging, transportation, and erection of very large structures on-orbit such as would 
be required for a solar power station, was completed. 
development of concepts of space industrialization are being investigated. A new space modular computer 
and laser gyro measuring unit have been successfully tested in support of the space station concept and 
a long life radiator concept is being pursued. %le engineering breadboard circirit verification has been 
completed for a solid state TV camera which would be required for on-orbit assembly and an engineering 
prototype for t h i s  camera, not much larger than a pack of cigarettes, is now being fabricated. Support 
of the above is a continuing effort to study future space transportation requirements with special effort 
on an orbital transfer vehicle. Ir. sdditicc, Shuttle hnncter  c ~ n c e p t s  intended t n  reduce operating costs 
C,L- improve performance are being investigated. 

The relatively 

An 

Other advanced space operations including the 
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BASIS OF FY 1477 ESTIMATES: 

The FY 1977 Advanred Systems t i~nr l fng  ~ ~ f l l  cnntfniie t n  siip?ort the expendable launch vehicle act iv -  
ities and space station concept studies initiated in EY 1976. 
primary configuration concepts to be followed by their preliminary definitions, subsystem analyses 
and programmatic comparisons, such as power generation, thermal control, attitude and pointing control, 
communications and instrumentation data processing and contamination control techniques will be explored. 
Assembly of large structures in space will continue to be studied as well as investigations into future 

upper stages for the Space Transportation System in advanced lightweight structures, propellant manage- 
ment and propulsion subsystems will be continued in FY 1977. 
€or earth illumination and nuclear waste disposal i n  space wil1 also be initiazed in FY 1977. 

This will lead to the selection of 

yy m n 8 - e  ~ n e c 2 t i n " ~  r'CL c_v.. , azc! s q p c r t  en,-lpEez+; szc! tnn l r  requFred fer these cperations. Study cf h igh  perfcrpar;;~ 

Conceptual studies of large space reflectors 

FY 1977 funding will also provide for development and testing of improved environmental support and 
protective equipment components to increase reliability and maintainability, decrease logistics resupply, 
systems weight and power requirements for future space missions. Subsystems integration testing and 
control methodology will be undertaken to provide more economical environmental support systems and 
improvements in comfort, mobility and cost of space suits. 
instrument design and fabrication for identification and quantification of toxic gasses as well as 
development of environmental support components such as water reclamation and oxygen regeneration sub- 
systems. Additionally, FY 1977 funding will provide for the continuation of study efforts to improve 
on-board contamination control, thermal control and communications subsystems to provide longer life, 
simpler, more reliable hardware at reduced costs. 

Emphasis will be placed on flight-quality 

Apollo Soyuz Test Project 

Program Accomplishments : 

The Apollo Soyuz mission resulted from a US/USSR agreement to develop compatib-e rendezvous and doc..ing 
systems and to test them in orbit. This agreement was signed by President Nixon and Chairman Kosygin in 
Moscow in May 1972. When the Apollo spacecraft rendezvoused and docked with the Soyuz on July 17, 1975, 
a primary objective of the agreement - the feasibility of joint missions - was achieved. The flawless 
functioning of the compatible systems confirm t ha t  they will piavi.de a basis for fcture raimed apace 
activity and a basis for space rescue. 
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During t h e  two days fol lowing docking, t h e  crews made four  t r a n s f e r  opera t ions  between the two spacec ra f t  
and cvrnpleied f ive  scheduled jGint  scientific experiments.  
U l t r a v i o l e t  Absorpt ion Experiment. The crews a l s o  provided t e l e v i s i o n  views ot t h e  i n t e r i o r  of tne two 
s p a c e c r a f t  and demonstrated var ious  a s p e c t s  of space opera t ions .  This mission marked t h e  f i rs t  t i m e  voice,  
t e l e v i s i o n  and te lemet ry  were re layed  between an o r b i c a i  i ipoi io  and the ground v ia  the eyiizhronous ATS-6 
communications satel l i te .  This new technique  more than  t r i p l e d  the  communications coverage o therwise  
a v a i l a b l e .  

These included a Solar  E c l i p s e  Experiment and an 

Al toge the r  t h e  s c i e n t i f i c  payload c o n s i s t e d  of twenty-eight  experiments which have a l r e a d y  furn ished  
va luab le  da ta .  Experiments were conducted i n  t h e  f i e l d s  of e a r t h  resources ,  s c i ence ,  l i f e  s c i ences  and 
space process ing  and manufacturing. While experimental  d a t a  a n a l y s i s  i s  not y e t  complete, some s i g n i f i -  
c a n t  r e s u l t s  have a l r eady  appeared. 

I n  t h e  Extreme U l t r a v i o l e t  (Em) experiment a s t r o n g  source  of r a d i a t i o n  was  de t ec t ed  which has  been 
i d e n t i f i e d  w i t h  a whi te  dwarf s t a r .  This i s  t h e  f i r s t  s u c c e s s f u l  i n v e s t i g a t i o n  i n  t h e  EW wave l eng th  
f o r  sources  o u t s i d e  our  s o l a r  system. The d iscovery  i n d i c a t e s  t h a t  r a d i a t i o n  p rev ious ly  thought t o  be 
unde tec t ab le  because of absorp t ion  by i n t e r s t e l l a r  hydrogen can,  i n  f a c t ,  be  de t ec t ed .  This i s  an impor- 
t a n t  d i scovery  because a n a l y s i s  of t h e  sou rce  shows t h a t  obse rva t ion  i n  t h e  EW wave l eng th  range r e v e a l s  
new informat ion  about  t h e  s t r u c t u r e  of  stars t h a t  e m i t  t h i s  r a d i a t i o n .  

The U l t r a v i o l e t  Absorption experiment f o r  t h e  f i r s t  t i m e  a c c u r a t e l y  measured t h e  concen t r a t ion  of  atomic 
oxygen and n i t r o g e n  i n  the  upper atmosphere us ing  eva lua t ion  of t h e  degree of abso rp t ion  of  a l i g h t  beam 
r e f l e c t e d  from Soyuz. The experiment v a l i d a t e d  t h e  technique which w i l l  be  used f o r  long t e r m  monitoring 
of t h e  upper atmosphere i n  the  S h u t t l e  era. 

The Marshal l  Space F l i g h t  Center e l e c t r o p h o r e s i s  experiment t e s t e d  a s t a t i c  column method of  e lec t rophor-  
e t ic  s e p a r a t i o n  of b i o l o g i c a l  materials under ze ro  g r a v i t y  condi t ions .  Problems encountered i n  two pre-  
vious Apollo missions were resolved and t h e  experiment was  a success .  An e x c e l l e n t  pre- launch s t e r i l e  
technique w a s  devised f o r  handl ing t h e  samples .  Clear, sharp  sepa ra t ion  of cel ls  was obta ined  i n  zero  
g r a v i t y  ope ra t ion  and v i a b i e  separa ted  c e l i s  were r e tu rned  EO e a r t h  for  ana lys i s .  

O f  par t ice lax-  i n t e r e s t  i s  the s u c c e s s f u l  i s o l a t i o n  of kidney cel ls  t h a t  produce urokinase,  an a n t i -  
c l o t t i n g  enzyme used i n  t reatment  of h e a r t  a t t a c k s  and s t r o k e s .  Urokinase is  very  d i f f i c u l t  and expen- 
s i v e  t o  produce on e a r t h .  The sepa ra t ed  kidney ce l l s  have been cu l tu red  t o  grow a d d i t i o n a l  q u a n t i t i e s ,  
and Abbot Labora to r i e s  be l i eves  the  r e s u l t s  are of major s i g n i f i c a n c e ,  wi th  economic p o t e n t i a l .  
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Data from t h e  Ear th  Observat ion experiment i s  be ing  analyzed f o r  many a p p l i c a t i o n s .  One i n t e r e s t i n g  
d i scove ry  i n  t h e  f i e l d  cf d e s e r t  geology is t h a t  s i m i l i r  dune shapes can b e  c o r r e l z t e d  t o  determine wind 
p a t t e r n s  and t h a t  re la t ive  age  of d e s e r t s  can be found by c o l o r  d i f f e r e n c e s .  
i n v e s t i g a t o r s  t o  trace t h e  d i r e c t i o n  and growth rates of d e s e r t s  which w i l l  be  ve ry  use fu l  i n  s tudying  
drought  a r e a s  such as i n  North Afr ica .  

Together, t h i s  permits  

A summary sc i ence  r e p o r t  on a l l  t h e  ASTP experiments w i l l  be publ ished i n  March 1976. A f i n a l  j o i n t  
miss ion  r e p o r t  has  a l s o  been prepared.  
Center  t o  c o l l a b o r a t e  wi th  t h e i r  NASA coun te rpa r t s  i n  t h i s  e f f o r t .  

A Sovie t  de l ega t ion  r e c e n t l y  spen t  two weeks a t  t h e  Johnson Space 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE F I I G H T  EXPENDABLE LAUNCH VEHICLES PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1976 T r a n s i t i o n  Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual E s t i m a t e  Estimate Estimate Estimate Estimate 
(Thousands of Dol la rs )  

Scout . . . . . . . . . . . . . . . . . . . . . . . . . . .  12,300 12 , 100 10,600 3,400 3 , 400 10 , 700 
Centaur . . . . . . . . . . . . . . . . . . . . . . . . .  75,400 113 , 800 110 , 100 26 , 400 24 , 400 90 , 700 
Del ta  ........................... 51,800 36 , 600 41,800 10 , 300 9 , 300 43 , 800 
Atlas-F.. .  ...................... ---  3,400 3,400 --- - - -  6 , 200 

165.900 165.900 40.100 37.100 151.400 Total . . . . . . . . . . . . . . . . . . . . . . . . .  139.500 
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 s :  

Kennedy Space Center ............ 11,617 15 , 160 18,275 3 , 000 3,395 18 , 323 
Goddard Space F l i g h t  Center..  ... 46,458 31 , 782 37,000 8,600 7,730 38,027 

Langley Research Center.. . . . . . . .  11 , 385 11,965 10,450 3,050 3 , 300 10 , 550 
L e w i s  Researcn Cencer. . . . . . .  .... 68,075 102 , 168 95,450 24 , ?OO 22,200 77,100 
Headquarters .................... 1,955 4,815 4,725 750 475 7,400 

--- - - -  --- --- Wallops F l i g h t  Center . . . . . . . . . . .  10 l o  

Tota l .  ........................ 139.500 165.900 165.900 40.100 37.100 151.400 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF SPACE FLIGHT - EXPENDABLE LAUNCH VEHICLES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

rnL L U C  - e A p C l l u & l ~  ------a L1 lau;..ch vehicles prng rm prnvides for t h e  centralized procurement of launch vehicle and 
launch support services for NASA's automated spacecraft missions. 
hardware, launch services, engineering and maintenance, and, as required, development of improved vehicle 
systems including the necessary ground support equipment. 
Scout, Atlas Centaur, Titan I11 Centaur, Delta, and Atlas-F. 

This includes the procurement of vehicle 

Launch vehicles currently being procured are: 

The budget request for each launch vehicle includes two major categories: 
porting activities. Funding related to vehicle hardware is identifiable with specific missions and in- 
cludes such items as solid rocket motors, boosters, upper stages, shrouds, adapters, and mission peculiar 
hardware. The supporting activities category includes preparation of hardware for launch, guidance and 
control services, mis'sion software, prelaunch and postlaunch engineering analysis, transportation, pro- 
pellants, and range support. 

vehicle hardware and sup- 

The supporting activities effort differs from the vehicle hardware category in that resource requirements 
are directed to recurring costs which are level of effort in nature, rather than to the procurement of a 
specific number of end items of hardware produced. 

BASIS OF FUND REQUIREMENTS: 

scout 

1976 Transition Quarter 1977 
19 75 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Hardware... ...................... 4,100 3,000 1,600 500 900 2,400 
Supporting activities. ........... 8,200 9,100 9,000 2,900 2,500 8,300 

Total....... ................... 12,300 12.100 10.600 3.400 3.400 10.700 
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OBJECTIVES AND STATUS: 

.... m e  SLOULL L i ~ ~ n c h  vehLclc VGZ h i t i a t e d  by in 1955 with rrhe goai of economically lamching a large 
variety of small scientific satellites, space probes, and reentry experiments. The first Scout launch 
occurred in Ju ly  1960, In the ensuing 15 years, there have been 93 launches. The vehicle has experienced 
a recent success record of 37 successful launches in a row until December 5, 1975, when it faiied to place 
the Dual Air Density (DAD) mission into orbit. A failure review committee has been formed to investigate 
this failure. 

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

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

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate 

The reduction of $1.5 million in the FY 1976 estimate for the Scout project is due to a rephasing of 
hardware procurement. Funds were applied to the increased requirements in the Delta Launch Vehicle project. 

Transition Quarter Estimate 

The adjustment in the Transition Quarter, with no change in total, reflects a rephasing of procurement 
actions between hardware and support elements of the project. 

BASIS FOR 1977 ESTIMATES: 

Hardware - Funds will be utilized to continue hardware procurement to support the Heat Capacity Mgpping 
Mission (HCMM) and the Stratospheric Aerosol and Gas Mission (SAGE). 
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Supporting Activities - Engineering and technical support, vehicle testing and checkout, launch operations, 
and mhtenance of launch facilities and ground equipment will be funded to support vehicle checkout preceed- 
ing launch and the launch schedule. During FY 1 9 7 7 ,  checkoui u i  tire vehicle  f o r  t h c  ZCXX m’,ssicr? :?ill h e  
initiated, and activities will be continued to support future missions. 

Centaur 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Eudget 

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

42,400 
53 , 600 53,500 15,800 13,200 48,300 

Hardware... ..................... 23,900 60,200 56,600 10,600 11,200 
Supporting activities ........... 51,500 

..................... 113.800 110.100 26.400 24.400 Total.... 75,400 90.700 

OBJECTIVES AND STATUS: 

The Centaur program provides for the procurement and launch of two booster stages, the Atlas and Titan, 
and an upper stage, the Centaur. 
for automated missions. 
planetary and synchronous orbits. 
diameter of 3.1 meters (10 feet), 

Centaur is a high performance upper stage, the most powerful used by NASA 
It is being used with the Atlas booster for high energy missions, particularly 

The Atlas Centaur vehicle i s . 4 0  meters (131 feet) in length and has a 

The Centaur is also being used with the Titan booster to launch heavier spacecraft beyond the capability 
of the Atlas Centaur. 
missions and, during the past summer, the Viking-A and B missions. The Titan Centaur is 49 meters (160 
feet) high and has a payload shroud diameter of 4.3 meters (14 feet). 

In this configuration, the Titan Centaur has successfully launched the Helios-A ad-B 

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Estimate 
The reduction of $3.7 million in the FY 1976 estimate is a result of procurement rephasing and adjust- 

ments in the launch vehicle hardware estimates €or the Mariner Jupiter/Saturn-A and B missions and the 
Helios-R mission. 
Launch Vehicle project. 

The $3.7 million made available by these adjustments has been applied to the Delta 
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Transition Quarter Estimate 

The net decrease of $2.0 million in the Transition Quarter refiects adjusimerits resiiltiiig f r o m  thz  general 
Congressional reduction in NASA's R&D Budget Request for this three-month period. 

BASIS OF EY 1977 ESTIMATES: 

Hardware - Funds are required to continue incremental procurement of hardware to support Mariner Jupiteri 
Saturn-A and By High Energy Astronomy Observatory (HEAO) A ,  By and Cy and Pioneer Venus-A and B. 

Supporting Accivities - Fuid ing  will be i i t i l i z e d  fcr ziinigemnnt ~ r ? d  engineering support effort, launch 
support operations, field services and to maintain facilities and ground equipment. During FY 1977, three 
missions, for which funds are being requested, will be launched: 
missions. 

HEAO-A and two Mariner Jupiter/Saturn 

Delta 

1976 Transition Quarter 1977 
19 75 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Hardware........ ................. 19,500 12 , 300 7,200 1 , 000 2 , 600 12 , 800 
Supporting activities............ 32,300 24,300 34,600 9 , 300 6 , 700 31,000 

Total.......................... 51.800 36.600 41.800 10.300 9.300 43.800 

OBJECTIVES AND STATUS: 

The Delta launch vehicle is the most used vehicle in the NASA launch vehicle family. Since its first 
use in 1960, this vehicle has been utilized in 118 launches and has experienced a success record of 90 
percent. 
stage capability. 
motors for thrust augmentation. 

It is presently operational with two and three stage configurations and a multiburn second 
The first stage is an elongated Thor booster with three, six, or nine strap-on solid 

The second stage Delta, which provides a multiple restart capability, uses an inertial guidance system 
for guiding the first stage booster and the second stage Delta. 
TE-364 solid motor which is spin stabilized. This vehicle in its three-stage configuration is approxi- 
mately 35.05 meters in length (115 feet) azd has ;2 cl-iaEeter of 2.44 meters ( 8  feet). It i s  capable of 
placing a 1,772 kilogram payload (3,900 pounds) into a 555 kilometer (300 nautical mile) orbit. 

The third stage utilizes the Thiokol 
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CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate 

The net increase of $5.2 mllli~x i n  the FP 1976 estimate for this project reflects the increased support 
required to improve operating procedures and vehicle reliability, a s  recommended by the Failure Review 
Committee in 1974 when the Delta vehicle system was experiencing launch problems. 

Transition Quarter Estimate 

The net decrease of $1.0 million in the Transition Quarter reflects adjustments resulting from the general 
Congressional reduction in NASA’s R&D Budget Request for this three-month period. 

BASIS OF FY 1977 BUDGET ESTIMATES: 

Hardware - Funds will be used to continue the launch vehicle hardware procurement contracts initiated in 
prior years, and to be initiated in FY 1977, in support of the Nimbus-G, International Sun-Earth Explorers 
A/B and C (ISEE), International Ultraviolet Explorer (IUE), and Landsat-C missions. 

Supporting Activities - Necessary technical and engineering support to sustain vehicle test and check- 
out and launch operations, and to support maintenance of launch facilities and ground equipment, will be 
provided with FY 1977 funds being requested. 
port Of the IUE, Landsat-C, ISEE-A/B, ITOS-H, and GOES B and C missions. 

Vehicles will be checked out and readied for launch in sup- 

Atlas-F 

1976 
1975 Budget Current 

Ac tua 1 Estimate Estimate 
(Thousands 

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

Transition Quarter 1477 
Budget Current 
Estimate Estimate Estimate 

Budget 

of Dollars) 

6,200 
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Programs 

Budget Plan 
1977 tiGi n.. -.-& ..- VuaL LCL 

rn i976 
1975 Budget Current Budget Current Budget - 

Actual Estimate Estimate Estimate Estimate E s t i m a t e  
(Thousands of Dollars)  

Physics and astronomy ........... 136,315 155,800 159 , 300 46 , 600 43 , 500 165 , 800 

Lunar and p lane tary  explorat ion.  261,200 255,100 254,100 72,100 67 , 700 191 , 100 

L i f e  s c i e n c e s . . . . . . . .  ........... 19,800 20,800 20 , 800 5,950 5 , 200 22,125 

Tota l  ......................... 417,315 431 , 700 434,200 124,650 116,400 379 , 025 

ss 1 



OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

Sl-W-ARY OF RESOURCES REQUIREMENTS 

1976 Trans i t i on  Quarter  
1975 Budget Current  Budget 

Actual  E s t i m a t e  

Large .observa tor ies .  ............. 49.  421 62. 000 
Spacelab sc i ence  program ......... 3. 330 4. 600 
Orb i t ing  exp lo re r s  ............... 33. 945 33. 000 

24. 800 Suborb i t a l  programs .............. 24. 834 
S u p p o r t i 3  a c t i v i t i e s  ............ 24. 785 31. 400 

Tota l  .......................... 136.315 155.800 

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 Space F l i g h t  Center  ...... 
3et Propuls ion  Labora tory  ........ 
Wallops F l i g h t  Center  ............ 
Ames Research Center ............. 
Langley Research Center .......... 
Lewis Research Center  ............ 
Headquarters ..................... 

Tota l  .......................... 

947 
50. 029 
55. 940 

628 
2 .  404 
7 .  126 
i. 358 
... 

l? . 883 

130.315 -I r ) <  

1. 000 
71. 400 
53. 038 

700 

7 .  400 
362 

18 .  600 

155.890 

2.  800 

... 

E s t i m a t e  Estimate 
(Thousands of Dol la rs )  

65. 318 13 .  500 
4. 600 3 .  500 

29. 682 11. 000 
24. 800 7 .  500 
34. 900 11 . 100 

159.300 46.600 

1. 237 
73. 967 
54. 122 

958 
3 .  675 
7 .  145 

697 

1 7 .  499 
... 

200 
20. 550 
17. 075 

400 
800 

1. 950 
925 

4 .  700 
... 

159. 300 46  600 

Current  
Estimate 

1 5 .  000 
3. 500 
7 .  400 
7 .  500 

10 . 100 

43.500 

300 
19.  037 
13 .  954 

17 0 
426 

1. 293 
281 
... 

7 .  5 3 9  

43.500 

1977 
Budget 

E s t i m a t e  

61. 500 

33 000 
26.  000 
35. 300 

165.800 

10. 000 

2 .  458 
46. 250 

1. 700 

6. 500 
1 340 
1. 600 

27.209 

165 .. 800 

74 .  843 

3 .  900 
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?.ES%AJ.CH .a_Ni, DEVELOPMENT 

FIXAT, YEAR 1977 ESTIMATES 

OFFICE OF SPACE SCIEXCE PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The major o b j e c t i v e  of t h e  Physics  and n s ~ r o n o n ~ y  program ir, t o  F x r e a s e  our knowledge and understanding 
of  t h e  E a r t h ' s  space environment, t he  Sun, s t a r s ,  and o t h e r  ce les t ia l  bodies.  Under t h i s  program, r e sea rch  
i s  be ing  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,  the  magnetosphere, and t h e  
i n t e r p l a n e t a r y  medium. Space-based i n v e s t i g a t i o n s  of cosmic r ay ,  X , r a y ,  gamma-ray, 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  emissions,  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  obscuring e f f e c t  of t h e  
E a r t h ' s  atmosphere, g ive  us a unique oppor tun i ty  t o  s tudy  t h e  Sun and o t h e r  c e l e s t i a l  bodies.  
t i g a t i o n s  are t h e  b a s i s  f o r  i nc reas ing  our  knowledge of t h e  fundamental l a w s  of na tu re ,  e s p e c i a l l y  those  
which con t ro l  t h e  environment of t h e  Earth.  

These inves-  

To achieve  t h e  o b j e c t i v e s  of t h e  Phys ics  and Astronomy program, NASA u s e s  techniques ranging  from theo- 
re t ica l  and l a b o r a t o r y  r e sea rch  through a i r c r a f t ,  ba l loon ,  and sounding rocke t  f l i g h t s  t o  small Explorer  
s p a c e c r a 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 loca ted  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  Laborator ies .  
Foreign p a r t i c i p a t i o n  i s  encouraged, w i t h  the p a r t i c i p a t i n g  count ry  providing i t s  sha re  of t h e  c o s t s .  

The information obta ined  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  research ,  educat ion,  and technol-  
ogy. For example, major advances i n  s p e c i a l  purpose mic roe lec t ron ic s  devices  and p h o t o e l e c t r i c  sensors  have 
been made under t h i s  program s i n c e  1965; t hese  have s i g n i f i c a n t l y  enhanced t h e  c o s t  e f f e c t i v e n e s s  of space- 
c r a f t  and have found broad-based a p p l i c a t i o n s  o u t s i d e  t h e  space  program. 

The Fhysics and Astronoiny missions m d e r t a k e n  t o  d a t e  have been h i g h l y  success fu l ,  and inc lude  t h e  
r e l a t i v e l y  low c o s t  Explorer  series of sa te l l i t es ,  begun i n  1959, which have made a number of  very b a s i c  
d i s c o v e r i e s ,  i nc lud ing  t h e  discovery of t h e  E a r t h ' s  r a d i a t i o n  b e l t s .  Larger observa tory  missions under- 
taken t o  d a t e  inc lude  t h e  Orb i t ing  S o l a r  Observatory (OSO) series and t h e  Orb i t ing  Astronomical Observa- 
t o r y  (OAO) series; t h e  h igh ly  s u c c e s s f u l  OAO-3, launched i n  1972, has  completed t h r e e  years  of product ive  
ope ra t ions  and i s  s t i l l  ob ta in ing  s i g n i f i c a n t  d a t a  f o r  ana lys i s .  The Apollo Telescope Mount (Am), launched 
on Skylab i n  1973, was t h e  f i r s t  of a new "second generat ion" of space obse rva to r i e s  where t h e  s k i l l  of a n  
on-board observer  enhanced the c a p a b i l i t y  u f  t h e  I a r g z s t  sbservatnry y e t  placed i n  o r b i t .  
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The year 1975 was  a p a r t i c u l a r l y  a c t i v e  one, with f i v e  launches. The OSO-8, launched i n  June , r ep resen t s  
:: c m s i d e r a b l e  advance over i t s  predecessors ,  by a f a c t o r  of 900 i n  r e s o l v a b l e  f i e l d  of view and a f a c t o r  
of 100 i n  spectral r e s o l u t i o n ,  which should  g r e a t l y  expand our knowledge ot the Sun. 
4-stronomy S a t e l l i t e  series,  SAS-C, launched i n  June, i s  expanding on t h e  d i scove r i e s  of SAS-A(UHURU). W o  
Atmosphere Expiorers , iaunched. in October arid ? ~ o v c ~ b c r ,  zre i n v e s t i g a t i n g  the  d e t a i l e d  processes which O C C U ~  

as a r e s u l t  of s o l a r  energy abso rp t ion  i n  t h e  lower regions of t h e  E a r t h ' s  atmosphere. A Dual A i r  Densi ty  
(DAD) Explorer ,  deaigiied t o  i n v e s t i g a t e  t h e  q p e r m o s t  l aye r s  of t h e  E a r t h ' s  atmosphere, was  launched i n  
December, bu t  d i d  not  ach ieve  o r b i t  due t o  malfunct ion i n  t h e  launch veh ic l e .  
determine t h e  p o s s i b i l i t y  of a backup mission i n  1976. 

ilne las t  of the  Sina l1  

A s tudy  i s  underway t o  

Work i s  cont inuing  on t h e  HEAO series which i s  designed i v  ejrq.j:ore the previously i n a c c e s s i b l e  reg ions  
o f  c e l e s t i a l  X-ray, gamma-ray, and cosmic-ray sources .  These i n v e s t i g a t i o n s  w i l l  be  c a r r i e d  ou t  wi th  
t h r e e  launches of HEAO, i n  1977, 1978, and 1979. A s  a r e s u l t  of advanced technologica l  development 
e f f o r t  and mission planning,  we are now proposing a Solar  Maximum Mission (SMM) f o r  launch i n  1979, t o  
t a k e  advantage of the  next  peak of  t he  s o l a r  cyc le .  

Work i s  a l s o  underway on Phys ics  and Astronomy p r o j e c t s  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  Space Shu t t l e .  Def in i t i on  s t u d i e s  f o r  a v a r i e t y  of payloads f o r  t h e  S h u t t l e  are be ing  supported.  
Development work w i l l  commence on several f a c i l i t y - t y p e  payloads which w i l l  l e ad  t o  a l a r g e  " laboratory 
i n  space" t o  conduct experiments u t i l i z i n g  t h e  l a r g e  weight-carrying c a p a b i l i t i e s  of t h e  Shu t t l e .  
program of Upper Atmospheric Research has  been developed, p u l l i n g  toge the r  e f f o r t  p rev ious ly  funded i n  
o t h e r  program areas as w e l l  as new i n i t i a t i v e s .  
s i t i o n  of t h e  upper atmosphere, w i th  emphasis on understanding t h e  e f f e c t s  of n a t u r a l . a n d  man-caused 
events .  

A 

This program i s  designed t o  determine t h e  normal compo- 

BASIS OF FUND REQUIREMENTS : 

Large Observator ies  

1976 Trans i t i on  Quarter  
1975 Budget Current  Budget Current 

Actua l  Estimate Estimate E s t i m a t e  Estimate 
(Thousands cjf Do l l a r s )  

Drbi t i i ig  solar cbserv2tor ies . .  ..... 4,305 2 , 600 3 , 600 500 900 
Orb i t ing  astronomical  obse rva to r i e s  2,216 2 , 800 2 , 500 1, 000 600 
High energy astronomy obse rva to r i e s  42,900 56,600 59,218 12,000 13,500 
So la r  maximum mission.............. --- --- e-- --- --- 

.......................... Tota l . .  49.421. 

1977 
Budget 

Estimate 

1 , 000 
2,600 

36,600 
21,300 

61: 500 
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1976 T r a n s i t i o n  Quarter  1977 
1375 Eudget Current  Budget Current Budget 

Actual  Estimate E s t i m a t e  E s t  iiiu i e Cs t i r ~ t  2 E s t i m a t e  
(Thousands of Do l l a r s )  

(Expendable Launch Vehic 1 es 
Pro  gram) 
De i t a  (QSOj tiid (FXK). .......... (3,000) (---) (---I (---I (---I (---) 
Atlas/Centaur  (HEAO) ............ (2,200) (19,500) (19,500) (5,iUUj (2,500) \ I 2 , L " " ,  

/ T E  qnn\ 

O r b i t i n g  So la r  Obse rva to r i e s  (OSO) 

--- --- 1,154 1,700 --- OS0 s p a c e c r a f t .  ................... 1,800 
OS0 experiments. .................. 2,505 1,446 1,900 500 900 1,000 

Total........................... 4.305 2,600 3.600 500 900 1.000 

OBJECTIVES AND STATUS : 

The Sun p lays  a dominant r o l e  i n  t h e  c r e a t i o n  and maintenance of an environment necessary t o  s u s t a i n  l i f e  
on Earth.  
of t h e  Sun and of t h e i r  i n t e r a c t i o n  wi th  t h e  E a r t h ' s  environment. 

The o b j e c t i v e  of t h e  OS0 program i s  t o  i n c r e a s e  our understanding of t h e  b a s i c  p h y s i c a l  processes  

The OS0 series of missions has  provided f o r  a sys t ema t i c  s tudy  of t h e  Sun, both i n  terms of i t s  c y c l i c  
v a r i a 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 missions.  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 t h e  Ea r th  and have 
provided a foundat ion f o r  design of t h e  ATM flown on Skylab and f o r  t h e  So la r  Maximum Mission. 
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  opera- 
t i o n s  were terminated i n  June 1974. 

OSO-7, 

@SO-8 was launched i n  June 1975, nea r  s o l a r  minimum. The las t  i n  t h e  series, which began i n  1962, i t  i s  
con t inu ing  i t s  s tudy  of energy t r a n s p o r t  i n  t h e  Sun 's  iower actnosphere aid  corm^. I n  a d d i t i o n ,  t h e r e  are 
experiments on board which are measuring X-ray emissions from a v a r i e t y  of s t e l l a r  and g a l a t i c  sources  and 
o b t a i n i n g  information about t h e  E a r t h ' s  atinosphere. 
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OAO-3 c a r r i e s  t h e  P r ince ton  Un ive r s i ty  32-inch t e i e scope  system for investlgatlng t h e  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  Un ive r s i ty  Col lege  London instrument f o r  i n v e s t i g a t i n g  c e l e s t i a l  X-ray 
suurces. FY 1975 snc! T r s r ? c i t l o n  (jiiarter funds support  t h e  speration cf GAQ-3 ,  the a n a l y s i s  of d a t a  ob- 
t a i n e d  by t h e  P r ince ton  experiment, and t h e  Guest I n v e s t i g a t o r  program. 

CHANGES FROM BUDGET ESTIMATES: 

The  F Y  1976 and T r a n s i t i o n  Quarter funding has  been decreased by $300 thousand and $400 thousand, 
r e s p e c t i v e l y ,  s i n c e  s e v e r a l  of  t he  approved Guest I n v e s t i g a t o r s  
by t h e i r  r e s p e c t i v e  governments. 

a r e  fo re ign  scleiitists &G arc funded 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds w i l l  suppor t  OAO-3 i n - o r b i t  o p e r a t i o n s  and provide  f o r  d a t a  p rocess ing  and a n a l y s i s  of 
These funds w i l l  a l s o  provide con t inu ing  suppor t  f o r  t h e  d a t a  obta ined  by t h e  s c i e n t i f i c  experiments. 

OAO Guest I n v e s t i g a t o r  program. 

High Energy Astronomy Observa tor ies  (HEAO) 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Curren t  Budget Curren t  Budget 

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

HEAO spacec ra f t . .  ................. 23,497 34,009 34,509 7,000 7,500 18,800 
HEAO experiments.  ................. 19,403 22,591 24,709 5,000 6,000 17,800 

Total........................... 42.900 56.600 59,218 12.000 13.500 36.600 

OBJECTIVES AND STATUS: 

The b a s i s  s c i e n t i f i c  o b j e c t i v e  of the High Energy kstroiioiiiy OSaervatorj. (EE40) prograr!! i s  t o  explore  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  reg ions  of celestial  X-ray and gamma-ray sources and of cosmic-ray f lux .  
gram has  t h e  p o t e n t i a l  tc enhance s u b s t a n t i a l l y  our understanding of newly d iscovered  energy processes  and 
of t h e  c r e a t i o n  of matter. 
quasa r s ,  p u i s a r s ,  novae, aid siipernovae. 

This pro- 

It w i l l  a l s o  g r e a t l y  improve our understanding of observed phenomena such as 
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Three ULW's w i l l  he  launched on Atlas-Centaur  rocke ts  from t h e  Eas te rn  Test Range. The f i r s t  launch 
i n  1977, H M - A ,  w i l l  be  an  X-ray survey. The second mission,  H M O - B ,  w i l l  c a r r y  a graz ing  inzidencs 
X-ray telescope 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  sources .  
a combination o t  gamma-ray and cosiuic-ray i n s t r ~ m s n t s ;  F t  vill h e  capabie  of  r e t r i e v a l  by the S h u t t l e  for  
refurbishment  and re launch ,and  w i l l  b e  compatible  wi th  t h e  Tracking and Data Relay S a t e l l i t e  System (TDRSS). 

The t h i r d  mission, HEIIO-C, w i l l  c a r r y  

The FY 1976 and Trans i t i on  Quar te r  funding suppor ts  t h e  peak a c t i v i t y  f o r  HFAO. C r i t i c a l  design reviews 
f o r  t h e  spacec ra f t  and t h e  HEAO-B experiments w i l l  occur. The H W - A  experiments and the  spacec ra f t  are 
c u r r e n t l y  being f ab r i ca t ed ,  w i t h  i n t e g r a t i o n  t o  begin i n  e a r l y  s p r i n g  of  1976. 
as an  observa tory ,  w i l l  begin t h i s  year .  
The test and c a l i b r a t i o n  f a c i l i t y  a t  MSFC w i l l  b e  completed and t e s t i n g  of t h e  mir rors  w i l l  begin. 
des ign  e f f o r t  on the  HEAO-C f l i g h t  ins t ruments  w i l l  cont inue.  
HEAO-C inst ruments  w i l l  a l s o  t a k e  p l a c e  dur ing  t h i s  per iod .  
p repa ra t ion  of t h e  mission c o n t r o l  c e n t e r  a t  GSFC as w e l l  as t h e  p r e p a r a t i o n  o f  requi red  sof tware.  

V e r i f i c a t i o n  of HEAO-A, 
The Eii3ij-S di-i-oi-a w l l l  bc p c l i s h e d  2nd the d e t e c t o r s  b u i l t .  

The 
The Pre l iminary  Design Review (PDR) f o r  t h e  

Mission ope ra t ions  e f f o r t s  w i l l  inc lude  the  

CHANGES FROM BUDGET ESTIMATES: 

The inc rease  of $2.6 m i l l i o n  i n  F Y  1976 and $1.5 m i l l i o n  i n  t h e  T r a n s i t i o n  Quar te r  is t h e  r e s u l t  of 
i n c r e a s e s  i n  the  development c o s t s  of the HMO-A experiments,  which are scheduled t o  be completed i n  
t h e  s p r i n g  of 1976, and g r e a t e r  than  a n t i c i p a t e d  problems i n  t h e  development of t h e  HEAO-B X-ray teles- 
cope. 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds w i l l  p rovide  f o r  the  f i r s t  launch of t h e  program, HMO-A. A c t i v i t y  l ead ing  t o  t h e  launch 
w i l l  predominate, and w i l l  i nc lude  complete v e r i f i c a t i o n  of t h e  observa tory ,  d e l i v e r y  of t h e  u n i t  t o  KSC, 
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, f i n a l l y ,  launch opera t ions .  Data a n a l y s i s  
a c t i v i t y  w i l l  a l s o  commence. The H E M - B  s p a c e c r a f t  and f l i g h t  experiments w i l l  be  completed and in t eg ra -  
t i o n  w i l l  begin. The Cr i t i ca l  Design Review on the  HEAO-C experiments w i l l  occur ,  and f a b r i c a t i o n  and 
checkout w i l l  be  w e l l  advanced. 
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1976 Transition Quarter 1977 
1975 Budget Current budget Currenrr BuJgei 

Estimate Actual Estimate Estimate Estimate Estimate 
(Thousands of Doiiarsj 

--- 7 , 300 
SMM experiments --- --- --- - -- --- 14,000 

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

--- - - -  --- --- SMM spacecraft........ ............. 
__ .................... 

OBJECTIVES AND STATUS: 

The major objective of the Solar Maximum mission (SMM) is to conduct detailed studies of the solar flare 
process and the associated solar active regions during the next period of peak solar activity occurring in 
1978-1980. 
and spatial resolution, with the object of explaining the underlying physical mechanisms and complex energy 
transfer and high energy particle acceleration processes involved. 

These investigations will be conducted over a broad spectral range, with high time, spectral, 

The accomplishment of these objectives will permit scientists to better understand the physical mechanisms 
involved in the pre-flare storage of energy, the flare "trigger" (i.e., the instantaneous release of the 
stored energy) , the acceleration of particles to sub-relativistic and relativistic energies, the heating 
and cooling of the flare plasma, and the ejection of high energy particle streams into the corona and out 
into the solar wind. 
with the terrestrial environment (atmosphere, magnetosphere, and climate) will be studied by a variety of 
techniques. 
particle observations will be compared with in-situ measurements of energetic particle streams, made near 
1 AU by ISEE satellites; and the neutral atmospheric density and composition will be probed by means of 
ultraviolet and extreme ultraviolet atmospheric attenuation studies and airglow observations. 

In addition, the interrelation of flare radiation and quiet and active sun emissions 

Solar constant and solar spectral irradiance monitors will be flown on the SMM; SMM flare 

BASIS OF FY 197'9 ESTIMATES: 

During FY 1977, the hardware development phase will be initiated. This will include award of contracts 
for the design, fabrication, and testing of the scientific experiments, of the experiment module which 
supports the exper b e n t  c o q j l e m e ~ t ,  ai;d of aer*;<ce spgcecrzf t  subsystem mndi~l~s 
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Spacelab Science Program 

1976 Trans i t i on  Quarter  1977 
Curr en i ~ u u ~ ~  r.rrrnn " U& 4. c.. t - Endget  

(2musands of Dnllars) 

n..>-..c 1975 budget 
Actual  Estimate Estimate Estimate Estimate E s t i m a t e  

Spacelab sc ience  payload 

Spacelab sc ience  payload 
d e f i n i t i o n  ...................... 3,330 3,500 3,500 900 900 4,000 

development. .................... --e 1,100 1,100 2,600 6,000 2,600 

Total........................... 3.330 4.600 4.600 3.500 3.500 10.000 

The Shut t le- launched Spacelab w i l l  o f f e r  unique o p p o r t u n i t i e s  t o  conduct space phys ics  and astronomy re- 
sea rch  wi th  in s t rumen ta t ion  and ope ra t ions  similar t o  those  used i n  ground-based observat ions.  This pro- 
gram i s  bu i ld ing  upon t h e  exper ience  and accomplishments of bo th  previous and ongoing f l i g h t  p r o j e c t s ,  i n -  
c lud ing  t h e  very  s u c c e s s f u l  Skylab mission.  

Spacelab Science Payload D e f i n i t i o n  

3,330 3 , 500 3,500 900 900 4,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Spacelab Science Def in i t i on  s t u d i e s  is  t o  i d e n t i f y  experiments and f a c i l i t i e s  which 
can t a k e  advantage of t h e  unique c a p a b i l i t i e s  of t h e  Shut t le /Space lab  system i n  the  conduct of r e sea rch  i n  
t h e  f i e l d s  of astronomy, high energy a s t rophys ic s ,  atmospheric phys ics ,  and space plasma phys ics .  Science 
working groups have de f ined  experiments which can be conducted i n  t h e  new mode of ope ra t ion  made p o s s i b l e  
by t h e  S h u t t l e ,  and d e f i n i t i o n  s t u d i e s  of ins t ruments ,  suppor t ing  systems, and opera t ions  procedures  have 
begun. 

I n  atmospheric and space  plasma phys ics ,  a pre l iminary  payload has  been i d e n t i f i e d  f o r  s tudy  purposes ,  
and Phase B d e f i n i t i o n  s t u d i e s  are underway t o  d e f i n e  a f a c i l i t y  c a l l e d  Atmospheres, Magnetospheres, and 
Plasmas-in-Space (AMPS) f o r  m u l t i p l e u s e s  in space .  Two c o n t r a c t o r s  are conducting a d e t a i l e d  d e f i n i t i o n  
s tudy  t o  determine t h e  optimum ground and f l i g h t  opera t ions  procedures  f o r  such a space f a c i l i t y ,  t h e  
sgpport requirements  f o r  t h e  payloads,  and t h e  c o s t  and schedule  imp l i ca t ions  of t h e  implementation phase. 
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i n  astronoiiiy, t h e  design and support  requirements  f o r  a meter c l a s s ,  o p t i c a l l u l t r a - v i o l e t  t e l e scope  are 
ready f o r  d e t a i l e d  d e f i n i t i o n  s tud ie s .  S i m i l a r l y ,  s t u d i e s  t o  d e f i n e  t h e  requirements  f o r  h igh  energy astro- 
phys ics  payloads and i n f r a r e d  te lescopes  are underway. I n  s o l a r  phys ics ,  d e f i n i t i o n  s t u d i e s  have i d e n t i -  
f i e d  major s c i e n t i f i c  i n v e s t i g a t i o n s  Lo tt: coi;clueted zzc! the experimenr development i iecessary t o  conduct 
them. 
i s  f o r  a p o i n t i n g  system w i t h  sufficient accnracy and s t a b i l i t y  t o  conduct s i g n i f i c a n t  s c i e n t i f i c  i n v e s t i -  
ga t ions  i n  t h e  1980's.  

From t h e  astronomy and s o l a r  phys ics  payload s t u d i e s  t h e  most important requirement which has  emerged 

FY 1977 funding f o r  Spacelab Payload D e f i n i t i o n  w i l l  be  used t o  f i n a l i z e  i n t e r f a c e  requirements  f o r  
astronomy, high energy a s t rophys ic s ,  s o l a r  phys i c s ,  and AMPS experiments. D e f i n i t i o n  of requirements  f o r  
ground ope ra t ions ,  test and checkout,  and experiment i n t e g r a t i o n  f o r  s imula tors  and o t h e r  f a c i l i t i e s  w i l l  
be  a major p a r t  of t h e  FY 1977 e f f o r t .  
of t h e  va r ious  Spacelab payload ins t ruments  and f a c i l i t i e s  w i l l  be  made. 

A more d e f i n i t i v e  a n a l y s i s  of schedules  f o r  development and f l i g h t  

Spacelab Science Payload Development 

1976 
1975 Budget Current  

Actua l  Estimate Estimate 
(Tho us ands 

--- 1,100 1 , 100 

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

Estimate Estimate Estimate 
of Do 1 lar s ) 

2,600 2 , 600 6 , 000 

OBJECTIVES AND STATUS: 

The Space lab  Sc ience  Payload Development Program w i l l  p rovide  t h e  c a p a b i l i t y  f o r  s c i e n t i s t s  t o  conduct 
spaceborne r e sea rch  experiments during t h e  1980-1990 t i m e  per iod  i n  a wide v a r i e t y  of d i s c i p l i n e s .  The 
Spacelab p rogram i s  intended t o  f a c i l i t a t e  r a p i d  turnaround of equipment and quick response  t o  new con- 
c e p t s ,  i deas ,  and t h e o r i e s ,  and t o  r a p i d l y  address  near- term problems. This program covers  t h e  des ign ,  
development, and i n t e g r a t i o n  of  s c i e n t i f i c  f l i g h t  ope ra t ion  instruments  and s p e c i a l  suppor t  subsystems i n  t h e  
major d i s c i p l i n e s  of astronomy, high energy a s t rophys ic s ,  s o l a r  phys ics ,  and atmospheric  s c i ences  and 
space  plasma physics .  

An Announcement of Opportunity f o r  t h e  f i r s t  mission w i l l  be  r e l eased  i n  February 1976 i n  o rde r  t o  
s o l i c i t  experiment proposa is  for t h i o  iiiissio:: and m k e  s e l e c t i o n s  by t h e  c l o s e  of FY 1976. Agreements 
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between NASA and t h e  European Space Agency (ESA) regard ing  ESA p a r t i c i p a t i o n  i n  the  f i r s t  mission have 
been concluded, w i th  t h e  s p e c i f i c  instrument  t o  be approved be fo re  t h e  eiid of 1975. 

- me f i r s i  S p ~ ~ l ; e l a b  Paq’1az.d 5s I j c i n t  e f f o r t  with t h e  Europeaii Sppace Ageacy. The scientific o b j e c t i v e s  
f o r  t h i s  f l i g h t  have been j o i n t l y  planned and agreed upon, and p a r t i c i p a t i o n  of s c i e n t i s t s  trom ESA member 

t ives  : 
- n e  l l a L I V I . ~  _n m V.S. experiments ,  and v i c e  versa, w i l l  be  encouraged. This f i r s t  f l i g h t  has  two major objec-  

Primary Objec t ive  - To v e r i f y  the  Spacelab system and subsystem perfor-mnce c a p a b i l i t i e s ,  v e r i f y  Spacelab/  
Orb i t e r  and Spaceiab/Experimerii i i l tsrface c c m p s t i b i l i t y ,  and determine t h e  Spacelab-induced r e sea rch  environ- 
inents. 

Secondary Objec t ive  - To o b t a i n  va luab le  s c i e n t i f i c  and a p p l i c a t i o n s  d a t a  from a NASA/ESA mult i -  
d i s c i p l i n a r y  payload and t o  demonstrate t o  t h e  use r  community t h e  broad c a p a b i l i t y  of Spacelab f o r  
such research .  

The s c i e n t i f i c  o b j e c t i v e s  f o r  t h i s  f i r s t  payload have been formulated and approved by t h e  Adminis t ra tor  
of  NASA and t h e  Di rec to r  of ESA. The key o b j e c t i v e s  are: 

1. I n v e s t i g a t e  key n a t u r a l  cause and e f f e c t s  r e l a t i o n s h i p s  i n  the  near-Earth environment by performing 
experiments i n  t h e  Ear th’s  atmosphere; 

2 .  Demonstrate t h e  c a p a b i l i t y  t o  i n v e s t i g a t e  vapor,  l i q u i d  and s o l i d  phase i n t e r a c t i o n s  under g rav i ty -  
free cond i t ions ;  

3 .  Conduct i n v e s t i g a t i o n s  on the  e f f e c t s  of t h e  space environment on body f l u i d  r e d i s t r i b u t i o n ,  
v e s t i b u l a r  func t ion ;  and growth, development, and o rgan iza t ion  of l i v i n g  systems such as man, animals ,  
p l a n t s ,  c e l l s  and t i s s u e s .  

The second Spacelab Payload i s  planned t o  emphasize astronomy, b u t  w i l l  no t  prec lude  o the r  d i s c i p l i n e s .  
The second f l i g h t  w i l l  a l s o  be  a v e r i f i c a t i o n  f l i g h t  f o r  Spacelab and w i l l  have the same primary o b j e c t i v e  
as :he first Spacelab f l i g h t ,  except  t h a t  i t  w i l l  t e s t  d i f f e r e n t  a s p e c t s  of t h e  Orb i t e r  and Spacelab. An 
Announcement of Opportuni ty  f o r  t h e  second mission w i l l  be  r e l eased  i n  the  sp r ing  of 1976. 

BASIS OF FY 1977 ESTIMATES: 

The s e l e c t i o n  of s c i e n t i f i c  experiments f o r  t h e  f i r s t  Spacelab mission w i l l  be made i n  t h e  second 
q u a r t e r  of 1976; s e l e c t i o n  f o r  t he  second mission w i l l  be  i n  t he  t h i r d  q u a r t e r  of 1976. 
ment of t h e  experliileiital equipmeat and @xr;erLqer?tsfor each of t hese  missions w i l l  s tar t  e a r l y  i n  FY 1977. 

The develop- 
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The o v e r a l l  p r o j e c t  planning and conceptua l  mission design,  begun i n  FY 1976, w i l l  cont inue  f o r  a t h i r d  
quarter 1980 laiiiich of the f l r a t  Spacelab mission. 
f o r  t h e  second Spacelab payload, scheduled f o r  launch i n  t h e  fou r th  q u a r t e r  o f  1980. 

Similar s c t i v i t y ,  s l i g h t l y  delayed.  will be  requi red  

Orb i t ing  Expiorers  

1976 Trarrs i t  i n n  Quarter 1977 
Budget 1975 Budget Current Budget Current  

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

S o l a r  terrestrial  explorers  ....... 19,071 22 , 547 22,060 6,600 5,393 13,408 
Ast rophys ics  explorers . .  .......... 14,874 10,453 7,622 4,400 2,007 19,592 

Total........................... 33.945 33.000 29,682 11.000 7.400 33.000 

(Expendable Launch Vehicles  
Program) 
Delta........................... (6,200) (5,800 (3,900) (1,000) (1,800) (7,300) 
Scout.. ......................... (2,800) (1,000) (1,200) (500) (900) ( - - - I  

The Explorer  program is  comprised of many i n d i v i d u a l  p r o j e c t s  and spacec ra f t .  
p r i n c i p a l  means of conducting long-term i n v e s t i g a t i o n s  of t h e  geophysical and near-Earth i n t e r p l a n e t a r y  
environment and astronomical  s t u d i e s  which do no t  r e q u i r e  complex obse rva to r i e s .  
program are missions t o  s tudy  atmospheric  and magnetospheric phys ics ;  
magnetosphericboundaries; i n t e r p l a n e t a r y  pheonomena; and X-ray, gamma-ray, u l t r a v i o l e t ,  and r a d i o  
astronomy. 

This program provides  t h e  

Included i n  the  present  
t h e  r a d i a t i o n b e l t s ;  t he  seve ra l  

The des ign  of Explorer spacec ra f t  depends upon t h e  n a t u r e  of the  p a r t i c u l a r  missions involved. General ly ,  
miss ions  have been grouped i n t o  f a m i l i e s  which can be accommodated by a b a s i c  s p a c e c r a f t  design such as the  
I n t e r p l a n e t a r y  Monitoring P la t form (IMP), Atmosphere Explorer  (AE) , and S m a l l  Astronomy S a t e l l i t e  (SAS) 
series. Conceptual and systems s t u d i e s  t o  suppor t  p ro j ec t ed  iiiissions are c a r r i e d  out nn B cont inuing 
b a s i s .  

This program a l s o  provides  a means f o r  coope ra t ive  missions wi th  o t h e r  government agencies  and o the r  
c o u n t r i e s ,  where mutual program o b j e c t i v e s  can b e  m e t  wi th  the  cooperat ing p a r t y  paying i t s  own cos t s .  

Explorer  spacec ra f t  have been launched a t  a rate of about two t o  four  missions p e r  year ,  using both 
Delta and Scout launch veh ic l e s .  
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S o i a r  Terrestriai  Explorers 

T r a n s i t i m  Quzrtnr 1977 7 n 7 r  
1 Y I  v - 

1975 Budget 
~~ Actual E s t i m a t e  

Atmosphere e x p l o r e r s  (AE) ......... 8,305 5,500 

e x p l o r e r s  (ISEE) ................ 6,957 1 5  , 000 

explorers......... .............. 3,809 2,047 

Iri teriiat iiiii~? 3iiil= ~ ~ r t f ;  

Other s o l a r  terrestr ia l  

Total......... .................. 19.071 22.547 

Current  Budget Current Budget 
E s t i m a t e  Estimate Estimate Estimate 

(Thousands of Dol la r s )  

5,704 1, 200 1,250 2,700 

14,548 4 , 000 3,738 7 , 961 

1,808 1,400 40 5 2,747 

6.600 5,393 

OBJECTIVES AND STATUS : 

These Explorers  provide  t h e  means f o r  conducting 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 e r i e t y  of s a t e l l i t e s  extending from t h e  ve ry  lowest reaches  of the  upper atmos- 
phere ,  being i n v e s t i g a t e d  by t h e  Atmosphere Explorers ,  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  
magnetosphere, be ing  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  Monitoring P la t form (IMP) series. 

The program is i n  a t r a n s i t i o n  between t h e  e a r l y  d iscovery  and mapping phase conducted over 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 s  of t h e  s o l a r  wind on t h e  E a r t h ' s  environment w i l l  be  
s t u d i e d  by means of simultaneous 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 Explorers  (ISEE) . 

The year  1975 was ve ry  s u c c e s s f u l  and inc luded  t h e  launch of t h e  l as t  two Atmosphere Explorer missions 
(AE-D and E) i n  October and November, r e s p e c t i v e l y .  The AE series c o n s i s t s  of t h r e e  missions,  t h e  f i r s t  
of which (AE-C) was launched i n  1973. Each s p a c e c r a f t  i s  equipped wi th  an onboard propuls ion  system 
which w i l l  permit t h e  AE's t o  d i p  lower i n t o  t h e  E a r t h ' s  atmosphere than any previous  satelliCe. 
r eg ion  has p r e v i o u s l y  been i n v e s t i g a t e d  on ly  by sounding rocke t s  and is  an  area of i n c r e a s i n g  concern 
r e l a t i v e  t o  the s t a b i l i t y  of t h e  E a r t h ' s  environment. Data from -4E-C have demonstrated t h a t  l a r g e  
scale dynamic motions have an impor t an t ,  d i r e c t  bear ing  on t h e  d i s t r i b u t i o n  of p o l l u t a n t s .  

This 
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Work i s  a l s o  cont inuing  on procurement of  hardware and subsystems and f a b r i c a t i o n  of experiments f o r  
t h e  i n t e r n a t i o n a i  Sun-EarLh Expiorers (ISEE) missions,  a coope ra t ive  program wi th  t h e  European Space 
Agency (ESA). A coope ra t ive  program wi th  I t a l y  f o r  two a d d i t i o n a l  San Marco missions i s  a l s o  being i m -  
piemenied, W i i L  laiiiiches scheduled f o r  1978/79. 
sued on a s e l e c t e d  number of proposed missions submitted i n  response t o  Announcements of Upportunity 
i s sued  i n  e a r l y  FY 1975 and recommended by s c i e n t i f i c  review committees. The s tudy  p e r t a i n i n g  t o  an  
Electrodynamic Explorer  mission i s  now nea r ing  completion. 

Conceptcal and d e f i n i t i o n  s t u d i e s  are a l s o  be ing  pur- 

CHANGES FROM BUDGET ESTIMATES: 

The decrease  of $487 thousand i n  FY 1976 r e f l e c t s :  

1. a d d i t i o n a l  funding f o r  a b a c k s c a t t e r  u l t r a v i o l e t  spectrometer  (BW) which was added t o  t h e  AE-E 
s p a c e c r a f t  i n  order  t o  measure the  atmospheric  d i s t r i b u t i o n  of ozone i n  t h e  e q u a t o r i a l  reg ion;  

2. a decrease  i n  ISEE funding due t o  t h e  rephasing of requirements ,  and; 

3.  a decrease  i n  IMP funding due t o  rephasing of da t a  a n a l y s i s  a c t i v i t y  f o r  t h e  IMP H and J missions. 

The decrease  of $1.2 mi l l i on  i n  t h e  estimates f o r  t h e  Trans i t i on  Q u a r t e r  reflects t h e  d e f e r r a l  of 
d e f i n i t i o n  s t u d i e s  and d e t a i l e d  des ign  of some proposed missions as a r e s u l t  of t h e  
o v e r a l l  Congressional c u t  i n  NASA's R&D budget r eques t  f o r  t h i s  per iod .  

BASIS OF FY 1977 ESTIMATES: 

F i s c a l  Year 1977 funds are r equ i r ed  f o r  i n - o r b i t  ope ra t ions  and a n a l y s i s  of d a t a  from t h e  AE-D and E 
missions.  
f a b r i c a t i o n  of experiments f o r  a l l  ISEE miss ions ;  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 tests for t he  
ISEE-A and B missions scheduled f o r  launch i n  1977; and s ta r t  of  i n t e g r a t i o n  f o r  t h e  ISEE-C mission 
scheduled €or  launch i n  1978. 
number of  high p r i o r i t y  missions s e l e c t e d  from new cand.idates; some Phase B d e f i n i t i o n  s t u d i e s ;  and 
con t inua t ion  of a c q u i s i t i o n ,  p rocess ing ,  r educ t ion ,  and a n a l y s i s  of d a t a  from ope ra t iona l  s a t e l l i t e s .  

I n  t h e  ISEE p r o j e c t ,  funds w i l l  provide f o r  completion of  procurement of hardware and subsystems; 

Funds are a l s o  r equ i r ed  f o r  f i n a l  des ign  and development a c t i v i t i e s  on a 
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Astrophysics  Explorers  

1976 Trans i t i on  Quar te r  1977 
147 5 Buudgei UULLLh.L n...-rnn t Rludget Current Budget 

Actual  E s t i m a t e  Estimate Estimate Escimait! LIU L A L A -  c b 
r- -+:*ntP 

(Thousands of Dol la rs )  

S m a l l  astronomy sa te l l i t es  (SAS) ... 4,350 1,638 1,250 500 506 1,056 
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  (IUE)...... ............. : ~ , ~ ~ c !  6,500 5 536 1 , 600 1,170 3,500 
I n f r a r e d  astronomy s a t e l l i t e  

( I U S )  ........................... --- --- e- -  --- --- 6,000 
Other a s t rophys ic s  explorers .  ...... 524 2,315 836 2,300 331 9,036 

Total............................ 14.874 10.453 7 ? 622 4 . 4 0 0 -  2 007 19.592 

OBJECTIVES AND STATUS : 

These Explorers  provide  t h e  means f o r  c a r r y i n g  out  as t ronomica l  s t u d i e s  r e l a t i n g  t o  t h e  sun, stars, 
ga l ax ie s ,  and p l a n e t s  which do no t  r e q u i r e  la rge ,complex  astronomical  observa tor ies .  
t h e  Small Astronomy S a t e l l i t e s  (SAS) wi th  SAS-Cy t h e  l a s t  of t h e  series, s u c c e s s f u l l y  launched i n  May 
1975; t h e  Radio Astronomy Explorers  (M); the  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  coopera t ive  e f f o r t  wi th  t h e  United Kingdom (UK) and ESA; and coopera t ive  astronomy 
missions wi th  t h e  UK (UK-5) and the  Nether lands (ANS)  which were success fu l ly  launched i n  1974. 

Included here are 

The Astrophysics  Explorers  permit  t h e  s tudy  of va r ious  r eg ions  of t h e  electromagnet ic  spectrum. The 

This 

This equipment, 

I U E  is  designed t o  s tudy,  w i th  h igh  r e s o l u t i o n ,  va r ious  processes  occurr ing  w i t h i n  and near t h e  v i c i n i t y  
of many d i f f e r e n t  u l t r a v i o l e t - e m i t t i n g  o b j e c t s  ranging  from t h e  p l a n e t s  t o  the  puzzl ing quasars .  
p r o j e c t  has  many unique f e a t u r e s ,  i nc lud ing  i n t e r n a t i o n a l  agreements under which the  UK and ESA w i l l  
provide,  r e s p e c t i v e l y ,  t h e  imaging system and t h e  s o l a r  pane ls  f o r  a NASA spacec ra f t .  
p l u s  a planned ESA ground station, r e p r e s e n t s  a European commitment of more than $18 m i l l i o n  t o  t h e  I U E  
p r o j e c t .  

A s  i n  t h e  case of So la r  Terrestrial Explorers ,  a number of proposed e q e r i m e n t s  have been i d e n t i f i e d  
as candida te  payloads f o r  i nc lus ion  i n  conceptual  s t u d i e s  of s e v e r a l  proposed Explorers .  Conceptual and 
d e f i n i t i o n  s t u d i e s  w i i i  be pursued on t h e  I n f r a r e d  Astronomy S a t e l l i t e ,  an explorer  t o  monitor t r a n s i e n t  
X-ray sources  and gamma-ray b u r s t s ,  and an exp lo re r  t o  c a r r y  a X-UV and s o f t  X-ray te lescope .  These 
s t u d i e s  are be ing  undertaken i n  response t o  h~iouncements of Opporeuni ty  issued i n  e a r l y  FY 1975 and 
recommended by  s c i e n t i f i c  review committees. RD 4-16 



CHANGES FROM BUDGET ESTIMATES: 

%ereduc t ions  of $2.8 nillicc in PY 1976 and S2.4 mil l ion  i n  t h e  Trans i t i on  Quar te r  r e f l e c t :  

I. decreased f*r?ding fo r  S-AS diae t o  rephas ing  of support  f o r  SAS-C d a t a  a n a l y s i s ;  

2.  decreased funding f o r  IUE r e s u l t i n g  from a 7-month s l i p  i n  t h e  program due t o  development 
problems i n  t h e  UK camera system, and; 

3 .  t h e  dec i s ion  not  t o  proceed a t  t h i s  t i m e  w i th  t h e  d e t a i l e d  des ign  and hardware phase of t he  
Gamma-Ray Explorer.  

The decrease  i n  t h e  estimates f o r  the T r a n s i t i o n  Quarter  a l s o  r e f l e c t  adjustments  r e s u l t i n g  
from t h e  genera l  Congressional  r educ t ion  i n  NASA's R&D budget r eques t  f o r  t h i s  three-month per iod.  

BASIS OF FY 1977 ESTIMATES: 

F i s c a l  Year 1977 funds are requ i r ed  f o r  f i n a l  i n t e g r a t i o n ,  tes t  and launch of IUE; f i n a l  design 
and development a c t i v i t i e s  on a number o f  h igh  p r i o r i t y  missions s e l e c t e d  from new candida tes  wi th  
major emphasis on t h e  I n f r a r e d  Astronomy S a t e l l i t e ;  some Phase B d e f i n i t i o n  s t u d i e s ;  i n - o r b i t  opera- 
t i o n s  and a n a l y s i s  of  d a t a  from t h e  SAS-C mission;  and con t inua t ion  of a c q u i s i t i o n ,  p rocess ing ,  re- 
duc t ion ,  and a n a l y s i s  of d a t a  from o t h e r  missions prev ious ly  launched. 

Suborb i t a l  Provrams 

1976 Trans i t i on  Quarter 1977 
1975 Budget Current  Budget Current  Budget 

Actual  Estimate Est imate  E s t i m a t e  Estimate Estimate 
(Thousands of Do l l a r s )  

Sounding rockets.. . . . . . . . . . . . . . . . .  19,976 20,000 20,000 6,200 6,200 20,700 
Airborne research................. 3,858 3,800 3,800 1,000 1,000 3,800 
Balloon program............. ...... i,OOG i ,009 1,000 300 300 1,500 

........ 7.500 7.500 26,000 24.800 24.800 Total................... 24,834 

(Expendable Launch Vehicles  
Program) 
S ~ o u t i ; ; = t + s . .  .................. (1,300) (---> (400 )  (---I (---> (---I 
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Sounding Xockets 

197 6 Trans i t  ion  Q u a r t e r  1977 
-. 

n..>-,+ 1975 Budget Current  Budget Curren i  U U U ~ G L  

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

19,976 20,000 20 , 000 6,200 6,200 20,700 

OBJECTIVES AND STATUS: 

The sounding rocke t  program provides  a low c o s t  and v e r s a t i l e  t o o l  f o r  s c i e n t i f i c  r e sea rch  i n  t h e  sub- 
o r b i t a l  space  environment. 
i nc lud ing  t h e  s tudy  of cosmic d u s t  and i n t e r p l a n e t a r y  matter, magnetospheric phys ics ,  s t e l l a r  astronomy, 
s o l a r  astronomy, and high energy a s t rophys ic s .  The c u r r e n t  l e v e l  of a c t i v i t y  i s  approximately 65 rocket  
f l i g h t s  p e r  year. 

This program provides  broad-based support  of  a l l  of t he  s c i e n t i f i c  d i s c i p l i n e s ,  

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 follows: 

1. To conduct a coordinated r e sea rch  program u t i l i z i n g  experiments w i th  f l i g h t  requirements  which cannot 
b e  m e t  by lesser performance veh ic l e s  and do n o t  r e q u i r e  long du ra t ion  s a t e l l i t e  observa t ion .  
areas of s tudy  inc lude :  

S p e c i f i c  

a.  t h e  na tu re ,  c h a r a c t e r i s t i c s ,  and composition of t h e  upper atmosphere, magnetosphere, and near  
space .  

b. t h e  e f f e c t s  of incoming e n e r g e t i c  p a r t i c l e s  and s o l a r  and s t e l l a r  r a d i a t i o n  on t h e  upper a t -  
mosphere and magnetosphere. 

c .  the na tu re ,  c h a r a c t e r i s t i c s ,  and s p e c t r a  of r a d i a t i o n  of t h e  Sun, s tars ,  and o t h e r  c e l e s t i a l  
ob j ec t s . 

2. To suppor t  t h e  basic objectives of the Phys ics  2nd Astronomy Programs by provid ing  t h e  means f o r  
o b t a i n i n g  measurements a t  a l t i t u d e s  t o o  low fo r  s a t e l l i t e s  bu t  too h igh  f o r  ba l loons  o r  a i r p l a n e s ;  
f l i g h t  t e s t i n g  ins t ruments  and experiments be ing  developed f o r  f l i g h t  on s a t e l l i t e s ,  obse rva to r i e s ,  
and space  probes;  and c a l i b r a t i n g  o r  o b t a i n i n g  ve r t i ca l  p r o f i l e s  i n  c o r r e i a t i o n  wi th  c u r r e n t l y  o r b i t i n g  
spacec ra f t .  
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3 .  To support personnel in space science experimentation, both on a domestic and an international coop- 
erative basis,at minimum expense. 

L\urir?g 1??5, qproximateiy 30 sounding rocket hii ichss  with cccrdinated t r i l l ~ o n s  and aircraft observa- 
tions were successfully conducted at a launch site in Peru near the geomagnetic equator. 
stratospheric and ionospheric observations were also correlated with the Backscatter radar on the AE-C 
satellite. 

These equatoriai 

In the magnetospheric physics area, continued emphasis is being placed on lower ionospheric measurements 
I .  (low a i i i t u d e  iiieasureiiie;zts -&kh can orrly be done w i t h  sounding rockets) and vertical scans correlated 
with AE satellite measurements. 

The solar physics sounding rocket program will continue to form an important part of the research in 
this area of physics and astronomy activity. 
collaborative investigations, the emphasis has now shifted to similar activities in support of the OSO-8 
mission. 
developed and tested. 

After the intensive effort related to ATM calibration and 

In addition, new instrumentation for studies of both quiet and active solar features is being 

In the astronomy area, continuing emphasis is being placed on measurement of stars and extended sources 
in both the W and X-ray regions. 
with satellites such as UHURU, OAO-A2, and OAO-3. Special types of instrumentation will continue to be 
flown in order to make measurements which cannot be made with existing satellites. Of special interest 
are the preparations for a series of sounding rocket flights (approximately eight) to make X-ray and W 
observations in the southern skies from the launch site at Woomera, Australia. Scientifically interest- 
ing objects in our galaxy and in certain nearby galaxies cannot be viewed from the Northern Hemisphere 
and must, therefore, be observed from the Southern Hemisphere. 

Many observations are following up on the earlier measurements made 

The Gravity Probe-A project, which was initiated in FY 1972 to confirm with improved accuracy-the gravi- 
tational redshift (relativistic frequency shift) predicted by Einstein's Theory of Relativity, is now 
undergoing environmental tests, and during 1976, the flight will be performed and data analysis initiated. 

BASIS OF FY 1977 ESTIMATES: 

During FY i977, there  will be a cmtinuation ef mest of the activities described above, with emphasis 
on the coordination of rocket launches and on correlation with satellite observations. Data analysis for 
the Gravity Probe-A mission will be completed and final reports prepared. 
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Airbcrrne Research 

1976 T r a n s i t i o n  Quar t e r  1977 . r.v,- n. .>--c P..rrnnt Eudget Current  Budget L Y I  3 UUUtjCL 

Actual E s t i m a t e  Estimate Estimate E s t i m a t e  Estimate 
"UL A&..- 

(Thousands of Dol la rs )  

OBJECTIVES AND STATUS : 

3,858 3 , 800 3,800 1 , 000 1,000 3 , 800 

Research wi th  instrumented j e t  a i r c r a f t  has  been an  i n t e g r a l  p a r t  of t h e  o v e r a l l  NASA program i n  Astro- 
phys i c s  s i n c e  1965. The a i r c r a f t  p l a t fo rm provides  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  extend- 
i n g  obse rva t ions  over any r eg ion  of t h e  e a r t h .  It a l s o  may be  t r anspor t ed  r e a d i l y  t o  h igh  o p e r a t i o n a l  
a l t i t u d e s ,  near  15  km (50,000 f e e t )  i n  o r d e r  t o  provide  a c loud- f r ee  s i t e  f o r  geophysics experiments and 
as t ronomica l  observa t ions .  The p o s s i b i l i t y  of conducting experiments a t  t h i s  c loud- f r ee  a l t i t u d e  has 
been e s s e n t i a l  i n  opening t o  astronomy t h e  i n f r a r e d  r eg ion  of t h e  e lec t romagnet ic  spectrum from 10,000 
Angstroms 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 fo rm has  t h e  f u r t h e r  advantage of enabl ing  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  t h e  space  experiment. 

The 91-cm I R  t e l e scope  on t h e  C-141A 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  active 
ope ra t ion .  The Airborne Observatory i s  a f u l l - s c a l e ,  manned f a c i l i t y .  The 91-cm, f/13.5 t e l e scope  
o p e r a t e s  through an open p o r t ,  w i th  a p r e s s u r e  bulkhead g iv ing  t h e  astronomers a comfortable,  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  bear ing  t h a t  permi ts  hours of accurate 
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  observa tory  is  about 16 tons  (14.5 metric 
t o n s ) .  

I n i t i a l  r e s u l t s  from t h e  use of t he  Airborne Observatory inc lude  t h e  d iscovery  of water vapor on J u p i t e r  
and t h e  d i scove ry  of t h e  "Egg Nebula", which i s  be l i eved  t o  be  a s o l a r  system i n  t h e  process  of formation. 

i n f r a r e d  asLronorners have a c t i v e l y  p a r t i c i p a t e d  i n  t h e  Airborne Research Program €or over  fou r  yea r s ,  
u t i l i z i n g  a 30-cm t e l e scope  c a r r i e d  on a Lear Jet. 
e i g h t  groups. 

This Lear Jet Program involves ,  a t  p r e s e n t ,  about 

The FY 1976 Airborne Research Program funds are being used t o  suppor t  more than  a dozen s c i e n t i f i c  groups 
This inc ludes  a r e c e n t  expedi t ior .  t o  Hawaii involv ing  four  groups making f a r  I R  observa- 

The Lear Jet as t ronomica l  program cont inues  t o  suppor t  i n f r a r e d  a s t ron -  
us ing  t h e  C - i 4 i A .  
t i o n s  of  t h e  c e n t e r  of our  galaxy. 
omy o b j e c t i v e s .  
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BASIS OF FY 1977 ESTIMATES: 

The FY 1977 Airborne  Research budget w i l l  be  used mainly t o  cont inue  ope ra t ions  of t he  Airborne Obser- 
vaior-y. n--..=-..--..t- n e q u r i c u ~ u c a  L V V L . L  T.m.rl)T. E.,rnnnr+ YU,-.,-.VL - f o r  the astronnrnical groups a c q u i s i t i o n  of  subsystems, and ope ra t ion  
of t h e  C-1418. The Lear Jet r e sea rch  program w i l l  be  cont inued.  

Baiioon Program 

1976 Trans i t i on  Quar te r  1977 
1975 Budget Curren t  Budget Curren t  Budget 

Actua l  E s t i m a t e  Es t imate  Estimate Es t imate  E s E i m a  t e 
(Thousands of Dol la rs )  

1,000 1 , 000 1,000 300 300 1 , 500 

OBJECTIVES AND STATUS : 

I n  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  missions,  
i t  i s  necessary  t o  test t h e  in s t rumen ta t ion  i n  t h e  space environment and to make observa t ions  a t  a l t i t u d e s  
which are not  a c c e s s i b l e  t o  rocke t s  and spacec ra f t .  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 ba l loons .  The f e a s i b i l i t y  of ba l loon ing  as a c o s t  e f f e c t i v e  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 important  s c i e n t i f i c  d i s c o v e r i e s  i nc lud ing  the  I R  measurement of o b j e c t s  no t  de- 
t e c t e d  by any o t h e r  means, a f a r  i n f r a r e d  ce les t ia l  sqrvey a long  t h e  g a l a c t i c  p lane ,  and d e t a i l e d  mapping 
o f  complex c o l d  gas  r eg ions  where stars are i n  t h e  process  of formation.  
i s  u t i l i z e d  f o r  ba l loons ,  helium, launch services, t r a c k i n g  and recovery,  whi le  funding f o r  t h e  exper i -  
ments i s  provided from Suppor t ing  Research and Technology (SRT). Approximately one m i l l i o n  d o l l a r s  has  
been expended annua l ly  f o r  t h i s  program; t h i s  level of funding,  i n  t h e  p a s t ,  has  supported about 60 
ba l loon  f l i g h t s  a yea r ,  bu t  t h e  number has  decreased s i g n i f i c a n t l y  as a r e s u l t  of t h e  e f f e c t s  of i n f l a t i o n  
and t h e  h ighe r  c o s t s  of ba l loons ,  which are a petroleum-based product .  

The funding f o r  t h i s  program 

BASIS OF FY 1977 ESTIMATES: 

The 1977 funding i s  r equ i r ed  t o  suppor t  an i n c r e a s e  i n  t h e  number of s c i e n t i f i c  ba l loon  f l i g h t s  as 

These funds w i l l  a l s o  provide  f o r  ba l loon  f l i g h t s  i n  suppor t  of t h e  FY 1977 
well as t o  prnvide  "superpressure"  ba l loons  t o  meet the  h i g h e r  a l t i t u d e  and longer  d u r a t i o n  requirements  
of  t h e  s c i e n c e  i n v e s t i g a t o r s .  
upper a tmospheric  r e s e a r c h  program. 
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BASIS OF FUND REQUIREMENTS: 

Support ing A c t i v i t i e s  

1976 T r a n s i t i o n  Quarcer 

Estimate E s t F m t e  
1975 Budget Current  Bud g e t  Current  

Actua l  Estimate Estimate 
(Thousands of Do l l a r s )  

Support ing research 32d 
technology (SR&T).. ............. 

Data a n a l y s i s .  .................... 
Skylab d a t a  ana lys i s .  ............. 
Space t e l e scope  (ST) - advanced 

t echno log ica l  development. ...... 
Solo r  maximum mission (SMM) - 

development... .................. advanced technologica l  

Upper atmospheric research... . . . . .  

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

13,870 14,400 14,400 4,000 3 , 6UO 
5,000'; 5,000 5,000 1,300 1,300 
I ,400,,' 6,000 6,000 1,500 1,500 

3,000 5,000 5,000 3,000 2,000 

1,515 1 , 000 1,000 1,300 7 00 
--- --- 3,500 --- 1,000 

24.785 31.400 34.900 10.100 11.100 

7 n77 
171 I 

Budget 
Estimate 

i4 , 700 

4,000 
5 ,006.; 

--- 
11,600 

35,300 

Suppor t ing  Research and Technolopv (SR&T) 

13,870 14,400 14,400 4,000 3 , 600 14,700 

OBJECTIVES AND STATUS: 

The SRT 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 technologica l  r e t u r n  from NASA f l i g h t  p r o j e c t s ,  and 
The ob jec t ives  can h e l p  a s s u r e  t h e  continued v i a b i l i t y  of t h e  f u t u r e  r e sea rch  program i n  space sc ience .  

be  s t a t e d  i n  t h e  fol lowing three broad c a t e g o r i e s :  

1. Enhancement of the va lue  of c u r r e n t  space missions by supplementary simultaneous ground-based obser- 
v a t i o n s  and l abora to ry  experiments;  

2. Development of t h e o r i e s  t o  exp la in  observed pehnomena and p r e d i c t  new ones,  and; 
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3 ,  Gptirnization of t h e  r e t u r n  expected from f u t u r e  missions by problem d e f i n i t i o n ,  development of 
advanced experiments and concepts  , and c a r e f u l  d e f i n i t i o n  of proposed net? m i s s i n n s .  

i he  work i l l  space phys ics  is l s r p i y  devoted t o  support  of r e sea rch  r e l a t e d  t o  t h e  physics of t h e  E a r t h ' s  
environment. It inc ludes  s tudy  of t h e  Sun-Earth environmental  f a c t o r s .  Research supporiad Li i  thz  field of 
s o l a r  phys ics  involves t h e  s tudy  of the  sun  and inc ludes  s t u d i e s  of t h e  s o l a r  atmosphere and t h e  i n f l u e n c e  
of t h e  sun on i n t e r u l a n e t a r y  snd p l a n e t a r y  environments, work on inscrument development, arid l abo ra to ry  and 
t h e o r e t i c a l  s t u d i e s  of b a s i c  phys i ca l  p rocesses  p e c u l i a r  t o  t h e  sun. Research supported i n  t h e  f i e l d  of 
astronomy involves  o b j e c t s  o u t s i d e  t h e  s o l a r  system and cosmic r a y s ,  and inc ludes  observa t ions  by ground- 
based and bal loon-borne E e i e s c u p e s .  Theorzticzl  s t n d i ~ s  of s tars ,  galaxies, and i n t e r s t e l l a r  and i n t e r -  
g a l a c t i c  matter, and advanced development work on experimental  tes ts  of t h e  v a l i d i t y  of E i n s t e i n ' s  iineory 
of General  R e l a t i v i t y  are a l s o  supported i n  t h i s  area. 

During FY 1976 and t h e  Trans i t i on  Quar te r ,  about 225 t a sks  are be ing  supported a t  u n i v e r s i t i e s ,  non- 
p r o f i t  and i n d u s t r i a l  r e sea rch  i n s t i t u t i o n s ,  NASA Centers ,  and o t h e r  Government agencies  i n  26 states and 
t h e  D i s t r i c t  of Columbia. These inc lude  cont inuing  s t u d i e s  of advanced missions,  Advanced Technolog- 
i ca l  Development (Am) of s o l i d  s ta te  d e t e c t o r  devices  and improved photometers,  and s u p e r f l u i d  helium 
res ear ch . 
CHANGES FROM BUDGET ESTIMATES: 

SRT funding i n  t h e  T r a n s i t i o n  Quarter has been reduced by $400 thousand as a r e s u l t  of adjustments  re- 
s u l t i n g  from t h e  genera l  Congressional  r educ t ion  i n  NASA's R&D budget r eques t  f o r  t h i s  three-month 'per iod.  
This  w i l l  n e c e s s i t a t e  t h e  postponement of  c e r t a i n  t a sks  and mission planning a c t i v i t y .  

BASIS OF FY 1977 ESTIMATES: 

During FY 1977 cont inued suppor t  w i l l  be  given t o  those  t a s k s  which are c r i t i c a l  t o  maintaining a f i r m  
Super f lu id  hel ium re sea rch  w i l l  be cont inued f o r  cryo- base  f o r  a v i a b l e  Physics  and Astronomy program. 

genic  systems w i t h  f u t u r e  a p p l i c a t i o n s  i n  r e l a t i v i t y ,  cosmic r ay ,  and i n f r a r e d  astronomy. Theore t i ca l  
and experimental  s t u d i e s  w i l l  be undertaken t o  i n v e s t i g a t e  t h e  unique p r o p e r t i e s  of s u p e r f l u i d  helium and 
i t s  react io 'n  t o  long-term ope ra t ion  i n  the space environment. Spec ia l  emphasis w i l l  Se  placed on s t u d i e s  
f o r  advanced ins t rumenta t ion  involv ing  image tubes and s o l i d  s ta te  devices  which w i l l  i nc rease  both  the  
s e n s i t i v i t y  and r e s o i u t i o n  of d e t e c t o r s .  These ins t ruments  w i l l  be  requi red  t o  d e t e c t  and d i s p l a y  a s t r o -  
nomical d a t a  wi th  extreme f i d e l i t y .  Other technologica l  problems concerning on-board d a t a  process ing  and 
s t o r a g e ,  on-board d a t a  compression, p o i n t i n g  and s t a b i l i z a t i o n ,  and d e t e c t o r  background r a d i a t i o n  w i l l  be  
s tud ied .  Basic s t u d i e s  w i l l  be cont inued t o  d e f i n e  f u t u r e  s c i e n t i f i c  o b j e c t i v e s  i n  astronomy and phys ics  
that w i i i  u t i l i z e  ihe c a p a b i l i t i e s  of +he S u t t l e .  
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Data Analysis  

1976 T r a n s i t i o n  Quar te r  1977 
n,u-'get Ciirrent Budget Curren t  Budget - n-l c 

1 Y 1  J 

Actua l  Estimate Estimate Es t imate  Est imate  Estimate 
(Thousands of Dol la rs )  

5,000 5 , 000 5 , 000 1,300 1,300 5,000 

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 ep resen ted  by t h e  d a t a  
ga thered  i n  t h e  Space Sc ience  program, i n c l u d i n g  t h a t  from a number of s p a c e c r a f t  which are ope ra t ing  w e l l  
beyond t h e i r  planned l i f e t i m e s .  

Limited ope ra t ion  of  s p a c e c r a f t ,  beyond t h e  times o r i g i n a l l y  planned, h a s  made a d d i t i o n a l  d a t a  a v a i l a b l e  
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 ,  w i t h  p r e f e r e n c e  be ing  given t o  c o r r e l a t i v e  ope ra t ions  designed 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 o p p o r t u n i t i e s  such as unexpected encounters  w i th  
comets. 

Fu r the r  work us ing  e x i s t i n g  d a t a  i s  also supported,  w i th  emphasis on c o r r e l a t i v e  s t u d i e s .  Under t h i s  
p r o j e c t ,  i n v e s t i g a t o r s  are expected t o  p repa re  da t a ,  complete wi th  c a l i b r a t i o n s ,  i n  a form s u i t a b l e  f o r  
d e p o s i t  i n  t h e  Nat iona l  Space Sc ience  Data Center (NSSDC). 

The ope ra t ion  of  t h e  NSSDC i s  a l s o  supported under t h i s  p r o j e c t .  The NSSDC, loca ted  a t  t h e  GSFC, was  
e s t a b l i s h e d  t o  serve 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 .  

BASIS OF FY 1977 ESTIMATES: 

F isca l  year  1977 funds w i l l  p rovide  suppor t  f o r  che operatloii  of :he NSSDC, and f o r  t h e  d a t a  a n a l y s i s  
ac t iv i t i e s  of about 95 p r i n c i p a l  i n v e s t i g a t o r s  a t  approximately 45 i n s t i t u t i o n s  inc luding  NASA f i e l d  
c e n t e r s .  
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Skylab Data Analys is  

1976 Trans i t i on  Quar te r  i377 
Budget 1P75 Budget Current  Budget Current  

Actua l  &s t i m a  t e E s i iiia t e n” t.’-a t P  EstFmete  Es rr i m a t  e 
(Thousands of Dol la rs )  

1,400 6,000 6,000 1,500 1,500 4,000 

The Skylab Data Analys is  p r o j e c t  suppor ts  t h e  a n a l y s i s  and s y n t h e s i s  of  d a t a  gathered by the  ATM and Skylab 
experiments i n  Phys ics  and Astronomy, and t h e  ATM Guest I n v e s t i g a t o r  and Coordinated Observing Programs. A 
series of workshops and symposia on ATM r e s u l t s  a r e  a l s o  supported.  

The d a t a  acqui red  by t h e  s ix  major ATM ins t ruments ,  t oge the r  wi th  t h a t  obtained by t h e  world-wide program 
of complementary ground-based and rocket-borne obse rva t ions ,  i s  unique i n  t h a t  i t  r e p r e s e n t s  t h e  f i r s t  suc- 
c e s s f u l  a t tempt  a t  s imultaneously s tudying  t h e  s t r u c t u r e  of t h e  o u t e r  s o l a r  atmosphere a t  a l l  h e i g h t s  from 
t h e  photosphere t o  t h e  o u t e r  corona. 
v a r i e t y  of areas of s o l a r  r e sea rch .  The hea t ing  of t h e  o u t e r  s o l a r  atmosphere has been s t u d i e d  by d e t e r -  
mining t h e  h e i g h t  s t r u c t u r e  of t h e  chromospheric network and by i n v e s t i g a t i n g  the  var ious  forms of o s c i l -  
l a t i o n s  present .  The s t r u c t u r e  and evo lu t ion  of sunspots ,  b r i g h t  po in t s ,  a c t i v e  regions and prominences 
have been s t u d i e d  and s i g n i f i c a n t  advances made i n  man’s knowledge of t h e  temperature and d e n s i t y  s t r u c t u r e  
of  t hese  f e a t u r e s .  A wide v a r i e t y  of t r a n s i e n t  events  have been analyzed and a b e t t e r  understanding has  
been gained r ega rd ing  t h e  phys ics  of the h o t  f l a r e  plasma, t h e  p o s s i b l e  forms of f l a r e  p recu r so r s ,  and the  
causes  and c h a r a c t e r i s t i c s  of coronal  t r a n s i e n t  events .  The phys ica l  c h a r a c t e r i s t i c s  of coronal  ho le s  were 
a l s o  s tud ied  and t h e i r  r e l a t i o n s h i p  w i t h  h igh  v e l o c i t y  s o l a r  wind streams was v e r i f i e d .  
t h e  r i g i d  r o t a t i o n  c h a r a c t e r i s t i c s  of these f e a t u r e s  by ATM s c i e n t i s t s  may shed some l i g h t  on s o l a r  convec- 
t i o n  and c i r c u l a t i o n  theory.  

The ana lyses  conducted so f a r  have r e s u l t e d  i n  advances i n  a wide 

The d iscovery  of 

I n  a d d i t i o n  t o  t h e  t o p i c s  d iscussed  above, t h e  Skylab FY 1976 a c t i v i t i e s  have concent ra ted  predominantly 
on t h e  completion of t h e  at las product ion and the  ca t a log lngand  prepara t ion  of d a t a  f o r  t h e  Nat ional  Space 
Science Data Center  (NSSDC). During t h e  year ,  c o l l a b o r a t i v e  e f f o r t s  have been extended, bo th  among t h e  
k’iM groups,  and between these  groups and t h e i r  G u e s t  I n v e s t i g a t o r s .  
which is on t h e  s u b j e c t  of coronal  h o l e s ,  commenced i n  October 1975 and has success fu l ly  encoiiraged a 
number of a d d i t i o n a l  s c i e n t i s t s  from r e l a t e d  t h e o r e t i c a l  and experimental  f i e l d s  t o  work wi th  t h e  ATM 
group. Two f u r t h e r  meetings i n  t h i s  series w i l l  t ake  p i a c e  during t h e  sp r ing  and summer of 1976. 
secmr! wnrkshop series, on a new t o p i c ,  w i l l  commence a t  t h e  beginning of t h e  Trans i t i on  Q u a r t e r .  

The f i r s t  Skylab Workshop S e r i e s ,  

A 
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BASIS OF FY 1977 ESTIMATES: 

I n  FY 1977 t h e  emphasis w i l l  con t inue  t o  s h i f t  from d a t a  reduct ion ,  ca t a log ing  and a t las  p repa ra t ion  t o  
the i n t e n s i v e  d a t a  a n a l y s i s  act ivi t ies .  The s i z e  of t h e  suppor t ing  s t a f f  r equ i r ed  by t h e  ATM teams w i l l  
thus  b e  reduced. A b a s i c  C V L ~  uf LLhe6c s i i p p ~ r t  pcrsznnel ::ill, h n v e ~ e r ,  he r equ i r ed  both t o  suppor i  h e  A3- i  
s c i e n t i s t s  and t o  s a t i s f y  t h e  i n c r e a s i n g  requirements  of t h e  Guest I n v e s t i g a t o r s  and t h e  Skylab Workshop 
participants. 

The inc reas ing  number of c o l l a b o r a t i o n s  are beginning t o  c a p i t a l i z e  more f u l l y  on t h e  complementary a spec t s  
o f  t h e  ATM mission and i t  is  a n t i c i p a t e d  t h a t  i t  is i n  t h e s e  areas of d a t a  s y n t h e s i s  t h a t  t h e  most e x c i t i n g  
advances may be made i n  t h e  coming year .  

1976 
1975 Budget Current  

Actua l  Est imate  Est imate  
(Thousands of 

3,000 5,000 5,000 

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

Estimate Estimate E s t i m a t e  
Do l l a r s  ) 

3,000 2,000 --- 

OBJECTIVES AND STATUS: 

The Space Telescope i s  under s tudy  as a p o s s i b l e  f u t u r e  mission t o  o r b i t  a h igh  r e s o l u t i o n  t e l e scope  
system i n  space  f o r  use  by  t h e  as t ronomica l  community, and t o  t a k e  advantage of  t h e  Space S h u t t l e  f o r  launch, 
on -o rb i t  s e r v i c i n g ,  and r e t u r n  t o  Ea r th  f o r  refurbishment .  

FY 1976 and T r a n s i t i o n  Quar te r  funding suppor ts  t h e  completion of t h e  t h r e e  Support System Module c o n t r a c t s  
and t h e  two Opt i ca l  Telescope Assembly c o n t r a c t s .  
e a r l y  Calendar Year 1977. 
and s p e c i f i c a t i o n s  f o r  Request for Proposa ls  f o r  t h e  Phase C/D des ign  and development con t r ac t s .  
t i o n s  w i t h  t h e  European Space Agency r ega rd ing  i t s  i n t e r e s t  i n  provid ing  a F a i n t  Object  Camera and t h e  
s o l a r  a r r a y ,  and developing a photon coun t ing  image 'de t ec to r  are cont inuing .  
t h e  major p a r t  o f  t h e  e f f o r t  devoted t o  t h e  SEC Orthicon d e t e c t o r .  
on mi r ro r  coa t ings  and u l t r a v i o l e t  s c a t t e r i n g .  Other  ATD c o n t r a c t s  i nc lude  t h e  s t r a y  l i g h t  a n a l y t i c a l  
program, model t e s t i n g ,  and p o i n t i n g  c o n t r o l  system s t u d i e s .  Technology proposa ls  a s s o c i a t e d  wi th  t h e  
s c i e n t i f i c  ins t ruments  w i l l  be  funded. S t u d i e s  of t h e  e f f e c t s  of r a d i a t i o n  on ins t ruments  and d e t e c t o r s ,  
w i i i  ais0 b e  conducted. 

The f i n a l  s tudy  r e p o r t s  are planned f o r  completion i n  
Cont rac tor  o u t p u t s  w i l l  be  considered i n  t h e  p repa ra t ion  of s ta tements  of work 

Negotia- 

ATD work i s  cont inuing ,  wi th  
Perkin-Elmer La cont inuing  wi th  work 
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I n  response  t o  t h e  d e s i r e s  of Congress f o r  lower c o s t  op t ions ,  NASA examined t e l e scopes  which ranged i n  
s i z e  from i .8 io 3 meters, arid determined t h a t  t h e  2.4 meter t e lescope  would be c o s t  e f f e c t i v e  and s t i l l  
meet t h e  s c i e n t i f i c  requirements as s p e c i f i e d  by t h e  astronomers and s c i e n t i s t s .  

The d e f i n i t i o n  s t u d i e s  underway have served  t o  develop an  experienced iiiid knawl~dgeak?~ tezz znd hsve 
provided the  engineer ing  and cos t  in format ion  r equ i r ed  f o r  t he  hardware phase. 

CHANGES FROM BUDGET ESTIMATES: 

Furzding i n  t h e  Trans i t i on  Q u a r t e r  has been reduced by $1.0 mi l l i on  i n  accordance wi th  Congressional  
d i r e c t  ion.  

So la r  Maximum Mission (SMM) 
Advanced Technological  Development (Am) 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Current  Budget Current  Budget 

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

--- 1,515 1 , 000 1,000 1 , 300 7 00 

OBJECTIVES AND STATUS : 

The Solar  Maximum Mission (SMM) i s  planned t o  conduct s p e c i f i c  problem-oriented s o l a r  s c i e n t i f i c  r e sea rch  
d u r i n g  the  next  per iod  of maximum s o l a r  a c t i v i t y ,  p ro j ec t ed  t o  occur a t  t h e  end of t h i s  decade. 
s c i e n t i f i c  o b j e c t i v e  of SMM i s  t o  i n v e s t i g a t e  s o l a r  f l a r e s  and r e l a t e d  phenomena over  a broad s p e c t r a l  
range  wi th  h igh  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 .  

The major 

The solar f l a r e s  are perhaps the  most dramatic  and e l u s i v e  of the  observable  s o l a r  phenomena. They have 
a profound impact on the  s o l a r - t e r r e s t r i a l  system, but  are d i f f i c u l t  t o  s tudy  because they  are t r a n s i e n t  
i n  na tu re .  

The  S M  w i i i  p rovide  ihe c a p a b i l i t y  to mke s i m l t a n e o u s  measurements a c r o s s  t h e  e lec t romagnet ic  spec- 
t r u m  €or the  f i r s t  time. 
and t h e i r  e f f e c t s  on Earth.  

The informat ion  t o  b e  developed w i l l  provide t h e  p o t e n t i a l  f o r  f o r e c a s t i n g  f l a r e s  
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The SMM w i l l  p l ay  a p i v o t a l  r o l e  i n  a coord ina ted  n a t i o n a l  program of s a t e l l i t e ,  sounding rocke t ,  and 
ground-based observa t ions  of f i a r e s  and their  e f f e c t s  and i s  the most important  s o l a r  mission proposed f o r  
t h i s  decade. The SMM w i l l  p rovide  o p p o r t u n i t i e s  f o r  i n t e r n a t i o n a l  coopera t ion  on t h e  b a s i s  of mutual i n -  
terest  and b e n e f i t .  

Mission d e f i n i t i o n  s t u d i e s  w e r e  i n i t i a t e d  i n  t h e  sp r ing  of 1973. I n  1974 t h e  conceptual  des ign  s t u d i e s  
of t h e  suppor t ing  s p a c e c r a f t  systems and a s soc ia t ed  ground ope ra t ions  f a c i l i t i e s  were completed. The 
des ign  concept provides  f o r  a s p a c e c r a f t  which c a p i t a l i z e s  on common components and s tandard ized  sub- 
sys tem t o  achieve a lower c o s t  s p a c e c r a f t  system capable  of meeting t h e  r equ i r ed  p o i n t i n g  accu rac i e s  f o r  

and r e t u r n  t o  o r b i t .  
th.~ + s s i ~ ~ .  s p l c e c r ~ f t  yiG1 hn_ ~ h ~ t t l e - ~ c ~ n a t i h l  n Cznahl n cf ?--d-vi.rcis, ret-rie~7.11, refurbisl.mn_~t, 

r------ Y r---- 

I n  1975,  a pre l iminary  s c i e n c e  payload w a s  s e l e c t e d .  
f u r t h e r  d e f i n e  t h e i r  t e c h n i c a l  and r e source  requirements. 
cand ida te  experiment w a s  conducted i n  l a te  1975. A f i n a l  s c i e n t i f i c  payload of approximately seven 
experiments  i s  expected t o  be s e l e c t e d  i n  e a r l y  1976. 

Th i r t een  i n d i v i d u a l  experiments were s tud ied  t o  
A t e c h n i c a l  and s c i e n t i f i c  review of each 

During FY 1976 and t h e  T r a n s i t i o n  Quar te r ,  p r o j e c t  d e f i n i t i o n  s t u d i e s  w i l l  be  performed on t h e  space- 
c r a f t  and on t h e  complement of  experiments  s e l e c t e d  f o r  f l i g h t  i n  o r d e r  t o  de f ine ,  i n  d e t a i l ,  t h e  i n t e r -  
f a c e s  of  t h e  complete SMM system. 
wi th  f ixed  requirements  i n  subsequent  years .  

This e f f o r t  w i l l  permit  d e t a i l e d  des ign  and development t o  proceed 

CHANGES FROM BUDGET ESTIMATES: 

The Trans i t i on  Quar te r  budget estimate h a s  been reduced by $0.6 m i l l i o n  i n  t h e  process  of meeting t h e  
a d j u s t e d  Congressional funding levels. 
model s t u d i e s  r e l a t e d  t o  experiment accommodations on t h e  s p a c e c r a f t .  

This  reduct ion  r e s u l t s  i n  t h e  d e f e r r a l  of s t r u c t u r a l / t h e r m a l  

BASIS OF FY 1977 ESTIMATES 

The i n i t i a t i o n  of development a c t i v i t y  f o r  t h e  Solar  Maximum Mission i n  FY 1977 i s  descr ibed  under t h e  
Large Observa tor ies  ca tegory  o f  t h e  Physics  and Astronomy program. 
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Upper Atmospheric Research 

1976 T r a n s i t i o n  Quar te r  1977 
R . . d  YUY6'L P..*..-P.- t 1975 Budget Curre- t  Budgzt " U L L L L L C  

Estimate  -- Actua l  Estimate Estimate Estimate Estimate 
(Thousands of Do l l a r s )  

--- - - -  3 , 500 - - -  1,000 11,600 

OBJECTIVES AND STATUS : 

A coord ina ted  program of Upper Atmospheric Research w a s  s t a r t e d  i n  t h e  Of f i ce  of Space Sc ience  i n  1975 
i n  response  t o  d i r e c t i o n  given i n  t h e  FY 1976 NASA Author iza t ion  A c t .  It w a s  formulated from work i n  
o t h e r  NASA o f f i c e s  and from new work s t a r t e d  dur ing  FY 1976. 

The NASA goa l  i n  Upper Atmospheric Research i s  t o  determine t h e  normal composition of  t h e  atmosphere, 
w i t h  emphasis on t h e  s t r a tosphe re .  The long  t e r m  o b j e c t i v e  of  t h e  program i s  t h e  development of  a b e t t e r  
unders tanding  of t h e  phys ica l  and chemical  p rocesses  occur r ing  i n  t h e  upper atmosphere. For t h e  s h o r t  
t e r m ,  program resources  are be ing  a p p l i e d  t o  assessments  of  t h e  e f f e c t  on ozone levels i n  t h e  s t r a t o s -  
phe re  from chlorof luoromethanes,  S h u t t l e  e f f l u e n t s ,  a i r c r a f t  e f f l u e n t s ,  and o t h e r  chemicals. 

S ince  program incep t ion ,  t h e  assessment  of ozone r educ t ion  by t h e  Space S h u t t l e  has  been lowered based 
on d a t a  obta ined  r e l a t e d  t o  S h u t t l e  exhause products .  A f u l l  r e p o r t  concerning t h e  impact of Space S h u t t l e  
o p e r a t i o n s  w i l l  be i s sued  i n  May, 1976. 
f o r  c h l o r i n e  atoms, were obta ined  from ba l loon  and U-2 a i r c r a f t  p la t forms .  
p h e r i c  hydroxyl r a d i c a l  was  made f o r  t h e  f i r s t  t i m e .  Measurement systems have been expanded w i t h  the  
complet ion of  t h e  t h i r d  Global  A i r  Sampling Program (GASP) package on a Qantus 747 and w i t h  t h e  a d d i t i o n  
of a f luorocarbon measuring c a p a b i l i t y  on t h e  U-2. Measurement of some c h l o r i n e  and c h l o r i n e  oxide  reac- 
t i o n  rates a t  s t r a t o s p h e r i c  tempera tures  are being found t o  be  lower than  p rev ious ly  he ld  values .  A 
p re l imina ry  assessment of t h e  impact of chlorof luoromethanes on ozone levels w i l l  be  completed i n  August, 
1976. 

Vertical p r o f i l e s  of hydrogen c h l o r i d e ,  be l i eved  t o  be  a s i n k  
A measurement of t h e  s t r a t o s -  

CHANGES FROM BUDGET ESTIMATES: 

The. Upper Atmospheric Research program was  i n i t i a t e d  i n  response t o  Congressional  d i r e c t i o n ,  as r e f l e c t e d  
In  t h e  KASA Author iza t ion  A c t ,  1976 (89 S t a t .  218).  
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B-MIS OF FY 1977 ESTXMTES: 

Field Measurements - Measurements will be made to obtain data on chlorine and related cm~p?psunds to 
assess the impact of chlorofluoromethane releases on the stratospheric ozone levels. A final assess- 
ment report will be issued in September 1977. Measurements will also be made to obtain data on 
tropospheric and stratospheric trace constituents to assess the interactions of aircraft exhaust 
emissions with the natural atmosphere, 
forms - aircraft, balloons, sounding rockets, and satellites. Dztz w l l l  be  obtained fruiii iiie r'oiiowing measurement plat- 

Laboratory Measurements - Measurements will be made on the rates of chemical reactions thought to be 
occurring in the upper atmosphere. 
finement of measurement techniques. 
copic properties of trace constituents. 

Investigations will be conducted for sensor development and the re- 
Considerable effort will be placed on the determination of spectros- 

Theoretical Studies - Efforts to develop and refine mathematical models of the upper atmosphere will be 
continued. 
to provide assessments of the effects of chlorofluoromethane and aircraft emissions on the atmospheric 
ozone layer. 

Sophisticated models using results from the lab and field measurements activities will be used 

RD 4-30 



BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 

Viking. .......................... 
Pioneer/Helios ................... 
Mariner Venus Mercury........... . 
Sqporting Research and 

Planetary Data Analysis .......... 
Planetary Astronomy............ .. 
Planetary Flight Support ......... 
Lunar Research Program...... ..... 

Outer Planets Missions........... 

Technology/Advanced Studies.... 

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

LUNAR AND PLANETARY EWMRATION PROGRAM 

SLW-U?.P OF RESOURCES REQUIREMENTS 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

11,600 24,200 89,016 39,500 39,500 14,000 
50 , 300 69,761 82,400 82,400 22,600 

33,642 62 , 600 61,700 16,300 16,400 47,400 
22,100 

--- --- - -- --- --- 5,324 

11,000 11,000 11,000 2,800 2,500 11,600 
1,628 1,400 1,400 400 400 2,500 
4,200 4 , 200 4,200 1 , 100 900 4,800 

27,900 24,725 29,300 29,200 8,800 8,700 
21,904 24,700 24,700 6,100 5,100 22,400 

191.100 261.200 255.100 254.100 72.100 67,700 
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D i s t r i b u t i o n  of Program Airi~uzt 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 ....... 
Jet  Propuls ion  Laboratory ......... 
Wallops F l i g h t  Center ............. 
Ames  Research Center .............. 
Langley Research Center ........... 
Headquarters ...................... 

T o t a l  ........................... 

i975 
Ac tua l  

12. 100 
60 

8. 387 
89. 636 

55 
36. 971 
93. 784 
20. 207 

261.200 

1976 T r a n s i t i o n  Quar te r  

E s t i m a t e  E s t i m a t e  Estimate E s t i m a t e  
(Thousands of Do l l a r s )  

" ....... L Q .. d.at uuu6L . rc l r ren t  . audgei L U L  L CLIL 

10. 884 10. 815 2. 839 2. 250 ... ... ... ... 
1. 127 

98. 197 98. 226 28. 303 25. 735 
55 55 25 15 

63 975 62. 203 16 857 16. 950 
48 914 48. 976 16. 151 15. 765 
25. 522 25. 658 6. 285 5. 858 

.. * I T \  7. 553 8. i 6 i  L . OLCU 

72.100 67.700 255 . 100 254.100 

1977 
Budget 

Estimate 

11. 925 ... 
8. 625 

70. 150 
50 

48. 220 
27. 008 
25. 122 

191.100 
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RESEARCH AND DEVELOPMENT 

FISCAZ, YEAR 1977 ESTIMATES 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM 

PROGRAM OBJECTIVES AND JUS TI F ICATIO N : 

The Lunar and Planetary Exploration Program includes scientific investigations of the Moon, the planets 
and their satellites, asteroids, comets, arid the partic?es ezc! fields of interplanetary space. The major 
objectives of these investigations are to understand the origin and evolution of the solar system and to 
apply the results of the investigations toward a better understanding of our planet Earth. 
has been highly successful to date and has provided extensive information on the Moon and on the planets 
Mercury, Venus, Mars, and Jupiter. 
are being derived from the integrated analysis of the total lunar and planetary data base. 

The program 

Already, important new insights into the dynamic behavior of Earth 

Ground-based supporting programs continue planning, research, design definition, technology and instru- 
ment development, and data analysis and synthesis tasks. 
data gathering via optical, radio, and airborne instruments, which complement and supplement spacecraft 
measurements taken in space to achieve the best overall result. 
based capabilities will be the Infrared Telescope currently being designed for installation on Mauna Kea 
peak in Hawaii. 

Earth-based remote observations permit important 

An important augmentation of these Earth- 

The currently approved Mars exploration program continues and expands on the investigations begun with 
Mariners 4, 6 ,  7, and 9. 
surface and gave the world the first detailed maps of Mars. 
the Mars program by launching two Viking missions on August 20, 1975, and September 9, 1975. 
missions include two orbiters and two landers and will give us our first in situ measurements on the sur- 
face of another planet. 
place on the surface several scientific "laboratories", including life detection instruments which will 
search f o r  living organisms 3r. Xars, 

In 1971 and 1972 Mariner 9 carried out its extensive mapping of the Martian 
In 1975 NASA embarked on a continuation of 

These 

The landers are the most sophisticated automated vehicles ever built and will 

In 1974, Mariner 10 gave us our first closeup view of Mercury and Venus. In 1978, two Pioneer missions 
will be launched to further investigate Venus. One of these missions vi11 previ.de an overview 
of Venus.from orbit while the second, a multi-probe mission, will give us our first detailed in situ 
measurements of the Venusian atmosphere. 
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T 7 - 7  neLLus - A,  vhicf: was designed to i n v e s t i g a t e  t h e  Sun from c l o s e r  range  than ever be fo re ,  w a s  launched on 
December LO, 1974, and has  been a h i g h l y  s u c c e s s f u l  mission. 
January  15 ,  1976: 

Hel ios  B w a s  s u c c e s s f u l l y  launched on 
The Hel ios  missions are  coopera t ive  missions between t h e  United S t a t e s  and West Germany. 

P ioneer  10 i s  now escaping  t h e  s o l a r  system and Pioneer 11 i s  on i t s  way t o  encounter Sa tu rn  i n  September 
1979. 
p l a n e t s .  
sa te l l i t es  of t h e  two g i a n t  p l a n e t s .  

i n  1977, two Eiariner 2 i ip i t e r /Sa tu rn  missions wF11 be laiunched t o  expand our knowledge of t hese  twcr 
These s p a c e c r a f t  w i l l  a l s o  make f i r s t - e v e r  s c i e n t i f i c  measurements of s e v e r a l  of  t h e  p l a n e t - l i k e  

I n  t h e  Lunar Program a concent ra ted  s c i e n t i f i c  e f f o r t  i s  underway i o  ailiilyze aid I n t e r p r z t  t h e  I i r g e  mcl 
s t i l l  growing body o f  d a t a  acqui red  from luna r  f l i g h t  programs, ground-based obse rva t ions  of t h e  Moon, and 
l a b o r a t o r y  i n v e s t i g a t i o n s .  The a n a l y t i c a l  work t h a t  has  been c a r r i e d  out  t o  d a t e  has  r evo lu t ion ized  pre-  
v ious  t h e o r i e s  of t h e  formation, h i s t o r y ,  and s t r u c t u r e  of t h e  Moon, and promises t o  make v i t a l  cont r ibu-  
t i o n s  t o  our understanding of p l a n e t a r y  bodies  i n  genera l .  Nearly 100 P r i n c i p a l  I n v e s t i g a t o r s  and s e v e r a l  
hundred Co-Inves t iga tors  are now p a r t i c i p a t i n g  i n  a Lunar Data Analys is  and Syn thes i s  program designed t o  
combine and c r o s s - c o r r e l a t e  a l l  a v a i l a b l e  d a t a  on t h e  Moon. This e f f o r t  i s  a l r e a d y  having an impact i n  
o t h e r  areas of l una r  and p l a n e t a r y  r e s e a r c h  where experimental  and t h e o r e t i c a l  s t u d i e s  are be ing  conducted 
t o  answer s p e c i f i c  ques t ions  r a i s e d  by t h e s e  i n v e s t i g a t o r s .  While much of t h e  informat ion  on which t h i s  
e f f o r t  i s  based has come from t h e  a n a l y s i s  of l una r  samples, on ly  a small f r a c t i o n  of t h e  c o l l e c t i o n  has 
been analyzed t o  da t e .  The main p o r t i o n  of t h e  sample c o l l e c t i o n  i s  be ing  preserved  i n  o rde r  t o  promote 
an  o r d e r l y  program and t o  permi t  f u t u r e  ana lyses  wi th  advanced techniques.  

New d a t a  on t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  Moon over extended t i m e  pe r iods  i s  s t i l l  be ing 'ga thered  
by t h e  Apollo Lunar Surface  Experiments Packages (ALSEPs). I n  a d d i t i o n ,  o t h e r  work, such as laser rang- 
ing ,  i s  be ing  c a r r i e d  ou t  t o  develop a more a c c u r a t e  ephemeris of t h e  Moon and a more p r e c i s e  l i b r a t i o n  
model, and t o  c o n t r i b u t e  t o  t h e  s tudy  of t e c t o n i c  p l a t e  movement of t h e  Ear th  and i r r e g u l a r i t i e s  i n  t h e  
E a r t h ' s  whole body movement. S tud ie s  are underway t o  determine t h e  s c i e n t i f i c  m e r i t  and f e a s i b i l i t y  of 
a small po la r  o r b i t e r  which would extend c u r r e n t  measurements over t h e  e n t i r e  Moon and g e n e r a l i z e  our 
knowledge of t h a t  body. 
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BASIS OF FUND REQUIREMENTS: 

CIrhiter s p a c e c r a f t  and science... .  
Lander s p a c e c r a f t  and science... . .  
O r b i t e r  opera t ions .  ............... 
Lander Operations..... ............ 
Extended mission o p e r a t i o n s  ....... P r o j e c t  management................ 

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

T i t  an/ Centaur (Exp endab 1 e Launch 
Vehic le  Program). ............... 

1975 
A c t  "31 

28,300 
53,916 --- 

--- 
6,800 --- 

Viking 

l a ?  6 Trans i t i on  Quar te r  ~~ 

Budget Curren t  Budget 
E s t i m a t e  

--- 
--- 

11,300 
22,300 

5,900 - -- 

Es  t imat e Estimate 
(Thousands of Dol la rs )  

--- --- --- --- 
13,000 8,200 
22,500 2,300 

4,000 3,500 --- --- 

Current  
Estimate 

- -- --- 
6 200 
3,100 
2,300 - -- 
11.600 

--- 

1977 
Budget 

Estimate 

--- 
--- 

1 800 

900 
20,300 

24.200 

1,200 

--- 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h e  Viking program is  t o  s i g n i f i c a n t l y  advance our knowledge of  t h e  p l a n e t  Mars by 
means of obse rva t ions  from Mart ian o r b i t  and d i r e c t  measurements i n  t h e  atmosphere and on t h e  su r face .  
Emphasis will b e  p laced  on o b t a i n i n g  b i o l o g i c a l ,  chemical, and environmental d a t a  r e l e v a n t  t o  t h e  exis- 
tence  of l i f e  on t h e  p l a n e t .  

The Viking s p a c e c r a f t  were launched s u c c e s s f u l l y  on t r a j e c t o r i e s  t o  Mars on August 20 and September 9,  
1975 by T i t a d c e n t a u r  launch v e h i c l e s ,  
Spacec ra f t  a r r i v e  a13 Xars i n  t h e  sumqer of 1976, each s p a c e c r a f t  w i l l  be  placed i n  a 24-hour o r b i t  around 
t h e  p l ane t .  
Lander : . r i l l  he sepa ra t ed  from i t s  O r b i t e r  and descend t o  t h e  s u r f a c e ,  conduct ing atmospheric  i nves t iga -  
t i o n s  dur ing  t h e  descent .  
and b i o l o g i c a l ,  geochemical, se i smologica l ,  meteoro logica l ,  and o t h e r  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 l l  be  
conducted. 
s i tes  f o r  a p e r i o d  of about  60 days each du r ing  t h e  pr imary mission. 

Each s p a c e c r a f t  c o n s i s t s  o f  an O r b i t e r  and a Lander. When t h e  

A f t e r  t h e  O r b i t e r  ins t ruments  have c a r e f u l l y  surveyed t h e  intended landing  s i tes ,  each 

Following i t s  s o f t  l anding ,  the Lander will t a k e  pancramic c o l o r  p i c t u r e s  

The two Landers w i l l  conduct t h e s e  experiments on t h e  s u r f a c e  a t  two widely-spaced l and ing  
The two O r b i t e r s  w i l l  view t h e  
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s u r f a c e  with h igh  r e s o l u t i o n  cameras, o b t a i n  d a t a  on dynamic p l ane ta ry  p rocesses ,  and act  a s  communication 
r e i a y  s ta i iot is  f o r  bo th  O r b i t e r  and  Lander s c i e n t i f i c  da ta .  An extended Mission,  a t  a reduced l e v e l  of 
e f f o r t ,  i s  planned f o r  t h e  per iod  a f t e r  November 1976 t o  observe seasonal  and iong-iei-iii va r i a t i cn  i n  the 
envirviiaeii t  . 

During FY 1976, funds are being used t o  suppor t  ope ra t ion  of  t h e  two s p a c e c r a f t  du r ing  t h e i r  i n t e rp i ane -  
t a r y  c r u i s e s ;  con t inua t ion  of so i tmre  deve?epment 
o p e r a t i o n s ;  and p l ane ta ry  ope ra t ions  beginning  i n  June 1976 when t h e  f i r s t  s p a c e c r a f t  reaches  Mars. Tran- 
s i t i o n  Quar te r  funding w i l l  suppor t  t h e  h igh  a c t i v i t y  per iod  dur ing  Ju ly ,  August, and September 1976, when 
t h e  Lander from Viking 1 touches down on t h e  p l a n e t ,  t h e  Viking 2 s p a c e c r a f t  arrives a t  Mars, and t h e  Lander 
from Viking 2 a l s o  lands .  

t r a i n i n g ,  and p repa ra t ions  necessary  f o r  p l ane ta ry  

Analys is  o f  t h e  s c i e n t i f i c  data will begilrr C1,~rFng t h i s  per iod .  

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 changes between p r o j e c t  element estimates r e f l e c t  t h e  s o l u t i o n  of problems encountered dur ing  

This  w i l l  r e s u l t  
f i n a l  pre- launch test  checkout per iod.  
p o r t i o n  of t h e  Congressional  r educ t ion  made t o  agency funding f o r  t h a t  t i m e  per iod .  
i n  d e l a y s  i n  second-order data  p rocess ing  du r ing  t h e  p l a n e t a r y  phase of mission opera t ions .  

The T r a n s i t i o n  Quar te r  reduct ion  of  $2.4 m i l l i o n  r e f l e c t s  a 

BASIS OF FY 1977 ESTIMATES: 

A t  t h e  beginning of FY 1977, the landed p o r t i o n  of t h e  b a s i c  Viking mission w i l l  be  about 2/3  completed. 
Viking 1 Lander w i l l  have completed i t s  pr imary experiments and w i l l  be  monitor ing t h e  Mart ian environment; 
however, t h e  Viking 1 O r b i t e r  w i l l  s t i l l  be engaged i n  planet-wide surveys. 
have about  40 days of landed experiments t o  complete i n  the  pr imary mission. 
a c t i n g  as a r a d i o  r e l a y  s t a t i o n  as w e l l  as making g loba l  observa t ions .  
a c t i v i t y  because of t h e  m u l t i p l i c i t y  of  t h e  r e t u r n  d a t a  streams and of the s p a c e c r a f t  t o  monitor and 
command. Engineer ing and s c i e n t i f i c  d a t a  w i l l  be  analyzed as r a p i d l y  as p o s s i b l e  so t h a t  s p a c e c r a f t  
ope ra t ions  can be  adapted t o  any unusual happenings o r  d i scove r i e s .  
be  involved t h e  t h e  f l i g h t  team ac t iv i t i e s .  

Viking 2 Lander w i l l  s t i l l  
Viking 2 O r b i t e r  w i l l  be 

This  w i l l  be  a per iod  of h igh  

A t o t a l  o f  about  700 persons w i l l  

The primary mission w i l l  end about mid-November 1976 a t  s u p e r i o r  conjunct ion  when the Sun is between 
Earth and Mars, 
t h e  end of March 1977 t o  complete t h e i r  p re l imina ry  sc ien tFElc  r e p o r t s .  

The 80 s c i e n t i s t s  p a r t i c i p a t i n g  i n  t h e  f l i g h t  ope ra t ions  w i l l  have from t h i s  t i m e  t o  

The Viking Extended Mission w i l l  beg in  i n  December 1976, and cont inue  through most of t h e  remainder of 
FY 1977. The four  s p a c e c r a f t  a t  Mars w i l l  be  opera ted  by a reduced f l i g h t  team t o  accomplish sc i ence  
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investigations which could not be performed during the primary mission. 
another biology analysis w i t h  a long-tern; izcubatton period. 
measurements will continue to be made to understand the Martian seasonal changes. Instruments on the 
O r b i t e r s  w i i i  concentrate on global variable features such as dust storms, polar caps, and cloud forma- 
t ions. 

It may be desirable to perform 
Atmospheric composition and meteorological 

If warranted by the condition of the spacecraft and ihe coztinuing vallie of the science results, it is 
planned to continue the Viking Extended Mission through an entire Martian year, to about August 1978. 

Outer Planets Missions 
(Mariner Jupiter/Saturn 1977) 

1976 Transition Quarter 1977 
1975 

Actual 

Project management & 
mission design .................. 3,517 
Spacecraft development ........... 51,019 
Science......................... . 14 , 165 
Mission operations ............... 1,060 

Total...................... .... 69.761 

Titadcentaur (Expendable Launch 
Vehicl-e Program). .............. (7 , 200) 

Budget 
Estimate 

4 , 200 
58,800 
15 , 200 
4 , 200 

82,400 

(33 , 600) 

Current Budget Current 
Es timat e Estimate Estimate 
(Thousands of Dollars) 

4 , 140 1 , 600 1,440 
55,470 14 , 800 14 , 960 
17,730 3,300 3 , 900 
5,060 2 , 900 1 , 800 

22.600 22.100 

(28,900) (4,500) (5,000) 

Budget 
Es t ima t e 

2 , 000 

12 , 800 
27 , 900 

7 , 600 

50.300 

(11,100) 

OBJECTIVES AND STATUS: 

In 1977, two Mariner-class spacecraft will be launched on a trajectory to Jupiter, and from Jupiter will 
continue on to Sattirn GT, 2 space flight made possible by a special alignment o f  Jupiter and Saturn. This 
alignment permits a spacecraft launched to Jupiter to reach Saturn in less than four years alid e v e n t u s l l y  
escape from the solar system through the acceleration provided by Jupiter's gravity. 
carry out such a fast, gravity-assisted swingby mission occurs approximately every 20 years. 
craft will excunter Jupiter in 1979 and Saturn in 1980/81. 

The opportunity to 
The space- 

This important mission affords the chance 
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to conduct coriiljiii-ative studies cf the Jnpi ter  and Saturn systems, including their satellites and the 
rings of Saturn, as well as t o  perform investigations in the interplanetary and interstellar media. 
One prime target will be the Saturn satellite Titan which is comparable in size to the planet Mercury 
and is known to possess an atmosphere. 

The Mariner-class spacecraft, with i t s  greater ariount of power and precise pointing capability, will 
permit the use of science instrumentation which is more sophisticated than that of Pioneer 10 and 11. 
The spacecraft will weight about 770 kg (1,700 lbs.), will use the Energy Research and Development 
Admiqistration's Multi-Hundred-Watt Radioisotope Thermoelectric Generators for power, and will carry 
approximately 100 kg (220 lbs.) of instruments. The spacecraft has been Jesigi ied to usc sppl iczhle  
Viking Orbiter subsystem designs and available residual Viking Orbiter hardware. The launch vehicle 
will be the Titan IIIEfCentaur D-IT, and the spacecraft includes a propulsion module to provide the 
final required increment of injection velocity. 

In FY 1976 and the Transition Quarter, Mariner JupiterfSaturn 1977 (WS77) activities consist of com- 
pletion of subsystem and science instrument development and critical design reviews, fabrication of 
flight hardware, selection of flight trajectories and a major portion of the implementation of the 
mission operations design. 
tested to verify the configuration design. 
delivered at the end of the fiscal year leading to P'M assembly during the Transition Quarter. Detailed 
planning of science observation sequences will continue through this period to aid in final flight tra- 
jectory selection and detailed mission operations planning. 

Structural and temperature control model spacecraft will be assembled and 
Hardware for the proof test model (PTM) spacecraft will be 

CHANGES FROM BUDGET ESTIMATES: 

Changes within the elements of this project in FY 1976 and the Transition Quarter, with a net reduc- 
tion of $500 thousand in the Transition Quarter, were due largely to the modification of designs and 
implementation of plans to accomplish the radiation hardening of the spacecraft required to withstand 
the Jupiter environment. Changes were also brought about by minor development problems and schedule 
changes in some of the spacecraft subsystems and science instruments. 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funding requirements will provide for: 

Project Management and Mission Design - Activities will consist of the continuation of detailed naviga- 
tion and maneuver design, precision ephemeris development, final selection of the flight trajectories, 
and planning of launch and early mission activities. 
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Spacec ra f t  Deveiopment - During ihe f i r s t  q u a r t e r ,  system l e v e l  testing of  t h e  proof tes t  model space- 
c r a f t  i nc lud ing  type approval  v i b r a t i o n  and thermal vacuum t e s t i n g  w i l l  be  completed. I n  a d d i t i o n ,  t h e  
f l i g h t  i spacecraft hardware d e l i v e r i e s  and assembly w i l l  be  completed l a t e  i n  t h e  q u a r t e r .  The f l i g h t  2 
s p a c e c r a f t  hardware d e l i v e r i e s  and assembly w i l l  be  completed e a r l y  i n  the second q u a r i e r .  S y s t e n  t e a t -  
i ng  of t he  two f l i g h t  s p a c e c r a f t ,  i nc lud ing  t h e  system l e v e l  f l i g h t  acceptance v i b r a t i o n  and thermal vacuum 
t e s t i n g ,  w i l l  begin i n  t h e  second q u a r t e r  and con t inue  i n t o  the t h i r d  qi lar ter .  The p r m f  test  model sqace- 
c r a f t  w i l l  be  shipped t o  Cape Canaveral  A i r  Force S t a t i o n ,  F l o r i d a ,  t o  support  pa thf inder  ope ra t ions  
e a r l y  i n  t h e  t h i r d  q u a r t e r  and t o  provide  f l i g h t  s p a c e c r a f t  subsystems spares .  

t e m s  test, and p r e p a r a t i o n  f o r  launch w i l l  be  completed and launch w i l l  be  c a r r i e d  ou t  dur ing  tne f o u r t h  
quar t er  . 

Operat ions a t  t h e  Cape 
w; CL LIIC- - t w c  f l i g h t  s p i c e c r a f t  w i l l  be  i n i t i a t e d  midway through the  t h i r d  qua r t e r .  F i n a l  assembly, sys-  

Science - A c t i v i t y  w i l l  focus on t h e  f a b r i c a t i o n ,  assembly and tes t  of f l i g h t  ins t ruments  and support  
of system t e s t i n g  i n  p repa ra t ion  f o r  launch. Support  of f l i g h t  t r a j e c t o r y  s e l e c t i o n  and f l i g h t  sequence 
development w i l l  cont inue.  

Mission Operat ions - Major emphasis i n  FY 1977 w i l l  be  devoted t o  implementation of ground d a t a  systems 
r equ i r ed  f o r  launch,  i n t e g r a t i o n  and v e r i f i c a t i o n  of t hose  systems, t r a i n i n g  of ope ra t ions  personnel ,  and 
the  s ta r t  of a c t u a l  ope ra t ions  support .  I n  a d d i t i o n ,  the des ign  of systems t o  provide  p l a n e t a r y  encounter 
c a p a b i l i t i e s  w i l l  be  cont inued.  

BASIS OF FUND REQUIREMENTS: 

P ioneer /Hel ios  

1976 Trans i t i on  Q u a r t e r  1977 
1975 Budget Current  Budget Current  Budget 

Actua l  Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dol la rs )  

Pioneer  Venus...................... 26,916 57 , 60G 56,600 15,300 15,300 42,800 
Pioneer  6-11....................... 5,326 3 , 900 3,900 900 900 3,700 
neLivs A & ..................... ... 1,400 1,100 1,200 100 200 900 I. - I - -  

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . .  33,642 62.600 61,700 16.300 16,rCOQ 
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Pioneer Venus 

I375 
Actual  

Spacecraf t .  ....................... 18,716 
Science........................,... 7,500 
OperatLoiG.. 300 
P ro jec t  management ................ 400 

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

Total.. . . . . . . . . . . . . . . . . . . . . . . . . .  26.916 

Atlas Centaur (Expendable Launch 
Vehicles  Program) ............... (400) 

1976 Trans i t i on  Quar t e r  
Budget C lir r en  t Budget Current  

E s t i m a t e  Estimate E s r r i m a t e  E s t h i i t e  
(Thousands of Do l l a r s )  

31,400 33 , 900 8,000 7,200 
17,000 16,200 4,100 4,900 
2,400 1 , 900 1,200 1,200 
6 , 800 4,600 2,uuu 2,000 

15.300 15.300 57.600 56.600 

(400) (6,400) (6,400) (3,700) 

1977 
Budget 

U" t;mn I-- ui) L &..- b - 
21,800 
10,900 
5,400 
4,730 

42.800 

(16 , 100) 

OBJECTIVES AND STATUS : 

There are two complementary missions i n  t h e  Pioneer  Venus P r o j e c t :  a mult i -probe mission and an  o r b i t e r  
mission.  These missions are designed t o  i n v e s t i g a t e  t h e  atmosphere of Venus 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 o t h e r  a s p e c t s  of  t h e  Venusian environment. Achievement of t h e  primary goal  of thebe 
miss ions ,  which i s  t o  determine t h e  n a t u r e ,  dynamics, and evo lu t ion  of t h e  Venusian atmosphere, shoukd a l s o  
m a t e r i a l l y  a i d  i n  understanding t h e  dynamic processes  which are tak ing  p l a c e  i n  our own Ear th  atmosphere. 
These missions w i l l  a l s o  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  provide d a t a  t o  he lp  understand t h e  o r i g i n  and evo lu t ion  
of t he  s o l a r  system. 

The Hughes A i r c r a f t  Company w a s  s e l e c t e d  as t h e  Pioneer  Venus c o n t r a c t o r  i n  February 1974. Deta i led  
des ign ,  which w a s  begun i n  December 1974, i s  now we l l  along. The f i n a l  systems des ign  review i s  scheduled 
f o r  A p r i l ,  1976. Development tes ts  are i n  progress  on tilt: miilri-probe p res su re  vessels which are designed 
t o  p r o t e c t  t he  sc i ence  ins t ruments  from t h e  one hundred atmospheres of p re s su re  and h igh  temperatures t o  
b e  encountered i i e Z i K  the Venusizn surf ice ,  Parachutes  t o  f l o a t  t hese  instrument  con ta ine r s  down through 
the  atmosphere are a l s o  be ing  t e s t e d .  Fabr i ca t ion  of thermal and s t r u c t u r a l  t e s t  models of t h e  o r b i t e r  
and mult i -probe spacec ra f t  i s  i n  p rogres s ,  w i th  t e s t i n g  scheduled t o  s t a r t  i n  March, 1976, and t o  cont inue  
through the  T r a n s i t i o n  Quar te r  and i n t o  e a r l y  FY 1977.  For some s c r u c t u r a l  components where design changes 
ars .. u,LL~L.bl.y, -1 .Lr, f l i g h t  hardware has  a l r eady  been f ab r i ca t ed .  Cost  sav ing  approaches t o  design,  procurement, 
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and testing have been incorporaied in the program. These include t h e  utilization of identical subsystems, 
wherever possible, in the orbiter, probe bus, and probes; the utilization of flight proven designs in 
Zppraxi rnately forry percent of the sabsystem units; and a centralized electronic parts procurement for 
all science instruments. 

The design and development of the scientific experiments is progressing well. A l l  instrument contracts 
have been awarded, and hardware procurement has begun. Preliminary design reviews of the instruments have 
been completed, and final design reviews will begin near the end of FY 1976 and continue through the early 
---c - F  E'V 1077 paLL W L  A. 4. & a # ,  . 
CHANGES M BUDGET ESTIMATES: 

The decrease in FY 1976 reflects the reprogramming of $1.0 million to the Space Telescope, consistent 
with provisions in the Committee of Conference report on FY 1976 appropriations. Changes within project 
elements reflect the transfer of some tests to the prime contractor, increases in contractor wage and 
benefit scales and overhead rates, and some minor delays in science instrument electronic parts procure- 
ment. 

BASIS OF 1977 ESTIMATES: 

In FY 1977, structural and thermal testing of the total spacecraft system will be completed. All 
structural fabrication of flight hardware will be completed, and all subsystem unit hardware will be 
fabricated and tested. The flight probes will be assembled and tested, including the systems for de- 
celerating the probes during atmospheric entry. 
will be completed, including probe installation on the probe bus. 

Buildup of both the orbiter and multi-probe spacecraft 

Final science instrument design reviews will be conducted, and instrument test units will undergo 
design verification tests with the spacecraft simulator. Flight instruments will be fabricated, tested, 
and installed in the various spacecraft. Initial system performance testing will be conducted, and sys- 
tem level environmental testing will commence. 

FY 1977 funds will also support the design of the mission operations system and the development of 
operational softvare. 
planetary and encounter trajectory analysis will be completed. 

Ccnpatibility t e s t s  with the Deep Space Network will be conducted, and the inter- 
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Pioneers  6-11 

1976 Trans i t i o n  Quarter 1977 
1975 Budget Curren t  Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  Estimate Estimate Estimate 
(ziilvusiiil25 of D S ~ ? E X S )  

--- --- --- q ~ n  _-- --- Spacecraf t .  .............. B........ L LV 

Science........................... 2,503 2 , 585 2 , 585 600 600 2,400 
Operat ions.  ....................... 2,613 1,315 1,315 300 300 1,300 

Total.................. ......... 5;326 3.900 nnn 900 7 V V  a 7nn 
d . 8  "" 

OBJECTIVES AND STATUS: 

P ionee 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  and cont inue  t o  provide  d a t a  on s o l a r  a c t i v i t i e s  
and events  as they  are propagated through t h e  i n t e r p l a n e t a r y  medium. 
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. Pioneer  11 was 
launched on A p r i l  5 ,  1973, encountered J u p i t e r  i n  December 1974, and has  been r e t a r g e t e d  t o  encounter 
Sa tu rn  i n  September 1979. Both P ionee r s  10 and 11 are ope ra t ing  s a t i s f a c t o r i l y ,  a l though some ins t ruments  
have f a i l e d  o r  degraded s i n c e  pas s ing  J u p i t e r .  These s p a c e c r a f t  cont inue  t o  r e t u r n  d a t a  on t h e  propogat ion 
o f  t h e  s o l a r  wind through t h e  i n t e r p l a n e t a r y  medium, and the  Sa tu rn  encounter  w i l l  p rovide  informat ion  
which w i l l  s i g n i f i c a n t l y  a f f e c t  s c i e n t i f i c  and t r a j e c t o r y  s t r a t e g i e s  f o r  t he  Mariner Jup i t e r fSa tu rn  mission. 

P ioneer  10 was  launched on March 2 ,  

BASIS OF FY 1977 ESTIMATES: 

During FY 1977, f l i g h t  ope ra t ions  w i l l  con t inue  on a l l  P ioneer  spacec ra f t .  Pioneers  6-9 w i l l  be  supported 
P ioneers  10 and 11 f l i g h t  ope ra t ions  t o  t h e  e x t e n t  allowed by t h e  a v a i l a b i l i t y  of t h e  DSN t r ack ing  network. 

w i l l  cont inue ,  as w i l l  d a t a  a n a l y s i s  on a l l  r e tu rned  f l i g h t  d a t a .  

HELIOS 

- r r  ......................... ........................ Science.. 133 

Operat ions 645 

To ta l  ........................... 1,400 

Ti tanfCentaur  (Expendable Launch ............... Vehicle  Program). (7,900) 

85G 
3 50 3 50 
7 rn  
I JV 

1,100 1,200 

75 
25 - 

100 - 200 - 

690 
2 10 

900 
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Ec1ios i s  a two-mission, coope ra t ive  e f f o r t  w i t h  West Germany t o  i n v e s t i g a t e  i n t e r p l a n e t a r y  space c l o s e  
t o  t h e  Sun. The spacec ra f r ,  d e v e l ~ t j e d  and S u F l t  Fz !?est Germany u t i l i z i n g  consu l t an t s  from t h e  United 
S ta tes ,  weighs about 370 kg. (800 lbs . )  and carries about 55 kg. (120 l b s . )  of s c i e n t i f i c  instruments .  
Three of t h e  ten instruments  are supp l i ed  by U.S. i n v e s t i g a t o r s .  
and provides  t h e  launch v e h i c l e s  and t r a c k i n g  and d a t a  support .  West German personnei  conduct t h e  apace- 
c r a f t  ope ra t ions ,  ope ra t e  t h e  t r a c k i n g  systems, and acqu i re  t h e  d a t a  once i n i t i a l  launch ope ra t ions  have 
been completed. 

NASA a l s o  suppor ts  two o t h e r  experiments 

He l ios  A was  launched i n  December, 1974, i n t o  a h e l i o c e n t r i c  o r b i t  which b r ings  i t  t o  w i t h i n  . 3  Astro- 
nomical Units  (A.U., def ined as t h e  d i s t a n c e  between t h e  Ear th  and the Sun) of t h e  Sun. 
c r a f t  has  now completed two p e r i h e l i o n  passes ,  i n  March and September, 1975. Pre l iminary  resu l t s  show 
t h a t  t h e r e  is  much more s t r u c t u r e  i n  t h e  magnetic f i e l d s  and e n e r g e t i c  p a r t i c l e s  c l o s e  t o  t h e  Sun than  
has  been previous ly  observed from Ear th .  The p a r t i c l e  streams must, t h e r e f o r e ,  come from  many^ 
smaller reg ions  of t h e  Sun r a t h e r  than a few, l a r g e r  regions.  
zod iaca l  l i g h t  and i n t e r p l a n e t a r y  d u s t  experiments ,  and s c i e n t i s t s  are engaged i n  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 e  da t a .  

approximately two weeks i n  r e o r i e n t a t i o n  maneuvers and spacec ra f t  and ins t rument  v e r i f i c a t i o n  checks 
b e f o r e  commencing normal ope ra t ions .  

CHANGES TO BUDGET ESTIMATES: 

This space- 

Data has  a l s o  been obta ined  from the  

He l ios  B ,  which w i l l  be  invented  r e l a t ive  t o  Hel ios  A ,  was launched on January 15 ,  1976, and w i l l  spend 

The inc rease  of $100 thousand i n  both  FY 1976 and t h e  Trans i t i on  Quar te r  r e f l e c t s  t he  ex tens ion  of t h e  
s u c c e s s f u l  Hel ios  A mission. Through t h i s  ex tens ion ,  i t  w i l l  be p o s s i b l e  t o  make c o r r e l a t i v e  measure- 
ments of  phenomena i n  the  nea r - so la r  environment, ga in ing  new i n s i g h t s  i n t o  processes  and mechanisms of 
t h e  propagat ion of s o l a r  winds throughout t h e  i n t e r p l a n e t a r y  medium. 

BASIS OF 1977 ESTIMATES: 

Funds reques ted  w i l l  support  t he  U.S. p o r t i o n  of p r o j e c t  ope ra t ions  and t h e  a n a i y s i s  of  data c o l l e c t e d  
hy t h e  U.S. experiments.  
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Support ing Research TechnolopylAdvanced S tud ie s  

1976 Trans i t i on  Quarter  1977 
19? 5 Budget Current  Budget Current Budget 

Actual  Estimate E s t i m a t e  Estimate E s t i m a t e  Estimate 
(Thousands of Do l l a r s )  

P l ane ta ry  s c i e n c e . . . . . . . . . . . . . . . . . .  4 ,  boo 4,600 -r,U"" 1. cnn 1,200 1,000 5,200 

Plane ta ry  advanced t e c h n i c a l  
P l ane ta ry  advanced s t u d i e s .  ........ 1,200 1,200 1,200 300 200 1,200 

development ...................... 5 200 5,200 5,200 1,300 1,300 5,200 

T o t a l  ............................ 11.000 11.000 11,000 2.800 2 500 11.600 

OBJECTIVES AND STATUS: 

The Supporting Research and Technology and Advanced S tud ie s  programs form t h e  base  from which f l i g h t  pro- 
grams can be  developed. 
t i v e s  and mission concepts  are def ined.  
technologica l  r ead iness  f o r  new f l i g h t  missions.  
ob jec t ives .  

From b a s i c  t h e o r e t i c a l  and l abora to ry  r e sea rch  and advanced s t u d i e s ,  science objec-  
Instrument  development and advanced technology t a sks  provide  f o r  

These e f f o r t s  are be ing  continued t o  meet t h e s e  v i t a l  

P lane ta ry  Science 

4,600 4,600 4,600 1,200 1,000 5,200 

OBJECTIVES AND STATUS: 

This program i s  sub-divided i n t o  two major a reas  of r e sea rch ,  p l a n e t a r y  atmospheres and p l ane ta ry  geology. 
Both programs conduct b a s i c  t h e o r e t i c a l  and l abora to ry  r e sea rch ,  ins t rument  development, and c o r r e l a t i v e  
and f i e l d  s t u d i e s  t o  p repa re  f o r  f u t u r e  missions and t o  iinderscand t h e  basic s t r u c t u r e ,  composition, evolu- 
t i o n ,  and dynamics of p l a n e t a r y  atmospheres and bodies.  
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CHALNGES FROM BUDGET ESTIMATES: 

The Transition Quarter decrease of $200 thousand reflects adjustments required as part of the general 
Congressloria? r zduc t i zn  Fn P.!P,SA'c R.Nl hiidget request for r h i s  period aiid will necessitate 2 slowFng ~ l f  

some instrument development and research tasks. 

BASIS OF FY 1977 BUDGET ESTIMATES: 

Development of instrumentation for future planetary missions will continue during this period. Instru- 
ments being developed Lilcliide advaiiced I n f r a r d  ~ z d  z l t r ev io l e t  spectrometers, high resolution visual imag- 
ing instruments, X-ray diffractometers, and seismometers. 
remote sensing information from future planetary flybys and orbiters, and for in situ measurements with 
future planetary probes and landers. 

These instruments will be designed to provide 

Laboratory research will be conducted in areas of properties of atmospheric gases such as light scatter- 
ing and ionization, spectroscopy techniques, and wind erosion and deposition under simulated Martian con- 
ditions, to name only a few. Theoretical studies will be conducted on atmospheric turbulence, seasonal 
variations in atmospheric behavior and planetary polar caps, radiative and connective energy transfer mech- 
anisms, volcanism, and modeling techniques. Field studies will be conducted in desert regions, such as 
the southwestern United States and Peru, to correlate Earth phenomena with those observed on Mars. Simi- 
lar studies on impact craters, permafrost, and volcanic processes will be conducted in Europe, Hawaii, and 
the Arctic to find similarities and differences with data returned from the Moon, Mars, and Mercury. All 
of these activities will contribute to our knowledge of the mechanisms and processes which have created 
and continue to alter the solar system and our own planet. 

Planetary Advanced Studies 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

1,200 1,200 1,200 300 200 1 , 200 
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The o b j e c t i v e  of  t h e  advanced s t u d i e s  p r o j e c t  i s  t o  provide  t h e  b a s i s  f o r  t h e  sys t ema t i c  exp lo ra t ion  of 
t h e  s o l a r  system. P rospec t ive  p l a n e t a r y  missions are i d e n t i f i e d  arid defliiad through =. ~ r c c e s s  vhich i_n- 

c ludes  conduct ing mission concept d e f i n i t i o n  and f e a s i b i l i t y  s t u d i e s ;  i d e n t i f y i n g  new mission opportuni-  
t ies  (e.g. m u l t i p l e  p l a n e t  f i y b y s j  ; and developing Fmpl . smenta t i~n  schedules ,  s c i ence  o b j e c t i v e s ,  and 
r e sources  requirements .  These missions may then be  eva lua ted  i n  terms of technologica l  r ead iness ,  re- 
sources  requirements,and s c i e n t i f i c  m e r i t  t o  select those  most promising f o r  f u r t h e r  s tudy  and d e t a i l e d  
definition. T % P S P  advanced s t u d i e s  are performed bo th  under c o n t r a c t  and i n  NASA Centers ,  and they  en- 
compass a range  from mission a n a l y s i s  and system f e a s i b i l i t y  t o  p re l imina ry  mission des igu i i d  eiigiiiecr- 
ing.  Only through t h e s e  s t u d i e s  can a l o g i c a l ,  t imely ,  and c o s t - e f f e c t i v e  pos tu re  wi th  regard  t o  s o l a r  
system e x p l o r a t i o n  b e  maintained. 

CHANGES FROM BUDGET ESTIMATES: 

The r educ t ion  o f  $100 thousand i n  t h e  T r a n s i t i o n  Quar te r  r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  
of t h e  Congressional  r educ t ion  i n  NASA's R&D budget r eques t  f o r  t h i s  per iod .  
Venus-Earth g r a v i t y  assist  t r a j e c t o r i e s  and comet missions w i l l  b e  reduced i n  scope t o  make t h i s  a d j u s t -  
men t . 

Planned s t u d y  e f f o r t s  on 

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 program inc ludes  mission 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 ,  ahd 
small bodies  of t h e  s o l a r  system (comets and a s t e r o i d s ) ,  and gene ra l  s t u d i e s  on adapt ing  p l a n e t a r y  space- 
c r a f t  t o  t h e  Space Transpor ta t ion  System. 

-ions t o  be  s t u d i e d  inc lude  t h e  fol lowing:  a Lunar Po la r  O r b i t e r  w i th  remote geochemical s ens ing  
c a p a b s l i t i e s ;  a Mercury Orb i t e r  t h a t  is der ived  from t h e  Lunar P o l a r  O r b i t e r ;  a Venus Orb i t e r  w i t h  syn- 
thet ic  q e r t u r e  coherent  r a d a r  t o  image and map t h e  s u r f a c e  of Venus; a J u p i t e r  Orb i t e r  t o  perform de- 
t a i l e d  s t u d i e s  of  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  Jovian  magnetosphere and atmosphere; and 
a J u p i t e r  W n g b y  out -of -  t h e - e c l i p t i c  rnlssion t t i a t  w i l l  prcwlde a t h i r d  dimension t o  a l l  prev ious  s t u d i e s  
of  t h e  Sun aad t h e  interplanetary/interstellar medium. 
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PI nnetary Advanced Technical Development 

1976 T r a n s i t i o n  Q u a r t e r  1977 
D..d,.,.+ uuug=:C 

n . 1 _ _ L  LYID BudgeL Curreri i. DUUgCL #-I.----.-& UUI. I. Cl l  c 
- - --  

- 

Actua l  Estimate Estimate E s t i m a t e  E s t i m a t e  Estimate 
(%,misands of h l l a r s )  

5,200 5,200 5,200 I, 300 1,300 5,200 

OBJECTIVES AND STATUS: 

The Advanced Technical Development (ATD) program suppor ts  t h e  planning and t h e  advanced development of 
new and improved spacec ra f t  t echnologies  c r i t i c a l l y  r equ i r ed  f o r  f u 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 he  d e t a i l e d  p lanning  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 readiness  
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 rea l i s t ic  schedules  and c o s t  estimates. 
Methods f o r  achiev ing  c o s t - e f f e c t i v e  missions 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 sub- 
system des ign  a r e  a prime cons ide ra t ion .  

During FY 1976 t h e  major areas of emphasis are the  development of o u t e r  p l a n e t  probe and o r b i t e r  technol- 
og ie s ,  t h e  de te rmina t ion  of t he  t echno log ica l  and s c i e n t i f i c  f e a s i b i l i t y  of a Mars -pene t r a to r  mission, 
and t h e  development of an  extended c a p a b i l i t y  i n f r a r e d  spectrometer  optimized f o r  use  i n  t h e  environment 
beyond Saturn.  I n  add i t ion ,  advanced development of s e v e r a l  technologies  w i t h  mul t imiss ion  app l i ca t ions  
i s  underway. 
of imaging systems u t i l i z i n g  charge coupled device  senso r s ,  and work on an  advance s ta r  t r a c k e r  w i th  
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 du ra t ion  missions.  Long t e r m  l i f e  
t e s t i n g  of p rope l l an t s  with var ious  p ropu l s ion  system materials and techniques f o r  nav iga t ion  wi th  s o l a r  
e l e c t r i c  propuls ion  are a l s o  being cont inued.  
con t inue  through t h e  Trans i t i on  Quarter. 

This  e f f o r t  inc ludes  the  complet ion of  work on an  improved t ransponder ,  cont inuing  development 

Work on o u t e r  p l ane t  technologies  and Mars p e n e t r a t o r s  w i l l  

BASIS FOR FY 1977 ESTIMATES: 

During’FY 1977 emphasis w i l l  b e  p laced  on the  ex tens ion  of  o u t e r  p l a n e t  probe and o r b i t e r  r e l a t e d  e f f o r t  f O i  

f u t u r e  missions.  
s tudy  of  a n  o u t e r  p l ane t  probe. Supporting t h e s e  s t u d i e s  w i l l  b e  t a s k s  t o  a s s u r e  technologica l  readiness  i n  a 
number of c r i t i ca l  a reas .  P e r  t h e  o r b i t e r ,  t h e s e  t a sks  w i l l  inc lude  r a d i a t i o n  hardening , , imaging ,  space- 

I n  t h e  probe area, t h e  P ioneer  Venus probe w i l l  provide irejor t echno log ica l  l npu t  to t he  
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L L d L L  - - - F +  fiheyginpo, C I L U L  and mission analysis and navigation techniques for multiple satellite encounters. 
of the probe studies, additional effort will be devoted to techiilq.;es fc?r adap t ing  certain Pioneer Venus 
science instruments to Jupiter entry measurements and evaluating the feasibility of incorporating pre-entry 
science into the probe. 
and thermal protection. 

In support 

Ocher z i r c z ~  reqiui_ring further study include entry communications, probe power supply, 

Additional major activities will include the continuation of the Mars pent?ti-atGr tasks and study efforts for 
Comet Encke and Lunar Polar Orbiter missions. The Lunar Polar Orbiter mission definition will continue, leading 
to a preliminary spacecraft design incorporating experiments selected from those already proposed in response to 
an Announcement of Opportunlty. 
provide guidance so that planning for the mission will reflect maximum science return. 

A science team ccqmcec! primarily of experiment Principle Investigators will 

BASIS OF FUND REQUIREMENTS: 

Planetary Data Analysis 

1976 
197 5 Budget Current 

Actual Estimate Estimate 
(Thousands 

1,628 1,400 1,400 

Transition Quarter 1977 
Budget Current Budnet 

Y 

Estimate Estimate. Estimate 
of Dollars) 

400 400 2,500 

OBJECTIVES AND STATUS : 

This project encompasses the post-project analysis and interpretation of the wealth of data obtained 
from previous planetary flight programs. 
Mariner and Pioneer flights, as well as Earth-orbital satellites such as the Atmosphere Explorers, continue 
to insure the maximum science return from these previous flights. Atmospheric scientists concentrate 
their e f f o r t s  i:: the fields of atmospheric composition, structure, and dynamics, while planetological 
analysts concentrate on geologic structure, composition, and dynamics. 

Interdisciplinary correlation studies of the results from past 

During FY 1976 and the Transition Quarter, the geologic mpplng  of Mars will be completed and will 
represent the efforts of over forty different cartographers. Comprehensive analysis of Pioneer 10 and 
I1 and Mariner 10 data has been initiated t o  gain insights into the circulation and properties of the 
atmospheres of Venus and Jupiter, and Jovian magnetospheric dynamics. 
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BASIS OF FY 1977 ESTIMATES: 

During FY 1977, these activities underway in FY 1976, and others of a similar nature, will continue, 
w L t k  eqhasi-s CIT? recent data acquired from Mercury, Venus, and Jupiter. Terrain features and character- 
istics found on Mars and Mercury will be correlated to shed light upon the fundameriiiil geologlc  processes 
involved in planetary evolution. Geologic and topographic mapping of Mercury will build up significantly 
in FY 1977. For the first timqcomparable data from Earth, t h e  2.looii and twe ~ t h e r  t e r r e s t r i a l  planets can be 
subjected to intensive correlative analysis. Atmospheric studies will continue to delve into circulation 
patterns and their change, atmospheric structure and composition, and the dynamics and mechanisms of the 
atmosplieKic, ragnetospherlc, 2nd solar wind interactions characteristic of each of these visited planets. 

BASIS OF FUND REQUIREMENTS: 

Planetary Astronomy 

1976 Transition Quarter 1977 
1975 Budget Curt ent Budget Cur r en t Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

4 , 200 4 , 200 4,200 1, 100 900 4,800 

OBJECTIVES AND STATUS: 

This program makes important contributions to the scientific exploration of the solar system by observa- 
tions of the planets and other solar system objects from the vicinity of Earth. 
instruments, and platforms make it possible to acquire more information about the planets from the vicinity 
of Earth than previously possible. Observations are now made from airplanes, balloons, rockets, and Earth- 
orbiting satellites as well as from ground-based observatories. Using the techniques of optical, infrared, 
radio,and radar astronomy, observations can be made at almost all wavelengths. 

ability. 

New observation techniques, 

The large infrared tele- 
-scope being built ~ under the Construction of Facilities appropriation will add substantially to our cap- 

Through these research efforts, astronomers and other scientists loca ted  at X A S B  centers universities, 
and observatories contribute their results which both supplement and complement flight programs. 
the above activities are closely coordinated with the National Science Foundation. 

All of 
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S i g n i f i c a n t  accomplishments dur ing  t h e  p a s t  year inc lude  t h e  radar  mapping of Venus, r ada r  s t u d i e s  of t he  
Viking landing si tes,  r ada r  detection of  the Ga l l l can  s a t e l l i t e s  of J u p i t e r ,  and o the r  endeavors r e l a t e d  
t o  t h e  support  of f l i g h t  programs. Important d i scove r i e s  were made i n  t h e  Jovian system wi th  the  d e t e c t i o n  
of carbon monoxide on j i l p i t e r  and t h e  d e t e c t t e n  of 2 potassi i im cloud around I o ,  one of t he  Ga l i l ean  satel-  
lites. 

CHANGES FROM BUDGET ESTIMATES: 

The Trans i t i on  Quar te r  r educ t ion  of $200 thousand r e f l e c t s  adjustments  necessary t o  accommodate part of 
the genera l  Congressional  c u t  i n  NASA's R&D budget r eques t  f o r  t h i s  per iod.  
reduced l e v e l  of support  f o r  o p t i c a l  and r a d i o  astronomy t a sks .  

The decrease r e s u l t e d  i n  a 

BASIS OF FY 1977 ESTIMATES: 

I n  N 1977, t he  program of as t ronomica l  r e sea rch  t a sks  suppor t ing  t h e  p l ane ta ry  f l i g h t  program w i l l  be 
cont inued.  These d a t a  a i d  i n  t h e  des ign  of  spacec ra f t  and the  s e l e c t i o n  of f l i g h t  experiments f o r  t h e  
g r e a t e s t  p o t e n t i a l  in format ion  r e tu rn .  I n  add i t ion ,  t he  funding covers  requirements f o r  p a r t i a l  opera- 
t i o n a l  c o s t s  of t h e  Arecibo Observatory,  t o  cont inue a p l ane ta ry  radar  prpgram using the  high-power r ada r  
system a t  t h e  Observatory.  

Increased  funding i n  FY 1977 r e f l e c t s  t h e  planned o p e r a t i o n a l  support  o f  t he  new in f r a red  t e l e scope  
f a c i l i t y  under c o n s t r u c t i o n  a t  Mauna Kea, Hawaii. This new f a c i l i t y  w i l l  provide s c i e n t i f i c  da ta  needed 
t o  support  p l ane ta ry  miss ions  t o  the  o u t e r  p l ane t s ,  such a s  Mariner Jup i t e r /Sa tu rn .  I n  FY 1977 emphasis 
w i l l  be  placed on s t u d i e s  of the  o u t e r  p l a n e t s  wi th  the  accen t  on i r?frared and cont inuing radar  observa-  
t i o n s  af Satrun's rings, t h e  Ga l i l ean  s a t e l l i t e s ,  and some a s t e r o i d s .  
continued. 

Radar s t u d i e s  of Venus w i l l  b e  

BASIS OF FUND REQUIREMENTS: 

P l ane ta ry  F l i g h t  Support  

1376 Trans F t F3n QI-rar t e r  1977 
1975 Budget Current  Budget Current Budget 

Actual Est imate  Estimate Estimate Estimate E s t i m a t e  
(Thousands of Dol la rs )  

24,725 2Y,300 29,200 8,800 5,700 27 , 900 
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OBJECTIVES AND STATUS: 

The 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  gene ra l  t r ack ing ,  te lemet ry ,  
and coimand func t ions  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  du r ing  test ,  t r a i n i n g ,  and f l i g h t  are funded 
through P lane ta ry  F l i g h t  Support. 
i n g  computing a t  t h e  Jet  Propuls ion  Laboratory (JPL), and s e l e c t e d  p r o j e c t - p e c u l i a r  act ivi t ies  such as 
p r e p a r a t i o n  of d a t a  r eco rds ,  computer analysis t h e ,  and pms7ision f o r  t h e  mission suppor t  areas. 

T h e s e  funds a l s o  suppor i  &e gei ieral  p ~ r p o s z  scFentFfFc ~ r z c !  engineer- 

F i s c a l  Year 1976 and T r a n s i t i o n  Quar t e r  funds are be ing  used t o  suppor t  P ioneers  6 through 11, wi th  
P inneer  11 on i t s  way t o  a Sa tu rn  encounter ;  t h e  cont inuing  ope ra t ions  of the Hel ios  A mission; t h e  
Hel ios  B launch i n  January 1976 and subsequent f l i g h t  ope ra t ions ;  the Viking i and 2 launches arid cruise  
o p e r a t i o n s ;  and t h e  con t inu ing  p r e p a r a t i o n  f o r  suppor t  of t h e  two Mariner J u p i t e r j S a t u r n  launches i n  1977. 

CHANGES FROM BUDGET ESTIMATES: 

Minor r educ t ions  of $100 thousand i n  FY 1976 funding r e s u l t e d  from l e a s i n g  r a t h e r  t han  purchas ing  some 
p e r i p h e r a l  equipment t o  suppor t  t h e  ex tens ion  of the Hel ios  A mission. A s  p a r t  of t h e  gene ra l  r educ t ion  
imposed by t h e  Congress f o r  t h e  T r a n s i t i o n  Quar te r ,  minor d e f e r r a l s  amounting t o  $100 thousand were made 
i n  planned equipment purchases.  

BASIS OF FY 1977 ESTIMATES: 

During FY 1977, funds w i l l  be used t o  con t inue  suppor t  of P ioneers  6 through 11, t h e  Hel ios  A and B 
miss ions ,  t h e  Viking 1 and 2 missions,  t h e  launch and subsequent ope ra t ions  of t h e  two Mariner J u p i t e r /  
Sa tu rn  s p a c e c r a f t ,  and t h e  p lanning  and implementation r equ i r ed  t o  suppor t  P ioneer  Venus. The implemen- 
t a i o n  of t h e  new d i s t r i b u t e d  mini-computer approach t o  mission suppor t  w i l l  a l s o  be  completed. 

Add i t iona l  act ivi t ies  which w i l l  be  suppor ted  from these  funds inc lude  t h e  following: suppor t  of 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 ;  formula t ion  of p l a n e t a r y  programs d a t a  s y s t e m  s t anda rds ;  
management of  t h e  Operations Support Coordina t ing  O f f i c e  a t  JPL which concen t r a t e s  on system a n a l y s i s  
and des ign ,  and suppor t  of p r o j e c t s  n o t  managed a t  JPL; i n v e s t i g a t i o n  of c ross -suppor t  u t i l i z i n g  o t h e r  
NASA o r  non-NASA computer c a p a b i l i t y .  
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BASIS OF FUND REQUIREMENTS: 

Lunar Research Program 

Trans i t i on  Quarter 1977 
n r l . - A - - &  

1976 
i975 Budgec Current  Dudget eUZKe-ilt uuu&;eL 

Actual E s t i m a t e  Estimate Estimate Estimate Estimate 
( E ~ m s a n d s  of Dol la rs )  

Lunar s c i e n c e . . . . . . . . . . . . . . . . . . . . . .  4,701 4 , 700 5,100 1,300 1,200 3,200 
Lunar d a t a  a n a l y s i s  and 

Lunar sc i ence  ope ra t ions  ........... 4,420 4,800 5,050 1,100 1,100 5,000 
Lunar sample a n a l y s i s  .............. 5,798 5,600 5 , 600 1,400 1,200 5,200 

s y n t h e s i s  ........................ 6,985 9,600 8,5350 2,300 i ,600 9,000 

T o t a l . . .  ......................... 21.904 24.700 6.100 5.100 22.400 24.700 

OBJECTIVES AND STATUS: 

I n t e r d i s c i p l i n a r y  i n t e r p r e t a t i o n ,  i n t e n s i v e  a n a l y s i s ,  l abo ra to ry  research ,  and ground-based observa t ions  
con t inue  i n  t h e  luna r  programs, t o  thoroughly d i g e s t  t h e  l a r g e  and growing body of d a t a  on t h e  .Moon. 
t hese  e f f o r t s  new i n s i g h t s  i n t o  observed phenomena and new t h e o r e t i c a l  bases  expla in ing  them are derived.  
Work a l r eady  accomplished has  fos t e red  new and r evo lu t iona ry  t h e o r i e s  on the  s t r u c t u r e  and h i s t o r y  of the  
Moon and w i l l  cont inue  t o  make 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  our  knowledge of t h e  formation and dynamics of 
o t h e r  bodies .  I n t e g r a t i o n  of lunar  and p l a n e t a r y  d a t a  and t h e  use of similar a n a l y t i c a l  techniques t o  
s tudy  t h e s e  d a t a  w i l l  l e ad  t o  a b e t t e r  understanding of t h e  o r i g i n ,  h i s t o r y ,  and p resen t  c h a r a c t e r i s t i c s  
of t h e  s o l a r  system. 

Through 

Lunar Science 

4,701 4,700 5,100 1 , 300 1,200 3,200 

OBJECTIVES Ah?> STATE3 : 

This program emphasizes s c i e n t i f i c  s t u d i e s  t h a i  provide a broad, so-aid base  f o r  t h e  scientists enoaged -6 i n  
a n a l y s i s  and s y n t h e s i s  of l una r  da ta .  
iment Packages (ALSEP) and t h e  Laser Ranging P r o j e c t ,  t h e  program is  p r e s e n t l y  the  on ly  source  of s i g n i -  
f i c a n t  new luna r  data .  These a c t i v i t i e s  emphasize s t u d i e s  i n  Earth-based observa t ions ,  analog s t u d i e s ,  

With t h e  except ion of t h e  s t i l l - o p e r a t i n g  Apollo Lunar Surface  Exper- 

& L - - - - c . .  L l l C V L C C L L a ?  ^ ^  s t u d i e s ,  ?abcrstnry s i ~ ~ ~ l a t i o n s ,  and m e t e o r i t e  s t u d i e s .  
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Ai - - -  lYrW cant.- Lc;LILLAiyiues and equipment have been developed f o r  c o l l e c t i n g  luna r  d a t a  by Earth-based, m u l t i s p e c t r a l ,  
t e l e s c o p i c  s t u d i e s  of t he  luna r  nea r s ide .  P a r t i c u l a r l y  rewarding are s t u d i e s  of t h e  luna r  s u r f a c e  re t lec-  
t i o n  s p e c t r w  a t  near  u l t r a v i o l e t ,  v i s i b l e  and nea r  i n f r a r e d  wave l eng ths  which a l low t h e  de te rmina t ion  of 
certain composi t ional  p r o p e r t i e s  of t h e  s u r f a c e  ruaierial. 
measurements of  t h e  o p t i c a l  p r o p e r t i e s  of r e tu rned  luna r  samples and by ou r  d e t a i l e d  geochemical knowledge 
of the Apolio i anding  sites. 

'%is ~ o r k  1s par t i ca l a r ly  ezlhanced hy i abo ra to ry  

This  p r o j e c t  a l s o  suppor ts  t h e  ac t iv i t ies  of t h e  Lunar Science I n s t i t u t e  (LSI)  ad j acen t  t o  Johnson Space 
Center (JSC) and opera ted  by t h e  U n i v e r s i t i e s  Space Research Assoc ia t ion  (USRA). The LSI ,  a c t i n g  as a 
p o r t a l  t o  t h e  o u t s i d e  s c i e n t i f i c  community, serves as an important  data repusitcry faclllty ~ p c n  tc a l l  
q u a l i f i e d  s c i e n t i s t s  and enables  t h e s e  s c i e n t i s t s  t o  u t i l i z e  t h e  ex tens ive  a r r a y  of s c i e n t i f i c  equipment 
a t  JSC. 
suppor ted  he re in .  

I n  a d d i t i o n ,  occas iona l  p r e l i m i n a r y  mission s t u d i e s  f o r  p o t e n t i a l  l una r  f l i g h t  programs a r e  

CHANGES FROM BUDGET ESTIMATES : 

The i n c r e a s e  of $400 thousand i n  the FY 1976 budget estimate r e f l e c t s  t h e  heavy use  of t h e  Nat ional  Space 
Sc ience  Data Center  (NSSDC) by l u n a r  i n v e s t i g a t o r s  which r equ i r ed  inc reased  levels of support .  The Transi-  
t i o n  Quar t e r  r educ t ion  of $100 thousand r e f l e c t s  t h e  d e f e r r a l  of some new t h e o r e t i c a l  and l abora to ry  e f f o r t s  
as a r e s u l t  of adjustments  necessary  t o  accommodate t h e  genera l  Congressional  r educ t ion  i n  NASA's  R&D 
budget  r eques t  f o r  t h i s  per iod.  

BASIS OF FY 1977 ESTIMATES: 

F i s c a l  Year 1977 funding is r e q u i r e d  f o r  cont inued suppor t  of l una r  s c i e n c e  l a b o r a t o r y  and ground-based 
e f f o r t s ,  i nc lud ing  t e l e s c o p i c  obse rva t ions ,  and Lunar Sc ience  I n s t i t u t e  and NSSDC ac t iv i t i e s .  Some i n i -  
t ia t ives  w i l l  b e  undertaken i n  geodynamics and r e l a t e d  Ear th  sc iences  t o  use  t h e  l u n a r  d a t a  base  to  ga in  
i n s i g h t s  i n t o  genera l  p l a n e t a r y  format ion  and evolu t ion .  

Lunar Data Analysis  and Synthes is  

1976 T r a n s i t i o n  Quar te r  
1975 Budget Current  Budget Current  Budget 

A c t u a l  Estimate Est imate  Es t i m a  t e Es i iiita t e I23 L L L L ' a L L  

6 , 985 9 , 600 8,950 2 300 1 600 Y ,000 

c"c;,.-.t,. 

(Thousands of Do l l a r s )  
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OBJECTIVES AND STATUS: 

The objectives of this work are the continued interpretation of the large and still growing body of 
datz acquired by l-nsr m i s s i c z s  226 caitirzuirrg r e s e i ~ h ,  and, t h rn i i zh  the  integration of these resuiizs, 
the enhancement of our knowledge of the origin, present characteristics, and history of the Moon. Syn- 
thesis of these lunar data with those of terrestrial, planetary and solar studies contributes to the over- 
all program objectives. 

During the Apollo flight phase of the lunar program, the primary scientific effort was limited largely 
EO reducing and anaiyzirig &e iesulcs of LndLvLdii~l experi~e~ts. IIowever, the  vast body cf ~cqclrec! 
Apollo data, additional data from the still-operating Apollo lunar experiments, and data from the prior 
automated lunar flight programs now requires a major program of interdisciplinary analysis and synthesis 
which will provide the major scientific payoff from the lunar flight programs. This new data analysis 
and synthesis program is receiving enthusiastic support from researchers with broad scientific back- 
grounds who desire to utilize these data in attacking the major problems of lunar origin and history. 

CHANGES FROM FY 1976 AND TRANSITION QUARTER BUDGET ESTIMATES: 

The $650 thousand reduction in the FY 1976 estimate reflects the reprogramming of funds to support the 
increased usage of the NSSDC by lunar investigators. 
opment of a portable Lunar Laser Ranging Station which will extend the geophysical measurements now being 
made at the two fixed Lunar Laser Ranging sites in Texas and Hawaii. 

Additional transfers were made to support the devel- 

The Transition Quarter reduction of $700 thousand reflects a share of the Congressional reduction of 
the NASA budget for this period. This reduction was accomplished by deferral of some tasks to FY 1977. 

BASIS OF FY 1977 ESTIMATES: 

The activities of the nearly 100 Principle Investigators supported by this program continue to enlarge 
as more types of data are used in their efforts to understand the Moon and to apply this knowledge to the 
Earth and other planets. Because many of these projects will require several years to reach fruition 
and because many new and outstanding scientists are expressing their desire to enter this program, we 
expect an increasing science return at a relatively constant funding level. 
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Lunar Science Operat ions 

1 n 7 c  
L 7 /  J 

1976 Trans i t ion  Quar te r  1977 
P. . r rn" t  VUILC..... B-dget O . . d , , +  

UUU6LL 
m.----...+ 
U U L L C I I L  

l - . . 3 - - *  
uuugt2L 

Actua l  Estimate Estimate Estimate Estimate Estimate 
(n7ousands of Do l l a r s )  

4,420 4,800 5,050 1,100 1,100 5,000 

OBJECTIVES AND STATUS : 

The f u l l  s c i e n t i f i c  p o t e n t i a l  of t h e  Apollo Lunar Landing Missions i s  be ing  r e a l i z e d  wi th  t h e  cont inued 
ope ra t ion  of t h e  f i v e  long- l ived  Apollo Lunar Surface  Experiment Packages (ALSEPs) and t h e  t h r e e  laser 
r ang ing  r e t r o r e f l e c t o r s  emplaced a t  t h e  Apollo 11, 14, and 15 l and ing  s i tes .  The ALSEP ins t ruments ,  
most of which were designed f o r  a minimum l i f e t i m e  of 12 months, have cont inued t o  o p e r a t e  f a r  beyond 
expec ta t ions .  The Apollo 1 2  ALSEP passed  i t s  s i x t h  ann ive r sa ry  of cont inuous ope ra t ion  on November 19, 
1975. 

Many of t h e  experiments are s t i l l  f u r n i s h i n g  v a l i d  s c i e n t i f i c  in format ion;  no degrada t ion  of  t h e  r e t r o -  
r e f l e c t o r s  has  been de tec t ed .  We w i l l  con t inue  t o  o p e r a t e  t h e s e  systems as long as they  f u r n i s h  v a l u a b l e  
s c i e n t i f i c  da ta .  Annual reviews of a l l  ins t ruments  are be ing  conducted t o  v e r i f y  t h e  s c i e n t i f i c  v a l i d i t y  
and m e r i t  of each experiment. Continued observa t ions  r e q u i r e  suppor t  a t  Johnson Space Center (JSC) t o  
o p e r a t e  these  ins t ruments  and t o  r eco rd  and format r a w  d a t a ,  t o  suppor t  i n v e s t i g a t o r  r educ t ion  of t h e  raw 
d a t a  from t h e s e  ins t ruments  t o  u s e f u l  s c i e n t i f i c  observa t ions ,  and t o  p l a c e  t h e s e  d a t a  i n  d a t a  banks 
where they  w i l l  be  a v a i l a b l e  t o  a l l  r e s p o n s i b l e  s c i e n t i f i c  i n v e s t i g a t o r s .  

The Sample C u r a t o r i a l  F a c i l i t y  a t  Johnson Space Center and t h e  Sample Remote S torage  F a c i l i t y  a t  
Brooks A i r  Force Base are major components of t h e  post-Apollo s c i e n t i f i c  e f f o r t .  The C u r a t o r i a l  F a c i l i t y  
ope ra t ion  involves  suppor t  a t  JSC f o r  handl ing ,  s t o r i n g ,  p repa r ing ,  and d i s t r i b u t i n g  luna r  materials; doc- 
umenting t h e  h i s t o r y  and d a t a  obta ined  on each sample; and a s s u r i n g  sample s e c u r i t y .  Although t h e  Remote 
S to rage  F a c i l i t y ' s  pr imary purpose is t h e  long-term, secure s t o r a g e  of a p a r t  o f  t h e  sample c o l l e c t i o n ,  
some c i r c u l a t i o n  of  sample material does t a k e  p l a c e  between t h e  C u r a t o r i a l  F a c i l i t y  and t h e  Remote S torage  

p r i o r  t o  t r a n s f e r  t o  remote s t o r a g e  and t h e  small c o s t s  of t h e  t r a n s f e r  ope ra t ions .  Only a small f r a c t i o n  
of t h e  ma te r i a l  r e tu rned  from t h e  Moon h a s  been expended f o r  s c i e n t i f i c  r e s e a r c h  t o  da te .  
w i l l  cont inue  i n  o r d e r  t o  p r e s e r v e  t h e s e  unique materials f o r  s tudy  by new and innova t ive  techniques which 

F a c i l i t y *  rm lnis circuiat<on acti.v-~tji 2 - - - -  1 - - - -  -..---- u v u l v r b  s U t J p U L i  a i  JSC f o r  p r e p a r i a g  a ~ ?  documexting t h e  sarnples 

This  p r a c t i c e  

mclr7 U L U J  be dgVelCped il? the +Il*llrQ -----.-, -- a@ r * r n l l  ..--- 2s for SP-CCEr! ger?erltiQr? ar?alySPS, 
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CHANGES FROM BUDGET ESTIMATES: 

The i n c r e a s e  of  $250 thousand i n  t h e  1976 budget estimate r e f l e c t s  t h e  i n i t i a t i o n  of  work on a p o r t a b l e  
i unar iaser r a n s i n z  q t a t i n n  w h i c h  !;rill make g e d y ~ z m i c s  measurements c c m p l e ~ e n t i n g  t h e  m a s u r c m c n t s  a t  
t h e  e x i s t i n g  f i x e d  s i t e s  i n  Texas and Hawaii, and t h e  i n s t a l l a t i o n  of geophysical  i n s t rumen ta t ion  a t  t h e  
two f ixed  si tes.  

BASIS OF FY 1977 ESTIMATES: 

n..r;nn ~y i o 7 7  +L- i .._-- ---- _--- :-- ____- -_  - - : i i  - - -& :  - L  ~ - - i .  > r . m .  - - i  
YUL A L L 6  L , d ,  LLIS ?aaeL L a i i s L i i s  plug;Lattt W A L L  L u t I L L i i u C :  Q L  U U L I I  I ~ I C U U L I ~ L L ] .  OLservaiory and Fit. Eiaiea- 

ka la .  With t h e  two s t a t i o n s  producing range d a t a ,  a n a l y s i s  w i l l  cont inue  t o  develop new informat ion  on 
t h e  dynamics of t h e  Earth-Moon system. The pr imary o b j e c t i v e s  inc lude  the  s tudy  of  g r a v i t a t i o n  and rela- 
t i v i t y  and of t h e  phys ics  of Ear th  and Moon. S i g n i f i c a n t  b e n e f i t s  t h a t  w i l l  i n c r e a s e  our  understanding 
of E a r t h  are more a c c u r a t e  measurements of t h e  wobbles of E a r t h ' s  a x i s  of r o t a t i o n ,  which could enhance 
our c a p a c i t y  f o r  ear thquake p r e d i c t i o n ,  and measurements of t h e  relative motions between the c o n t i n e n t a l  
United States and H a w a i i ,  providing d a t a  on c o n t i n e n t a l  d r i f t .  

Continued suppor t  t o  t h e  ope ra t ing  ALSEPs, t h e  Sample C u r a t o r i a l  F a c i l i t y ,  and t h e  Sample Remote S to rage  
F a c i l i t y  w i l l  a l s o  b e  provided dur ing  t h i s  per iod .  It i s  c u r r e n t l y  planned t o  improve t h e  p r e s e n t  Curator-  
i a l  F a c i l i t y  i n  o rde r  t o  provide  inc reased  c a p a c i t y  f o r  handl ing  t h e s e  i r r e p l a c e a b l e  materials s a f e l y  , 
p e r m i t t i n g  f u t u r e  experiments which are n o t  now poss ib l e .  

Lunar Sample  Analysis  

1976 T r a n s i t i o n  Quar t e r  
1975 Budget Current  Budget Curren t  

Actua l  E s t i m a t e  Estimate Estimate Estimate 
(Thousands of Dol la rs )  

5,798 5,600 5 , 600 1,400 1,200 

OBJECTIVES AND STATUS: 

1977 
Budget 

E s t  imate 

5,200 

mr. 
L l l e  purpose of this activity is tu uririerstand beccer  K h e  nacure,  o r i g i n ,  and h i s t o r y  of t h e  Moon by ana- 

l yz ing  lunar  samples f o r  t he  unique informat ion  they  con ta in .  
o the rwise  unobta inable  d a t a  about t h e  chemical composition, age, and e a r l y  h i s t o r y  of t h e  Moon. Now t h e  
s tudy  01 l u n a r  samples i s  s h i f t i n g  from i t s  e a r l y  emphasis on d a t a  c o l l e c t i o n  t o  a more s o p h i s t i c a t e d  concen- 
t r a t i g E  ~ f i  l12nzr i E T ? e g t j o a t i n n c  2nd  to t h e  cf  ~.;.,alyses tc t e s t  specif ic  thccriss a b c ~ t  the ?loon. 

Previous s t u d i e s  of l una r  samples  have provided 

0------- ---- 
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One major area of c u r r e n t  e f f o r t  involves  such t o p i c s  as t h e  h i s t o r y  and o r i g i n  of mare b a s a l t s ,  t he  
h i s t o r y  of t h e  Moonbefore four  b i i i i o n  yea r s  ago, t he  e f f e c t s  of me teo r i t e  i m p a c t s  on the iunar  su r face ,  
t he  d iscovery  of unusual lunar  rock types  such as d u n i t e  and g r a n i t e ,  and t h e  re-examination of s p e c i f i c  
i una r  samples i n  t h e  i i g h t  of new d a t a .  

A second r e sea rch  area, j u s t  emerging, i s  t h e  use  of lunar  samples  as unique records  of t he  Moon's space 
For b i l l i o n s  of yea r s ,  t h e  luna r  rocks and s o i l  have been exposed t o  cosmic d u s t ,  streams of environment. 

atoms bo i l ed  o u t  of t h e  Sun, and cosmic r a y s ;  much c u r r e n t  s c i e n t i f i c  e f f o r t  i s  aimed a t  deciphering t h i s  
r eco rd  of t h e  behavior  of our  universe .  
xriolrling i~~f~~~tf-en a h e ~ t  the distr-bct-~n cf cosmic & s t  i n  s p ~ c : !  2nd time. S c i e n t i s t s  arc 3 1 ~ =  start- 
ing  c a r e f u l  examination of t h e  samples  of l una r  soil l a y e r s  t h a t  were c o l l e c t e d  i n  core  tubes;  t hese  soil 
l a y e r s  provide  a h i s t o r y  of s o l a r  f l a r e s ,  me teo r i t e  impacts,  and t h e  evo lu t ion  and mixing of t h e  lunar  s o i l .  

S tud ie s  of t i n y  mic roc ra t e r s  on t h e  su r faces  of lunar  rocks are 
J ---- 

CHANGES FROM BUDGET ESTIMATES: 

The r educ t ion  of $200 thousand i n  t h e  Trans i t i on  Quar te r  estimate i s  t h e  Lunar Sample Analysis  sha re  of 
t h e  o v e r a l l  Congressional  c u t  i n  NASA's R&D budget reques t  f o r  t h i s  per iod .  
de l ay  i n  t h e  i n i t i a t i o n  of some new tasks .  

This reduct ion  w i l l  r e q u i r e  

BASIS OF FY 1977 ESTIMATES: 

During FY 1977, i n v e s t i g a t i o n s  of l una r  samples w i l l  be  c a r r i e d  out  by about 135 P r i n c i p a l  I n v e s t i g a t o r s ,  
of whom about  25 are f o r e i g n  s c i e n t i s t s  whose a c t i v i t i e s  are supported e n t i r e l y  by t h e i r  own governments. 
The t o t a l  e f f o r t  involves  about  700 s c i e n t i s t s ,  and many of t h e  s t u d i e s  apply  unique a n a l y t i c a l  techniques 
and c a p a b i l i t i e s  t h a t  r e p r e s e n t  t h e  h i g h e s t  degree of c u r r e n t  technology. 

This l a r g e  number of s c i e n t i f i c  teams i s  e s s e n t i a l  f o r  cont inued progress ;  t h e  s tudy  and i n t e r p r e t a t i o n  
of l una r  samples b r i n g  toge the r  an unusual ly  wide range of formerly separate s c i e n t i f i c  d i s c i p l i n e s ,  such 
as geology, mineralogy, geophysics,  nuc lea r  phys ics ,  s o l a r  astronomy, and high-energy astronomy. The 
p resen t  group of s c i en t i s t s  provides  t h e  broadly  based s c i e n t i f i c  e f f o r t  needed t o  o b t a i n  the  maximum 
p o s s i b l e  amount of in format ion  from t h e  luna r  rocks.  

The f a c i l i t i e s  supported f o r  r e s e a r c h  on luna r  samples a l s o  c o n s t i t u t e  an  important  n a t i o n a l  s c i e n t i f i c  
reseurce .  
have now been app l i ed  t o  o t h e r  f i e l d s ,  such as me teo r i t e  r e sea rch ,  terrestr ia l  geology, and organic  geo- 
chemist-ry. As a r e s u l t ,  important  new information has  been obta ined  about  t h e  development of l i f e  on our  
own p l a n e t ,  t h e  o r i g i n  of t h e  s o l a r  system, t h e  o r i g i n  of terrestrial  vo lcan ic  l avas ,  and the  anc ien t  h i s t o r y  
of t h e  Earth. The i n f n r r m t - i n n  and experience obtained by a~alyzing l ~ n a r  s a q l e g  hax?e ~ I S I  g r e a t l y  i cc reased  

me unique in s t rumen ta l  t echniques  and prmedi i res  o r i g i n a l l y  developed f o r  lunar  aazp le  a i ia lys l s  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LIFE SCIENCES PROGRAM 

SUMMARY OF RESOURCES UQUIRi?JEifiS 

1976 Trans i t i on  Q u a r t e r  
1975 Budget Current  Budget 

Actua l  E s t i m a t e  

Space l i f e  s c i ences . . . . . . . . . . .  .. 15,000 16 , 000 
Plane ta ry  biology ............... 3,300 3 , 300 
Plane ta ry  quarant ine  ............ 1 , 500 1,500 

Tota l . . . . . . . . . . . . . . . . . . . . . .  ... 19.800 20.800 

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 C e n t e r . . . . . . . . . . . .  
Kennedy Space C e n t e r . . . . . . . . . . . .  
Marshal l  Space F l i g h t  Center. .  .. 
Goddard Space F l i g h t  Center . . . . .  
J e t  Propuls ion Laboratory ....... 
Ames Research Center . . . . . . . . , . . .  
k’iight Research Center .......... 
Langley Research Center ......... 
Headquarters .................... 

5,798 
18 

853 

1 , 426 
7 ,991  
106 
50 

3,558 

--- 

5,600 
--- 

2 , 000 
--- 

1,400 
8,475 

75 

3,250 
--- 

Total . . . . . . . .  ................. 19.800 20.800 

Estimate  E s t i m a t e  
(Thousands of Do l l a r s )  

16 , 000 4,750 
3,300 800 
1,500 400 

20.800 5.950 

5,800 
100 
500 
--- 

1,500 
8,347 

100 
- - -  

4,453 

20,800 5.950 

Current 
E s t i m a t e  

4 , 300 
600 
3 00 

5.200 

1 , 840 

115 

335 
1,650 

--- 

--- 

--- 
--- 

1,260 

5.200 

1977 
Budget 

Estimate 

17,325 
3 , 300 
1,500 

22.125 

6 , 000 
1,000 

500 
2,100 
8 , 375 

100 

4,050 

22.125 

--- 

--- 
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RESFARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF SPACE SCIENCE LIFE SCIENCES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

s c i e n t i s t s  and o t h e r  personnel  without  s p e c i a l  f l i g h t  t r a i n i n g ;  (2) to  eilliaiice peoplc‘s c a p a b i l i t i e s  t o  
work e f f i c i e n t l y  i n  space,  (3 )  t o  c a r r y  o u t  a s t rong  s c i e n t i f i c  program i n  space by developing experiments 
and f a c i l i t i e s  t o  b e  flown on Shu t t l e /Space lab  missions,  ( 4 )  t o  p repa re  f o r  long-durat ion manned space 
f l i g h t  by r e sea rch  i n  medical and environmental c o n t r o l  systems, and (5) to support  NASA e f f o r t s  i n  t h e  
sea rch  f o r  e x t r a t e r r e s t r i a l  l i f e .  

The m a i n  o b j e c t i v e s  of t h e  L i f e  Sciences program a r e  t h e  fol lowing:  (1) t o  provide access t o  space t o  

The L i f e  Sciences program i s  mul t i f ace t ed  and i n t e r d i s c i p l i n a r y  i n  both i t s  con ten t  and approach t o  t h e s e  
Research and development programs i n  space l i f e  s c i e n c e s  ( l i f e  support  and p r o t e c t i v e  systems, o b j e c t i v e s .  

b io ins t rumen ta t ion ,  and human machine technology) ,  p l ane ta ry  biology and p l a n e t a r y  qua ran t ine  have been 
conducted and w i l l  be cont inued a s  e s s e n t i a l  t o  f u r t h e r i n g  t h e  accomplishment of t h e s e  ob jec t ives .  

Space f l i g h t  i s  a n  important  and u s e f u l  b i o l o g i c a l  r e sea rch  t o o l .  Unique a s p e c t s  of t h e  space environ-  
ment, such a s  r a d i a t i o n  and t h e  absence of g r a v i t y ,  can be s t u d i e d  only i n  space f l i g h t .  
t h a t  t h e  L i f e  Sciences f l i g h t  experiment p l a n  i n  t h e  Space Shu t t l e ISpace lab  Program w i l l  use t h e  unique 
g r a v i t y - f r e e  environment t o  s tudy  b a s i c  b i o l o g i c a l  processes  such as c e l l  d i v i s i o n  and metabolism, embryonic 
induc t ion  and morphogenesis, p l a n t  geo t rop ic  responses,  and p h y s i o l o g i c a l  responses  of humans and animals .  

It i s  a n t i c i p a t e d  

The knowledge gained and t h e  technology developed during t h e  cour se  of L i f e  Sciences research 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  re- 
search ,  educat ion,  and technology. Many of t h e s e  advances i n  b io ins t rumen ta t ion ,  l i f e  support  and pro- 
t e c t i v e  systems, and human machine technology have been made a v a i l a b l e  t o  t h e  p u b l i c  from t h e  r e s e a r c h  
2 n d  d e w l q m e n t  program through t h e  technology u t i l i z a t i o n  program. 
conducted i n  support  o f  manned space f l i g h t  has  added a new dimension t o  the understanding cf mrml human 
physiology and human responses  t o  t h e  stresses as soc ia t ed  wi th  space f l i g h t .  
Sciences program o b j e c t i v e s  is the c o n t i x i e d  invclvement i n  t h e  i n t e r n a t i o n a l  s c i e n t i f i c  community. CL 
s p e c i a l  s i g n i f i c a n c e  i s  t h e  exchange of  l i f e  s c i ences  information of  mutual i n t e r e s t  w i th  t h e  U.S.S.R. 
The j o i n t  working group meetings wi th  t h e  U.S.S.R. r e s u l t e d  i n  t h e  f l i g h t  of four  NASA L i f e  Sciences ex- 
periments i n  t h e  Russian-launched b i o s a t e l l i t e  (KOSMOS 782), i n  November 1975. This success fu l  e f f o r t  
forms the beasis o f  t h e  z u r r e ~ . t  planning hy t h e  NASA L i f e  Sciences program f o r  t h e  f l i g h t  of  a d d i t i o n a l  
experiments i n  1977, on t h e  next  planned launch of  a U.S.S.R. ded ica t ed  b i o s a t e l l i t e .  

The medica1 and b i o l o g i c a l  r e s e a r c h  

Another aspect of  the  L i f e  
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The Life Sciences program is heavily involved in supporting the Space ShuttlejSpacelab medical activities, 
inciuding devs?c;pi.;.,g nev zedical standards and selection criteria €or the scientist/passenger. 
objective in support of this program will be achieved with the Life Sciences Payload program being designed 
and developed to be flown during the Shuttle era. 
involvement in the preliminary design oi i i~f i i isd o r b i t i z g  space station concepts and the associated 
activities planned for these future systems, help to focus the Life Sciences research in support of iong 
duration manned space flight. 

A major 

These efforts, in conjunction with the Life Sciences 

The funding requested for Fiscal Year 1977 provides for the continuation of the on-going program, and the 
initiation of development activities in the Vestibular Function Research program. 

BASIS OF FUND REQUIREMENTS: 

Space Life Sciences 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

I - 
Estimate Estimate Estimate Estimate Actual Es tima t e 
(Thousands of Do 1 lar s ) 

Space life research.............. 8,900 8 , 900 8 , 900 2,400 2,550 10,675 
Life support and protective 
systems. ....................... 3,000 3 , 000 3 , 000 750 750 2,250 

Bioinstrumentation and human 

Life sciences Spacelab payloads 
machine technology ............. 3,100 3 , 100 3 , 100 1 , 150 500 2 $000 

c o m n  operating research 
equipment (CORE) ............... --- 1, 000 1,000 45 0 5 00 1 ,500 

Vestibular function research..... --- --- --- --- --- 900 

Total........................,. 15.000 16.000 16,000 4.750 4.300 17.325 

Space Life Research 

8 , 900 8,900 0 n , nnn 7uu 2,100 2,550 10,675 

OBJECTIVFS AND STATUS: 

Space Life Research activities tocus on ground-based arid s p a e  flight research designed to enhance the 
ability of people to function effectively and safely during space flight, and to conduct research, using the 
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unique environment of space, to support and advance earth-based life sciences. 
search program encompasses medical, behavioral,,and biological earth-based research, as well as the definition 
01 space f l i g h t  S F c ~ e d F c c l  experiments. 
all pertinent aspects of known and anticipated problems concerned with the adaptation v i  IluiiGcb t o  t h z  space 
flight environment and to provide rapid response to new probl.ems that arise. 

T h i s  multidisciplinary re- 

The primary objective is to maintain a research base investigating 

A s  a result of the carefully controlled biomedical experiments performed during the Skylab missions, 
specific areas of research were identified as requiring additional emphasis. 
organized the research base t= =ore effectively focus upon these specific areas of interest, which includ- 
ed such problem areas as cardiovascular deconditioning, space motion sickness, bonejmuscle changes, biooir 
changes, and fluid and electrolyte changes. In addition, physiological and psychological criteria are 
being developed for use in the selection of crew members and scientist passengers for the Space Trans- 
portation System missions. 

The FY 1976 program re- 

c 

CHANGES FROM BUDGET ESTIMATE: 

Transition Quarter Es.timate: The increase of $150 thousand reflects the increased studies of biospheric 
effects of the Space Shuttle, particularly in the area of solar ultraviolet changes to stratospheric 
ozone. 

BASIS OF FY 1977 ESTIMATE: 

During FY 1977, emphasis will be placed on ground-based life sciences research related to the Space 
Transportation System missions. For each specific medical and behavioral problem area, the research will . 
emphasize the identification and study of basic mechanisms involved in the Zero-g adaptation process 
and in the investigation and development of operational countermeasures or methods to facilitate the 
adaptation process, including training/conditioning/exercise techniques and drugs. In support of these 
efforts, humans and small animals will be subjected to various stress environments, such as bed rest, 
parabolic aircraft flights, and centrcfugation. These tests will be conducted to investigate responses 
such as semicircular canal and otolith organ interaction and their relation to vertigo and motion sickness; 
body fluid shifts and the effects on various body functions; and 105s of calcium and the structural in- 
tegrity of bone under conditions of disuse or loss of gravitational forces. FY 1977 funding will a lso  pro- 
vide €or the definition aiid evaluati.cn of animal and plant experiments to be flown on ShuttlelSpacelab 
missions. 
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Transition Quarter 1977 
1975 Budget Current DUUgC L P.....--o "UL L L.. t L - - -  Ri 1 rl gp t .. l . . L  

1976 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands cf m 1 1 2 r S )  

3,000 3 , 000 3 , 000 750 750 2,250 

OBJECTIVES AND STATUS : 

The objectives of the L i I e  Support and Protective Systems efforts are to enhance the performance capa- 
bilities and insure the safety and well-being of passengers and crew of future spacecraft. 
accomplished by continued research and development of improved life support and safety (crew protective) 
equipment. 
efforts . 

These will be 

Improved reliability, maintainability, and operational characteristics are key goals in these 

Programs for development of electrochemical carbon dioxide removal and concentration are being pursued, 
with the objective of providing both continuous removal capability (prior efforts, as represented by the Sky- 
lab molecular sieve system were cyclic in operation) and efficient carbon dioxide removal at l o w  con- 
centrations. 
to establish the capability to refill high pressure oxygen supply bottles for EVA and emergency use with- 
out the use of mechanical pumps for oxygen, a difficult and potentially dangerous undertaking. 
method of controlling atmospheric contaminants is also being investigated using a catalyst-impregnated 
charcoal which can be regenerated by periodic oxidation of the absorbed contaminants within the charcoal 
bed. 
membranes wherein, through reverse osmosis and ultrafiltration systems, waste waters such as wash water and 
humidity condensate, as well as human wastes, can be purified for reuse. Work is continuing on the advanced 
liquid-cooled garment, emphasizing comfort and durability as well as high thermal conductivity materials 
and close contact with large areas of the human body. 
resistant coatings for plastics which promse to provide abrasiua-r2~lstznt coatings for astronaut helmets 
and visors. 
process to protect plastic lenses used for correcting visual defects. 

Similar principles are being applied to the investigation of oxygen concentrators in order 

An improved 

Improved water reuse technology is under active investigation, especially in the use of newly developed 

Investigations are in progress into the use of scratch- 

This process is also under investigation by Technology Utilization personnel, utilizing this 

BASIS OF FY 1977 ESTIMATE: 

The FY 1977 L i f e  Support and Protective Systems efforts, in addition to continuing the research initiated 
in M 1976, will emphasize several areas which are seen as most important for future manned spacecraft: 
vestigation of a new carbon dioxide reduction process operating at substantially reduced temperatures; 

in- 
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i n i t i a t i o n  of  e f f o r t s  t o  s tudy  and demonstrate b e t t e r  means of s ens ing  and c o n t r o l l i n g  regenerable  l i f e  sup- 
p o r t  systems f o r  t u t u r e  s p a c e c r a i i ,  i nco rpora t ing  operat ional  s t a t u s  .. and c a u t i o n  and warning i n d i c a t o r s  
t h a t  w i l l  enhance human c a p a b i l i t y  to  monitor and maintain t h e s e  complex systems i n  space; and i n i t i a t i o n  o f  
studies cf h i n l n g i c a i  i p i a n t j  s y s t e m  f o r  n u t r i t i o n a l  supplements i n  space and a s  sources of oxygen f o r  t h e  
crew i n  c losed  e c o l o g i c a l  systems, s t u d i e s  t h a t  a r e  a p r e r e q u i s i t e  LO iuiure c:c;sad systems czpahility. 

Bioinstrumentat ion and EiuiBii Machlne Technolngy 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current  Budget Current Budget 

u c t < mate Actual Est imate  E s t i m a t e  E s t i m a t e  EsLiriiate U.Z.L.L.. 

(Thousands of Do l l a r s )  

3,100 3 , 100 3,100 1 , 150 500 2,000 

OBJECTIVES AND STATUS : 

Bioinstrumentat ion and Human Machine Technology i s  concerned wi th  t h e  development of instruments  f o r  t h e  
measurement of t h e  medical and phys io log ica l  s t a t u s  of humans and human s u r r o g a t e s ,  t h e  design f o r  and aug- 
mentation of human c a p a b i l i t i e s ,  and t h e  development of h e a l t h  c a r e  d e l i v e r y  systems i n  t h e  space environ- 
ment. 

Bioinstrumentat ion advances i n  FY 1976 inc lude  t h e  completion of a biowasce monitoring system f o r  measure- 
ment and ana lyses  of human waste products .  
plugged i n t o  t h e  Space S h u t t l e  waste management system i s  being f a b r i c a t e d .  
u l t r a s o n i c  h e a r t  s i z e  and volume measurement and d i s p l a y  dev ice  i s  cont inuing.  The STARPAHC ground-based s tudy  
of space-or iented h e a l t h  c a r e  d e l i v e r y  system i s  i n  the  o p e r a t i o n a l  phase and w i l l  cont inue through t h e  c u r r e n t  
f i s c a l  year .  

A p r o t o f l i g h t  hardware design of  a carry-on u n i t  t h a t  can be 
Development of a multidimensional 

I n  the  human machine technology a r e a s ,  h a b i t a b i l i t y  f e a t u r e s  r equ i r ed  f o r  e f f i c i e n t  l i v i n g  and working i n  
space a r e  being developed. 
mid-deck des ign ,  the information w i i i  a i s 0  be a p p l i c a b l e  to a l l  future rnannod space v e h i c l e s  where volume 
and crew q u a r t e r  conf igu ra t ions  a r e  s e v e r e l y  l imi ted .  
a s i n g i e  reference docu~ent f o r  design of space v e h i c l e s  such a s  t h e  Space S h u t t l e  and Spacelab where male 
and female s c i e n t i s t s  and i n v e s t i g a t o r s  will conduct f l i g h t  experiments and related a c t i v i t i e s .  

Although t h e  r e s u l t s  of t h i s  r e sea rch  a r e  a p p l i c a b l e  t o  the  Space S h u t t l e  O r b i t e r  

E x i s t i n g  anthropometric d a t a  a r e  being compiled i n t o  

Teleoperator  technology advancements i n  FY 1976 w i l i  i nc lude  t h e  improved design of a s t e r e o  viewing system - w i t h  -- a three-dimensional d i s p l a y  a t  t h e  o p e r a t o r ' s  console ,  u s ing  a s i n g l e  F resne l  lens  system. Add i t iona l  
e f f o r t  i s  underway on t h e  development and inco rpora t ion  of proximity senso r s  f o r  use cx t he  end of manipulator 
arms f o r  c o n t r o l  of end e f f e c t o r s  from remote si tes.  Voice c o n t r o l l e r s  w i l l  b e  added t o  manual c o n t r o l  of 
manipulators ,  t o  s tudy t h e i r  f e a s i b i l i t y  and e f f e c t i v e n e s s .  RD 6-6 



CHAICES FROM BUDGET ESTIMATE: 

Transition Quarter Estimates: The decrease of $650 thousand reflects adjustments resulting from the 
overaii Congressivaal r d i i c t l o r ;  is ?!&P,'c R&n hiidget request f o r  the Transition Quarter. 
ments necessitiated reevaluation and reduction of the developmental work in Advanced Teleoperator Systems 
i o r  extravehicular activityoriginally planned f o r  this period. 

These adjust- 

BASIS OF FY 1977 ESTIMATE: 

In FY 1977, the bioinstrumencaciori e f f o r t s  wi?? cq2?-size the development of long shelf life reagents 
for use with the rapid blood analysis in the miniaturized laboratory system, and the improvement of power 
life and availability of implantable medical measurement units which measure blood pressure and volume 
inside the bodies of experimental animals. 
system for studies and health status monitoring and maintenance in space will continue. 

Development of a whole-body bone mineral content measurement 

The human machine technology activities in N 1977 will be concerned with the development of small 
dexterous manipulators (arms) and end effectors (hands) that can reach around objects. Proximity and 
tactile sensors will be used to augment the TV camera visual information for use in areas where the 
television cameras are not effective, such as tight or dark areas, or where a sense of feel is required. 
Teleoperator simulation studies to define the most efficient combinations of sensors, arms, and hands 
for various classes of task performance will continue. 
emphasis on miniaturization of equipment and reduced data transmission requirements. 

Image enhancement methodology will continue, with 

Common Operating Research Equipment (CORE1 

1976 Transition Quarter 1977 
1975 Budget Current Budget Cur r en t Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

--- 1,000 1,000 45 0 500 1,500 

OBJECTIVES AND STATUS: 

Like the Shuttle Orbiter, the Spacelab will provide scientists with a "shirt-sleeve" environment. For 

It will consist of equipment commonly used by all life sciences 
Life Sciences investigations, the laboratory will be outfitted and integrated in modular fashion on racks, 
with off-the-shelf essential equipment. 
researchers, aiong with other laboratory support capabilities, such as specimen-holding facilities, storage, 
power, and surgical operating capability. 
ment, routine refurbishment, and easy transfer from one Spacelab to another. 

The design provides for easy and rapid change of research equip- 
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F m   any Shuttle m i s s i o ~ l s  dedicated to other disciplines. it is estimated that sone capability will 
exist that could accommodate experiments of opportunity. 
Shuttle bay, or  in the Orbiter itself. 
plus the simple change capability of equipment instrumencacion, i1d.S beell  exieLlded t o  p r o v l d e  m l n L  l ahc r2 -  
tories in several sizes. These mini-labs can handle a few experiments per mission. 

The location could be in the Spacelab, in the 
The design approach of modular components of the dedicated labs, 

During the past year a competitive study effort with two contractors was conducted to provide NASA with 
preliminary engineering studies of several design and integration concepts for a dedicated Life Sciences 
Spacelab and to examine other requirements such as mini-labs, ground support hardware, programmatic 
plans, and cost estimates. The study results were provided in January i y 7 b  and are being assessed. 

CHANGES FROM BUDGET ESTIMATE: 

Transition Quarter Estimate: Funding was increased by $50 thousand to provide for early release of 
long lead time flight hardware contracts. 

BASIS OF FY 1977 ESTIMATE: 

Our plans for FY 1977 are to initiate preliminary design and verification of the best of the concepts 
identified by the study contracts, and in parallel, to work on the very long lead items. Verification will 
be accomplished through various short simulations which will mock-up concepts and run real experiments to 
see if there are defects or problems. An example of a long lead item is the technology for specimen-holding 
facilities and for biological freezers for on-orbit specimens. In FY 1975-1976 scientists and engineers 
participated in a requirements definition study to delineate the life support environment required to 
support specimens in Zero "g", and then engineered the requirements into preliminary designs for use in 
the CORE. 
the approach. 

In 1977 we plan to breadboard the most promising concepts and run laboratory tests to validate 

.Vestibular Function Research (VFR) 

1976 Transition Ouar ter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars j 
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The Ves t ibu la r  Function Research p r o j e c t  i s  a series of f l i g h t  experiments designed t o  s tudy v e s t i b u l a r  
mechanisms, t h e i r  response t o  the zero gra-;itjrzxvir=nment,and t h e  ways i n  which t h e s e  responses can be 
modified.  
t o  func t ion  upon e n t r y  i n t o  ze ro  g r a v i t y  and cont inue a t  l e a s t  u n t i l  a d a p t a t i o n  i s  complete. 
qai rec l  i s  experience and experimentat ion i n  t h e  ope ra t ing  f o r c e  f i e l d  ( z e r o  g r a v i t y ) ,  i n  a manner and of 
s u f f i c i e n t  d u r a t i o n  t o  observe t h e  changes through a f u l l  adaptaLion cycle .  

It i s  important t h a t  w e  understand t h e  mechahsms of v e s t i b u l a r  response which appa ren t ly  begin 
What i s  re- 

S m a l l  animals with v e s t i b u l a r  systems s i m i l a r  t o  t h e  human w i l l  be flown on a 15-20 day zero g r a v i t y  
mission and compqred wi th  a c o n t r o l  group on t h e  ground where a l l  t es t  parameters w i l l  be dup l i ca t ed  except 
f o r  zero g r a v i t y .  
r e t r i e v a l  f o r  refurbishment  and r e l aunch  w i t h  new experiments a t  approximately 1-year  i n t e r v a l s .  

The f i r s t  V e s t i b u l a r  Function Research mission i s  planned f o r  1980 S h u t t l e  launeh, w i th  

During FY 1976, w e  have been conducting a n a l y s i s  and planning. We have concluded t h a t  use of hardware 
based on minimum modif icat ion of a n  e a r l i e r  des ign  would be  t h e  most c o s t  e f f e c t i v e  approach. 
r e q u i r e s  i nc reased  oxygen f o r  t h e  l i f e  suppor t  and improvement i n  handl ing a n  inc reased  waste content .  

This  design 

BASIS OF FY 1977 ESTIMATE: 

I n  FY 1977, w e  p l a n  t o  i s s u e  p r o p o s a l s  f o r  f l i g h t  hardware based on t h e  previous f l i g h t  design 
and design s t u d i e s ,  and to award a c o n t r a c t  f o r  i t s  f a b r i c a t i o n .  
i n i t i a t i o n  of t h e  development a c t i v i t i e s  and procurement of long lead  items. 

The funds w i l l  provide f o r  

P l a n e t a r y  Biolopy 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current  Budget 

Actual  Est imate  Est imate  E s t i m a t e  Estimate Estimate 
(Thousands of Do l l a r s )  

3,300 3,300 3 , 300 800 600 3,300 
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..., i n i s  program L s  d i r e c t e d  toward producing t h e  answers t o  fundamental quest ions about e x t r a t e r r e s t r i a l  l i f e  
and t h e  o r i g i n  of l i f e .  I n  p a s t  years ,  t h e  program brought iu breadboard s t a t u s  sere of the key instruments  
t h a t  were s e l e c t e d  f o r  f l i g h t  on t h e  Viking Mars landers .  Work i s  now being d i r e c t e d  toward follow-on ex- 
p l o r a t i o n  of Mars a s  w e i i  a s  coward i ~ ~ e s t l g ~ t i ~ ~ ~  and ana lyses  nf the  complex and p o t e n t i a l l y  "organic" 
atmospheres of J u p i t e r  and Ti tan .  The gas  chromotograph t o  f l y  on Pioneer Venus i s  a l s o  a product  of t h i s  
program. 
- c 2 m p l e . c :  -.-- from another  p l a n e t  (e.g.  , Mars) , from t h e  p o i n t  of view of l i f e  and o rgan ic  molecules .  

I n  a d d i t i o n ,  work has been i n i t i a t e d  on f a c t o r s  a s s o c i a t e d  with the  a n a l y s i s  and s tudy of  re turned 

CHANGES FROM BUDGET ESTIMATE : 

budget e s t i m a t e  was n e c e s s i t i a t e d  by Congressional a c t i o n  reducing NASA's o v e r a l l  R&D budget r e q u e s t  f o r  
t h e  t r a n s i t i o n  q u a r t e r .  
t h i s  per iod.  

T r a n s i t i o n  Q u a r t e r  E s t i m a t e :  The dec rease  of $200 thousand i n  t h e  c u r r e n t  estimate compared wi th  t h e  

The r educ t ion  r e s u l t s  i n  d e f e r r a l  of  renewal of g r a n t s  o r i g i n a l l y  planned fo r  

BASIS OF FY 1977 ESTIMATE: 

During FY 1977, P l ane ta ry  Biology w i l l  con t inue  t o  support  t asks  i n  approximately 60 u n i v e r s i t i e s  and t h e  
Ames  Research Center i n  the a r e a s  of o rgan ic  chemistry,  o rgan ic  geochemistry, t h e  biology of  environmental 
extremes, and t h e  development of techniques f o r  l i f e d e t e c t i o n .  These t a s k s  pursue t h e  o v e r a l l  o b j e c t i v e  
of s tudy ing  o t h e r  p l a n e t s  f o r  evidence r e l a t e d  t o  t h e  presence of l i f e  and/or l i f e - r e l a t e d  mollecules. 
I n  a d d i t i o n ,  f e a s i b i l i t y  demonstration in s t rumen t s  w i l l  be developed for  f u t u r e  missions t o  t h e  p l a n e t s ,  
and ground-based r e sea rch  w i l l  be  aimed a t  a i d i n g  i n  t h e  i n t e r p r e t a t i o n  of d a t a  r e tu rned  from such 
i n v e s t i g a t i o n s .  

P l a n e t a r y  Quarant ine 

1976 
Budget Current i n 7 r  

L 7 I J  

Actua l  E s tima t e Estimate 
(Thousands 

1,500 1,500 1,500 

T r a n s i t i o n  Quarter  1977 
Budget Current  Budget 

Estimate Est imate  Estimate 
of D o l  lar s ) 

400 300 1,500 
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OBTECTIVES AND STATUS: 

The ~ l t r j e r t i v e s  of t h e  P i a n e t a r y  Quarant ine program a r e  tc i n s u r e  t h a t  no d e t r i m e n t a l  e x t r a t e r r e s t r i a l  
l i f e  i s  introduced i n t o  t h e  environment of e a r t h ,  and t h a t  no o ther  p l a n e t  i s  de t r imenca i iy  coriidtuiLlated 
by t e r r e s t r i a l  organisms through ope ra t ions  by U.S. spacec ra f t .  The h igh  p r i o r i t y  of t h i s  a c t i v i t y  has 
been r epea ted ly  emphasized by t h e  Space Science Board and t h e  I n t e r n a t i o n a l  Corni t tee  or; Spzce R e s e ~ r c h  
(COSPAR). 
Trea ty  of 1966. 

The r e s u l t s  of t h i s  program a r e  a l s o  r equ i r ed  f o r  compliance wi th  Ar t ic le  I X  of t h e  Space 

CHANGES FROM BUDGET ESTIMATE: 

T r a n s i t i o n  Quarter  Estimate: The dec rease  of  $100 thousand r e f l e c t e d  i n  t h e  c u r r e n t  e s t ima te  was 
n e c e s s i t i a t e d  by Congressional a c t i o n  reducing NASA’s o v e r a l l  R&D budget r eques t  f o r  t h e  t r a n s i t i o n  
q u a r t e r .  The r educ t ion  r equ i r ed  d e f e r r a l  of back contamination tasks o r i g i n a l l y  planned f o r  t h i s  per iod.  

BASIS OF FY 1977 ESTIMATE: 

P l a n e t a r y  Quarantine r e sea rch  i n  FY 1977 w i l l  emphasize s t u d i e s  of t h e  p o s s i b i l i t y  t h a t  terrestrial  
microorganisms can surv ive ,  bu t  n o t  reproduce, on e x t r a t e r r e s t r i a l  s u r f a c e s .  Studies  o f  the  new environ- 
ment encountered i n  o u t e r  space t h a t  may s te r i l i ze  s p a c e c r a f t  during t r a n s i t  w i l l  be continued. 
t o  b e t t e r  d e f i n e  t h e  problems t h a t  w i l l  be encountered i n  maintaining e f f e c t i v e  qua ran t ine  a g a i n s t  any 
d e t r i m e n t a l  e x t r a t e r r e s t r i a l  l i f e  brought t o  e a r t h  from o t h e r  p l a n e t s  by f u t u r e  r e t u r n  missions w i l l  be 
supported a t  a lower l e v e l .  S t u d i e s  of  the  environments of t h e  o u t e r  p l a n e t s  and t h e i r  sa te l l i tes ,  as 
they p e r t a i n  t o  t h e  l i k e l i h o o d  of s u r v i v a l  and growth of terrestrial  organisms, w i l l  be pursued so  t h a t  
s t e r i l i z a t i o n  requirements f o r  such p l a n e t s  can be def ined s p e c i f i c a l l y .  

S tud ie s  
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OFFICE OF APPLICATIONS 

RESEARCH AND DEVELOPMENT 

FISC& Y E A 2  . 1977 ESTLMA-TES 

BUDGET SUMMARY 

SPACE APPLICATIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Earth resources detection and 
monitoring .............................. 

Earth dynamic's monitoring and forecasting . 
Ocean condition monitoring and forecasting 

Weather and climate observation and 

Materials processing i n  space ............. 
Space communications ...................... 
Information management .................... 
Applications explorer missions ............ 

Environmental quali ty monitoring .......... 
forecasting ............................. 

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

1975 
Actual 

58. 687 
9 . 600 

15 . 600 
26 . 400 
42 . 073 
4 . 600 
3 . 200 
2. 588 

174.748 

12 . 000 

Distribution of Program Amount by Ins ta l la t ion :  

Johnson Space Center ...................... 
Kennedy Space Center ...................... 
Marshall Space Flight Center .............. 
National Space Technology Laboratories .... 
Goddard Space Plight Center ............... 
J e t  Propulsion Laboratory ................. 
Wallops Flight Center ..................... 
Ames Research Center ...................... 
Langley Research Center ................... 
Lewis Research Center ..................... 
Headquarters .............................. 

32. 262 
1. 227 
7. 691 

265 
91 095 
10 . 549 
6 . 734 
9. 653 
2 . 732 
6. 560 

5. 989 

Total ................................... 174.748 

Budget 
E s t i m a t e  

57. 730 

22. 800 
24 . 200 
39. 700 
5 . 300 
8. 200 
3 . 200 
5. 900 

175.030 

8 . 000 

33. 030 
1 . 300 
6. 500 
200 

86. 400 
14 . 400 
9. 300 

9. 300 
2. 500 
6. 700 

ii5.030 

5. 400 

1976 Transition Quarter 1977 
Current Budget Current Budget 
Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

59 . 730 14 . 000 13. 900 67 . 300 
8 . 000 2 . 400 2. 200 4. 600 
20 . 800 6. 800 6. 500 30 . 600 

10 . 600 9 . 400 26. 100 22 . 200 
42 . 700 13 . 200 9. 600 36 . 300 
5. 700 1. 400 1. 200 9. 200 
10. 000 2. 400 1 . 900 10. 600 
3. 200 1 . 300 800 3 . 200 
5. 900 2. 600 2. 200 10. 300 

178.230 54.700 47.700 198.200 - 

30. 863 
710 

7. 225 
543 

86. 889 
15 . 372 
6 . 430 
9. 631 
3. 292 
10. 106 

?. 169 

9 . 500 
200 

2 . 050 
50 

30 . 100 
4 . 500 
1. 900 
1. hO@ 
2. 700 
400 

1. 700 

6. 934 
95 

2 . 364 
38 

25 . 817 
4. 990 
1 . 508 
1 ; 900 
2. 838 
492 
724 

32. 815 
700 

11. 155 
548 

89. 953 
28 . 980 
5 . 542 
8. 553 
9 . 324 
2 . 732 
7. 898 



OFFICE OF APPLICATIONS 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

FLIGHT SCHEDULE 

MT S S ION 

Earth Resources Detection and Monitoring: 
Earth Resources Technology Satellites Launch of LANDSAT-C 

Earth Dynamics Monitoring and Forecasting: 
Laser Geodynamics Satellite Launch of LAGEOS 

Ocean Condition Monitoring and 
Forecasting: 
Ocean Dynamics Satellite 

Environmental Quality Monitoring: 
Air Pollution and Oceanographic 

0 bserving Satellite 

Weather and Climate Observation 
and Forecasting: 
Operational Temperature Sounding 

Global Atmospheric Research Program 
Satellite 

Materials Processing In Space: 
Sounding “nocite t Miss ions 

Space Communications: 
Cooperative Applications Satellite 

Launch of SEASAT -A 

Launch of NIMBUS-G 

Launch of TIROS-N 
Data Systems Test 
First GARP Global Experiment 

Lamch about 6 annually 

Launch of CAS-C 

SPACE APPLICATIONS PROGRAM 

CALENDAR YEAR 

1977 

1976 

1978 

1978 

1978 
1976 
1977-79 

1976 
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PI?OJ ECT 

Applications Explorers: 
Heat Capacity Mapping Mission 
Stratospheric Aerosols and Gas 

iviaineiic F i e l d  Sats11Lte 
Experiment 

- *  

Reimbursable Missions: 
ITOS+C 

GOES* 

Launch of HCMM 

Launch of ITOS E2-I 

Launch of GOES B and C 

Launch of GOES D, ‘E, F 

Launch of NOAA A-G 

CALENDAE. PEA2 

i478 

1979 
1980 

1976-1978 
(Subject to 
call -up by 
NOAA) 

1976-1978 
(Subject to 
call-up by 
NOAA) 

1980-1985 
(Subject to 
call-up by 
N O M )  

19 78 - 1984 
(Subject to 
call-up by 
N O M )  

National Oceanic and Atmospheric Administration (NOAA) funded. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF APPLICATIONS SPACE APPLICATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

-1- - L L K  objec t tvz  cf  he Space A-ppltrati  ons program i s  t o  conduct r e sea rch  and development a c t i v i t i e s  , t h a t  demon- 
s t r a t e  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  ap- 
p l i e d  and used for  down t o  e a r t h  p r a c t i c a l  b e n e f i t s .  
a r e a s :  Ea r th  Resources Detection and Monitoring, Ea r th  Dynamics Monitoring and Forecas t ing ,  Ocean Condition 
monitoring and Forecast ing,  Environmental Q u a l i t y  Monitoring, Weather and Climate Observation and Forecast ing,  
M a t e r i a l s  Processing i n  Space, Space Communications, Information Management, and App l i ca t ions  Explorer Missions. 

These R&D a c t i v i t i e s  a r e  grouped i n  t h e  following general  

I n  each of these  a r e a s ,  programs a r e  be ing  conducted and planned t o  make s u b s t a n t i v e  c o n t r i b u t i o n s  t o  solving 
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 Detect ion and Monitoring - 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  wor ld ' s  f i n i t e  n a t u r a l  resources  
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 e i r  changes be  monitored and t h a t  systems f o r  wisely 
managing t h e i r  exp lo ra t ion  be developed. 
(1) t o  develop t h e  c a p a b i l i t i e s  f o r  remotely sens ing  t h e  e a r t h ' s  r e sources  from a i r c r a f t  and spacec ra f t  i n  o rde r  
t o  perform comprehensive g loba l  surveys;  and (2)  t o  apply the  r e s u l t s  t o  oceanography, geology, hydrology, geo- 
graphy, and cartography. 
management of t h e  wor ld ' s  resources .  

I n  t h e  Ea r th  r e sources  survey a r e a ,  two o b j e c t i v e s  have been e s t a l i s h e d :  

Achieving t h e s e  o b j e c t i v e s  w i l l  provide an information base  t h a t  can be used i n  the  

S i g n i f i c a n t  a c t i v i t i e s  being continued a r e  involved wi th  t h e  Applicat ions Systems V e r i f i c a t i o n  Tests program 
(ASVT) and LANDSAT-C. 
u s e r  community t h a t  remotely obtained information (from s a t e l l i t e s  and a i r c r a f t )  provides  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 complement e x i s t i n g  d a t a  gather ing systems. 
t ak ing  p l ace  i s  the  Large Area Crop Inven to ry  Experimenc ( i i i C I E j ,  an experiinezt =sing LAi??SAT d a t a  t o  determine 
wheat product ion over t h e  North American con t inen t  w i th  p o s s i b l e  ex tens ion  t o  t h e  e n t i r e  world. LANDSAT-Cy t h e  

a d d i t i o n a l  information a s  we l l  a s  p rov ide  c o n t i n u i t y  a f t e r  LANDSATS 1 and 2 cease t o  opera te .  The r e s o l u t i o n  
of t h e  Return Beam Vidicon system w i l l  be inc reased  twofold, a change f u l l y  supported by the  Department of 
I n t e r i o r  and many o ther  Government agenc ie s ,  and t h e  M u l t i s p e c t r a l  Scanner (MSS) w i l l  i n c o r p o r a t e  a thermal 
sens ing  capahili ty ( F i f t h  Band), p rov id ing  b e t t e r  d i sc r imina t ion  of both land and water  f e a t u r e s .  Development 
of t h e  Thematic Mapper, a second gene ra t ion  MSS having g r e a t e r  r e s o l u t i o n  and performance t h a t  tile c u r r e n t  

The Applicat ions Trans fe r  and Demonstration program i s  designed t o  demonstrate t o  t h e  

The most s i g n i f i c a n t  demonstration 

- L e  L 1 i i i - u  2 -,.-+I. L L ~ ~ ~ ~ ~  Resources Technology Satellite, i s  c u r r e n t l y  under development, w i l l  provide g r e a t e r  r e s o l u t i o n  and 

LANDSAT MSS, w i l l  even tua l ly  provide s i g n i f i c a n t l y  improved d a t a  t o  t h e  u s e r s .  
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Earth Dynamics Monitoring and Forecasting - Earth Dynamics research is centered on the study of the motions 
of the large solid plates (tectonic plates) which make up the surface of  the earth. 
plates is one of the causes of large earthquakes. Measurement of these motions using both the LAGEOS satellite, 
which will belaunched in 1976, and accurate ground instruments will permit a better understanding of this dynamic 
n r n r e c c  and m q  l ead  t~ an ~ a r t h q i i a k e  p r e r i i r t i o n  rnpnhi  l i t y -  
of the various plate motion measurement techniques. 
Satellite (MAGSAT), will provide information chat will allow the United States Geological Survey to update maps 
of the earth's magnetic field declination and to develop maps of the global magnetic field as well as enhance 
our knowledge of the geologic structure of the earth. 
useful information for location of natural resources such as coal, oil, and minerals. 

The motion of these tectonic 

( : n n t i n i i i n s  e f f o r t s  wi i i he focused on vaiidation r------ ---- 
The third Applications Explorer Mission, Magnetic Field 

Studies based on MAGSAT data are expected to provide 

Ocean Condition Monitoring and Forecasting - This program provides a focus for the use of space platforms 
and related research efforts to acquire data on the dynamic qualities of the oceans. 
namics from space provides data for ocean research which can lead to major advances in our ability to pre- 
dict sea conditions, and the possible effects of large bodies of water or climate. The benefits of such 
a predictive capability include improved ship routing, advanced ocean structures design, storm damage avoid- 
ance, and coastal protection and development. The SEASAT-A satellite, now under development, is a signifi- 
cant forward step in achieving this predictive capability. 

The study of ocean dy- 

Environmental Quality Monitoring - The Pollution Monitoring program has as its objective the development and 
demonstration of systenis capable of identifying and measuring pollutants in the air and water on global and 
regional scales. This will be done by: (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. 
Aerosol and Gas Experiment (SAGE) - -  which will fly a single instrument to detect and map stratospheric aerosols 
and gas concentrations. 
gram which is also currently under development. 

Significant data will be obtained by the second Applications Explorer Mission - Stratospheric 

The information derived will complement the data to be obtained by the NIMBUS-G pro- 

Weather and Climate Observation and Forecasting - Reliable short- and long-term weather forecasts can mean 
The Weather and Climate program is directed toward the application of savings of life, property, and money. 

satellite data to problems in detection, prediction, and early warning of severe storms and the improvement of 
our capability for mid-range (1-14 days) and long-range (climatic) weather prediction. The atmospheric pro- 
cesses associated wit11 these piletion1eiia, 1. e .  , severe storms and d a i l y  weather aiid cliiiizite, require d'lfferent 
approaches and satellite systems to provide data to achieve better forecasts. The major activities will in- 
clude: . (1) continued emphasis on research and technology; (2) severe storm research; ( 3 )  the prototype 
development of third generation NOAA operational weather satellite (TIROS-N) ; and ( 4 )  planning for the first 
i n t e ~ . a t i c n a l  ~ l c h a l  ~. t=csph~,r ic  ~n,search ~ r ~ ) u r g m  e- --a- exneriment r-- --.- t n  f?e cnnductp-d i n  1978; and (5) d e f i n i t i o n  
and development of experiments and payloads to be flown on early ShuttleISpacelab missions. 
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Materials Processing in Space - The objective of this program is to exploit the unique characteristics of 
zero gravity to prepare and process materials in ways that are not possible or economically practical on earth. 
ine e v e t i t u a i  b e n e f i t s  of the program are  expected tc include new hovledge of *rerials and technology improve- 
ments. These will be directly applicable to industrial and biomedical processes on the ground, as well as the 
~iiiiqiic new prodr;cts produced in space. Effort vill continue using small rockets to obtain weightless conditions 
for short periods to develop experiments that will be flown on the Shuttleispacelab. 
study efforts will also be conducted toward developing the hardware to conduct these experiments on the Spacelab 
missions. 

-7 

Early definirion and design 

Space Communications - From the inception of the space age, NASA has engaged in a vigorous research and 
development effort that has clearly demonstrated the viability of satellite-based communications systems. The 
current NASA effort is directed toward the development of advanced technology and the performance of the Agency's 
responsibilities to provide expert advice and consultation on satellite communications to various Government de- 
partments and agencies. The highly successful series of Applications Technology Satellites (ATS-l, 3 ,  5, 6) and 
the cooperative U.S./Canadian Satellite (CAS-C) will continue to be used by various domestic and international 
experimenters. With the successful completion of the Indian Government's Instructional Television Experiments, 
ATS-6 will return to the U.S. in the fall of CY 1976 for further experimentation by domestic users. A signi- 
ficant effort will be undertaken to provide technical consultation and support to U.S. Agencies, including NASA, 
participating in the 1979 World Administrative Radio Conference (WARC), the first of its kind since 1959. NASA 
involvement is important to assure availability in the frequency assignments for all types of satellites. 

Information Management - Information Management activities are directed toward the systematic study, design, 
development, and demonstration of the technology needed to improve the flow of data from the initial collection 
by satellite to the user. 
tension of current technology to accommodate the increased volume, complexity, and exceedingly high rates of 
data, and reductions in origin-to-user transmission times. The user must also be provided with improved 
capabilities for rapidly storing, maintaining, and retrieving the required data products. 

Satellite systems being developed in the Applications program will require the ex- 

Applications Explorer Missions - Frequently we come upon very valuable concepts for gathering information 
needed to support the Applications programs. 
relatively low cost satellite of standard configuration using our lowest cost launch vehicle. The Applications 
Explorer Mission (AEM) program was established to develop low cost, Scout-launched spacecraft tailored to 
specific areas of  research and orbicai requirements. T h i s  program hias, or will have the fellowing Tdssions 
underway: (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 for applications to mineral- 
potential assessments and for studies of soil moisture, mapping of thermal effluents, measurement of plant 
canopy temperature, and for the mapping of snow coverage; (2) the Stratopsheric Aerosol and Gas Experiment 
(-EM-B), which will help develop measurement techniques for the detection and mapping of stratospheric 
aerosols and ozone by observing the attenuation of the solar radiation through the Earth's atmosphere; and 

This information often can be obtained by flying a very small, 
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( 3 )  t h e  Magnetic F i e l d  S a t e l l i t e  (MAGSAT), AEM-C, which w i l l  map t h e  magnitude and d i r e c t i o n  of t h e  e a r t h ' s  
g loba l  r ~ g n c t l c  fFe lc !  v i t h  improved accuracy. 
c h a r t s ,  t o  update c u r r e n t  magnetic f i e l d  d a t a  f o r  a p p l i c a b l e  e x p l o r a t i o n  of n a t u r a l  resources  and enhances 
t h e  1:newLedge cf t h e  geo log ic  s t r u c t u r e s  of t h e  Earth.  

MAGSAT d a t a  a r e  needed t o  r e f i n e  magnetic f i e l d  models and 

K4SIS OF FIJND REQUIREMENTS: 

EARTH RESOURCES DETECTION AND MONITORING 

LANDSAT-1 and -2  (Earth Resources 

LANDSAT-C (Earth Resources Technology 
S a t e l l i t e )  ............................. 

Thematic mapper .......................... 
Applicat ions t r a n s f e r  and demonstrat ion 

program:.. ............................. 
Applicat ions r e sea rch  and technology 

development ............................ 
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  ... 

Technology S a t e l l i t e )  .................. 

T o t a l  .................................. 

i475  
Actual 

8,700 

9,000 - - -  

8,778 

32,209 
- - -  

1976 
Budget Curi-eiit 

Estimate E s t i m a t e  
(Thousands 

5,300 5,300 

13 , 000 13 , 000 --- --- 

9,300 9 , 300 

30,130 32,130 
--- - - -  

57.730 59.730 

T r a n s i t i o n  Q u a r t e r  
k d g e  t Czrren t  

Estimate E s t i m a t e  
of Do l l a r s )  

- - -  

3,500 
--- 

2,900 

7,600 
--- 

14.000 

- - -  

3,500 --- 

2,500 

7,200 
700 

13.900 

1977 
Budget 

E s  t ima t e  

--- 

13,500 
4,000 

14,800 

32,500 
2,500 

67.300 

ORJECTIVES AND STATUS : 

I n  t h e  Earth Resources De tec t ion  and Monitoring program, t h e  p r i n c i p a l  g o a l s  are d i r e c t e d  toward providing 
space derived d a t a  toward improving t h e  management of our a g r i c u l t u r a l ,  land,  water, mineral  and marine re- 
sources .  
f o r e s t r y  resources  through more t imely and a c c u r a t e  production estimates. 
p r i n c i p a l  goal i s  t o  produce land cover maps and computerized information systems t h a t  would provide b e t t e r  i n -  
formation f o r  management of our n a t i o n ' s  land resources .  
proved water resources  management is ano the r  important goa l  of t h i s  d i s c i p l i n e ,  a s  is  t h e  l o c a t i o n  of mineral  
and petroleum resources  by i d e n t i f y i n g  s u r f a c e  appearance of geo log ica l  cond i t ions  and r e l a t i n g  them t o  sub- 
s u r f a c e  cond i t ions .  
b e t t e r  c o a s t a l  zone management and t o  provide inr'ormation relative ta ccean l i v i n g  resources. 

One imporEanL objective i n  t h i s  program is t o  provide f o r  b e t t e r  management of crop, range,  and 
I n  t h e  land use a r e a s ,  t h e  

The development of remote sensing technology f o r  i m -  

I n  marine r e s o u r c e s ,  t h e  goal i s  t o  monitor and analyze act ivi t ies  i n  c o a s t a l  r eg ions  f o r  
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T c   chie eve t h e s e  goals ,  the  o b j e c t i v e s  a r e  t o  (1) develop t h e  c a p a b i l i t y  f o r  remote sens ing  o f  t h e  e a r t h  
from s p a c e c r a f t  and a i r c r a f t ;  (2 )  develop economical methods of e x t r a c t i n g  u s e f u l  information trom remoteiy 
sensed data; and ( 3 )  develop experimental  and, subsequent ly ,  o p e r a t i o n a l  a p p l i c a t i o n s  i n  conce r t  by t h e  users .  

The accomplishments of the  Ea r th  Resources Detect ion and Monitoring program t o  d a t e  inc ludes  t h e  success fu l  
ope ra t ion  of t h e  f i r s t  experimental  e a r t h  r e c ~ ~ r c e s  survey s a t e l l i t e ,  LANDSAT-I, f o r  over t h r e e  yea r s  i n  o r b i t ;  
t h e  ope ra t ion  of t h e  Earth Resources Experiment Package on Skylab and the  success fu l  launch ope ra t ion  of t h e  
second experimental  e a r t h  resources  survey s a t e l l i t e ,  LANDSAT-2. Cooperation has been e s t a b l i s h e d  with u s e r  
groups a t  t h e  Federal  and s t a t e  l e v e l s ,  a s  w e l l  a s ,  t h e  p r i v a t e  s e c t o r  i n  u t i l i z i n g  d a t a  f o r  s o i l  mapping 
a p p l i c a t i o n  i n  mining and reclamantion, water  q u a i i t y  s t u d i e s  , and waiersiircl uioiiltoriiig ax12 geolcgics l  
mapping. 

The t h i r d  LANDSAT, scheduled t o  be launched i n  l a t e  1977, w i l l  ca r ry  a f i f t h  band on t h e  m u l t i s p e c t r a l  
scanner  t h a t  w i l l  provide f o r  the  f i r s t  time,"thermal" or  h e a t  s ens ing  d a t a  and a s p e c i a l  t e l e v i s i o n  camera 
system (Return Beam Vidicon) with 40 meters r e s o l u t i o n  ( a s  opposed t o  the  80 meters r e s o l u t i o n  now a v a i l a b l e ) .  
These d a t a  a r e  important  t o  t h e  experimentat ion and v e r i f i c a t i o n  t e s t i n g  necessary t o  determine more p r e c i s e l y  
t h e  a p p l i c a t i o n s  and b e n e f i t s  achievable  wi th  spaceborneFremote sensing systems. 
m u l t i s p e c t r a l  scanner ,  i s  being designed t o  improve s p a t i a l  r e s o l u t i o n  and provide more optimized s p e c t r a l  
bands f o r  va r ious  v e g e t a t i o n  a p p l i c a t i o n s ,  i nc lud ing  crop inventory,  f o r e s t  surveys,  rangeland management, and 
land use  change d e t e c t i o n .  Addit ional  d a t a  of va lue  f o r  i n v e s t i g a t i o n s  i n  e a r t h  r e sources  w i l l  be obtained 
by t h e  Heat Capacity Mapping Mission, t h e  f i r s t  of t h e  Applicat ions Explorer Missions (AEM-A). This  space- 
c r a f t  w i l l  be placed i n  a unique o r b i t  t o  o b t a i n  thermal d a t a  t o  be used f o r  d i s c r i m i n a t i n g  rock types,  and 
determining s o i l  moisture  condi t ions.  It w i l l  a l s o  provide f r equen t  coverage of snow f i e l d s  f o r  water run- 
o f f  p r e d i c t i o n .  

The Thematic Mapper, an advanced 

I n  the App l i ca t ions  Trans fe r  and Demonstration program, t h e  most promising a r e a s  of remote sens ing  r e sea rch  
a r e  s e l e c t e d  and, i n  conce r t  w i th  u s e r  o r g a n i z a t i o n s  and r e source  managers, p r o j e c t s  a r e  def ined t h a t  w i l l  
demonstrate and document t h e  use fu lness  of remote sens ing  d a t a  t o  s p e c i f i c  resource problems. Examples a r e  
t h e  Large Area Crop Inventory Experiment, designed t o  improve worldwide wheat product ion f o r e c a s t s ;  t h e  
Na tu ra l  Resources Inventory System, an e f f o r t  t o  apply computer and space techniques t o  providing land cover 
i i i formt io i i  o;; a state-wF:'e hasis; the Lou i s i ana  Environmental Information System, a p r o j e c t  t o  p e r i o d i c a l l y  
update  environmental  information with remote sens ing  d a t a ;  Icewarn, t o  monitor i c e  on t h e  Great Lakes wi th  
a i r c r a f t  borne microwave senso r s  t o  a i d  i n  extending t h e  win te r  nav iga t ion  season; and t h e  Snow Mapping pro- 
j e c t ,  t o  remotely sense  changing snow cover cond i t ions  and r e i a t e  the  condi t ions t o  water riirioff i n  the  
western p a r t  of t h e  United S t a t e s .  I n  a d d i t i o n  t o  t h e s e  p r o j e c t s ,  t h r e e  or  four  new ones w i l l  be  i n i t i a t e d  
i n  FY i977  such a s  a Water Xesources Xanagemeat Control, Land Management and Vegetat ion Inventory,  and 
Eas t e rn  Surface Mining Monitoring p r o j e c t .  
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The Applications Research and Technology Development effort includes the system analysis requirement to 
assess future ASV'I' possibiiities to assure that they are scmdly ccnceived; the d e s i @  of data handling and 
processing techniques and equipment, the development of improved (in speed and accuracy) machine-aided inter- 
pretation and ciassification techniques; and the developnent of improved remote sensors. 

Follow-On Data Analysis and Operations provide for continuing the operation of the LANDSAT control center in 
order to continue the flow of LANDSAT data to the user community and to provide  in-house iiimLtoring and ether 
administrative support for the LANDSAT principal investigator program. 

TANDSAT -C (Earth Resources Technology Sat ellit e) 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Spacecraft ................................. 4,000 9,000 9 , 225 3,200 2,300 8,430 
Sensors.... ................................ 5,000 3 , 500 3,100 200 950 2,670 
Ground operations .......................... ---  500 675 100 250 2,400 

.................................... 13.000 3.500 3.500 13,500 Total 9.000 13.000 

Delta (Expendable launch vehicles 
program) ................................. (---) (3,000) (1,400) (---> (800) (3,000) 

OEUECTIVES AND STATUS : 

The objective of the LANDSAT-C Earth Resources Technology Satellite project is to continue the development 
of technology which will significantly contribute to more efficient management of earth resources. 
accomplishes this objective by providing large area repetitive images in discrete color bands, which can be 
analyzed by computer and photointerpretation techniques to provide a better understanding of terrestrial con- 
ditions than is presently possible. 
and -2. 
u a w  in the therm1 regia:: tc m r e  effectively classify terrestrial phenomena which are characterized by 
temperature changes. 
agricultural crops in the preharvest stage and will also improve LANDSAT's capability to monitor dynamic changes 
in many other vital areas such as water pollution, geology, hydrology, and oceanography. 
system, called the R-etiirn Beam Vidicon, will incorporate a twofold improvement in resolution (80 to 40 meters) 
over what was flown on LANDSAT-1 and -2. 
fields and should assist in improving cartography in poorly mapped areas of the world. 

It 

LANDSAT-C will continue and b u i l d  on t t ~ e  ;ecfin~l~g~- develnped by LANDSAT-1 
LANDSAT-C will carry an improved Multispectral Scanner (MSS), which will incorporate a new spectral 

This additional capability will be used to improve our ability to classify and measure 
t ..> 

The television camera 

This capability will permit the identification of smaller agricultural 
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LANDSAT-C development e f f o r t s  a r e  w e l l  underway, leading t o  launch i n  1977. During FY 1976 and t h e  
T r m s F t i c ~  Quar t e r ,  the  I2-NDSAT-C spacecraf t  f a b r i c a t i o n  and assembly w i l l  cont inue.  The M u l t i s p e c t r a l  
Scanner w i l l  be completed, t e s t e d ,  and shipped t o  t h e  prime con t r ac to r  f o r  i n t e g r a t i o n  i n t o  t h e  spacecraf t .  
The h ighe r  r e s o l u t i o n  Return Beam Vidicon system w i l l  be going through i t s  assembly and f i n a l  tes t  phases 
i n  p r e p a r a t i o n  f o r  i t s  d e l i v e r y  i n  Janua ry  i977 .  

The c u r r e n t  FY 1976 and T r a n s i t i o n  Quar t e r  estimates f o r  LANDSAT-C development remain t h e  same, i n  t o t a l ,  
as t h e  budget estimates. Adjustments w i t h i n  p r o j e c t  elements i n  FY 1976 and t h e  T r a n s i t i o n  Quarter  were 
due l a r g e l y  t o  t h e  rephasing of FY 1976 requirements  f o r  the  development o t  t h e  f ive-channel  ' r iu i t i spec t ra i  
Scanner. Delays i n  subsystem d e l i v e r i e s  f o r  t h i s  instrument r e s u l t e d  i n  t h e  d e f e r r a l  of funding previously 
planned i n  FY 1976 t o  the  T r a n s i t i o n  Quar t e r .  
n e g o t i a t e d  with t h e  prime c o n t r a c t o r .  

The r e s u l t i n g  rephasing of t h e  s p a c e c r a f t  funding has been 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds w i l l  be u t i l i z e d  t o  complete t h e  assembly of the  s p a c e c r a f t  and t h e  i n t e g r a t i o n  of t h e  pay- 
load .  The i n t e g r a t e d  s p a c e c r a f t  w i th  payload w i l l  undergo a series of r i g i d  v e r i f i c a t i o n  tests t o  a s su re  
i t s  proper  o r b i t a l  performance. The changes r equ i r ed  f o r  t h e  ground system t o  provide f o r  compa t ib i l i t y  
w i t h  t h e  improved sensors  w i l l  be completed, checkout ou t ,  and t h e i r  o p e r a t i o n a l  r e a d i n e s s  v e r i f i e d .  
LANDSAT-C i s  c u r r e n t l y  scheduled t o  be launched from t h e  Western Test Range i n  1977. 

Thematic Mapper 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current Budget 

Actual  Estimate Estimate Estimate Est imate  Estimate 
(Thousands of D o l l a r s )  

- -- - - -  4,000 --- - - -  --- Sensor development .......................... 
OBJECTIVES AND STATUS: 

The o b j e c t i v e  is  t o  develop a second g e n e r a t i o n  m u l t i s p e c t r a l  scanner,  o r  Thematic Mapper, t o  provide i m -  
proved s p a t i a l  r e s o l u t i o n  and optimized s p e c t r a l  coverage f o r  land cover a p p l i c a t i o n s .  These include crop 
inven to ry ,  water  management, and land u s e  change de tec t ion .  

Our experience t o  d a t e  with d a t a  from LANUSKI-1 and 2 has d rama t i ca l ly  proved i h i  Lhe ~i~ul t l spec t ra :  
a n a l y s i s  technique - -  i d e n t i f y i n g  s u r f a c e  f e a t u r e s  by comparing the  r a d i a t i o n  r e f l e c t a n c e  emi t t ed  by the 
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h a r t h ' s  su r f ace  i n  c l i s L r e t e  c o l o r  S m d s  - -  tû  be very effecti7.7~ f o r  a large number of a p p l i c a t i o n s .  While t h e  
r e s u l t s  t o  d a t e  have proven t h a t  s i g n i f i c a n t  b e n e f i t s  can be r e a l i z e d  using t h e  M u l t i s p e c t r a l  Scanner,  s t u d i e s  
have shown illat iiiiprovemerits t o  the scanner  wcr?ld permit a s i z a b l e  i n c r e a s e  i n  the  a n t i c i p a t e d  economic r e t u r n .  
An i n c r e a s e  i n  r e s o l u t i o n  w i l l  s i g n i f i c a n t l y  i n c r e a s e  p o s s i b l e  a p p l i c a t i o n s .  i n  addicion,  s i u d i e s  s h s ~  that 
improveinerit of Gther instrument  f e a t u r e s  ( inc reased  p r e c i s i o n  i n  t h e  r ad iance  measurements and t h e  number 
and s i z e  of t h e  c o l o r  bands) w i l l  be e q u a i i y  s ign i f icanr :  i n  improving ar ia lyt lca? a b i l i t y .  
i nc reased  use of m u l t i s p e c t r a l  a n a l y s i s  i n  crop production f o r e c a s t i n g ,  f o r e s t r y  inventory,  land u s e  monitoring, 
w e t  land surveys,  geo log ica l  i n t e r p r e t a t i o n ,  and a g r i c u l t u r e  i n v e n t o r i e s .  I n  crop product ion f o r e c a s t s ,  t h e  
Large Are_, Crcp Inirentory Experiment (LACIE) i s  proving our  a b i l i t y  t o  monitor wheat production on a world- 
wide b a s i s .  While wheat i s  t h e  primary food product i n  world t r a d e ,  a knowledge of wheat product ion a lone  is 
n o t  s u f f i c i e n t  t o  determine t h e  inventory of t h e  world 's  l i m i t e d  food supp l i e s .  
s p a t i a l  r e s o l u t i o n  of t h e  Thematic Mapper w i l l  i n c r e a s e  t h e  b e n e f i t s  r e a l i z e d  from monitoring wheat production 
and a l s o  f a c i l i t a t e  t h e  ex tens ion  of t h e  techniques developed i n  t h e  LACIE program t o  other  crops and t o  crops 
grown i n  smaller  f i e l d s .  

The r e s u l t  w i l l  be  

The improved s p e c t r a l  and 

The improvements needed t o  i n c r e a s e  t h e  information con ten t  and o b t a i n  t h e s e  b e n e f i t s  are a s  follows: 
t h e  r e s o l u t i o n  of  t h e  Thematic Mapper w i l l  be 30 meters compared t o  t h e  p re sen t  8 0 m  a v a i l a b l e  i n  t h e  
LANDSAT-C M u l t i s p e c t r a l  Scanner (MSS), seven optimized s p e c t r a l  bands w i l l  be a v a i l a b l e  i n  t h e  Thematic 
Mapper compared t o  f i v e  broader  bands on t h e  IANDSAT-C MSS, and t h e  p r e c i s i o n  of t h e  measurement o f  t h e  
r a d i a t i o n  i n t e n s i t y  i n  t h e  Thematic Mapper w i l l  be a f a c t o r  of four  b e t t e r  than i n  t h e  LANDSAT-C MSS. 

BASIS OF Fy 1977 ESTIMATE: 

The f e a s i b i l i t y  of developing a seven-band scanner wi th  inc reased  r e s o l u t i o n  has  been demonstrated by 
prel iminary design s t u d i e s .  
breadboard s t u d i e s  t o  be completed i n  e a r l y  1976. Proposals  w i l l  be s o l i c i t e d  i n  1976 so t h a t  t h e  des ign  
phase can be  completed i n  1977. The FY 1977 funds w i l l  be u t i l i z e d  t o  complete t h e  design and t o  procure 
t h e  necessary long-lead i t e m s  and i n i t i a t e  f a b r i c a t i o n  and assembly of t h e  Thematic Mapper. 

C r i t i c a l  des ign  a r e a s  have been i d e n t i f i e d  and a r e  being i n v e s t i g a t e d  through 

App l i ca t ions  Trans fe r  and Demonstration Program 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Est imate  Estimate Estimate Estimate 
(Thousands of Do l l a r s )  

Applicat ions t r a n s f e r  and demonstration 
program.... . . . . . . . . . .  .................... 8,778 9,300 9 , 300 2,900 2,500 14,800 
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OBJECTIVES AND STATUS: 

The Applications Transfer and Demonstration program includes major projects conducted under agreements with 
other Federal agencies, state, and regional Governments, (referred to as AppILcatlozs System Verification Tests 
(ASVT)) and the regional applications transfer projects. 

The objective of the ASVT program is to take the most promising application areas and -- through a concerted 
e f f o r t  w i t h  user organizations and resources managers - -  define, demonstrate, and transfer the practical capa- 
bility of remote-sensing-based information systems to make substantial contributions in these areas. 
trast, Regional Applications Transfer projects are smaller in scale and involve direct cooperation between 
NASA Center personnel and local user organizations. 

Iri c m =  

One of our present ASVT'S will be completed in FY 1976; this is the Icewarn project conducted jointly by 
The U.S. Coast Guard has the U.S. Coast Guard, NOAA and NASA to monitor ice movements on the Great Lakes. 

plans to assume the operational responsibility for providing these services. 

CHANGES FROM BUDGET ESTIMATES: 

This decrease of $400 thousand in the Transition Quarter reflects adjustments resulting from the general 
congressional reduction in NASA's R&D budget request for this three month period. 
deferral of the start of some application transfer tasks until FY 1977, which will slow the progress of 
transferring to the users the capability of applying remotely sensed resources information systems. 

This necessitated the 

BASIS OF FY 1977 ESTIMATES: 

The ASVT's initiated in prior years and continuing through FY 1977 include the following: (1) the Large 
Area Crop Inventory Experiment (LACIE), which is a joint investigation by the U.S. Department of Agriculture, 
the National Oceanic and Atmospheric Administration (NOAA) and NASA to develop and test the use of data 
gathered by spacecraft and analyzed with the aid of computers to improve the objectivity, timeliness, and 
accuracy of worldwide crop production forecasts; (2) the National Resources Inventory System, a joint in- 
vestigation by the State of Mississippi and NASA to test an automated natural resources inventory system 
based on remotely sensed data oriented to state or regional use and directed at specific applications; 
(3: th2 Louisianz Ewirornental Information System, a joint investigation with the Corps of Engineers 
to test an automated environmental information system based on remotely sensed data for the updating or' 
basic environmental data in a predominantly wetlands area; and ( 4 )  the western states Snow Mapping ASVT, 
the purpose of which is to remotely sense changing s n o w  conditions ar,d relete it to water runoff in the 
western part of the United States is being sponsored by six Federal and three state agencies. 

Several projects are in the planning stage and are expected to lead to ASVT's in FY 1977. Those that 
appear most promising include: 
ASVT as the result of an expressed desire of the Bureau of Land Management (BLM) to conduct a joint program 

(1) the p o s s i b l e  development of Land Management and Vegetation Inventory 
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with NASA which would involve the use of remote sensing to inventory and monitor rangeland vegetation; (2 )  
a Water Resources Management and Control project which is being planned with the Corps of Engineers and the 
S t a t e  ef Califorsliz to test t h e  utility of LANDSAT data in water supply and demand situations that require 
the use of hydrological land use classifications; and (3) an Eastern Surface Mine Monitoring ASVT which i s  
cnder discussion with the Appalachian Regional Connnission and its member states. 

Applications Research and Technology Development (Earth Resources) 

1976 Transition Quarter 1977 
1975 Budget Cur r en t Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
('rhousancis of  Doiiars j 

Data interpretation techniques, special 
investigations and data analyses.. 17,415 19,600 21,600 

Development of advanced flight experi- 
ments for earth resources detection 
and monitoring .......................... 600 600 600 200 200 600 

Aircraft support for development of 
capabilities in remote sensing of 
earth resources......................... 7,700 5,700 5 , 700 1 , 200 1,000 6,000 

detection and monitoring technology.. ... 1 , 612 1,600 1,600 300 200 1,500 

22 , 300 ...... 5,000 5 , 200 

Studies in applications of earth resources 

Development of Spacelab payloads for 

Other studies and support ................. 3 , 182 1,530 1,530 
earth resources applications ............ 1,70C 1 , 100 1,100 900 600 2,100 

- - -  --- --- 

Total...... ............................. 32.209 30.130 32 . 130 7.600 7.200 32.500 

OBJECTIVES AND STATUS: 

The objectives of this effort are to improve data handling techniques, data processing equipment, and 
machine-aided interpretatlac and clasaificaticn techniques needed to increase efficiency in the trans- 
formation of space derived data into information for utilization by the user community. An additional 
objective is to develop new remote sensors operating primarily in the microwave wavelengths. 
wave sensors, are of particular interest since they permit the collection of earth surface images chrougii 
cloud cover. This program includes the aircraft support for the development of remote sensors, sensing 
techniques and collecting of ::ground truth" data; Space Shuttle flight studies including sensor development, 
and measurement-technique verification; and development, through the proof of concept phase, of advanced 
flight experiments associated with remote sensing of earth resources. 
Passive Multispectral scanner, and an advanced data analysis system. 

The micro- 

Exampies are ari Active (Laser) - 
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CHANGES FROM BUDGET E S T W T E S :  

FY 1976 Est imate:  The i n c r e a s e  of $2.0 m i l l i o n  f o r  Data I n t e r p r e t a t i o n  Techniques, S p e c i a l  Investigations 
and d a t a  a n a l y s i s  provides  for  a d d i t i o n a l  t a s k s  a s soc ia t ed  with t h e  d e f i n i t i o n  of f u t u r e  e a r t h  resources  
missions.  

* LL d ~ t p ~ t i m  Quarter E s t i m t e :  The n e t  dec rease  of $400 thousand r e f l e c t s  adjustments  r e s u l t i n g  from t h e  
g e n e r a l  congressional  r educ t ion  i n  NASA's R&D budget r eques t  f o r  t h i s  three-month per iod.  

BASIS OF FY 1977 ESTIMATES: 

I n  FY 1977,  emphasis w i l l  be placed on developing new p r o j e c t s  t o  demonstrate r e p e t i t i v e ,  ope ra t iona l  
a p p l i c a t i o n s  of remotely sensed d a t a  (examples a r e  monitoring s e a  i c e  and f o r e s t r y  management), t o  develop 
and document advanced techniques for  t h e  e x t r a c t i o n  of remotely sensed d a t a  (such as  understanding t h e  
r e l a t i v e  c o n t r i b u t i o n s  of s o i l  moisture ,  meteorological  cond i t ions  and v e g e t a t i o n  i n  t h e  a n a l y s i s  of thermal 
i n f r a r e d  d a t a ) ,  and t o  develop new remote sens ing  instruments  w i th  emphasis on a c t i v e  and pass ive  microwave 
s e n s o r s  because of t h e i r  a l l -wea the r  and day ln igh t  observat ion c a p a b i l i t y .  I n  a l l  these  a r e a s ,  p r i o r i t y  
w i l l  be given t o  v e g e t a t i o n  monitoring because of t h e  b read th  of a p p l i c a t i o n s  a s soc ia t ed  with i t  and the  
a n t i c i p a t e d  economic b e n e f i t s .  

A i r c r a f t  support  €or t h e  Earth Resources Survey program i n  FY 1977 w i l l  focus on the  d e f i n i t i o n  of 
a c t i v e  and pass ive  microwave senso r s  f o r  s o i l  moisture  and vege ta t ion  s t u d i e s ,  snow c h a r a c t e r i s t i c s  and 
watershed runoff  measurements. 
s ens ing  a p p l i c a t i o n s  i s  o r i e n t e d  p r i m a r i l y  toward t h e  development of s enso r s  f o r  Space Shu.tt le and o ther  
s a t e l l i t e  payloads. 
programs. 

The u s e  of a i r b o r n e  platforms i n  evolving t h e  p o t e n t i a l  of microwave remote 

Airborne suppor t  w i l l  also be provided f o r  App l i ca t ion  Trans fe r  and Demonstration 

I n  FY 1977, t h e  development of Advanced Applicat ions experiments w i l l  be c a r r i e d  f u r t h e r  towards proof 
of concept for  hardware t o  f l y  on t h e  S h u t t l e .  
t h e  o p t i c a l  f i e l d - l a s e r  r a d a r ,  which a r e  both very promising a r e a s  f o r  f u t u r e  a p p l i c a t i o n s .  

This  w i l l  i nc lude  i n  t h e  microwave f i e l d - r a d a r  and i n  

Follow-On Data Analysis  and Operations (Ea r th  Resources) 

1976 T r a n s i t i o n  Quarter  1977 
i975 Eudget Ciirreiit Budget Current  R11dget 

Actual Est imate  Estimate Est imate  Estimate Estimate 
(Thousands of D o l l a r s )  

LANDSAT-1 and -2  extenced operai ivi is .  ... . . . 
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OBJECTIVES AND STATUS: 

We a r e  very f o r t u n a t e  t o  be a b l e  t o  con t inue  r e c e i v i n g  high q u a l i t y  d a t a  from both t h e  LANDSAT s p a c e c r a t t  
now i n  o r b i t ,  even though both have exceeded t h e i r  design l i f e  of one year .  This s i t u a t i o n  permits  t h e  
a c q u i s i t i o n  of da ra  every n ine  Ciclys vver the L'riltec! States vhich is extremely impcr t in t  to ohserve and map 
s h o r t  term, f a s t  changing phenomena such a s  snow cover and f looding.  The inc reased  frequency of coverage 
a l s o  iiiiprovea the  prGbability of ga the r ing  imigery from a r e a s  which a r e  f r equen t ly  cloud covered. I n  
a d d i t i o n ,  t h e  extended l i f e t i m e  pe rmi t s  suppor t ing  t h e  e n t i r e  LANDSAT u s e r  co rnun i ty  wi th  d a t a  t o  develop 
a p p l i c a t i o n s  such a s  t h e  monitoring o f  land use and t h e  c l a s s i f i c a t i o n  and measuring of crop acreage.  
The t o t a l  program a c t i v i t y  is  d i r e c t e d  t o  t h e  demonstration of  u s e f u l  a p p l i c a t i o n s  of LANDSAT d a t a  t o  
s i g n i f i c a n t  problems i n  a g r i c u l t u r e ,  geology, hydroiogy, ecoiogy, cartography, and oceanography. The 
o b j e c t i v e s  of the  Follow-on Data Analysis  and Operat ions a r e ,  t h e r e f o r e ,  t o  cont inue t h e  a c q u i s i t i o n  of 
f r equen t  and r e p e t i t i v e  l a r g e  s c a l e  images of t h e  e a r t h  from LANDSAT s p a c e c r a f t  now i n  o r b i t .  

CHANGES FROM BUDGET ESTIMATES: 

This  i s  a new budget l i n e  i t e m  beginning i n  t h e  T r a n s i t i o n  Quarter  t o  provide f o r  f l i g h t  ope ra t ions  and 
i n v e s t i g a t o r  support  t o  take advantage of  t h e  extended l i f e t i m e s  of LANDSAT-1 and -2  s p a c e c r a f t .  

BASIS OF FY 1977 ESTIMATE: 

FY 1977 funds a r e  r equ i r ed  t o  con t inue  o p e r a t i n g  t h e  c o n t r o l  c e n t e r  f o r  t h e  LANDSAT satel l i tes .  
a l s o  inc ludes  t h e  in-house support  r equ i r ed  by GSFC t o  manage t h e  P r i n c i p a l  I n v e s t i g a t o r  program. 
funding provides  t h e  support  necessary t o  ensure t h a t  d a t a  a r e  u t i l i z e d  e f f i c i e n t l y  and t h a t  r e s u l t i n g  
r e p o r t s  a r e  t imely and adquate. 

Funding 
T h i s  
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BASIS OF FUND REQUIREMENTS: 

EARTH DYNAMICS MONITORING AND FORECASTING 

Geodynamic experimental ocean satellite 
(GEOS-3) ................................. 
Tectonic plate motion .................... 
development (ARTD) ..................... 

T haDC-L 6..v-J n n n r l x r n ~ m i e  ..-...A- c ~ t 0 1 1  "-__ _ _ _ _ _  i to (T.AcFnq. . . . . .  
Applications research and technology 

Follow-on data analysis and operations ... 
Total .................................. 

i n 7 c  
L 7 / J  

Actual 

500 
1 ; 300  
1 , 900 

1 , 100 
4 , 800 

9.600 

1976 Transition Quarter 
kdget Current, Eudget Current 
Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 

- - -  - - -  --- - - -  
1 > 000 1.000 300 300 
2,600 2 , 600 800 7 00 

3 , 300 3,300 900 900 
1 , 100 1 , 100 400 300 

8.000 8.000 2.400 2.200 

1977 
Budget 
Estimate 

--- 
--- 

1 , 900 

1 , 300 
1 , 400 

4.600 

OBJECTIVES AND STATUS : 

The Earth Dynamics Monitoring and Forecasting program is a cohesive merging of the analytical and experi- 
mental techniques of the geophysical disciplines with global space measurement capabilities. The objectives 
of the program are to develop and demonstrate the application of techniques for detection of crustal motion, 
for gravity and magnetic field mapping, for evaluation of polar motion and earth rotation variations, and 
for earthquake-related study. 

The development of these capabilities is expected to lead to improvements in geodetic mapping, improved 
magnetic field models and charts, identification of potential areas for resource exploration (coal, oil, 
minerals, etc. ) , and precursor monitoring systems for geological hazard assessment. 

This program is being carried out through a broad-based effort involving the analytical and experimental 
development of measuring techniques and instruments, the development of ground and space systems, and the 
acquisition and analysis of data acquired through ground and satellite measurements. 

. .  
r n ~  L I I C  . L , W ~ - ~  nunc .... 11u3DLVI,, ..... Ia~nched in P.pri.1 1975, is providing nearly global altimeter data on the mean level of 

the ocean surface or ocean geoid. 
gravity field and to infer subterranean ocean features. 

These data and other tracking data are used to refine models of the earth's 

The Laser C-endynamic Satellite (LAGEOS) project will provide a nearly permanent reference point in space 
for earth dynamics studies. LAGEOS, a very dense (high mass to volume ratio) satellite, will permit very 
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accurate laser ranging measurements and will be the first satellite compatible with the precision earth motion 
measurements required for crustal motion and earthquake studies. 
1976. 

The launch of LAGEOS is planned for early 

A reiated Spacecraft Deveiopuieiit project, which I s  s i q a r a k ? y  budgeted cr:dny the --r Ann1 t - i r a t i  - - -- - - ons - Fxpi orer Missions 

T h i s  information is required by the U.S. Geological Survey 
(AEM) category, is the Magnetic Field Satellite (MAGSAT), planned for initiation in M 1977. This mission will 
provide accurate xagnetlc field mapping of the earth; 
(DOI) to update maps and charts used in navigation and will provide important new data for scientific studies, 
global field model development, and investigations of the potential for resource explorations. 

The Tectonic Plate Motion project includes severai joint experiment e i f o r i s  iiivolviiig the E.S. Geo?oglca l  
Survey and the National Geodetic Survey (DOC). These include the use of laser tracking of satellites to deter- 
mine surface motions along an active fault (San Andreas Fault Experiment) and the use of Very Long Baseline 
Interferometry. 
evaluate system effectiveness. 

In FY 1977, it is planned to initiate an intercomparison and validation of techniques to 

FY 1977 funding also provides for the continuation of on-going activities in Applications Research and Tech- 
nology Development, and for the continued support of investigations using data acquired from space missions and 
ground observation, and the extension of observations using missions which have exceeded expected durations. 

Tectonic Plate Motion 

1976 Transition Quarter 1977 
Budget 1975 Budget Current Budget Current 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Tectonic plate motion.................... .. 1,900 2,600 2 , 600 800 700 1,900 

OBJECTIVES AND STATUS : 

The objective of the Tectonlc 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. 
with respect to each other by amounts ranging from a few to 15cm per year. 
believed to be one of the keys to understanding earthquake mechanisms. 
mechanism is associated with mineralization. 

The plates are believed to be in motion 
The movement of tectonic plates is 

it is aiso beiieved that the plate m t l o n  

In past years this project has supported experiments related to accurate measurements of long baselines 
(greater than 100 km), the detection of piate motion and iauit motioii, aiid to ths val idz t ic r :  cf the t e ~ h n j n l l ~ ~  -I--- 
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to make the precision measurements required. The measurement of extended distances (coast-to-coast) to a 
repeatability o f  aboiit 20 centimeters has been demonstrated using laser ranging and Very Long Baseline 
Interferometer (VLBI) techniques. These experiments include: (1) A joint efforrr coordinated v l th  the 
u.S, Geological Survey (DOI) to demonstrate the feasibility of using satellite tracking lasers to deter- 
mine surface motions along air active faulz ( S i n  Andreas F n u i t  Experiment - SAFE); (2) 4 regional effort 
in California, supported by the National Geodetic Survey (DOC) ground based surveys and validation, to 
demonamate the LISP, of  Very Long Baseline Interferometry (VLBI) techniques for the measurement of regional 
crustal motion, using distance stars as a reference (Astronomical Radio Interferometric Earch Surveying - 
ARIES); and (3) A multi-faceted effort to determine the relative motions of the Pacific plate and the 
North American plate using Very Long Baseline Interferometer techniques (Pacific Plate Motion Experiment - 
PPME) . 
CHANGES FROM BUDGET ESTIMATES: 

The decrease of $100 thousand in the Transition Quarter reflects adjustments resulting from the general 
congressional reduction in NASA's R&D budget request for this three-month period, and will require an 
adjustment in the planned rate of data collection. 

BASIS OF FY 1977 ESTIMATES: 

Fy 1977 funds will provide for continuation of crustal motion experiments, with emphasis on inter- 
comparison of the laser ranging and Very Long Baseline Interferometer techniques. This inter-comparison 
will assist in identifying and reducing systematic errors in each technique and provide estimates of the 
absolute errors. 

APPLICATIONS RESEARCH AND TECHNOLOGY DEVELOPMENT (Earth Dynamics) 

1975 
Actual 

.. Measurement systems,  fGreCaStkg + n p h n i n l l P s  ---------I--- 

and modeling/advanced studies ............. 2,900 
Advanced earth dynamics flight experiments.. 9 00 
Flight support for earth dynamics ........... 500 
Earth dynamics systems analyses ............. 300 

dynamics experiment ....................... 200 
Spacelab payload definitim for earth 

Total ..................................... 4,800 

1976 Transition Quarter 1977 
Budget Current Budget Current Budget 
Estimate Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 

2,200 2,200 600 6UO i , 300 
300 300 100 100 --- 
300 300 100 100 
300 300 100 100 

--- 
--- 

3.300 3,300 900 900 1.300 
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OBJECTIVES AND STATUS: 

The objective of the ARTD activities for the Earth Dynamic Monitoring and Forecasting program is to support 
the analytical and experimental effort leading to the development of techniques and instruments for studies 
of earth dynamics phenomena such as variation o t  the gravity fieia ana magneLic r'ieid, crusidi iiiviioiis, po lar  
motion, and variations in the earth's rotation rate. These activities include the development and verification 
of modeis of the dynamic earth; the definitioii o f  measuring techniques and systems capable  of the required 
accuracies; sensor design studies for satellite and Spacelab missions; and demonstration of the applications 
of these capabilities to user requirements. 

In FY 1976, modeling of the earth's gravity field has been extended and refined and a new model of t he  
earth's magnetic field was developed using previous satellite data. Work was continued on studies of crustal 
motions, on conceptualization of convection cells within the earth's mantle, on utilization of satellite 
derived gravity and magnetic field models for resource assessment, on the motions of the earth's polar axis, 
and on the analysis of earthquake data. Concepts for improved laser ranging techniques and instruments were 
studied. 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds will provide for continuation of ARTD activities for the Earth Dynamics Monitoring and Fore- 
casting program. Efforts will be generally focused on improvements in the definition of the earth's gravity 
and magnetic field models using existing data. Though the improvements in the models are required for 
today's activities, they are also required to support the Ocean Dynamics Satellite - -  SEASAT-A - -  and the 
Magnetic Field Satellite, an Applications Explorer. 

Follow-On Date Analysis and Operations (Earth Dynamics) 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Follow-on data analysis and operations ..... 1,100 1,100 1,100 400 300 i ,400 

The objective of this project is to analyze the application of laser and microwave data, other satellite 
tracking data, and ground measurements for application to studies of gravity field modeling, to detection 
of fault motion, and to determination of geodetic control points. Included in these studies are the analysis 
and evaluation of new methods of  making precision measurements as well as intercomparisons of empirical and 
analytical techniques. 
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CHANGES FROM FY 1976 BUDGET ESTIMATES: 

The decrease of $100 thousand i n  the Trans i t i on  Quarter  r e f l e c t s  adjustments r e s u l t i n g  trom the general  
congressional  reduct ion  i n  NASA's R&D budget request  €or t h i s  three-month per iod,  and w i l l  n e c e s s i t a t e  a 
decrease i n  ~ i i e  c l i i d l y s l s  of s a t e l l i t s  dz~a. 

M S I S  OF FY 1977 ESTIX4TES: 

FY 1977 funds w i l l  provide f o r  cont inua t ion  of t he  e f f o r t  on the  d a t a  acquired with the  GEOS-3 a l t i m e t e r ,  
the ASTP g rav i ty  f i e l d  experiments, l a s e r  ranging t o  LAGEOS, and convent ional  s a t e l l i t e  t racking .  These 
da t a  w l i i  be anaiyzed EO cont inue ~ d i i l e a e i i t  of ear th  gravi ty  f i e l d  xcde ls  2nd crther e a r t h  dynamics exper i -  
ments. 
planned MAGSAT mission. I n  add i t ion ,  d a t a  sampling and ana lys i s  techniques w i l l  be developed for  t he  
conversion of s a t e l l i t e  da t a  i n t o  a format u se fu l  t o  the user  community. 

BASIS OF FUND REQUIREMENTS: 

Analysis of previous s a t e l l i t e - a c q u i r e d  magnetic f i e l d  da t a  w i l l  be continued i n  support  of the  

OCEAN CONDITION MONITORING AND FORECASTING 

Geodynamic experimental  ocean s a t e l l i t e  

Ocean dynamics s a t e l l i t e  (SEASAT-A) ........ 
Applicat ions research  and technology 

Follow-on da ta  ana lys i s  and opera t ions  ..... 

(GEOS-3) ................................. 

development (ARTD) ....................... 

Tota l .  ................................... 

1976 Trans i t i on  Quarter 
1975 Budget Current Budget Current 

Actual Estimate E s t i m a t e  Est imate  Estimate 
(Thousands of Dol la rs )  

- - -  --- - - -  - - -  400 ' 
8,000 17 , 000 15,000 5,000 5,000 

5,600 4,200 4 , 200 1,400 1 , 100 
1,600 1,600 1,600 400 400 

15.600 22.800 20.800 6.800 6.500 

1977 
Budget 

E s t i m a t e  

- - -  
25,300 e 

3,500 
1 , 800 

30.600 

OBJECTIVES AND STATUS : 

The Ocean Condition Monitoring and Forecast ing program has as  i t s  ob jec t ives  improvements i n  marine opera t ion  
such a s  shipping,  o f f  shore cons t ruc t ion  and opera t ions ,  and f i sh ing .  I n  add i t ion ,  the  monitoring and fore-  
c a s t i n g  o f  ocean su r face  condi t ions  i s  expected t o  con t r ibu te  s i g n i f i c a n t l y  t o  the  development of long range 
g loba l  weather forecas t ing .  
app l i ca t ions  of modeling and measurement techniques associateci  wich t h e  determiriatiuii and mr i l t o r i ng  of cce8:: 
su r face  condi t ions ,  ocean cu r ren t  systems, ocean 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  i n t e r f a c e ,  and sea su r face  

These ob jec t ives  w i l l  be achieved through the  development and demonstrated 
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Monitoring of the ocean surface conditions includes surface roughness, wave height, length and direction; 
sea surface temperature, and wind speed and direction. This information can be valuable to evaluation of  
scientific phenomena to scale overall observations of ocean currents, and as input to computer-aided pre- 
diction models that produce torecasts. 

T h i s  progrrrm is h e i  ng carried out .chrouaii an integrated NASA/ITssr ccnmnit.; e f f o r t  i nvo lv ing  the analytical 
and experimental development of measuring techniques, the development of space systems such as SEASAl ana 
GEOS-3, and the acquisition and analysis of data acquired through airborne, satellite, and ground measure- 
ments. 

The frequent global coverage provided by satellite measurements creates valuable information for a wide 

Weather Center. The data would be less than six hours old, and would be used on a trial basis within their 
forecasting programs. 

of  ------ ~ a ~ ~ ~ .  A n  e x a q l e  5 s  the  SEA-SAT-A- agreement to provide data to the Navy's Fleet Numerical 

M 1977 funds will provide for the continuation of the development and fabrication of the spacecraft 
bus and sensors for the Ocean Dynamics Satellite (SEASAT-A) for a 1978 launch, the continuation of the ARTD 
activities, and the support of a second year of operations and data analysis for GEOS-3, launched in 
April 1975. 

OCEAN DYNAMICS SATELLITE (SEASAT -A) 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Spacecraft and support.. ................... - - -  7 , 000 9 , 075 1,700 1,065 15,315 

......................... 60 1,270 Mission operations - -- - - -  
Sensor development ......................... 8 , 000 10 , 000 5,840 3,300 3 , 875 8,715 

- - -  85 

Total .................................... 8.000 17,000 15 .OOO 5.000 25.300 

Atlas-F (Expendable launch vehicles 
program) ................................. ( - - - I  ( - - - )  (---I ( - - - I  ( - - - )  ( 3 , 4 0 0 )  

OBJECTIVES AND STATUS: 

The objective of the Ocean Dynamics Satellite (SEASAT-A) mission is a demonstration of global monitoring of 
oceanographic phenomena; including demonstration of the key features of an ocean dynamics monitoring system 
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t o  collect data for practical applications and scientific research in ocean forecasting modeling. 
the results of the SEASAT-A analyses and the improvements iiieji will a f f c r d  Fr! ocean and weather models, fore- 
casting systems will be developed to more accurately predict ocean conditions as well as provide the ocean 
intluence inpuis iiecessarjr fcr extended woridwide weatiier forecasting. 

Based on 

i n  1975, development activities, fabrication and preliminary test of the spacecraft bus will continue. The 
design and development of  the sensors and the sensor module are in process. Effort La continuing on the 
definition of  the physical inter face between the spacecraft and sensor instrument actions. 

SEASAT-A will weight i,8OOkg and will be Iilmched into an orbit having an inclination of 108 degrees and 
an altitude of 800km. It will utilize a spacecraft bus attached to a sensor module equipped with three 
active sensors: a radar altimeter; a synthetic aperture imaging radar; and a microwave wind scatterometer. 
A visible and infrared scanning radiometer, and a scanning multispectral microwave radiometer are passive 
sensors that complete the sensor module payload. These instruments will provide the capability to monitor 
the world's oceans every 36 hours and detect sea state (wave height), wind speed, wind and wave direction, 
along with ocean temperature and ocean surface topography from which ocean currents and geoid parameters can 
be derived. 

CHANGES FROM THE BUDGET ESTIMATES: 

The $2 million reduction in the FY 1976 estimate, and adjustments among the project elements in both FY 1976 
and the Transition Quarter, reflect a restructuring of the activities assigned to each project element and 
a delay in the initiation of certain work. 
a larger fraction of the overall systems integration responsibility, are now assigned to the spacecraft prime 
contractor. These changes in the hardware assignments, contributed to improved project efficiency. These 
adjustments resulted in minor delays in the initiation of the sensor procurements, however, the launch of 
SEASAT-A is still planned for 1978. 

The sensor module portion of the sensor development effort, and 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds w i l l  provide for the completion of the manufacturing and testing of each of the SEASAT-A 
sensors and the satellite bus. 
that is attached to the bus will begin in 1977 and will continue through early 1978 in preparation for a 
mid-1978 launch. 

Individual sensor tests and integration of sensors i n t o  the  s e m x  3odtile 
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APPLICATIONS RESEARCH AND TECHNOLOGY DEVELOPMENT (OCEAN CONDITIONS) 

1977 m---.. +:An ~ L ~ ~ ~ a i C L V I l  Quarter - n 7 r  
17 I O  

1975 Budget Current Budget Current Budget 
A c t u a l  I--&: ~s~~iaate Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 
- -  

Measurement systems, forecasting techniques 

Advanced ocean dynamics flight experiments.. 100 300 3 00 

Ocean dynamics systems analyses ............. 600 6 00 600 200 100 700 

and modeling/advanced studies.. ........... 1,200 900 900 300 200 900 

Ocean s u r f a c e  trurk messurements. ........... 3 . 700 2,400 2 400 900 800 1,900 
--- - - -  - - -  

Total ..................................... 5.600 4.200 4.200 1.400 1.100 3.500 

OBJECTIVES AND STATUS: 

This project supports the analytical and experimental effort associated with theoretical studies of ocean 
phenomena; the establishment of user requirements f o r  ocean monitoring; the definition of systems capable 
of making the required measurements and accuracies; the assessment of economic benefits; the development of 
advanced system and sensor technology; the preliminary design of sensors for satellite and Shuttle missions; 
and the support of aircraft and ground truth measurements to verify system concepts. 

CHANGES FROM BUDGET ESTIMATES: 

The decrease of $300 thousand in the Transition Quarter budget estimate' reflects adjustments resulting from 
the general congressional reduction in NASA's budget request for the three-month period, and requires a general 
reduction in the ocean dynamics aircraft experiment program. 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds will provide for the continuation of the airborne tests. These and the ground and ocean truth 
efforts will emphasize the validation and calibration of SEASAT-A sensors and data processing programs. In 
addition, studies supporting the development of advanced ocean dynamics sensors will be initiated. 

RD 7-23 



Follow-on Data Analysis  and Operat ions (Ocean Conditions) 

1975 Trans < t inn  nTLzr tp_r 1977 
1975 Budget Current  Budget Current Budget 

Actual Est imate  Est imate  Estimate Est imate  Es t ima te  
(Thousands of Do l l a r s )  

Follow-on d a t a  a n a l y s i s  and ope ra t ions  ...... 1,600 i , 600 i , 6 W  400 400 1 , 800 

OBJECTIVES AND STATUS: 

This  p r o j e c t  provides  f o r  t h e  a n a l y s i s  of t h e  ocean d a t a  a l r e a d y  acquired with GEOS-3 and o t h e r  space and 
These analyses  provide the  b a s i s  f o r  the  de- ground systems and t h e  support  of extended GEOS-3 ope ra t ions .  

velopment of techniques and models which r e l a t e  ocean measurements t o  s p e c i f i c  a p p l i c a t i o n s  such as :  t h e  
c o r r e l a t i o n  of a c t i v e  microwave b a c k s c a t t e r  w i th  the  h e i g h t  of ocean waves and t h e  speed and d i r e c t i o n  of the  
wind n e a r  t h e  s u r f a c e ,  t h e  d e t e c t i o n  of c u r r e n t  systems; and t h e  development of models of t h e  ocean 's  mean 
s e a  level,  o r  geoid.  

BASIS OF FY 1977 ESTIMATES: 

E'Y 1977 funds w i l l  provide f o r  t h e  support  of a second yea r  of ope ra t ions  f o r  t h e  GEOS-3 mission,  and w i l l  
a l l ow inc reased  emphasis on numerical modeling of ocean dynamics cond i t ions .  
supported i n  FY 1977 inc lude :  
s u r f a c e  a s  de f ined  by s a t e l l i t e  a l t i m e t r y ;  t h e  ref inement  of models r e l a t i n g  measured microwave parameters t o  
sea s ta te ;  and t h e  development of an improved ocean geoid t o  support  mapping ocean c u r r e n t  systems mapping 
planned f o r  SEASAT-A. 

Some of t h e  major ana lyses  t o  be 
t h e  development of models which re la te  the  ocean bottom topography t o  t h e  ocean 

BASIS OF FUND REQUIREMENTS : 

ENVIRONMENTAL QUALITY MONITORING 

A i r  p o l l u t i o n  and oceanographic - r ^ ^  . r  L3,LCVV ,nfi  observing s a t e l l i t e  (NIMBUS-G) 19 , 000 

development ............................. 7 , 400 9 , 200 9 , 200 3,100 2 , 700 9,900 

.......... 15 , 000 13 , uuu I , 3 u u  6,700 
- - -  800 Spacelab payload development .............. --- - - -  - - -  - - -  

App:ications research  and techm?cgjr 

T o t a l  ................................... 26.400 22,200 10.600 Y.400 26.100 24,200 
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OWECTIVES AND STATUS: 

The primary objectives of the Environmental Quality Monitoring program are: (1) to develop remote sensors 
EO detect pol l i i t io i i ;  (2) to develop ana?yti,c te-hni ,.... -ql?ec 2nd models to interpret sensor data and predict the 
state of the environment; and ( 3 )  to evaluate and apply remote sensors to environmentai monitoring through 
inter-agency efforts. 

Pollution of the earth's air and water environment occurs on local to global scales. Indications are that 
long range effects of regional and global pollution may be severe and the need for information to better 
:nderstand t h e  physical and chemical processes involved is of great urgency. The environment must be 
monitored to determine its present state and changes, to understand the effects of man's activities, and to 
provide the data needed to evaluate the effectiveness of control strategies and the validity of regulatory 
policies. 

From the point of view of global pollution, the atmospheric layer of primary concern at the present time 
is the stratosphere. The technology now exists or is being developed to detect many of the natural and 
manmade pollutants that enter the stratosphere either directly, e.g., from volcanoes or supersonic transport 
operations, or indirectly by diffusion from the lower atmosphere, e.g., from organic processes or industrial 
activities. However, in order to extend this technology into a monitoring system which can be used to study 
the effects of manmade pollution, it will be necessary to develop a set of global baseline data on strato- 
spheric composition. Aircraft flights and sounding rockets are providing limited data on the distribution 
and variability of stratospheric temperature and winds and of its constituents such as aerosols, ozone, and 
nitric oxide. Advanced instrumentation will be developed to permit measurements of other constituents of. 
environmental importance including nitrogen dioxide, nitric acid, atomic oxygen, and chlorine oxide. The 
NIMBUS-G satellite and the AEM-B/Stratospheric Aerosol and Gas experiment (SAGE) will provide global coverage 
of aerosols and a number of important gaseous constituents including ozone. Second-generation instruments, 
e.g., laser and microwave sensors, are also being planned to provide the capability for measurement of these 
and additivnal important atmospheric constituents with much greater resolution. Models, now being developed, 
are needed to help with data analysis and to provide forecasts of pollutant dispersion and its impact. 

Most pollution of the lower atmosphere (troposphere) is of localized origin. Ambient air standards and 
emission control regulations have been promuigaced EO prolect. the liea:<h aiid welfare of  t h e  nationa b ~ t  
it is recognized that better supporting information is necessary to assure their validity. Also, the 
ability of m n y  Iccales to meet ambient air standards can be seriously impacted by pollutants transported 
from the adjacent regions. 
both in locating pollution sources and in providing needed rapid synoptic coverage. Tropospheric sensor 
development effort was intensified in FY 1976 and will continue to be emphasized in the coming year. 
Initial evaluations of passive tropospheric pollution remote sensors are being conducted using aircraft. 
A remote monitoring capability for carbon monoxide, ozone, ammonia, methane, and sulfur dioxide wiii be 

Remote sensors now being developed will supplement current in situ sensors 
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demonstrated.  
wi th  use r  agencies  i n  FY 1978 t o  demonstrate t h e  u t i l i t y  of  a i rbo rne  remote sensors  i n  meeting c u r r e n t  
m u n i i u r i n g  i ieeds.  d r i a i y i i c  ieciiniques i o  i n t e r p r e t  measurements and predicc  p o i i u t i o n  d i spe r s ion  are 
a l s o  being developed. 
iiiiproved sheiiiistry wLll be added t o  s e l f - c o n s i s t e n t  d i s p e r s i o n / m ~ t e o r o l o ~ i ~ a ~  models. 

Tes t ing  of both pas s ive  and a c t i v e  sensors  w i l l  be d i r e c t e d  toward a poss ib l e  j o i n t  program 

I n  the  coming y e a r  boundary l a y e r  e f f e c t s  w i l l  be included i n  numeric models and 

ThTater co lo r  v a r i a t i o n  due t o  substances i n  suspension i s  t h e  phys ica l  phenomenon t h a t  makes p o s s i b l e  t h e  
d e t e c t i o n ,  d i sc r imina t ion ,  and q u a n t i f i c a t i o n  of water p o l l u t a n t s  and o the r  water q u a l i t y  parameters .  Space 
imagery, provided by LANDSAT i n  p a r t i c u l a r ,  has  shown c o l o r  v a r i a t i o n s  which have been a t t r i b u t e d  t o  such 
f a c t o r s  a s  a c i d  wastes and sewage s ludge dumps, i n d u s t r i a l  e f f l u e n t s ,  heav i ly  sedimented rivers,  and a l g a l  
blooms. Research has  l e d  t o  t h e  d e f i n i t i o n  of s p e c t r a l  regions and d a t a  a n a l y s i s  a lgori thms which a l low 
a q u a n t i t a t i v e  in fe rence  of sediment,  ch lo rophy l l ,  and s a l i n i t y ,  and r e s u l t e d  i n  t h e  development of  an  
instrument  (Coastal  Zone Color Scanner) which i s  t o  be flown on NIMBUS-G. The o p t i c a l  p r o p e r t i e s  of water 
p o l l u t a n t s  remains a b a s i c  and cont inuing  r e sea rch  o b j e c t i v e  needed f o r  e s t a b l i s h i n g  sensor  des ign  r e q u i r e -  
ments and d a t a  i n t e r p r e t a t i o n  techniques.  I n  a d d i t i o n  t o  the  increased  emphasis i n  s p e c t r a l  and a n a l y t i c a l  
t echniques ,  t he  a r e a s  of a p p l i c a t i o n  focus w i l l  i nc lude  ocean dumping, red  t i d e  r e sea rch ,  and c l a s s i f i c a t i o n  
of t he  eu t rophic  s t a t u s  of lakes .  These t a sks  w i l l  be conducted coope ra t ive ly  wi th  o the r  Federa l  agency 
and s t a t e  p a r t i c i p a t i o n .  

A I R  POLLUTION AND OCEANOGRAPHIC OBSERVING SATELLITE (NIMBUS-G) 

1975 
Actual  

Spacec ra f t  ............................... 5 , 917 
Sensors  and d a t a  a n a l y s i s  ................ 13,083 
Ground suppor t . . .  - - -  ........................ 

.................................. T o t a l  19.000 

Del ta  (Expendable launch v e h i c l e s  
............................... program) ( - - - I  

OWECTIVES AND STATUS: 

The o b j e c t i v e s  of t h e  NIXBUS-G mission a re :  (1)  t o  

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

Est imate  Est imate  Est imate  E s t i m a t e  
(Thousands of Dol la rs )  

5,500 6,075 2,500 3 , 000 
7,900 6 , 705 4,100 2,650 
1 , 600 220 900 1,050 

15.000 13.000 7.500 6.700 

( - - - I  ( - - - I  ( - - -> (---I 

1977 
Budget 

E s t i m a t e  

5 , 300 
7,100 
3 , 000 

15,400 

(2 , 500) 

e s t a b l i s h  b a s e l i n e  measurements of atmospheric gaseous - 
and p a r t i c u l a t e  con ten t  and t o  a s ses s  genera l  g loba l  t r ends :  movements: and i n t e r a c t i o n s ,  a s  p o l l u t a n t s  are 
f u r t h e r  r e l eased  by man and na tu re ;  ( 2 )  t o  map sediments and c o a s t a l  e f f l u e n t s  i n  order  t o  b e t t e r  c o n t r o l  
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them and their effects; (3 )  to improve ship routing through the observation of polar and floe characteristics; 
( 4 )  t o  enhance the capability tor long-cerm weather p r e d L c t L ~ z ;  (5)  t o  support  the Global Atmospheric Research 
program by measuring sea-surface temperature, precipitation, snow and ice cover, and soil moisture; and (6) 
iu c"Litir;us ~ ~ ! : i z g  marrs1xempnts; begun on iu'iiG3US-4, which vtll be used  to establish the long-term trend of 
the earth's radiation budget and protective ozone layers. 

In order to meet these objectives, the NIMBUS-G spacecraft payioad cvxislsts of four  sensors f o r  measure- 
ment of atmospheric gaseous and particulate pollutants, two sensors for measurement of oceanographic para- 
meters such as coastal patterns, and two sensors for continuation of baseline measurements of the earth's 
radiation budgei. 

During FY 1976 and the Transition Quarter, the instrument and spacecraft designs will be completed. The 
first design proof instrument models will be fabricated, and testing will be underway to verify their ability 
to meet operational and critical environmental requirements. 
a simulated spacecraft test fixture for compatibility testing of interfaces. 

These same units will then be integrated into 

CHANGES FROM THE BUDGET ESTIMATES: 

Funding adjustments in this project result in net decreases of $2 million in the FY 1976 estimate and 
$800 thousand in the Transition Quarter estimate. Within these net decreases, the changes among project 
elements stem from a technical change to the spacecraft and rephasing of certain project activity. 

Increased spacecraft funding is the result of the decision to incorporate the Unified S-Band capability 
in order to accommodate the planned phaseout of VHF equipment at the Spaceflight Tracking and Data Network 
(STDN). In addition, delays in material procurement, a slower than planned buildup of sensor contractor 
manpower, and rephasing in the definition and design of ground systems required adjustments in these 
areas. 

BASIS OF FY 1977 ESTIMATES: 

PY 1977 funds will provide for the continued fabrication and environmental testing of both the flight 
instrument models and the NIMBUS-G spacecraft, in order to prepare Lileril f o r  final integration and checkout 
in preparation for a late CY 1978 launch. The requirements also include funds for the science support 
teams which wiii optimize the type an2 fcrmst of t h e  experiment data products necessary for the post-launch 
scientific investigations. Along with this activity, augmentation of existing ground station equipment and 
cozputer programs t o  support the mission will continue. 
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S y  a c e 1 ab Pay 1 oad Deve 1 opmen t (Envir onmen t a 1 Qua 1 it y ) 

1976 Transition Quarter 1977 
D..d uuugLc _ A  t CUTTP,Ilt Kudget Current 3iidget - n-rc  

L 7 / >  

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of  Dollars) 

800 - - -  - - -  --- - - -  - - -  Sensor development. . . . . . . . . . . . . . . . . . . . . . . . . . 
OBJECTIVES AND STATUS: 

The Shuttle/Spacelab offers a valuable opportunity to operate large survey type instruments in orbit which 
are capable of making detailed measurements over a wide range of the spectrum. Data from this kind of experi- 
ment would be used in developing smaller dedicated instruments for use in measurements of specific atmospheric 
constituents in much narrower spectral regions. Of particular concern are those gaseous pollutants introduced 
by man into the atmosphere which, through chemical reactions, could possibly modify the earth's stratospheric 
ozone layer. 
ferometer (HSI) which will have capability to make global measurements of lower atmospheric (tropospheric) 
and upper atmospheric (stratospheric) trace gases which have absorption bands in the infrared spectral range. 
This sensor will make it possible to develop a baseline of existing stratospheric constituents and their 
concentrations. These include such gases as hydrogen chloride, water, ammonia, methane, nitrous oxide, 
deuterium oxide and ozone. 
developed, both to provide an identification of the species of interest and to provide the parameters needed 
for the design of other, more specific, monitoring instruments. Early versions of the instrument have flown 
on aircraft and balloons and have provided such valuable data as the first stratospheric measurement of 
hydrogen chloride (HC1); an important gas species in the chemistry of ozone depletion 

This work is aimed at developing one such sensor, an advanced version of the High Speed Inter- 

These data are needed if a long term stratospheric monitoring system is to be 

BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds will provide for initiation of the design and development of the advanced version of the 
High Speed Interferometer. 
problem areas. 
c=tir?g this sensor for Spacelab applications. 
fabrication of the instruments will be initiated. 

Earlier veraioiis of t he  sersgr h ~ ~ e  established the nature of most of the 
Application of this information will greatly simplify the task of designing and fabri- 

In FY 1977, instrument design studies will be completed and 
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APPLICATIONS RESEARCH AND TECHNOLOGY DEVELOPMENT (ENVIRONMENTAL QUALITY) 

Sensor definition and feasibility evaluation 
modeling .................................. 

Development of advanced flight experiments 
f o r  ~ ~ v l r c z z e n t ~ l  q-ali ty monltnring.. .... 

Aircraft support for development of 
capabilities in remote sensing of environ- 
mental quality ............................ 
quality monitoring technology ............. 

applications .............................. 

Studies in applications of environmental 

Definition of Spacelab payloads for 
environmental quality monitoring 

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

1976 T r a n s i t i o n  - _  Quarter 1377 
1975 Budget Current Budget Current Budget 

Actual Esthate 

3 400 4,200 

1 400 1,300 

700 2 600 

700 600 

1 200 500 

7.400 9.200 

Estimate Estimate Estimate Estimate 
(Thousands of Uoiiarsj 

4,200 1 200 

1 300 600 

2,600 700 

600 200 

500 400 

9.200 3,100 

1,100 4 , 200 

6 00 1,300 

700 2,600 

100 700 

200 1,100 

2.700 9,900 

OBJECTIVES AND STATUS : 

This activity is directed toward the development and demonstration of remote sensing technology and the 
analytic tools to interpret sensor measurements and assess the impact of pollution for atmospheric and water 
pollution monitoring applications. The basic techniques and instruments are developed as part of the sensor 
definition and advanced flight experiments activities. Each area is also supported by the airborne operations. 

CHANGES FROM BUDGET ESTIMATES : 

The decrease of $400 thousand in the Transition Quarter budget estimate results from the general congres- 
sional reduction in NASA's R&D budget request for this three-month p e r i o d .  T h L s  r e d u c t i o n  uL11 requi re  
adjustments in the schedules for defining and evaluating pollution monitoring sensors for measurements of 
-l-- L I I ~  S L L ~ L U ~ ~ ~ ~ ~ ~ ~ ,  L - - A - - - . l . . - . - , .  and t he  definition of environmental quality payloads for the Spacelab. 

BASIS FOR FY 1977 BUDGET ESTIMATES: 

III 1977, s t ra tospher ic  applications will focus on the needs for monitoring the nitrogen-ozone and 
halogen-ozone chemical cycles. This work will be further supported by special sounding rocket launches 
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as  w e l l  a s  those from t h e  s tandard meteorological  rocke t  network. S t u d i e s  w i l l  con t inue  on post-NIMBUS-G 
p o l l u t i o n  monitoring t a s k s  us ing  Spacelab. Second-generation mult igas  s e n s o r s ,  e s p e c i a l l y  t h e  Laser 
Heterodyne Spectrometer dnd iiir ;.kasurement of  A i r  X ’ o l l ~ t i c z i  by S a t e l l i t e  (&DS) i n s t rumen t s ,  w i l l  be 
eva lua ted  on l o c a l  and urban s c a l e s  a s  a p a r t  of t h e  t ropospheric  program. Regional p o l l u t a n t  d i s p e r s i o n  
modeis will L e  coupled t o  g loba l  c i r c u l a t i o n  models i n  support  of f Q t u r e  s a t e l l i t e  missions.  The water 
p o l l u t i o n  monitoring a p p l i c a t i o n s  w i l l  focus on t h e  a r e a s  o f  ocean dumping, r e d  t i d e  r e s e a r c h ,  and lake  
water  q u a l i t y ,  i nc l zd ing  t h e  c h a r a c t e r i z a t i o n  of eu t roph ic  s t a t u s  of l a k e s .  The fol lowing u s e r s  cooper- 
a t i v e l y  p a r t i c i p a t e  i n  these  a c t i v i t i e s :  
t h e  F l o r i d a  Department of Na tu ra l  Resources i n  r e d  t i d e  r e s e a r c h ,  and t h e  EPA i n  l a k e  q u a l i t y  c l a s s i -  
f i c a t i o n .  

N O M  and EPA i n  ocean dumping a c c i v i t i e s  i n  t h e  New York i3ight, 

BASIS FOR FUND REQUIREMENTS: 

W T K E R  AND CLIMATE OBSERVATION AND FORECASTING 

A l l  weather atmospheric sounding experiment 

Opera t iona l  temperature sounding s a t e l l i t e  

Global Atmospheric r e sea rch  program (GARP).. 
Severe s torm program.... .................... 
Appl i ca t ions  r e sea rch  and technology 

development (ARTD) ........................ 
Follow-on d a t a  a n a l y s i s  and ope ra t ions  ...... 

s a t e l l i t e s  (NIMBUS 5 and 6) ............... 
(TIROS-N) ................................. 

Cloud imaging from synchronous s a t e l l i t e s  
(SMS 1 and 2) ............................. 
T o t a l . . . . . . . . . . . . . . . . . . . . .  ................ 

1975 
Actual 

9 , 300 

7 , 500 
7 , 200 
6,973 

9 , 000 

2 , 100 

--- 

42.073 

1976 
Budget Current  

T r a n s i t i o n  Quarter  
Budget 

Estimate Estimate Estimate 
(Thousands of Do l l a r s )  

3,500 5 , 700 900 

9 , 000 8,200 2 , 100 

8 , 800 8 , 800 2,100 
7 , 000 7 , 000 3 , 000 

39.700 42.700 i3.200 

Current  
Estimate 

--- 
2 , 100 
2,000 
2 , 100 

3 , 100 
300 

--- 

1977 
Budget 

Estimate 

--- 

8 , 600 
6,000 
7 , 100 

13,000 
1 , 600 

--- 

9.6GG 36.300 

The NASA Weather and Climate Observat ions and Forecas t ing  program inc ludes  g l o b a l  systems f o r  observat ion 
and f o r e c a s t i n g  of c l ima te  v a r i a t i o n  and change, l o c a l  f o r e c a s t i n g ,  and fundamental atmospheric processes  
t o  provide unique and e s s e n t i a l  d a t a  from s p a c e - r e l a t e d  technology t o  n a t i o n a l  e f f o r t s  i n  meteorological  
r e s e a r c h  and development. 
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Present and future operational flight programs will be supported through the development of new instruments 
and the conduct of specific improvement tasks. This effort involves the provision of advanced sensors, space- 
crart subsystems , and ground equipineiit aiid techilqiiea specif lcal?y in support of ITOS,  SM?!C4ES 
satellite systems. 

and TIROS-N 

The Global Atmospheric Research Program (GARP) is a long-term, internationzl cooperative program designed 
io advance oiIr knowledge and understanding of atmospheric processes for the purpose of improving the accuracy 
and duration of our weather forecasting efforts. Weather sateiiites, with the i r  increasing capabilities to 
make basic observations, will provide necessary data for global numerical prediction models. NASA is con- 
ducting several preliminary Data Systems Tests to study data acquisition and data comunication problems 
nnd tc develop data p r w e s s i n g  techniques to be used during the First GARP Global Experiment in 1978-1979. 
Data processing techniques are being developed for determining temperature profiles, sea-surface temperatures, 
winds (particularly in the tropics), reference-level data, and sea-ice coverage, all on a global basis. This 
includes collection of global data sets and application of these data in testing current numerical prediction 
models. 

Since climate is a global phenomenon and climate variability often has an adverse impact on man and his 
activities, space technology and related techniques capable of viewing the entire earth and its overlying 
atmosphere are uniquely suited to play an essential, major role in any program to cope with the problems of 
climate change and variability. The "U.S. Climate Program" plan, developed by a special subconnnittee of the 
Domestic Council, emphasizes the urgent need for climate forecast research in view of the impact of climate 
variability and climate change on the agricultural, economic, and social fabric of the world. In support 
of the national climate program, space systems will monitor significant meteorological, hydrological, 
and oceanographic data for the purpose of establishing climatological bapelines and for use in climate fore- 
cast models of the next decade. 

The importance of providing adequate storm warnings to the public for tornadoes, severe local thunder- 
storms, and hurricanes has been brought into sharp focus in recent years. NASA, in cooperation with NOAA, 
has built and flown the Synchronous Meteorological Satellites which have been used operationally to assist 
in public service warnings. 
stationary Stormsat system. This satellite system will provide an improved data base for new concepts 
which must be developed if improvements are to be achieved in the forecasting of short-lived, violent, and 
destructive storms. 

NASA is also studying new observing instruments for a 3-axis stabilized geo- 

Study e f f c r t s  are ur?derway on an atmospheric cloud physics laboratory, to further our research on the 
microphysical cloud processes as they relate to improvements that are so urgently needed in the detection, 
prediction, and early warning of severe storms. 
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This program will provide the expertise to investigate basic research areas in radiation transfer, 
atmospheric models, the earth's energy budget, air-sea interactions, atmospheric composition, and solar 
radiation. Emerging out of these studies will be future satellite requirements for observing and under- 
standing weather phenomena of various scales. New instruments will be developed under the Applications 
Research and T e c i l ~ ~ l o g j r  Deve:opiii:r;t (A?TD) prcgrzm, d e m a s t r a t e d  cm yeti a1 ly-equipped aircraft. and be- 
come candidate new flight programs. 

OPERATIONAL TEMPERATURE SOUNDING SATELLITE (TIROS -N) 

Spacecraft and support ..................... 
Sensor development ......................... 
Operational station equipment .............. 
Total............................ ........ 

Atlas-F (Expendable launch vehicles 
program) ................................. 

OBJECTIVES AND STATUS: 

1976 Transition Quarter 
n.->--& O U U ~ C  L Currcnt B d g e t  Current 1 n 7 c  

L Y I J  

Actual Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

4,482 5,500 5,315 1,700 1,540 
3,018 3 , 300 2,885 300 405 - -- 200 --- 100 155 

7,500 9.000 8.200 2.100 2,100 

(---) (3,400) (3,400) (---> ( - - - I  

1977 
R i d g e t  
Estimate 

6,500 

225 

8.600 

1, a75 

(2,800) 

The objectives of this project are to develop satellites and sensors capable of meeting stated future re- 
quirements of the National Oceanic and Atmospheric Administration (NOAA) for obtaining quantitative data of 
the earth's atmosphere on a daily basis. 
whose solutions are expected to significantly improve long range weather predictions. 
sist of a Basic Sounding Unit to measure the temperature and moisture profiles at several altitudes in the 
troposphere and lower stratosphere, a Stratospheric Sounding Unit provided by the United Kingdom at its ex- 
pense t~ provide similar data in the qper stratosphere, and a Microwave Sounding Unit to obtain atmospheric 
temperature measurements even in the presence of clouds. The Advanced Very High Resolution Radiometer will 
provide detailed cloud images as well as sea surface and cloud top temperatures for use in improving the 
accuracy of 12 to 36 hour weather forecasts. A Data Coiiection System i o  be furnished by France at i t s  
expense will gather environmental data for central analysis from remote platforms located throughout the 
world. Finally, a Space Environment Xonitor will make daily observations of electron, proton, and X-ray 
activity in the near-earth space environment. The basic TIROS-N spacecraft and all the above instruments 
are currentiy being deveioped. 

This data will be used in numerical models of the earth's atmosphere 
The sensors will con- 
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CHANGES FROM BUDGET ESTIMATES: 

The dec rease  of  $800 thousand i n  the  FY 1976 budget estimate, and adjustments among p r o j e c t  elements a s  
r e f l e c t e d  i n  t h e  T r a n s i t i o n  Q u a r t e r  e s t ima tes ,  r e l a t e  t o  some p a r t s  procurement delays and a slower buildup 
of i n t e g r a t i o n  e f f o r t  than p rev ious ly  planned. However, wich minor repiaii i i i i lg of ‘Lhe e f f o r t  t h i s  vill h s ~ e  
no impact on t h e  scheduled e a r l y  FY 1978 launch. 

BASIS OF N 1977 ESTIMATES: 

FY 1977 funding w i l l  provide f o r  t h e  development and t e s t i n g  of t h e  instruments  which w i l l  be completed and 
t h e  f l i g h t  u n i t s  d e l i v e r e d  t o  the  s p a c e c r a f t  c o n t r a c t o r .  
con t inue  and assembly and test w i l l  be  i n i t i a t e d .  

A l s o ,  t h e  development of t h e  s p a c e c r a f t  w i i i  
The launch i s  planned i n  e a r l y  1978. 

GLOBAL ATMOSPHERIC RESEARCH PROGRAM 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current  Budget Current  Budget 

Actual  E s t i m a t e  Estimate Estimate Estimate E s t i m a t e  
(Thousands of Do l l a r s )  

Data systems tes t  suppor t  ................... 1,096 a74 985 80 240 312 
s imula t ion  s t u d i e s . . . . . . . . . . . .  .............. 4,287 4,941 4,931 2,400 1,060 4,170 

GARP a t l a n t i c  t r o p i c a l  experiment 

Technology support  .......................... 167 6 35 5 06 70 120 525 

F i r s t  GARP g loba l  experiment (FGGE) ......... 35 550 578 450 580 993 

--- --- --- - - -  - - -  suppor t  (GATE) ............................ 1,615 

T o t a l . . . . . . . . . . . . . . . . . .  ................... 7.200 2.000 6.000 

OBJECTIVES AND STATUS: 

‘The t i iobai Atmospheric Research Program (GARp) I s  a lang-term,  :mrld.n.icle i n t e r n a t i o n a l  e f f o r t  sponsored 
by t h e  World Meteorological  Organizat ion of t h e  United Nations and t h e  I n t e r n a t i o n a l  Council of S c i e n t i f i c  
Unions. 
lead t o  improving t h e  accuracy and l eng th  of t i m e  over which weather f o r e c a s t s  can be made and the under- 
s t and ing  of t h e  phys ica l  b a s i s  of climate. I n  pursuing t h e s e  o b j e c t i v e s ,  the c u r r e n t  program c e n t e r s  on 
t h e  design and t e s t i n g  of a series of atmospheric numerical  models t o  permit an i n c r e a s i n g l y  p r e c i s e  des-  
c r i p t i o n  of atmospheric behavior ,  and obse rva t ions  and experimental  s t u d i e s  of t h e  atmosphere f o r  t h e  des ign  
of such models and f o r  t e s t i n g  of model v a l i d i t y .  

The major o b j e c t i v e s  of GARP a r e  t h e  understanding of t h e  atmospheric phys i ca l  processes  t h a t  w i l l  

RD 7-33 



hP,SA has heen r e spons ib l e  f o r  t h e  Data Systems T e s t  (DST), which i s  a n a t i o n a l  e f f o r t  a s  a precursor  t o  t h e  
F i r s t  GARP Global Experiment (FGGE) t o  occur  i n  the  1978-1979 period. The h i  focus atltlentivri oii pi-ob~eirs 
r e l a t e d  t o  the  a c q u i s i t i o n  and p rocess ing  of g l o b a l  d a t a  from many sources ,  a s  w i l l  be t h e  case  i n  FGGE. 
In FY 1976 two DST periocis, August - a r p L c ' L L " L L  " - -&--&--  I,, a -I.- " T~nl*ar~7-F'c,hriinry ------.I i 9 7 6 ,  provided g loba l  d a t a  sets during 
summer and win te r  weather cond i t ions .  A s  p a r t  of the  n a t i o n a l  e f f o r t ,  NASA was assigned r e s p o n s i b i l i t y  f o r  
tlhe piariitiiig of  FGGE. A U.S. Plan f o r  P a r t i c i p a t i o n  i n  FGGE was completed i n  August 1975 and i s  being used 
a s  a b a s i c  document f o r  developing d e t a i l e d  U.S. implementation p lans .  

CHANGES FROM FY 1976 BUDGET ESTIMATES: 

The dec rease  of $1.0 m i l l i o n  i n  t h e  T r a n s i t i o n  Quarter  w i l l  reduce t h e  number of long range (2-week) f o r e -  
c a s t i n g  t a s k s  previously planned, and e l i m i n a t e  planned sounder s t u d i e s  u s i n g  a d d i t i o n a l  DST da ta .  

BASIS OF FY 1977 ESTIMATES: 

In  FY 1977, DST i n v e s t i g a t i o n s  w i l l  con t inue  on t h e  e f f e c t  of  s p a c e c r a f t  d a t a  on o p e r a t i o n a l  f o r e c a s t i n g  
and on improving t h e  s c i e n t i f i c  community's c a p a b i l i t y  t o  a s s e s s  t h e  new types of g loba l  obse rva t iona l  d a t a  
a s  they become a v a i l a b l e .  U t i l i z i n g  t h e  DST g loba l  d a t a  sets, s t u d i e s  w i l l  be  performed i n  FY 1977 t o  
improve t h e  c u r r e n t  ope ra t iona l  f o r e c a s t i n g  models, which a r e  no t  a b l e  t o  handle  t h e  new obse rva t iona l  d a t a  
w e l l .  

I n  FY 1977, FGGE planning and a s s o c i a t e d  r e sea rch  w i l l  be emphasized. Besides t h e  d e t a i l e d  planning, NASA 
i s  providing space r e l a t e d  development i n  support  of  t h i s  experiment. The C a r r i e r  Balloon System, a j o i n t  
NASA/NOAA/NSF p r o j e c t ,  o b t a i n s  wind p r o f i l e s  over t h e  t r o p i c a l  e q u a t o r i a l  b e l t  and w i l l  have i t s  f i n a l  
development and t e s t i n g .  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  
meteorological  d a t a  i n  r e a l - t i m e  t o  t h e  o p e r a t i o n a l  f o r e c a s t  c e n t e r  w i l l  be completed f o r  use i n  FGGE 
g l o b a l  d a t a  s e t s .  

Within t h e  GARP, technology is supported t o  develop new ope ra t iona l  methods and t o  develop techniques 
f o r  ob ta in ing  important weather parameters .  
dtmospheric winds, g l c b a l  r d i a t j . c n ,  reinfall and s e a  s u r f a c e  temperature measurements a s  obtained from 
R&D sa te l l i t es .  

I n  FY 1977, emphasis w i l l  be on improved d a t a  processing of 

Emphasis w i l l  a l s o  be focused on developing a c i ima te  program based on o b t a i n i n g  g loba l  c l l m r r t e  pl-rameters 
such a s  s e a  i c e  and g l a c i e r  e x t e n t ,  r a i n  r a t e ,  amount of c loud iness ,  s e a  s u r f a c e  temperature,  e a r t h  r a d i -  
a t i o n  budget,  and a e r o s o l  c o n c e n t r a t i o n s ;  2nd conducting s t u d i e s  and experiments t o  determine t h e  importance 
of each i n  measuring and p r e d i c t i n g  c l i m a t i c  change. An e f f o r t  w i l i  be made t o  d e f i n e  g loba l  i n i t i a l  con- 
d i t i o n s  and making monthiy and seasona l  r'vrecasts of c l i r i i te  parameters. 
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SEVERE STORM RESEARCH PROGRAM 

1976 

Advanced techniques i n  observing and 

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 ......... 

Stormsat d e f i n i t i o n  s t u d i e s  ................ 
Nanagement of s eve re  storm re sea rch  d a t a  ... 
A i r c r a f t  support  €or t e s t i n g  senso r s  and 

techniques i n  seve re  storm re sea rch  ...... 
D e f i n i t i o n  of Spacelab payloads f o r  

monitoring and d e t e c t i o n  of s eve re  
s t o r m s . . . . . .  ............................. 

f o r e c a s t i n g  .............................. 

T o t a l  .................................... 

1975 
Actual  

2,700 

2,373 

1,000 

600 

- - -  

300 

6.973 

Budget Current 
Est imate  Estimate 

(Thousands 

2,700 2,700 

2,400 2,400 
1,500 1,500 
1,000 1 , 000 

1 , 000 1,000 

200 200 

8,800 8.800 

T r a n s i t i o n  Quarter  
Budget Current 

E s tima ce 
of Do l l a r s )  

E s  tima ie 

700 700 

500 5uu 
300 300 
300 3 00 

300 300 

2.100 2.100 

1977 
Budget 

E s k i m a t e  

2,700 

i, io0 
300 

1 , 000 

1 , 000 

1,000 

7.100 

OBJECTIVES AND STATUS: 

NASA's  goal  i n  s eve re  storm r e s e a r c h  i s  t o  develop and demonstrate space - re l a t ed  c a p a b i l i t i e s  i n  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 v i o l e n t  and d e s t r u c t i v e  s,torms. The Severe Storms program i n -  
c ludes  r e s e a r c h  s t u d i e s  t o  develop a n a l y s i s  and p r e d i c t i o n  techniques,  s p e c i a l i z e d  a i r c r a f t  f i e l d  work, 
modeling s t u d i e s ,  b a s i c  r e sea rch  on cloud phys ic s ,  and s a t e l l i t e  system development. 

E f f o r t s  t o  s p e c i f y  sensor  c h a r a c t e r i s t i c s  and t o  improve phys ica l  measurement concepts f o r  d e t e c t i n g  
and l o c a t i n g  tornado o r i g i n s  w i l l  be continued. 
new, man-machine i n t e r a c t i v e  system, t h e  Atmospheric and Oceanographic Information Processing System 
(AOIPS) .  'This system, which i s  e s s e n t i a l  t o  UUL s t u d y  of Che c h a r a c t e r l s t i c s  f e a t u r e s  of s eve re  Storms, 
w i l l  be used f o r  t h e  management, d i s p l a y ,  and enhancement of meteorological  d a t a  from va r ious  sources  f o r  
the purpose of  developing seve re  s torm d e t e c t i o n  and p r e d i c t i o n  models and f o r  improving t h e  b a s i c  
understanding of s eve re  storm c h a r a c t e r i s t i c s .  With t h e  launch of t h e  GOES-A s a t e l l i t e  i n  October 1975, 
we have achieved an o p e r a t i o n a l  c a p a b i l i t y  t o  monitor s eve re  storms, such as tornadoes,  hu r r i canes  and 
e x t r a - t r o p i c a l  cyclones,  over t h e  U.S. and i t s  ad jacen t  marine a r e a s .  

Del ivery was made i n  t h e  la t ter  p a r t  of  FY 1976 on t h e  
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BASIS OF FY 1977 ESTIMATES: 

FY 1977 funds will provide for the support of NASA aircraft operations which will include specialized 
flights for the study of characteristics of storm-producing cloud systems. Also, concurrent satellite and 
special ground-based observations will be obtained to provide a complete 3-dimensional description of the 
storm and its environment. These data are essential for the development of prediction techniques and for 
validating severe storm models. Efforts will continue toward modeling the growth, movement, and behavior 
of tornadoes, severe tiiundersturms, and hurricanes. I Y ~ K  wiii make L'rie ciaia avaiiabie iu iiie r e s e a r c i i  
community. Also in FY 1977, studies, including preliminary design, of an atmospheric cloud physics labora- 
tory will be conducted. This naTrlnad, Y Y J - "  which ccu ld  be f lckm cn an ea r ly  Spacelab mission, is designed t o  
increase significantly our current knowledge of the micro-physical cloud processes. 
be understood better if we are to make urgently needed improvements in the detection, prediction, and 
early warning of severe storms. 

.I. " a 

These processes must 

In FY 1977, satellite-related efforts will focus on the completion of the SMS/GOES Visible and Infrared 
Spin Scan Radiometer (VISSR) Atmospheric Sounder (VAS) instrument which will be on GOES-D. Studies for 
defining the mission-unique items for the 3-acis stabilized Stormsat spacecraft will be completed. 
as it is currently being defined, would carry the Advanced Atmospheric Sounding and Imaging Radiometer 
(AASIR) instrument which will be a second-generation radiometer based on the technology of the VISSR and 

Stormsat, 

VAS. 
APPLICATIONS RESEARCH AND TECHNOLOGY DEVELOPMENT (WEATHER AND CLIMATE) 

Advanced techniques in observing and 

Research and development for improvement 

Exploration of the atmosphere using 
meteorological sounding rockets.......... 

Development of advanced flight experiments 
for research in weather and climate.. .... 

Aircraft support for developxent of 
techniques in observing and forecasting.. 

Studies in application of weather and 
climate observation and forecasting 
systems. ................................. 
T o t a l  .................................... 

forecasting .............................. 
of operational satellite systems.. ....... 

Spacelab payload definition ................ 

1975 
Actual 

2 , 500 

900 

1 , 500 

1,100 

1,900 

1 , 000 
100 

9.000 

1976 Transition Quarter 
Budget Current Budge t Current 
Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 

3 , 000 4,200 1,700 700 

2,600 3 , 000 1,900 1 , 200 

1 , 900 1,900 600 400 

1,600 1 , 600 200 100 

1 , 300 1 , 300 400 400 

1 , 000 1,000 200 200 
- - -  I00 100 --- 

13.000 = 11.400 = 5.100 = 3.100 = 

1977 
Budget 
Estimate 

3 , 000 

3 , 400 

2,100 

1 , 600 

1 , 600 

1 , 000 
300 

13.000 
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OBJECTIVES AND STATUS 

The objective of this project is to develop and demonstrate the application of space-related capabilities 
to the improvement of weather forecasting and climatic change determination. This includes investigations 
to provide an underscanding v i  ~ i i e  bas ic  p i i y s i c d l  p r u ~ e s s e s  w h i c h  a f f ec t  veather, the developiiicii~ and 
demonstration of techniques for the prediction of weather and climate changes, and the development of improved 
L S h I L V L S  s e n s ~ r s  and advanced systems t e  ebserve key weather prrrameters and the frr-tors which infliience the 
earth's climate. 
-n,."-+rr 

In particular, important emphasis in the future will be on accelerating essential research on climate 
variability and change. 
the significant climatic effects resulting from the rate at which we gain energy from the sun versus the 
rate at which we lose energy to space; the energy interactions between the atmosphere, solid earth, and 
the oceans; the effects of gases and particulates, both natural and man-made, on the radiation balance of 
the earth; and the role of changing land surfaces. 

Key elements have been identified and are being studied: giobai energy balance-- 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: The increased funding of $1.6 million is attributable to increased support required 
by efforts directed mainly toward climate modeling and the development of an improved climate observational 
capability. 

Transition Quarter Estimate: The decrease of $2.0 million in the Transition Quarter reflects adjustments 
resulting from the general congressional reduction in NASA's R&D budget request for this three month period. 
This reduction serves to delay until FY 1977 the start of new research efforts in synoptic-scale weather 
phenomena and the use of such data in the modeling of atmospheric motions. 
experienced in the development of improved subsystems and sensors for the operational flight programs. 

Also, a similar delay will be 

BASIS OF FY 1977 ESTIMATES: 

Studies of the basic physical processes involved in how weather systems develop, grow, and dissipate will 
cnntinue. These studies will reyire the deirelop9ent n f  nev  t e c h ~ i q u e s  for extracting key Farmeters from 
the remotely-sensed data and the development of models which will simulate the atmosphere and the processes 
taking place. 

The development of advanced microwave remote sensing techniques, advanced earth and solar radiation 
iaeasuring instruments, and meterological radar will be continued. CaliSration and preliminary testing of 
new instruments will be performed on NASA aircraft in order to specify the requirements for future improved 
saceiiite instruments and systems and KO provide unique data to support research efforts. 
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Efforts will continue on the definition of a radiation budget satellite system and the space components 
of a comprehensive climate program. 
Maximum "Mission" will be started. 

The development of a precision solar constant monitor for the Solar 

g p s r a ~ i o ~ ~ l  S z t e l l i t e  Iqroverr?ent, e f f o r t s  wiii be conducted that involve the provision of advanced sensors, 
spacecraft subsystems, and ground equipment and techniques specifically in support of the ITOS, SMS/GOES, 
and TTROS-N satellite systems. 

Follow-On Data Analysis and Operations (Weather and Climate) 

1976 
1975 Budget Current 

Actual Estimate Estimate 
(Thousands 

NIMBUS follow-on operations .............. ---  - - -  - - -  

Transition Quarter 1977 
Budget Current Budget 
Estimate Estimate Estimate 
of Dollars) 

- - -  300 1,600 

OBJECTIVES AND STATUS: 

The objective of this effort is to provide continued support for ground-based efforts to insure efficient 
utilization of data collected by various types of remote sensors. This includes balloon, aircraft, rocket, 
and satellite sensors for which development and flight resources support had run out due to the extended 
lifetimes of the hardware. Data analyses, data-use studies, and support of various programs will continue 
by providing additional data vital to the success of that program. 
examined data can provide improved results when combined with additional data collected through the extended 
lifetime of the NIMBUS-5 and -6 sensors. 

In some cases, new analyses of previously- 

CHANGES FROM BUDGET ESTIMATES: 

The increase of $300 thousand in the Transition Quarter provides for continued flight operations of the 
NIMBUS-4, -5, and -6 spacecraft. 
the NIMRUS y-ngram.  

Funding for these requirements had not been previously provided for in 
Current flight project funding is sufficient to support only one year's operations. 

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 funds will provide for the operation of the NIMBUS Control Center, as well as data reduction 
and. analysis effort for which urgent needs continue beyond the first year of flight. 
global total ozone measurements from NIMBUS-4; global precipitation, soil moisture and snow-and-ice cover 
cover data  firom the rzcrov~-;s sczs=rs cf ! ! x c ~ c - 5 ;  and data nn the earth's radiation budget from NIMBUS-6. 

These data include 
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Included will be the development of special data processing techniques and software for the new interactive 
mini-computer system, Atmospheric and Oceanographic Information Processing System (AOIPS). 

Such data, when properly reduced to useful physical parameters and furnished to the scientific and data- 
iiser community, wiii be applied dli-ectly to specific national and global problem, such as the stability of 
the earth's ozone layer, the trend of regional and world climates, severe storm analyses and prediction, 
and iand-use- change detection. 

BASIS OF FUND REQUIREMENTS: 

MATERTATS PROCESSING IN SPACE 

1976 Trans it ion Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Applications research and technology 
development .............................. 4,200 4,700 5 , 100 1,100 1,000 6,300 

Space processing rocket experiment project. 400 600 600 300 200 2,900 - 
Total .................................... 4.600 5.300 5.700 1.400 1.200 9.200 

OBJECTIVES AND STATUS : 

NASA's program on Materials Processing in Space is intended to develop useful' applications of space flight 
for materials science and technology and to permit commercial space activity to take advantage of such 
applications. 

Preliminary experiments on the Skylab and Apollo-Soyuz Test Project (ASTP) missions as well as ground 
based studies have indicated that processing of materials in space can be a cost effective approach to 
basic and applied materials research. 
be economical to manufacture in space for use on earth, such as bioiogicai preparations and electronic 
materials. 
s e ffor ta, i LIILLuUIIIB - - 1.. a 4 - preli~iniry desle., will be initiated in FY 1977 to provide a basis for space 
processing payloads that will take advantage of the unique capabilities offered by the Spacelab. 

In addition, some types of products have been identified that may 

Experimental work in these areas is planned to continue on a series of ballistic rocket flights. 

Gjork in the biological area has been centered on development of means to separate living cells according 
t n  the i r  e l ec t r f ca l  characteristics by a method known as electrophoresis. Applications for living cells 
prepared in this way include direct therapeutic uses such as cell transplanation to restore certain lost 
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f u n c t i o n s  of t h e  body, i ncuba t ion  of  c e l l  c u l t u r e s  t o  make products  t h a t  have medical and o ther  u s e s ,  and 
r e s e a r c h  s t u d i e s  t o  i d e n t i f y  t h e  phys io log ica l  fui iczlons of L-ildLvLdl;~l cz?? types. 

A n o t h e r  promising p o c e n t i a i  Cor space processlng is i n  t h e  c l e c t r c n i c  nxi ter ia ls  a r e a ,  which i nvo lves  
growth of s i n g l e  c r y s t a l s  because most e l e c t r o n i c  m a t e r i a l s  a r e  used i n  t h i s  form. It i s  expected t h a t  
space techniques can be  developed t o  produce e l e c t r o n i c  c r y s t a l s  w i th  h ighe r  p e r f e c t i o n  and more uniform 
p r o p e r t i e s  than can be obtained on e a r t h  because cond i t ions  i n  molten and vaporized m a t e r i a l s  cati be  cori- 
t r o l l e d  more p r e c i s e l y  under cond i t ions  of weight lessness .  I n  a d d i t i o n ,  p rospec t s  e x i s t  t o  c o n t r o l  t h e  
shapes of growing c r y s t a l s  so a s  t o  produce them i n  t h e  forms needed f o r  f i n a l  use ,  with h igh ly  p e r f e c t  
iiative surfnccs  s:: vh ich  h igh  m i a l i t y  'I---- - e l e c t r o n i c  devices  can be formed. Recent economic s t u d i e s  of products  
based on these  p o s s i b i l i t i e s  i n d i c a t e  t h a t  p r o f i t a b l e  product ion o p e r a t i o n s  would be f e a s i b l e .  

I n  a d d i t i o n  t o  t h e s e  major a r e a s ,  space cond i t ions  w i l l  be u s e f u l  f o r  app l i ed  r e sea rch  and poss ib ly  f o r  
s p e c i a l i z e d  product development i n  a v a r i e t y  of o t h e r  f i e l d s .  
s p e c i a l i z e d  m e t a l l u r g i c a l  products  of small  s i z e  and high va lue  t h a t  can be manufactured p r o f i t a b l y  i n  
o r b i t ,  such a s  high performance tungsten anodes f o r  high power X-ray tubes,  and t h e  a b i l i t y  t o  perform 
h e a t  t r e a t i n g  processes  on unsupported m a t e r i a l s  without c o n t a i n e r s  w i l l  enable  ce ramis t s  and g l a s s  tech-  
n o l o g i s t s  t o  exp lo re  materials compositions and process v a r i a b l e s  t h a t  cannot be t r e a t e d  by methods a v a i l -  
a b l e  on t h e  ground. Analogous p o t e n t i a l s  e x i s t  i n  f i e l d s  such a s  e l ec t rochemis t ry ,  f l u i d  mechanics, 
polymers, and o t h e r  a r e a s .  

For example, t h e r e  appear t o  be some 

A l l  of these  p rospec t s  r e q u i r 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 .  Space pro- 
c e s s i n g  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  w i l l  be continued 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 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.  
i n  t h e  Space Processing Rocket Experiment P r o j e c t ,  which w i l l  a l s o  o f f e r  o p p o r t u n i t i e s  f o r  commercial u s e r s  
t o  f l y  p r o p r i e t a r y  experiments a t  t h e i r  own expense. Space p rocess ing  payload s t u d i e s  w i l l  be  i n i t i a t e d  
i n  FY 1977. 

The flow of  space experiment r e s u l t s  w i l l  be continued i n  1977 and beyond through augmented e f f o r t  
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APPLICATIONS RESEARCH AND TECHNOLOGY DEVELOPMENT (MATERIALS PROCESSING) 

Ground based materials processing investi- 

Advanced materials processing system 
gations, analysis and studies............. 

development ............................... 
Space processing systems analysis ........... 
design .................................... 

Spacelab payload definition and preliminary 

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

1976 Transition Quarter 
19?5 Budget Current Budget Current 

Actual Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

2,900 3,100 3,500 900 800 

500 5 00 5 00 100 100 
300 300 300 100 100 

--- - - -  5 00 800 800 

4.200 4.700 5.100 1,100 1 .ooo 

1977 
Budget 
estimate 

4,500 

5 00 
300 

1,000 

6.300 

OBJECTIVES AND STATUS: 

The Applications Research and Technology Development (ARTD) project supports several major functions in the 
Materials Processing in Space activity. 
processing applications and investigate the implications of past flight experiments comprise the principal 
ARTD activities. In addition, the project supports feasibility and definition studies for future flight 
experiments, and efforts to develop technology for advanced materials processing equipment. It also includes 
studies to assess the economic feasibility of future applications that show technical promise. 

Laboratory research and related studies to identify promising space 

These studies, investigations, and analyses provide the basic information needed to select future flight 

During FY 1976 about 30% of the effort is devoted to initial development of experiments for the 
activities in the space processing program, plan experiments, and investigate the implications of their 
results. 
Space Processing Rocket Experiment Project. 
cluding growth of metal and semiconductor crystals, development of containerless processing methods for 
improved iaser giass, measurements or' the properties of human c e i i s  tliai govern the feasibility of separa- 
ting pure preparations of the various types, and similar subjects. Economic studies were performed in 
cooperation with potential commercial user organizations on metallurgical, electronic and biomedical 
applications of space processing. 

Ground-based studies cover a wide variety of topics, in- 
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CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimates: The increase of $400 thousand in the FY 1976 funding results from the augmentation of 
ARTD effort associated with the Rocket Experiment Project, to meet the continuing needs for experiment de- 
tinition before commitmenr to fiighL and L V  p r v v i d e  LUL a y ~ ~ i 5 e s i . s  of a cohar~i i t  data base f r o m  ~ x p s r i r ~ ~ t  
results. 

Transition Quarter Estimates: The decrease of $100 thousand in the Transition Quarter reflects adjust- 
ments resulting from the general congressional reduction in NASA's R&D budget request for this three-month 
period. 

BASIS OF FY 1977 ESTIMATES: 

A l l  of the space processing flight experiments have been based on processes whose potential was first 
identified by ground based research, and most have depended for their implementation on basic technology 
developed in prior ground based projects. In addition, the experiment requirements used for preliminary 
definition of space processing payloads have resulted from ground based investigations and the sounding 
rocket experiment project initiated in FY 1975. 

FY 1977 funds will provide for continued study efforts, including preliminary design, on materials 
processing experiment equipment for Spacelab payloads, in preparation for the beginning of hardware 
development in the following year. 

With the advent of full scale experiment operations in the rocket project and study activity for Space- 
lab payloads, supporting research studies and technology development on the ground will continue to be 
essential to the functioning of the Space Processing Program. Areas to be covered in the Applications 
Research and Technology Development activity will include: (1) Definition and design of systems to 
separate biological samples in the near weightless environment provided by the rocket flights; (2) 
Identification and ground based studies of new space applications in electronic metallurgical, and 
ceramic materials; (3 )  Review and correlation of results from the initial three rocket missions; 
( 4 )  Design and development of prototype advanced technology materials processing apparatus; and (5) 

biological preparations. 
A;ialy*sis of L . C . .  Lucure iiiirkets a s s w l a t e d  vlth spzce pro"uct  applications n f  electrnnic rnaterials and 
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SPACE PROCESSING ROCKET EXPERIMENT PROJECT 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Vehicle and launch support .................. 400 600 600 300 200 900 
-- - --- 2,000 Payloads - - - - - --- ---  - -- .................................... 

I 1  lotai . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.900 

OBJECTIVES AND STATUS : 

The Space Processing Rocket Experiment project conducts a program of materials processing experiments 
on ballistic rocket flights to support continuing development of space applications and expand the avail- 
able fund of experimental data on processes in weightlessness. These activities will contribute directly 
to the design of Shuttle/Spacelab experiments- and equipment. 
rocket project will also serve to introduce prospective Spacelab users to space experiment techniques and 
establish efficient management methods for repetitive low cost experiment operations. 

The flight opportunities provided by the 

Experiment operations were initiated under this project in 1975 with experiments supported by the 
Advanced Research and Technology Development project. 
ment proposals was issued early in the year and 62 responses were.received, covering topics in metallurgy, 
electronic materials, glass technology, biological preparations, and physical and chemical processes 
in fluids. Sixteen were selected for flight, and the first rocket mission was flown successfully on 
December 11, 1975. 
be conducted during the rest of FY 1976 and the Transition Quarter, and a second Announcement of Opportunity 
will be issued early in CY 1976. 

An Announcement of Opportunity soliciting experi- 

The payload processed samples for nine Principal Investigators. Two more flights will 

The cost effectiveness levels now expected for rocket experiments appear to be in a range that could be 
Therefore, the new Announcement of Opportunity for the a t t r a c t i v e  fer scmp I n d v s t r i a l  researrh yirposes 

project includes an explicit offer to fly industrial experiments at the expense of commercial sponsors, 
under arrangements permitting the sponsors to retain proprietary rights to the results. 

CHANGES FROM BUDGET ESTIMATES: 

The decrease of $100 thousand in the Transition Quarter reflects adjustments resulting from the general 
congressionai reducrion in i i G A ' s  K&"U budget request for  ihis ihee-itiui-itli per iod ,  and will i-eqiiire aii 
adjustment to the rocket flight schedule. RD 7-43 



BASIS FOR FY 1977 ESTIMATES: 

The FY 1977 funds will provide for sounding rocket flights to deveiop space processing techniques, and 

This program will involve multiple investigators 
to process the returned data. The initial rocket flight was flown in December 1975, and the launches will 
coriiiiiiie at approxir~te?jr threz p e r  year thrnugh l980; 
performing iterative research programs with reusable equipment, and flights will be scheduled in response 
to experiment- requirements, In these respects it will be similar to the space processing project planned 
for the Shut tle/Spacelab. 

In the first year of the Rocket Experiment Project it was found that the average rocket flight can support 
about twice as many investigators as had been estimated or ig ina l ly .  I:: sdditlzz, t h e  scope for individiial  
experiments has proved to be larger than expected at first. Consequently, there has been a substantial 
increase in the productivity of the rocket flights and the flight costs associated with the average in- 
dividual experiment have been reduced to attractively low levels. It has been necessary to increase the 
level o€ support allocated to experimenters to utilize the system most effectively, and this level of effort 
is beyond what can be provided from the Applications Research and Technology Development project. There- 
fore, the budget for FY 1977 includes funds specifically for payloads within the rocket project. 
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~- BASIS OF FUND REQUIREMENTS: 

Space Communications 

Cooperat ive A p p l i c a t i o n s  

Technical  consu l t a t ion  and suppor t  
Satell i te (CAS-C) ..................... 
s t u d i e s  ............................... 

Spacelab payload development ............ 
Appl i ca t ions  research  and technology 

development ........................... 
Follow-on da ta  ana l y s i s  and ope ra t ions .  . 

Tota l .  ................................ 

1975 
Actual 

1 , 550 

1 , 650 
--- 

2 , 600 
6 , 200 

12.000 

1976 T r a n s i t i o n  Quarter  
Sudget Current  Budget Current  

Estimate E s t i m a t e  Estimate Est imate  
(Thousands of  Do l l a r s )  

1 , 100 1 , 100 100 100 

2 , 100 2,400 900 700 
2,900 4 , 400 800 600 

8.200 10.000 2.400 

Budget 
n . L.: .. + . 
l jb  L L i u a L c  

3 00 

2 : 600 
1 , 200 

2 , 800 
3,700 

10.600 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h i s  program i s  t o  develop and demonstrate a p p l i c a t i o n s  of  communications technology 
from which w i l l  come f u t u r e  commercial and pub l i c  s e r v i c e  i n i t i a t i v e s .  
c lude  cont inuing support  of t h e  Indian  S a t e l l i t e  I n s t r u c t i o n a l  Te lev i s ion  Experiment, SITE, us ing  t h e  
ATS-6 spacec ra f t ;  ope ra t ion  of t h e  Cooperat ive Appl ica t ions  Sa te l l i t e -Cy CAS-C; t he  development of 
communications concepts  and technology a n t i c i p a t i n g  f u t u r e  commercial a p p l i c a t i o n s ;  and the conduct of 
s p e c i a l  communications s t u d i e s  and experiments t o  support  our  s t a t u t o r i l y  r equ i r ed  t echn ica l  consu l t a t ion  
services. 

NASA's e f f o r t s  f o r  FY 1977 i n -  

"he SITE a c t i v i t y ,  which began w i t h  ATS-6 following a year  of  ve ry  product ive  experimentation domesti-  
c a l l y ,  i s  progress ing  w e l l .  
5,000 remote Indian v i l l a g e s .  
b a s i c  hygiene,  a g r i c u l t u r a l  p r a c t i c e s  aild iiatioiia? develcpment. 
i s  working very we l l  and t h e  l o c a l l y  produced programming i s  being e n t h u s i a s t i c a l l y  received by the  
v i l l a g e r s .  

This  year  long experiment provides  4 hours  ok programming d a i i y  to a L u u t  
The programs a r e  educa t iona l  i n  con ten t  and d e a l  wi th  family planning,  

The I ~ l d i a n  developed ground equipment 

- m e  iduricli of  tlie Csopsratic~e Appl!cations Satelli t e - C :  CAS-C, fol lowing e ighteen  months o f  h igh ly  
success fu l  demonstration of d i r e c t  s a t e l l i t e  broadcas t ing  wi th  ATS-6, opens a new era i n  t h i s  important  
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f i e l d .  %.ls is a coopera t ive  eEfor t  w i th  Canada, i n  which NASA provided the  advanced h igh  powered 
communications t r a n s m i t t e r ,  much s p a c e c r a f t  t e s t i n g  and launch s e r v i c e s  i n  r e t u r n  f o r  'naif-Zliiie i iae o f  
t h e  spacecraft  
programming, CAS-C represenrrs more 11edilji a p r o t s t y p c  sf I s a t e l l t t p  t h a t  could provide o p e r a t i o n a l  tele- 
v i s i o n  b roadcas t s  d i r e c t  t o  ind iv idua l  r e c e i v e r s  i n  a frequency band a l l o c a t e d  s p e c i f i c a l l y  f o r  t h a t  
purpose.  A s  such, t h e  experL~ext program involv ing  t h i s  s p a c e c r a f t  w i l l  provide very  important  informa- 
t i o n  and exper ience  toward t h e  cons ide ra t ion  of  widespread use  o f  d i r e c t  s a t e l l i t e  broadcas t ing .  

lised experimental ly  t o  provide  soc iometr ic ,  t e c h n i c a l l s c i e n t i f i c  and o t h e r  communications 

Although U.S. i n d u s t r y  c u r r e n t l y  enjoys a dominent 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  technologies  , s i g n i f i c a n t  r'oreigii coiqet l t lo: :  i s  develo?ing r a p i d l y .  Japan,  
Germany, and o t h e r  fo re ign  c o u n t r i e s  a re  sponsoring developments o f  sa t e l l i t e  technology t h a t  will dem- 
o n s t r a t e  o p e r a t i o n a l l y  d i r e c t  b roadcas t ing  t o  small, i n d i v i d u a l  r e c e i v e r s  dur ing  t h e  nex t  several years .  
Japan i s  w e l l  a long wi th  i t s  development. 

NASA's e f f o r t  i n  space communications r e sea rch  i s  concent ra ted  on developing and demonstrat ing tech-  
nology t h a t  w i l l  he lp  main ta in  a U.S. p o s i t i o n  of l eade r sh ip .  

The t rend  i n  s a t e l l i t e  communications technology i s  toward smaller and cheaper e a r t h  t e rmina l s ,  both 
f ixed  and mobile.  Development o f  a s s o c i a t e d  s a t e l l i t e  systems w i l l  r e q u i r e  t h a t  NASA conduct research  
i n  high-power t r a n s m i t t e r s ,  s e n s i t i v e  r e c e i v e r s ,  and o t h e r  e s s e n t i a l  system components, such as antennas 
which w i l l  p e r m i t  commandable, a d a p t i v e  beam contour ing ,  t o  conf ine  t ransmiss ions  t o  s e l e c t e d  geographic 
areas. New types  of modulation and bandwidth compression techniques w i l l  be  used i n  experiments t o  
i l l u s t r a t e  t h a t  ou r  e x i s t i n g  a l l o c a t e d  bands can be  used more e f f i c i e n t l y .  
n iques  w i l l  be  s tud ied  t o  d e f i n e  and demonstrate  optimum systems. 

Combinations of  t h e s e  tech-  

The technology base i s  thus being l a i d  f o r  a new family of  s a t e l l i t e  s e r v i c e s  t h a t  could be  imple- 
mented i n  the  1980-1990 t i m e  frame. These inc lude :  (1)  Disaster Warning Sa te l l i t e  t o  provide  t h e  
Nat iona l  Oceanic and Atmospheric Adminis t ra t ion  (NOAA) wi th  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 )  S a t e l l i t e  a ided  Search and Rescue t o  provide  improved 
methods of  d e t e c t i n g  a d i s t r e s s  a l e r t  from a i r c r a f t ,  s h i p s  and o t h e r  v e h i c l e s ,  i nc lud ing  t h e i r  approxi-  
mate Location on a giv 'ual  bas i s ;  (3)  Ccllection of  environmental  and resources  d a t a  by s a t e l l i t e  from 
thousands o f  f l o a t i n g  o r  f ixed  unattended p la t forms  s i t u a t e d  around t h e  g lobe  f o r  r e t r ansmiss ion  t o  use r  
c?r NASA ground s t a t i o n s ;  ( 4 )  a e r o n a u t i c a l  and marit ime communication and p o s i t i o n  l o c a t i o n  services, and 
(5 )  b roadcas t  s a t e l l i t e s  wi th  i n t e r a c t i v e  communications c a p a b i i i t i e s  such as tiio-vay v ideo  and voFce to 
he used t o  d e l i v e r  educa t iona l ,  h e a l t h  care o r  o t h e r  soc iometr ic  services. A s  t h i s  new technology i s  
developed, experiments w i i i  be  conducted t o  demonstrate  t h e  p o t e n t i a l  usefu lness  and c o s t  e f f e c t i v e n e s s  
to  t h e  use r  community of  such s e r v i c e s .  
from experimental  t o  quas i -ope ra t iona i  t o  an  o p e r a t i o n a l  sta t i is .  

An o r d e r l y  t r a n s i t i o n  w i l l  permit  t h e  new service t o  evolve 
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IJe expect  subsequent gene ra t ions  of communications sa te l l i t es  t o  cont inue  these  t r ends  br inging  high 
q u a l i t y ,  low-cost communications t o  such d i v e r s e  a p p i i c a t i o n s  as mobiie and personal uses. Eiese a p p l i -  
c a t i o n s  a r e  expected to  f e a t u r e  wide-spread use  of minimal te rmina l  equipment. 

These s e r v i c e s  w i l l  impose demands f o r  frequency a l l o c a t i o n s  t h a t  w i l l  i nc reas ing ly  aggrava te  t h e  a l r eady  
crowded spectrum i n  the  lower frequency ranges.  The s o l u t i o n s  t o  such problems are found i n  coord ina t ion  
of u s e r s  needs t o  prevent  i n t e r f e r e n c e  and i n  development of techniques and devices  t h a t  permit  much more 
e f f i c i e n t  use of  t he  frequency band a v a i l a b l e .  
on r e l i e v i n g  f u r t h e r  over-crowding i n  a l r e a d y  wide ly  used bands, a longer  range i n t e r e s t  i s  devoted t o  

While NASA’s  e f f o r t s  i n  FY 1977 are h e a v i l y  concentrated 

davalopii ,g t e c h ~ o f o g j r  to ope:: highcr ,  2s ye t ,  U ~ U S O , ~  freniiencies, 1- --- - - -- 

Cooperat ive Appl ica t ions  S a t e l l i  t e - C  (CA S-C) 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Current Budget Current  Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dol la rs )  

--- --- --- Spacecraf t  t e s t i n g  ........................ 470 620 620 
Experiments and ope ra t ion  ................. 980 330 330 100 100 300 
Mission a n a l y s i s  100 150 150 --- --- --- - - .......................... - 

Tota l .  .................................. 1.550 1.100 1.100 - 100 - 
Delta (Expendable Launch Vehicles  

program) ................................ (3,300) (---I  (600) (---) (---I (---) 

OBJECTIVES AND STATUS: 

CAS-C i s  a coopera t ive  program betmeen NASA and the  Canadian Department o f  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  soc iometr ic ,  t e c h n i c a l 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 igh ly  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 ecep t ion  with small, 2 meter diameter  antennas.  Designed 
to  ope ra t e  i n  rrhe 1 2  ZIiz f requency band, this sa t e l l i t s  is o f  p a r t i c u l a r  in te res t  s i n c e  t h e  frequency i s  
s p e c i f i c a l l y  f o r  s a t e l l i t e  broadcas t ing  and t h e r e  are 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 reg ion  of  t h e  frequency spectrum, and experimentat ion i n  t h i s  frequency i s  considered 
urgent  i n  view of  forthcoming domestic 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 
uI17. 2 , s  cAS-C spacccraf t  lzu-ch i s  planned fnr e a r l y  I976 m T  
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BASIS OF FY 1977 ESTIMATES: 

The FY 1977 funds w i l l  provide f o r  conduct ing NASA communications experiments,  and f o r  t echn ica l  support  
of ii. S. communications experimenters us ing  CAS-C. Piis s q p o r t  w i l l  ccnsist of  coord ina t ion  o f  experimenter 
u s e  o f  s a t e l l i t e  t i m e ,  and t e s t i n g  of new experimenter  ground equipment t o  ensure  c o m p a t i b i l i t y  wi th  space- 
c r a f t .  Funds w i l l  a l s o  be used f o r  opera t ior ,  of t he  L e w i s  Research Center ground s t a t i o n s  which w i l l  
monitor  i n - o r b i t  performance of t h e  t r a n s m i t t e r  experiment package -- t h e  prime technoiogy experiment on 
CAS-c. 

Technical  Consul ta t ion  and Support Studies  

1976 T r a n s i t i o n  Quar te r  1977 
Budget 1975 Budget Current Budget Current  

Actual Estimate Estimate Estimate Est imate  Est imate  
(Thousands of Do l l a r s )  

1 , 650 2 , 100 2 , 100 600 500 2 , 600 

OBJECTTVES AND STATUS: 

This program, au thor ized  by s t a t u t e ,  p rovides  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  spacec ra f t  and telecommunications technology. Studies  and experiments be ing  performed 
h e l p  provide  t echn ica l  and r egu la to ry  frameworks t o  a l low 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 pro-  
v i d e  f o r  t h e  inc lus ion  of new sa t e l l i t e  a p p l i c a t i o n s .  

The t e c h n i c a l  consu l t a t ion  e f f o r t  i s  grouped i n t o  two main ca t egor i e s ,  o r b i t  and spectrum u t i l i z a t i o n  
and s a t e l l i t e  systems support .  Orb i t  and spectrum u t i l i z a t i o n  inc ludes :  (a) t h e  development of  tech-  
n iques  and s t r a t e g i e s  f o r  geos t a t iona ry  a n d  non-geos ta t ionary  o r b i t  and r a d i o  frequency spectrum shar ing;  
t e c h n i c a l  s tandards  f o r  o r b i t  and spectrum use ;  equipment design c r i t e r i a  f o r  more e f f i c i e n t  u s e  of  t h e  
o r b i t  and specturm, and (b) t he  de t e rmina t ion  of t h e  e f f e c t s  of  propagat ion phenomena and man-made no i se  
on performance, des ign ,  and o r b i t  and s p e c t r a  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 suppor t  inc ludes  des ign  and f l i g h t  r ead iness  reviews and t echn ica i  assessments  on In t e i sa r :  and 
D o m s a t  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 igh  p r i o r i t y  FCC and NASA program o f f i c e  r eques t s .  

During FY 1976 a number of high p r i o r i t y  t a s k s  were i n i t i a t e d  i n  p repa ra t ion  f o r  t h e  1977 World Admini- 
s t r a t i v e  Radio Conference (WARC) on Broadcast  S a t e l l i t e s  and the  1979 WARC f o r  r e v i s i o n  of  t h e  I n t e r -  
n a t i o n a l  Radio Regulat ions.  
the radio frequenry spectrum f o r  a l l  space  and terrestr ia l  telecommunications s e r v i c e s  and es tab l i shment  
o f  t e c h n i c a l  s t anda rds ,  design c r i t e r i a  and o p e r a t i o n a l  procedures.  The 1979 WARC w i l l  f e a t u r e  the  most 

On a r eg iona l  and g loba l  b a s i s ,  t he  WARCs w i l l  d e a l  w i th  t h e  a l l o c a t i o n  of  
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comprehensive and c r i t i c a l  r e 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 Regulat ions s i n c e  1959. 
conferences w i l l  have long range e f f e c t s  on the  development o f  f u t u r e  space communications poss ib ly  through 
t h e  yea r  2000 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. 
t e c h n i c a i  papers w i i i c ; l i  w i l l  s c n - e  ss '-e-- @-CY i ; z p ~ t s  tc t h e  I??? 2nd 1979 WAR-Cs a n d  for domestic r egu ia to rv  
purposes  have been supported by t h i s  e f f o r t .  

The 1977 and 1979 

The p repa ra t ions  of more than  50 

CHANGES FROM THE TRANSITION QUARTER BUDGET ESTIMATE: 

The decrease  o f  $100 thousand i n  t h e  t r a n s i t i o n  qua r t e r  r e f l e c t s  adjustments  r e s u l t i n g  from t h e  gene ra l  
Congressional reduct ion  i n  NASA's R&D budget fo r  t h i s  three llwiitli period. 
completion of t h e  propagat ion measurements and a s soc ia t ed  ana lyses  requi red  t o  s u p p o r t  the  1977 WARC. 

%is dccrcase d e k y  the 

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 funds w i l l  p rovide  t h e  a s s i s t a n c e  requested by t h e  Federa l  Communications Commission (FCC), 
t h e  Of f i ce  of  Telecommunications Pol icy  (OTP) w i t h i n  t h e  Execut ive Of f i ce  of t he  P res iden t ,  and the  D e -  
par tment  of S t a t e ,  who have asked NASA t o  p lay  a major r o l e  i n  t h e  p repa ra t ions  f o r  t h e  1977 and 1979 
WARCs. More than 50% of t h e  t e c h n i c a l  p repa ra t ions  f o r  t h e  1977 WARC as w e l l  a s  major con t r ibu t ions  t o  
t h e  1979 WARC w i l l  b e  provided.  

A s  more and more space systems are planned and implemented and a d d i t i o n a l  ground s t a t i o n s  and s a t e l l i t e s  
a r e  placed i n  s e r v i c e ,  ques t ions  of  sha r ing  w i l l  be come more s e r i o u s  p a r t i c u l a r l y  s i n c e  v i r t u a l l y  a l l  
r ad io  f requencies  up t o  40 GH, have been a l l o c a t e d  t o  t e r r e s t r i a l  s e r v i c e s .  
f requencies  as w e l l  as the  more e f f i c i e n t  use  of  bands below 40 GH, is  h ighly  dependent on t h e  outcome of  
s t u d i e s  t o  be  performed by NASA address ing  ques t ions  such as:  
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 as r ad io  astronomy and mobile 
services, s a t e l l i t e  spacing,  p o s i t i o n i n g  and r epos i t i on ing ,  t r a n s m i t t e r  power l e v e l s ,  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  sa te l l i t es ,  spectrum and o r b i t  congest ion and t h e  adverse  e f f e c t s  of  propagat ion phenomena. 

The usefu lness  of h ighe r  

r a d i o  frequency i n t e r f e r e n c e  between satel-  

Spacelab Payload Development 

1976 Trans i t i on  Quarter  1977 
1975 Budget Current  Budget Current Budget 

(Thousands of Dol la rs )  
Actual Estimate E s t i m a t e  E s t i r i e t e  nb LLLLLQ Lc E ~ t l i i ~ ~ t e  

T o t a l  payload development ................ --- 
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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  deveiop promising col~u~lunications payloads 
t o  t a k e  advantage o f  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 Spacelab missions i n  the  e a r l y  1980's  
t i m e  per iod .  

The FY 1977 funds w i l l  p rovide  f o r  t h e  fol lowing communications payloads: 

(1) A r ad io  frequency survey exper imer i i  t o  provlde  selccted spectrim monitor ing.  These da t a  are needed 
by NASA t o  provide t echn ica l  advice  t o  t h e  FCC and OTP f o r  f u t u r e  domestic frequency a l l o c a t i o n s .  

( 2 )  A bandwidth compression modulation t r a n s m i t t e r .  This  i s  an important  approach t o  handl ing the  
l a r g e  volume o f  d i g i t a l  da t a  expected t o  be  s e n t  t o  e a r t h  from a p p l i c a t i o n s  experiments i n  t h e  1980's .  
Compression r a t i o s  of about  6: 1, when compared wi th  convent ional  techniques,  i s  the  experiment goa l .  

( 3 )  An adap t ive  multi-beam antenna t h a t  w i l l  provide 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  received by ground-based communications systems. This type  of spaceborne antenna has  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  geos t a t iona ry  a l t i t u d e  communications s a t e l l i t e s  being cons idered  f o r  broadcas t ing  
a p p l i c a t i o n s  t o  educat ion,  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  s e r v i c e s  and f o r  small mobile te rmina ls ,  such 
as might be  used on t rucks  and a u t o s ,  and d a t a  c o l l e c t i o n  p la t forms .  

( 4 )  An open envelope t r a v e l i n g  wave tube  experiment t o  determine f e a s i b i l i t y  of bu i ld ing  tubes  o f  
g r e a t e r  e f f i c i e n c y  and r e l i a b i l i t y .  

Appl ica t ions  Research and Technology Development (Space Communications1 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Current  Budget Current  Budget 

Actual  Estimate Est imate  Estimate Estimate Estimate 
(Thousands of Do l l a r s )  

Advanced communications r e sea rch .  ........ 1,600 1,4WW i 700 500 f" 1. nn " 1,900 

experiment f o r  communicatlons r e s e a r c h .  100 IO0 100 100 100 100 
Development of advanced f l i g h t  

S tudies  i n  a p p l i c a t i o n s  of communications 

Spacelab payload de fFn i t ion  and 
system ................................. 400 400 400 200 100 300 

pre i i i i i i i l a~y  dea lgn . .  ................... 500 2 00 200 100 500 - 100 
T o t a l .  ................................. 2.600 2.100 2.400 7 00 2.800 900 

- 
- - - 
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OBJECTIVES AND STATUS : 

The Appl ica t ions  Research and Technology program c o n s i s t s  of s t u d i e s ,  deveiopmeiit programs, and expe r i -  
mr;ts which provide  technology,  p o t e n t i a l l y  of high pub l i c  va lue  and no t  o therwise  occurr ing  i n  t h e  p r i v a t e  
sec to r .  The e t f o r t  main ta ins  iire ?&SA poai tk : :  2 s  the center  o f  Government e x p e r t i s e  ir, non-defense- 
r e l a t e d  space communications and se rves  NASA's  own needs f o r  space communications development. 
o b j e c t i v e s  inc lude ;  iiiijre e f f i c i e n t  m e  of  the a v a i l a b l e  e lec t romagnet ic  spectrum; expansion of communica- 
t i o n s  c a p a b i l i t y  i n t o  p r e s e n t l y  unused and unc lu t t e red  p a r t s  of t he  spectrum; developing technoiogica l  
s o l u t i o n s  f o r  r a d i o  i n t e r f e r e n c e  problems; genera t ing  improvements i n  r ad io - loca t ion  technology f o r  use 
i n  t r ack ing  , c o l l i s i o n  avoidance,  and search  and rescue ;  and t h e  development of improved-performance com- 
ponents  with lower c o s t .  The spectrum e f f i c i e n c y  arid i n t e r f x e n c z  r e d m t i o n  improvements are be ing  m e t  
by bandwidth compression techniques,  new methods of  forming t h e  antenna beam, and techniques f o r  doubl ing 
t h e  number of  channels  on t h e  same frequency by using d i f f e r e n t  p o l a r i z a t i o n s .  Improved communications 
devices  are being developed i n  the  mi l l ime te r  wave band f o r  u se  i n  t h e  f u t u r e ,  as w e l l  a s  t he  progress  
being made i n  low-cost,  h igh ly  r e l i a b l e  and e f f i c i e n t  convent ional  frequency components. A l l  of t h e s e  
developments are expected t o  have commercial a p p l i c a t i o n s  wi th  high economic value.  

Program 

CHANGES FROM BUDGET ESTIMATES: 

The i n c r e a s e  o f  $300 thousand i n  the  FY 1976 budget estimate i s  t o  complete a pre l iminary  des ign  s tudy  
f o r  a s a t e l l i t e  system t h a t  would provide  a d i s a s t e r  warning service. 

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 funds w i l l  p rovide  f o r  t h e  completion of t h e  ongoing e f f o r t .  Also,  i n  FY 1977 s t u d i e s  w i l l  
begin on technology requi red  f o r  advanced communication c a p a b i l i t i e s .  I n  the  p repa ra t ion  f o r  t h e  use  of 
new, e f f i c i e n t ,  m u l t i p l e  small u s e r  s a t e l l i t e  communications, new techniques f o r  access  to  t h e  s a t e l l i t e  
r a d i o  l i n k ,  and v e r y  l a r g e  antennas which can provide  small- t e rmina l s  wi th  adequate receiver power w i l l  
be  s tud ied  and developed. The use  o f  bandwidth compression w i l l  b e  genera l ized  t o  permit  ob ta in ing  
needed h ighe r  d a t a  rates f o r  f u t u r e  s a t e l l i t e  u se  i n  many d i f f e r e n t  ways. The need f o r  t h e  r educ t ion  i n  
c o s t  and s i z e  of small u s e r  terminals w i l l  r e q u i r e  powerful t r a n s m i t t e r s  and l a r g e ,  deployable  an tennas  

communications r e sea rch ,  as rewarding commercial o p p o r t u n i t i e s  of  t h e  1980's  are be l ieved  t o  be  i n  t h i s  
a r e a .  The d e f i n i t i o n  of a l a r g e ,  deployable  antenna,  and experiment which w i l l  test a mill imeter-wave 
antenna concept,  and a space-to-ground energy t r a n s f e r  experlmeiit for t he  Shu t t l e  w i l l  be  i n i t i a t e d  i n  
FY 1977. 

in space. - - -  ulr &L---,,,.h L~~~~~~~~~ understanding o f  these  technologies  i s  c r i t i c a l  t o  t h e  near  f u t u r e  of  space 

Analyses o f  t he  d a t a  c o l l e c t i o n  r e s u l t s  from a j o i n t  NASA-California Div is ion  of Fores t ry  experiment 
i n  t he  remote c o l l e c t i o n  o f  weather ciata ind ica t ive  o f  fcrest  f i r e  crnset w i l l  b e  s t a r t e d ,  as w i l l  t h e  
s tudy  o f  advanced spaceborne concepts  f o r  f u t u r e  low-a l t i t ude  and synchronous,  o r b i t  d a t a  c o l l e c t i o n  systems. 
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Follow-On Data Analysis .  & Operations (Space Communications) 

1977 m -- . - 7 ,  
L Y / O  ~ ~ a s ' L t i . ~ i i  Q u a  ter  

1975 Budget Current  Budget Current  Budget 
Actual  E s t i m a t e  Estimate E s t i m a t e  Estimate Est imate  

(Thousands of  Do l l a r s )  

Follow-on d a t a  a n a l y s i s  & opera t ions  . . . . . . . 6,200 2,900 4,400 800 600 3 , 700 

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 rov ide  a c a p a b i l i t y  f o r  a f u l l  spectrum of experimentat ion i n  the  
a p p l i c a t i o n  o f  s a t e l l i t e  communications. NASA has  a number of  experimental  communications s a t e l l i t e s  i n  
o r b i t , t w o  of which have the  unique c a p a b i l i t y  o f  broadcas t ing  high q u a l i t y  t e l e v i s i o n  i n t o  small, low-cost 
terminals. Experiments conducted wi th  t h e s e  s p a c e c r a f t  both he re  and i n  Ind ia  show t h a t  a d d i t i o n a l  broad- 
cast demonstrat ions a r e  needed and i n  demand by t h e  user community. 
h a s  13 approved experiments and ATS-6 h a s  some 1 2  propos las  i n  hand and expec ts  15 more. Under the  procedures  
e s t a b l i s h e d  ear l ier ,  the  experimenter  provides  funding f o r  support  of h i s  experiment.  NASA funds t h e  
cont inued ope ra t ion  o f  t h e  sa te l l i t es ,  p rov ides  experimenter time on the  s p a c e c r a f t ,  and t echn ica l  con- 
s u l t a  t i o n  t o  t h e  experimenters  as r equ i r ed .  

CAS-C, t o  be launched i n  e a r l y  1976, 

CHANGES FROM BUDGET ESTIMATES: 

Changes i n  FY 1976 Estimates: The increase of  $1,500 Thousand i s  t o  support  ATS-1, -3 ,  and -5 a c t i v i t y ,  
experiment support  f o r  t h e  CAS-C, and th i rd -yea r  o f  ATS-6 experiments.  

Changes i n  T r a n s i t i o n  Quarter  E s t i m a t e :  The decrease  of  $200 Thousand r e f l e c t s  adjustments  r e s u l t i n g  
from t h e  gene ra l  Congressional reduct ion  i n  NASA's R&D budget reques t  
f o r  t h i s  t h r e e  month per iod  and r equ i r e s  a r educ t ion  i n  t h e  amount of 
experimenter  support .  

BASTS OF FY 1977 ESTIMATES 

The FY 1977 funding w i l l  p rovide  f o r  t h e  ATS-1, -3 ,  and -5, cont inue  suppor t  o f  autonomous experimentat ion 
and i n  suppor t  a c t i v i t i t e s  t o  the  CAS-2 and ATS-6 experiiiierita p rog ram.  Some t h i r t y  a~rtonomn1.m experiments:  
and-some f i f t e e n  t o  twenty ATS-6 and CAS-C suppor t  a c t i v i t i e s  are  a n t i c i p a t e d .  
t h e  CAS-C experiments program w i l l  have a l r e a d y  been underway f o r  a h a l f  year .  
FY 1977 w i t h  t h e  involvement o f  some twenty- f ive  independent experiments.  
see the thLi-d year of  ATS-6 experhczts v i t h  an expected cnmplernent nf some twenty to  twenty-five experiments 

By t h e  s t a r t  of  FY 1977 
It w i l l  cont inue  throughout 

The s t a r t  of FY 1977 w i l l  a l s o  
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BASIS OF FUND REQUIREMENTS: 

Information Management 

To ta l  in format ion  management.. . . . . . . . . . . . 

. ,-.-- 1976 T r a n g i  tion Oiiarter 191 I 

1975 Budget Current  Budget Curren t  Budget 
Actual  Estimate Estimate Estimate E s t i m a t e  E s t i m a t e  ~ 

3 ,200  3 , 2 0 0  3 , 200 1 , 300 800 3 ,200  

OBJECTlVES ANL) SmTUS: 

Very h igh  d a t a  rates wi th  volumes up t o  15 t i m e s  those  of Landsats  1 and 2 ,  and s t r i n g e n t  t ime l ines s  and 
accuracy  requirements  f o r  information products  , are s i g n i f i c a n t  cha l lenges  t o  da t a  and infomation systems 
des igne r s .  The p r i n c i p a l  emphasis i s  on t h e  d a t a  process ing  needed by  Weather and C l i m a t e ,  Severe Storm 
Research,  Ea r th  and Ocean Dynamics, and Water and E a r t h  Resources programs, as these  become demonstrat ions 
and v e r i f i c a t i o n s  of  p o t e n t i a l  o p e r a t i o n a l  services f o r  N O M ,  USDA, and t h e  Corps of Engineers .  The objec-  
t ive i s  t o  achieve  c o s t - e f f e c t i v e  informat ion  systems by understanding needs o f  u s e r s  and systems des igne r s ,  
producing techniques t o  maximize t h e  v a l u e  o f  d a t a  be ing  c o l l e c t e d  f o r  r e c i p i e n t s ,  and by working wi th  a l l  
concerned i n  a n  i n t e g r a t i n g  r o l e .  
(e.g. t o  a s s u r e  adequate  c a p a b i l i t y )  , t o  demonstrate  d a t a  compress ib i l i t y  ( e l imina t ion  o f  unneeded d a t a  
f o r  more c o s t - e f f e c t i v e  r e s u l t s )  , and t o  advance promising d a t a  technology t o  system-ready s t a t u s .  S p e c i f i c  
g o a l s  are t o :  improve informat ion  e x t r a c t i o n  processes ;  improve t h e  d e f i n i t i o n  of d a t a  needs;  improve 
informat ion  handl ing;  and enhance the  timeliness of  in format ion  desseminat ion t o  s a t i s f y  t o t a l  in format ion  
management requirements  of t h e  end user .  

General g o a l s  are t o  model t o t a l  da t a / in fo rma t ion  systems f o r  NASA programs 

To d a t e ,  t h e  program h a s  produced such v i s i b l e  r e s u l t s  as t h e  Atmospheric and Oceamographic Information 
Process ing  System (AOIPS). The AOIPS w i l l  b e  used f o r  in format ion  process ing  r e sea rch ,  f o r  management of  
d a t a  from SMS/GOES, Nimbus-6, and Landsat ;  and f o r  p r e f l i g h t  experiments on Nimbus-G, HCMM, and Seasat. This 
system inc ludes  i n t e r a c t i v e  image-display systems f o r  in format ion  e x t r a c t i o n  and w i l l  b e  f u l l y  o p e r a t i o n a l  
i n  FY 1976. Also  a system engineer ing  and a n a l y s i s  c a p a b i l i t y  t o  d e t e c t  and so lve  l i k e l y  da t a  bo t t l enecks  
w ~ s  e s t a b l i s h e d .  The Seasat-A Program i s  t h e  f i r s t  t o  be modeled and s imulated from end-to-end t o  a s s u r e  
i t s  t o t a l  i n t e g r i t y  and capac i ty .  Software t o  model t h e  d a t a  flow from sensor  output  t o  f i n a l  u s e r s  w i l l  
b e  exe rc i sed .  D i f f e r e n t  system cond i fu ra t ions  and performance c h a r a c t e r i s t i c s  w i l l  b e  represented  t o  
d e r i v e  c o s t  and performance-optimized des igns .  The approach i s  t o  s tudy program data ~ieecis, and  tlie 
techniques  which w i l l  be  necessary  t o  s a t i s f y  them, followed by system a n a l y s i s  and modeling of  systems. 
Experimental  o p e r a t i o n s  ( s imula t ions)  w i l l  b e  conducted t o  r e f i n e  t h e  system models. F u l l  cons ide ra t ion  
w i l l  be given t o  programmatic requirements  (both u s e r  and o p e r a t i o n a l ) .  High p r i o r i t y  rnissionsjprograms 
daca systems w i i i  be modeieci. A lilurarg of  cofipiter softt jare f o r  analyzing a d  c ~ q r e s s ’ , ~ g  s p c e - d e r i v e d  
Ea r th  Observat ion d a t a  has  been assembled and c r i t i c a l  assessment  i s  underway. Experiments a t  s e v e r a l  
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Centers  have shown t h a t  s i g n i f i c a n t  r educ t ions  i n  volumes of sensor  d a t a  t o  be  t r ansmi t t ed ,  t o  be processed,  
and t o  be s to red  can be  achieved using compression techniques.  F l i i a l ly ,  acv-eral appr~zches  t o  p r ~ d u ~ i n g  
d a t a  bases ,  d a t a  base  s t r u c t u r e s  and d a t a  base  management systems f o r  such u s e r  communities as p a r t  mana- 
gei-s, agrlc: l tnral c m p s  s1~rwy0rs; w a t e r  resource-f lood con t ro l  Imnagers ,  and c i t y  p lanners  are i n  va r ious  
states of completion, from conceptual  des ign  t o  quas i -opera t iona l .  

CHANGES FROM BUDGET ESTIMATES: 

The decrease  of $500 thousand i n  t h e  t r a n s i t i o n  q u a r t e r  r e f l e c t s  ad jus tments  r e s u l t i n g  from t h e  genera l  
Congressioiilii  i-ediictlon In XASA'z K&D h d g e t  reqnest  for  this t h ree  month per iod .  This  decrease  r e s u l t s  
i n  a s t r e t c h o u t  of da t a  base  management a c t i v i t i e s  and compression/classification technique assessment,  
and a postponement o f  t h e  high d e n s i t y l h i g h  capac i ty  s to rage  system s t u d i e s .  

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 funds w i l l  p rovide  f o r  g r e a t e r  ref inement  of  models t o  s imula t e  Seasat  d a t a  systems and o t h e r  
l a r g e  d a t a  producing programs. 
system components f o r  des i r ed  c h a r a c t e r i s t i c s .  S tud ie s ,  experiments and demonstrat ions of how to  couple 
t h e  informat ion  use r s ,  t h e  informat ion  system des igne r s ,  and concepts  o r  pro to types  o f  systems f o r  b e s t  
t o t a l  end-to-end da ta  and informat ion  system cos t - e f f ec t iveness  w i l l  b e  performed i n  Land Use, Earth 
Resources,  P o l l u t i o n  Monitoring, and Water Resources program contexts .  

Simulat ions w i l l  be  more d e t a i l e d ,  pe rmi t t i ng  eva lua t ion  and s e l e c t i o n  o f  

A number of compet i t ive da t a  compression methods f o r  f a s t e r  in format ion  a n a l y s i s  w i l l  b e  evaluated t o  
e s t a b l i s h  the  most c o s t - e f f e c t i v e  combination of da t a ,  a n a l y s i s  methods, and informat ion  products  f o r  
d i f f e r e n t  a p p l i c a t i o n s .  These methods e i t h e r  g r e a t l y  reduce redundancy i n  sensor-generated d a t a ,  o r  t h e  
informat ion  conten t  t o  a c o n t r o l l a b l e  e x t e n t ,  o r  both.  The program w i l l  e s t a b l i s h  the  a c t u a l  u t i l i t y  of 
some techniques r e l a t i v e  t o  c o s t  and complexity.  Data t ransmiss ion  c o s t s  can be  kep t  low whi l e  informa- 
t i o n  rates are s u f f i c i e n t l y  h igh  f o r  c r i t i c a l  t ime-l imited a p p l i c a t i o n s  such as f lood  p r e d i c t i o n  f o r  
l a r g e  r i v e r  bas ins .  

S to r ing  large a m u n t s  of  in format ion  quick ly ,  convenient ly ,  cheaply,  and permanently,  w i t h  easy re- 
t r i e v a l  c a p a b i l i t y  t o  speed d i s semina t ion ,  h a s  accompanied t h e  knowledge explosion.  iiemote sensing on 
a g loba l  s c a l e  around t h e  c lock  has  a c c e l e r a t e d  t h a t  ques t .  Demonstrating r e l a t i v e l y  low-cost (ground- 
based) s t o r a g e  systems io meet requireiiienta of Lazdsats 1, 2 ,  2nd C ,  Seasat; and o t h e r  missions i n  the  
fo re seeab le  f u t u r e  i s  a program o b j e c t i v e .  
o f  t h e  dynamic range of  magnetic t ape  by mul t i - l eve l  techniques which u t i l i z e  v a r i a b l e ,  b u t  d i s c r e t e  
magnetic i n t e n s i t i e s .  Fac to r s  of fou r  o r  b e t t e r  i n  capac i ty  and speed are a n t i c i p a t e d .  

One of t h e  techniques t o  b e  eva lua ted  i s  t h e  e x p l o i t a t i o n  
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Data base  management sys tems f o r  Natura l  Resources, f o r  Landsat imagery r e t r i e v a l ,  f o r  t h e  Large Area Crop 
Inventory  Experiment, and f o r  S ta te /Loca l  Earth Observation-derived information u s e r s  w i l l  b e  demonstrated 
and t r a n s f e r r e d  t o  sponsoring agencies .  A f i v e  s ta te  (Missouri ,  Minnestoa, Wisconsin, I l l i n o i s ,  and Iowaj 
study by Washington Un ive r s i ty  i s  t o  be continued a f t e r  o u t l i n i n g  alternative information d isseminat ion  
UyyL ----fi--hn- ".+-I.-" t~ c s p r  ~ p e c ! ~ .  T f i p  C T t y  LTni_versfty o f  NPw York h a s  completed the  use r  needs phase of t h e  
Three States Area (New York, New Je r sey ,  Connect icut)  s tudy  and w i l l  propose models and pro to type  d a t a  
bases  and da ta  base  management systems by which d a t a  and/or  information i s  s to red  t o  f a c i l i t a t e  easy re- 
t r i e v a l ,  d i sp l ay ,  and t r a n s f e r .  

BASIS OF FUND REQUIREMENTS: 

Appl ica t ions  Explorer  Missions (AEM) 

1975 
Actual  

Heat Capacity Mapping Mission (AEM-A). .... 2,588 
S t r a t o s p h e r i c  Aerosols  and Gas 

--- Experiments (AEM-B) ..................... 
Magnetic F ie ld  Sa te l l i t e  (AEM-C) .......... --- 

Tota l .  .................................. 2.588 

Scout (Expendable Launch Vehicles  program) (---I 

OBJECTIVES AND STATUS: 

Frequent ly  we come upon very  va luab le  concepts fo r  

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

Estimate Estimate Est imate  Estimate 
(Thousands of Do 1 lars ) 

3 , 500 3 , 500 600 5 00 

2,400 2 , 400 2 , 000 1 , 700 

5.900 5.900 

1977 
Budget 

Estimate 

2 , 200 

2,000 
6,100 

10.300 

(2,400) 

gather ing  information needed t o  support  t h e  Appl i -  
c a t i o n s  Programs. This  information o f t e n  can be obta ined  by f l y i n g  a very  small, r e l a t i v e l y  low c o s t  
s a t e l l i t e  of s tandard  conf igu ra t ion  us ing  our  lowest  c o s t  launch veh ic l e .  Therefore ,  t h e  App l i ca t ions  
Explorer  Mission (AEM) Program was e s t ab l i shed  t o  develop low-cost,  Scout-launch spacec ra f t  t a i l o r e d  t o  
s p e c i f i c  areas of  r e sea rch  and o r b i t a l  requirements .  This  program a l r eady  has  systems under development 
EO supporc o b j e c t i v e s  i n  t h e  environmental  q u a l i t y  aid earth resources  aiirvey s r e ~ ,  and we are propcs5r.g 
t o  suppor t  t he  e a r t h  dynamics d i s c i p l i n e  i n  FY 1977 wi th  t h e  s t a r t  of t h e  Magnetic F ie ld  Satell i te.  

The f i r s t  mission,  t h e  Heat Capacity Mapping Mission (AEM-A), w i l l  o b t a i n  temperature d a t a ,  a n  i d e n t i -  
f i a b l e  characteristic of  v s r i c u s  raterials,  tc! d e ~ e l n p  hea t  capac i ty  mps nf rock types f o r  a p p l i c a t i o n s  
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t o  mineral  p o t e n t i a l  assessments .  Data acquired wi th  t h i s  mission w i l l  a l s o  b e  u s e f u l  f o r  s t u d i e s  of s o i l  
i m i s t u r e ,  f o r  t h e  mapping of  thermal e f f l u e n t s ,  €or  t h e  measurement of p l a n t  canopy temperature ,  and f o r  
t h e  mapping of snow coverage. This mission i s  t o  be launched i n  e a r l y  l Y T 8  i n t o  a n  o r b i t  which w i l l  a i low 
complete dayln ight  coverage of t h e  United States every e i g h t  days and w i l l  permit  t he  c o l l e c t i o n  of p re -  

f l i g h t  instrument .  
u Q w l ,  .I---- cillcI - - A  ,..-,-l.. U L L G - L a r V V . .  *$Cnm,..n" data. The i n s t r u m e n t  tc he l i sd  i s  h a n d  on t h e  adap ta t ion  of  a spare iu'irnbus-5 

The second mission,  t h e  S t r a t o s p h e r i c  Aerosol and Gas Experiment (AEM-B) , w i l l  he lp  develop measurement 
techniques f o r  t h e  d e t e c t i o n  and mapping of s t r a t o s p h e r i c  a e r o s o l s  and ozone by observing the  a t t e n u a t i o n  
of t h e  s o l a r  r a d i a t i o n  through t h e  E a r t h ' s  atmosphere. 
be  a i t e r e d  by n a t u r a l  causes  d i d  b y  iiGE's activities. 9 ,esc  mc~surenzntc  re r e q u i r e d  i n  srder  t~ a s s e s s  
t h e  r o l e  which these  c o n s t i t u e n t s  p l a y  i n  t h e  r a d i a t i o n  balance of ou r  environment on a g loba l  s c a l e .  The 
E a r t h ' s  r a d i a t i o n  ba lance  i s  an important  f a c t o r  i n  c o n t r o l l i n g  t h e  E a r t h ' s  c l imate .  I n  a d d i t i o n ,  knowledge 
o f  t h e  v a r i a t i o n s  i n  t h e  ozone b l anke t  i s  important because of t h e  p r o t e c t i o n  from extreme u l t r a v i o l e t  
r a d i a t i o n  which t h i s  b l anke t  a f f o r d s .  This mission,  t o  be launched i n  1979, w i l l  provide bi-weekly cover-  
age o f  a e r o s o l s  and ozone f o r  low and mid l a t i t u d e s .  A similar  instrument  t o  be flown on Nimbus-G i n  1978 
w i l l  p rovide  complementary measurements of  a e r o s o l s  a t  p o l a r  l a t i t u d e s .  
w i l l  p rovide  t h e  f i r s t  g loba l  s c a l e  measurements of a e r o s o l s  which are important  t o  t h e  s t u d i e s  of  t he  
s t r a t o s p h e r e .  

S t r a t o s p h e r i c  a e r o s o l s  and ozone concent ra t ions  can 

The d a t a  from these  two missions 

The t h i r d  mission,  t he  Magnetic F i e l d  Sa te l l i t e  (Magsat), AEM-C, i s  planned f o r  launch i n  1980, and i s  
in tended  t o  map t h e  magnitude and d i r e c t i o n  of  t h e  Ea r th ' s  g loba l  magnetic f i e l d  wi th  improved accuracy. 
Magsat da t a  are needed t o  r e f i n e  magnetic f i e l d  models and c h a r t s ,  t o  update  c u r r e n t  magnetic f i e l d  d a t a  
by account ing f o r  s e c u l a r  changes,  and to  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of using magnetic f i e l d  da t a  f o r  
r e source  explora t ion .  Recent a n a l y s i s  o f  magnetic f i e l d  measurements ob ta ined  by the  U. S. Orbi t ing  Geo- 
phys ica l  Observatory sa te l l i t es  and U.S.S.R. Cosmos sa te l l i t es  i n d i c a t e s  t h a t  t h e  I n t e r n a t i o n a l  Geomagnetic 
F i e l d  model i s  s u b s t a n t i a l l y  i n  e r r o r  over  l a r g e  areas. These e r r o r s  a r i se  from a s c a r c i t y  o f  geomagnetic 
measurements and t i m e  v a r i a t i o n s  o f  t h e  E a r t h ' s  f i e l d .  These s a t e l l i t e  d a t a ,  a l though of l imi t ed  accuracy, 
have r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  of near -sur face  f i e l d  changes which are be l ieved  to  b e  a s soc ia t ed  wi th  
v a r i a t i o n s  i n  t h e  E a r t h ' s  c r u s t  and which may be  i n d i c a t i v e  of resource  d e p o s i t s .  The Magsat mission w i l l  
p rovide  seve ra l  g loba l  surveys of  t h e  E a r t h ' s  f i e l d  i n  a r e l a t i v e l y  s h o r t  per iod  (about e i g h t  months) and 
wi th  s u b s t a n t i a l l y  improved accuracy.  This  information w i l l  be  used by the U.S. Geological Survey (DOI) 
t o  demonstrate t he  use  of  space-acquired magnetic f i e l d  d a t a  t o  meet n a t i o n a l  commitments f o r  pe r iod ic  up- 
d a t i n g  of r eg iona l  and g loba l  magnetic f i e l d  c h a r t s  and t o  develop an  a c c u r a t e  model of t h e  E a r t h ' s  main 
magnetic f i e i d .  The g i o b a i  f i e i d  modeis w i i i  b e  used t o  i d e n t i f y  areas where t h e  loca l  fLeld d l f f e r s  from 
t h e  model. S tudies  of  t hese  d i f f e r e n t  o r  anomalous areas a r e  expected t o  provide  use fu l  information f o r  
geophysical  resource  prospec t ing  and assessments  o f  n a t u r a l  resources  such as coa l ,  o i l ,  and minera ls .  



mounted t o  a long boom t o  minimize t h e  e f f e c t s  of any s p a c e c r a f t  induced magnetic f i e l d s .  I n  o r d e r  to  
achieve t h e  acc i i rac iss  r equ i r ed ,  thc GrieiiCatioii o f  Ciie e x t r e i n i t y  01 the boom will be determined t o  
20 a r c  seconds. 

CHANGES FROM FY 1976 BUDGET ESTIMATES: 

The dec rease  of  $400 thousand i n  t h e  t r a n s i t i o n  q u a r t e r  r e f l e c t s  adjustments r e s u l t i n g  from t h e  gene ra l  
Congress and r educ t ion  i n  N A S A ' s  R&D budget r eques t  f o r  t h i s  t h r e e  month per iod.  Since t h e  AEM base  
modules are-under c o n t r a c t  and work i s  i n  process ,  t h e  impact o f  t h e  funding c o n s t r a i n t  w i l l  b e  to  delay 
t h e  p re l imina ry  des ign of  the AEM-R SAGE F ~ l s t r ~ m e n t  mndule. This e s t F m t e d  dz lay  cf slx vccks coiild 
e f f e c t  t h e  launch d a t e  of t h e  mission. 

BASIS OF FY' 1977 ESTIMATES: 

The FY 1977 funds w i l l  provide f o r  t h e  AEM-A instrument  module which w i l l  be  completed and i n t e g r a t e d  
wi th  t h e  b a s e  module l a t e  i n  t h e  f i s c a l  year  f o r  a planned launch i n  e a r l y  1978. F a b r i c a t i o n  of the AEM-B 
base  module w i l l  b e  e s s e n t i a l l y  complete during FY 1977 and t h e  instrument  module subsystem f a b r i c a t i o n  
w i l l  b e  s t a r t e d .  

Development o f  t h e  AEM-C instruments  and a boom a t t i t u d e  de t e rmina t ion  system w i l l  b e  i n i t i a t e d ,  and 
procurement a c t i o n  s t a r t e d  f o r  t h e  base  module. 
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Programs 

Budge t P 1 an 

1975 Budget Current  Budget Current Budget 1977 1976 Trans i t  i o n  Quar t e r  

Aeronaut ical  r e s e a r c h  and 
technology ................... 

Space r e sea rch  and technology..  

T o t a l . .  ...................... 

" _ _  - Actual Est imate  Es t ima te  Es t ima te  Est imate  E s t i m a t e  
(Thousands of Do l l a r s )  

46 , 800 43 , 800 189 , 100 166,400 175,350 175 , 350 

71,365 74,900 74,900 22 , 300 19 , 300 a2, ooo 

63.100 271.100 237.765 250.250 250.250 69.100 - 

AST 1 



RESEARCH AND DEVELOPMENT 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

SUMMARY OF RE SOURCES REQUIREMENTS 

1976 T r a n s i t i o n  Quarter 1977 
1975 Budget Current Budget Current Budnet - 

Actual  Estimate Estimate Estimate Estimate E s t i m a t e  
(Thousands o f  Do l l a r s )  

89 , 700 Research and technology base. .  .. 83,472 85,100 85,425 23,800 21 , 400 

Systems technology programs.. ... 31,022 46 , 550 43 , 170 15,800 12 , 300 60 , 800 
Experimental programs........... 49,022 40,700 43,659 6 , 500 9,400 35,600 

Systems studies... . . . . . . . . . . . . . .  2,884 3,000 3,096 700 700 3,000 

43.800 189.100 46.800 Total.. . . . . . . . . . . . . . . . . . . . . . . .  166.400 175.350 175.350 

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 Center.. . . . . . . . . . .  100 

Goddard Space F l i g h t  Center..  ... 
Je t  Propuls ion Laboratory ....... 1,540 
waiiops F i i g ' n t  Zerl te i - .  .......... 

Marshall  Space F l i g h t  Center..  .. 670 --- 
~. 2 9Q 
Ames Research Center.. . . . . . . . . . .  48,023 
F l i g h t  Research Center.. . . . . . . . .  12,683 
Langley Research Center.. . . . . . . .  61,781 
Lewis Research Center..  ......... 39 . 511 
Headquarters .................... 1,802 

280 
600 --- 

I , 200 
2 50 

44,150 
17 , 400 

43 , 990 
2 , 740 

64,740 

.-.. O r -  Tota l . . . . .  .................... 166.400 L I 3 .33u  

3 50 
740 
100 
730 
40 5 

16,820 
63,966 

2,549 

44,953 

44 , 737 

70 
150 

390 
110 

12,000 
4 , 300 

ii ,oov^ 
12,000 

--- 

780 

I m L  Qflfl -Tu .U"" 

225 
125 

262 
250 

8 , 558 
4,845 

11,431 
538 

--- 

17 , 556 

43.800 

57 5 
800 
200 

1,215 
365 

33 , 708 
17,015 
80 , 309 
52,403 

2 , 510 

189.100 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e s  of  t h e  Aeronaut ics  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 eiiviroriiiental1y scceptzhle air t r a n s p o r t a t i o n  systems which a r e  responsive to  
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  maintain t h e  s t r o n g  competi t ive p o s i t i o n  of  t h e  United S t a t e s  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  marketplace; and t o  support  t h e  m i l i t a r y  i n  maintaining t h e  s u p e r i o r i t y  of 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 BUDGET ESTIMATES: 

FY 1976 Estimate: 

There were no changes from t h e  FY 1976 budget estimate f o r  t h e  Aeronaut ical  Research and Technology 
program as a whole. However, funding s h i f t s  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  Aeronaut ics  
program. 
o p p o r t u n i t i e s  and changing program requirements  which have developed s i n c e  t h e  budget estimates were pro- 
v ided ,  and t o  r e s t r u c t u r i n g  of  elements i n  t h e  Systems Technology and Experimental  programs areas t o  
accommodate t h e  inc reased  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 .  
funding changes a r e  provided under each o f  t h e  i n d i v i d u a l  programs involved. 

T r a n s i t i o n  Quarter  Estimate: 

These funding s h i f t s  r e f l e c t  ad jus tmen t s  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  

Explanat ions o f  s i g n i f i c a n t  

The dec rease  of $3 m i l l i o n  r e f l e c t s  ad jus tmen t s  r equ i r ed  t o  absorb p a r t  o f  t h e  o v e r a l l  unspec i f i ed  
Congressional r educ t ion  of  $30 m i l l i o n  i n  NASA's Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
t i o n  q u a r t e r .  The r e s u l t i n g  funding dec reases  i n  i n d i v i d u a l  programs were accommodated by d e f e r r i n g  t h e  
purchase of  some s u p p l i e s  and s e r v i c e s  u n t i l  e a r l y  FY 1977. 
iechnology and Experimental programs areas accommodate t h e  inc reased  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 e d  i n  funding s h i f t s  between programs i n  t h e s e  a r e a s ,  
are provided under each of t h e  i n d i v i d u a l  programs involved. 

Res t ruc tu r ing  o f  elements i n  t h e  Systems 

Explanat ions of t h e s e  funding s h i f t s  

BASIS OF FY 1977 ESTIMATES: 

A s t r o n g  r e s e a r c h  e f f o r t  w i l l  b e  maintained i n  t h e  d i s c i p l i n a r y  a r e a s  o f  materials, s t r u c t u r e s ,  
p ropu l s ton ,  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 of c i v i l  a v i a t i o n .  The FY 1977 program w i l l  con t inue  tc? fccl-1~ on developing t h e  
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technology t o  enable  improved performance, reduced energy requirements  , enhanced ope ra t l i i g  ~coiisoiq,  
reduced undes i r ab le  environmental  e f f e c t s  such as no i se  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 ,  

wi th  a d d i t i o n a l  focused technology e f f o r t s  t o  develop advanced long h a u l  and s h o r t  hau l  a i r  t r a n s p o r t a -  
c; fin systerr! concepts  i nc lud ing  s ta t ionary-wing  a i r c r a f t  i n  t h e  siibssoiilc, supersonic 2nd hx~n--~onic  ..J -- I 
speed regimes,  as w e l l  as r o t o r c r a f t  and hybrids .  

- and h p r u v e J  - - - - -$- -  I--- --~---+-i-n Fnr 211 tvnPs  n f  a i r c r a f t .  inese tecilrlulogy e f f o r t s  a r e  Lntcgrated L ~ L I L I ~ ~ ~ ~ I  a A c c +  uyC-L-L-vL.  --- - J  r - -  

The ae ronau t i c s  r e sea rch  program has  been refocussed t o  emphasize t h e  development of  technologies  t h a t  
w i l l  c o n t r i b u t e  t o  t h e  achievement of a s i i b s t a n t l a l  rcduct icn C n  i i r c r a f t  energy requirements  through 
inc reased  e f f i c i e n c y .  
a c t i v i t y  encompassing a broad spectrum o f  d i s c i p l i n e s  and focusing p r i m a r i l y  on those  technologies  t h a t  
w i l l  l e ad  not  on ly  t o  more energy e f f i c i e n t  d e r i v a t i v e s  and/or  r e t r o f i t s  o f  c u r r e n t  a i r c r a f t ,  3 u t  a l s o  
t o  more energy e f f i c i e n t  des igns  o f  f u t u r e  a i r c r a f t .  These technology e f f o r t s  r ep resen t  t he  culminat ion 
of  a n  i n t e n s i v e  s tudy  involv ing  o t h e r  agencies  p l u s  the a i r c r a f t  and a i r l i n e  i n d u s t r i e s ,  wi th  t h e  objec-  
t i v e  o f  i d e n t i f y i n g  and d e f i n i n g  p r i n c i p a l  areas deemed most c r u c i a l  and r equ i r ing  t h e  g r e a t e s t  involve-  
ment by NASA whi le  s t i l l  promising t h e  most probable  payoff i n  increased  a i r c r a f t  e f f i c i ency .  
r e s u l t i n g  technology e f f o r t s  are  focused i n  f i v e  p r i n c i p a l  areas: Engine Component Improvement; Energy 
E f f i c i e n t  Engines;  Laminar Flow Cont ro l ;  Energy E f f i c i e n t  Transpor t ;  and Composite Primary A i r c r a f t  
S t ruc tu res .  Each of t hese  elements  has  been def ined  i n  phases cover ing  a span of  10 years ,  with only 
the primary phases be ing  included i n  the  FY 1977 budget es t imate .  Although the  t h r u s t  o f  t h e  technology 
i n  each of t h e s e  areas i s  t h e  development of  energy e f f i c i e n t  t r a n s p o r t s ,  i t  i s  recognized t h a t  i n  o r d e r  
t o  have the  technology implemented i n  t h e  c i v i l  a i r  t r a n s p o r t a t i o n  system, o t h e r  requirements  must a l s o  
b e  incorpora ted ,  such as environmental  a c c e p t a b i l i t y ,  s a f e t y ,  reasonable  a c q u i s i t i o n  and maintenance, 
c o s t  and passenger acceptance.  Therefore ,  t he  e f f o r t s  w i l l  address  a l l  a s p e c t s  of  a i r  t r a n s p o r t  system 
e f f i c i e n c y ,  wi th  f u e l  e f f i c i e n c y  as a fundamental q u a n t i t a t i v e  measure of success .  The Composite 
Primary A i r c r a f t  S t r u c t u r e s  element,  which i s  one o f  the  Experimental  Programs i n  t h e  FY 1977 budget,  
i nc ludes  the former Composite Primary S t ruc tu res  element of t h e  Materials and S t ruc tu res  Sys tems Tech- 
nology program. The Engine Component Improvement element and t h e  Energy E f f i c i e n t  Engines element i n -  
c o r p o r a t e  the  former Advanced Energy Conservat ive Turbofan e f f o r t  and are contained i n  the  Propuls ion 
Systems T e d m n l ~ g y  pmgram. The Taminar Flow Control  element i s  loca ted  i n  t h e  Aerodynamic Vehicle  
Systems Technology program. The Energy E f f i c i e n t  Transport  element i s  contained i n  t h e  Advanced C i v i l  
A i r c r a f t  Systems Technology program and inco rpora t e s  t h e  former Fuel Conservat ive A i r c r a f t  element of 
t h e  same program, as w e l l  as ac t ive  c o n t r o i s  technology formerly coiitalned wl th ln  t h c  Active Cnnt ro l  
A i r c r a f t  element o f  t h e  Avionics  Systems Technology program. 

These 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 ep resen t  a mul t i face ted  

The 
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BASIS OF FUNDING REQUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

I 9 7 7  - 1976 ' I ' ransi t ion Quarter 
1975 Budget Current  Budget Current  Budget 

Actual Estimate E s t i m a t e  E s t i m a t e  E s t i m a t e  Est imate  
(Thousands of Do l l a r s )  

6,637 
6 ,755 '  

6,200 
6 , 250 

6,450 
6 , 700 

1 , 700 
1 , 800 

1 , 600 
i , 500 

6,500 
6,70c: 

1 2  , 200 

10 , 000 

7 , 800 
4 , 500 

11 , 500 

12 , 200 

8 , 900 

4,100 

5,300 

M a t e r i a i s  researih 2nd technclogy. - - - = .  - 
S t r u c t u r e s  r e sea rch  and technology ........ 
Propuls ion environmental impact 

Propuls ion components r e sea rch  

A i r  b r e a t h i n g  engine r e sea rch  

minimization r e sea rch  and technology .... 
and technology .......................... 
and technology .......................... 

Avionics  r e sea rch  and technology .......... 
F l u i d  and f l i g h t  dynamics r e s e a r c h  

and technology .......................... 
Low speed v e h i c l e  aerodynamics and f l i g h t  

dynamics r e sea rch  and t e c h n o l o g y . . , , , , , ,  
High speed v e h i c l e  aerodynamics and f l i g h t  

A i r c r a f t  ope ra t ions  and s a f e t y  r e s e a r c h  

Aeronaut ical  human,vehicle r e sea rch  and 

dynamics r e sea rch  and technology ........ 
and technology .......................... 
technology .............................. 

2,800 11,286 11,410 11,495 3,200 

9 , 500 2,500 9 ,179 9 ,050 2 , 700 

7 , 558 
3 , 800 

1 , 800 
900 

7,608 
3,800 

8 , 150 
3,580 

2,000 
1,000 

10 , 500 2 , 600 9,292 10 , 200 2,900 

12,200 

8 , 700 

3 , 200 12  , 278 12  , 500 3 , 500 

2,300 8 , 541 8 , 830 2 , 500 

1 , 000 3 , 445 3,900 3,522 1,100 

5 , 000 1 , 200 4,651 5,030 1 , 400 

Total  83 , 472 85,100 85 , 425 - 23,800 21,400 89 700 A 

Materials Research and T e c h n o i o a  

6,637 ",&"" c. 9nn 6,450 1,700 1 , 600 6 , 500 
OBJECTIVES AND STATUS: 

This program i s  concerned wi th  t h e  development of advanced m a t e r i a l s  aimed a t  improving che s a f e t y ,  
performance, iongevi ty ,  arid ecoiioiiij; c;f civil azd military a i r c r a f t .  
engine materials, l i gh twe igh t  a i r c r a f t  materials, and l i f e  p r e d i c t i o n  o f  t h e s e  materials. 

Emphasis i s  on h igh  temperature 
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FY 1976 E s t i m a t e :  

The Fy 1976 i n c r e a s e  of $250 thousand r e f i e c i s  11igh:iler thar: Costs  of s e n - i c e s  tr, suppor t  of 
t h e  in-house m a t e r i a l s  r e sea rch  e f f o r t s .  

T r a n s i t i o n  Quarter  Estimate: 

The dec rease  o f  $100 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f i ed  
Congressivnal reduc t i cn  n f  $30 m i l l i o n  i n  NASA' s Research and Development budget r eques t  f o r  t h e  t r a n s i -  
t i o n  q u a r t e r .  
temperature  composite materials t h a t  a r e  scheduled f o r  renewal i n  t h e  t r a n s i t i o n  q u a r t e r .  

The decreased funding w i l l  delay u n t i l  FY 1977 t h e  award o f  several cor i t racts i n  high 

BASIS OF FY 1977 ESTIMATES: 

and ceramics w i l l  b e  continued i n  FY 1977. 
t i e s  of high temperature  m a t e r i a l s  f o r  gas  t u r b i n e  b l ades ,  vanes,  d i s k s ,  and s e a l s .  
manufacturing and p rocess ing  w i l l  r e c e i v e  inc reased  emphasis. 

emphasize t h e  needs f o r  s a f e r ,  l i gh twe igh t  a i r c r a f t  materials. Low temperature (70-150 degres s  Fahren- 
h e i t )  cu r ing  s t r u c t u r a l  adhesives  wi th  s t r e n g t h  and l i f e t i m e  comparable t o  s t a t e - o f - t h e - a r t  350 degrees  
Fahrenhe i t  cu r ing  adhes ives  w i l l  b e  s tud ied .  
engine fan  b l a d e s  w i l l  con t inue  t o  receive emphasis. 
to  improve t h e i r  p r o c e s s a b i l i t y  f o r  composite f a n  b l ades .  

Basic materials s t u d i e s  on understanding t h e  s t r eng then ing  and f a i l u r e  mechanisms of a l l o y s ,  composites,  
Research w i l l  a l s o  con t inue  on means t o  improve t h e  c a p a b i l i -  

Reducing t h e  c o s t  of  , 

During Fy 1977 t h e  syntheses  of new and improved polymers, composites and l i gh twe igh t  metals w i l l  

The fo re ign  o b j e c t  impact r e s i s t a n c e  of boron/aluminum 
Several  high temperature polymers w i l l .  be  modified 

I n  a d d i t i o n ,  a s tudy  o f  f a t i g u e  and f r a c t u r e  behavior  of metals  and composite materials w i l l  con t inue  
i n  FY 1977 to improve l i f e  p r e d i c t i o n  procedures and f r a c t u r e  c o n t r o l  techniques f o r  g r e a t e r  r e l i a b i l i t y  
and lower c o s t  o f  both a i r c r a f t  s t r u c t u r e s  and p ropu l s ion  systems. 

S t r u c t u r e s  Research and Technology 

Trans i t i on  Quarter 1977 1 n-7 L 7 l G  
1975 Budget Current  Budget Current  Budget 

Ac+_uaJ E s t i m a t e  Estimate Estimate Estimate Estimate 
(Thousands of  Do l l a r s  j 

5,755 6,250 6,700 1,800 1 , 500 6,700 
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S t m c t u r e s  technology f o r  improving t h e  performance, s a f e t y ,  d u r a b i l i t y ,  and economy of commercial, 
m i l i t a r y ,  and gene ra l  a v i a t i o n  a i r c r a f i  is: i3ie ob;ecti-v.-;c ef  this n r n m - a m  r - - o- ----- = 

CHANGES FROM BiiDGET ESTDUTES: 

FY 1976 E s t i m a t e :  

The FY 1976 i n c r e a s e  of $450 thousand r e f l e c t s  h ighe r  ihau ai i t lc lpated c o s t s  cf s e r v i c e s  in support  of  
t h e  in-house s t r u c t u r e s  r e sea rch  e f f o r t s .  

T r a n s i t i o n  Quarter  E s t i m a t e :  

The dec rease  of  $300 thousand r e f l e c t s  adjustments  r equ i r ed  to  absorb p a r t  o f  t h e  o v e r a l l  unspec i f i ed  
Congressional r educ t ion  of  $30 m i l l i o n  i n  N A S A ’ s  Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
t i o n  qua r t e r .  The decreased funding w i l l  n e c e s s i t a t e  postponement u n t i l  FY 1977 of  a p a r t  -of planned 
s t u d i e s  o f  improved concepts f o r  crashworthy gene ra l  a v i a t i o n  a i r c r a f t  and of  some a n a l y t i c a l  support  
f o r  experimental  programs i n  hypersonic s t r u c t u r e s  and a e r o e l a s t i c i t y .  

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  j o i n t  NASA/Federal Aviat ion Admin i s t r a t ion  (FAA) a i r c r a f t  crashworthiness  program, t h e  t e s t i n g  
o f  gene ra l  a v i a t i o n  a i r c r a f t  w i l l  con t inue  i n  FY 1977. 
t h e  FAA. I n v e s t i g a t i o n s  of  crashworthy seats and fuse l age  modif icat ions w i l l  b e  conducted. 
o f  hypersonic  a i r c r a f t  s t r u c t u r e s ,  development o f  e f f i c i e n t  concepts f o r  high temperature  f l i g h t  environ- 
ments w i l l  cont inue.  
eva lua ted  . 

High-wing Cessna a i r c r a f t  w i l l  b e  suppl ied by 
I n  t h e  a r e a  

More e f f i c i e n t  computerized a n a l y s i s  and design methods w i l l  b e  developed and 

Improvements i n  a n a l y t i c a l  and tes t  techniques i n  t h e  a r e a s  of  loads  , a e r o e l a s t i c i t y  and s t r u c t u r a l  
dynamics w i i i  a i s 0  b e  continued. 
s t e a d y  aerodynamics f o r  c o n t r o l  s u r f a c e s ;  i nco rpora t ion  of  a e r o e l a s t i c  loads p r e d i c t i o n  methods i n  the  
FTPXSTAB computer program; and f l i g h t s  of a F i r ebee  I1 drone t o  measure l o a d s  and demonstrate f l u t t e r  
suppres s ion  techniques.  

These s f f o r t s  vi11 include a n a l y t i c a l  and experimental  s t u d i e s  o f  un- 

A n a l y t i c a l  and experimental  s t u d i e s  w i l l  b e  continued i f i  FY 1977 t o  provide advanced techniques fo r  
Increased emphasis w i l l  be given t o  p r e d i c t i n g  s t r u c t u r a l  l i f e  and improving i n t e g r i t y  and r e l i a b i l i t y .  

t h e  f a t i g u e  behavior  of composite s t r u c t u r e s  w F t h  p a r t i c u i a r  i i t t e n t l m  t o  t he  cffects n f  se l t r i rp  environ- 
ments and t h e  development of  concepts f o r  damage to l e rance .  
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Iri a d d i t l c n ,  s t u d i e s  to imprnye the understanding and p r e d i c t i o n  of  t h e  s t r u c t u r a l  behavior of  composites 
w i l l  cont inue i n  FY 1977. Improved t h e o r i e s  and advanced m a t e r i a l s  w i l l  be  explored and t h e i r  s u i t a b i i i t y  
t n v e s t i g a t e d  i11 l a b o r a t o r y  tests of composite components. 
composite secondary s t r u c t u r e s  on more chan forty aii-ci-aft w t l l  contlnuz. 
c l u d e  f a i r i n g s ,  s p o i l e r s ,  rudders ,  and a f t  pylon sk ins .  
t o  b e  accumulated by the end o f  FY 1977. 

Routine a i r l i n e  f l i g h t  s e r v i c e  e v a l u a t i o n s  of 

More than  one m i l l i o n  f l i g h t  hours are expected 
%.,,e secezlclary components i n -  

OBJECTIVES AND STATUS: 

Propuls ion Environmental Impact Minimization 
Research and Technology 

1976 
1975 Budget Current 

Actual E s t i m a t e  Estimate 
(Thousands 

11 , 286 11,410 11,495 

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

Est imate  E s t i m a t e  E s t i m a t e  
of  Do 1 l a r s )  

3 , 200 2 , 800 12,200 

The propuls ion environmental impact minimization r e sea rch  and technology program w i l l  l e ad  t o  a 
r e d u c t i o n  i n  a i r c r a f t  propuls ion system n o i s e  and exhaust  p o l l u t i o n  emissions,  and w i l l  develop improved 
methods f o r  p r e d i c t i o n  of t h e  n o i s e  and p o l l u t i o n  impact on t h e  environment. 

CHANGES FROM BUDGET ESTIMATES: 

Fy 1976 Estimate: 

The i n c r e a s e  of  $85 thousand r e p r e s e n t s  adjustments  and balancing of  program e f f o r t  between Propuls ion 
Environmental Impact Minimization, Propuls ion Components and A i r  Breathing Engine Systems t o  meet changing 
program needs. 

T r a n s i t i o n  Quarter Estimate: 

The dec rease  of  $400 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  o f  t h e  o v e r a l l  unspec i f i ed  
Congressional  r educ t ion  of  $30 m i l l i o n  i n  N A S A ' s  Research and Development budget r eques t  f o r  t h e  
t r a n s i t i o n  q u a r t e r .  Experimental r e s e a r c h  on forward v e l o c i t y  n o i s e  e f f e c t s  i n i t i a l l y  planned f o r  t h e  
t r a n s i t i o n  q u a r t e r  w i l l  be  p a r t i a l l y  d e f e r r e d  i n t o  FY 1977 a s  a r e s u l t  o f  t h e  r educ t ion  o f  funding f o r  
t h e  t r a n s i t i o n  q u a r t e r .  
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BASIS FOR FY 1977 ESTIMATES: 

Propuls ion  no i se  reduct ion  r e sea rch  WLl.1 z i tcnd fundam~zlta I st-udies o f  gene ra t ion ,  propagat ion,  and 
suppress ion  o f  no i se  from a l l  major n o i s e  sources .  
duc t  a c o u s t i c  suppression techniques ,  ixpingement and scrubbing no i se ,  wing s h i e l d i n g  e f f e c t s ,  processes  
of propagat ion  and a t t e n u a t i o n  of n o i s e  by t h e  atmosphere, and t h e  e f f e c t s  of forward v e l o c i t y  on propa- 
g a t i o n  and suppression.  
engines  and/or  a i r f r ame  w i l l  u t i l i z e  t h e  unique c a p a b i l i t i e s  of  t h e  Ames  Research Center  40- by 80- foo t  
wind tunne l .  
s t r u t s ,  and s t a t o r s .  
cont inued.  

Basic r e sea rch  emphasis w i l l  be  on engine i n l e t  and 

Large s c a l e  i n v e s t i g a t i o n s  t o  determine t h e  e f f e c t s  of forward v e l o c i t y  on 

Applied research  w i l l  emphasize i n t e r n a l  a r e  m l s z  s m r c e s  comprising combustors, t u r b i n e s ,  
I n v e s t i g a t i o n  of  promising exhaust nozz le  no i se  suppressor  concepts  w i l l  be  

A follow-on c o n t r a c t  f o r  a i r c r a f t  n o i s e  p r e d i c t i o n  w i l l  be  signed t h a t  w i l l  b u i l d  on p r i o r  e f f o r t s  t o  
inco rpora t e  a l l  a v a i l a b l e  s t a t e - o f - t h e - a r t  knowledge i n  aero-acous t ics  t o  produce computational techniques 
f o r  t h e  most accu ra t e  p r e d i c t i o n  y e t  developed of  a i r c r a f t  no i se  impact on terminal areas. 

The exp lo ra t ion  of  concepts t o  reduce landing/ take-of f  emissions from small a i r c r a f t  gas tu rb ine  and 
turboprop engines w i l l  b e  completed, and f u r t h e r  research  on promising gene ra l  a v i a t i o n  p i s t o n  engine 
emission reduct ion  concepts  w i l l  b e  i n i t i a t e d .  
emphasize reduct ions  i n  oxides  of  n i t r o g e n  p o l l u t a n t s  emitted by engines  dur ing  subsonic  c r u i s e  opera-  
t i o n s  
r e sea rch .  The need f o r  such r educ t ions  w a s  i n d i c a t e d  i n  t h e  C l i m a t i c  Impact Assessment Program (CIAP)  
r e p o r t  i s sued  i n  1975. 

E f f o r t s  i n  l a r g e r  gas  t u r b i n e  emission research  w i l l  

and w i l l  inc lude  exp lo ra t ions  of  var iable-geometry combustor concepts  based on p r i o r  fundamental 

Propuls ion  Components Research and Technology 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current  Budget Current Budget 

Actual  Estimate Estimate Estimate Estimate Estimate 
(Thousands o f Do 1 l a r s )  

9,179 9,050 9,500 2 700 2 , 500 10,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of  t he  a e r o n a u t i c a l  p ropuls ion  components r e sea rch  and technology program are t o  i n c r e a s e  
e f f i c i e n c y  and ope ra t ing  range,  improve s p e c i i i c  h e 1  c o n s u q t l o n  2nd reduce t h e  weight of  t h e  many i n t e r -  
a c t i v e  components making up a i r c r a f t  engines  and propuls ion  system i n s t a l l a t i o n s .  This program spans a 
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range of r e sea rch  i n v e s t i g a t i o n s  covering a l i  components f o r  l a rge  as w e l l  2 s  mall t u r b i n e  engfnesj and 
inc ludes  f u e l s  r e sea rch .  

CHANGES FROM BUDGET 'ESTIMATES: 

FY 1976 Estimate: 

The c u r r e n t  FY 1976 e s t i m a t e  r e f l e c t s  an i n c r e a s e  o f  $450 thousand. The i n c r e a s e  r e p r e s e n t s  adjustments  
and balancing of  program e f i o i t s  be2~eei-i P r ~ p u l s f c r ?  Envi ronmmtal  Impact Minimization, Propuls ion Compo- 
n e n t s ,  and A i r  Breathing Engine Systems t o  meet changing program needs. 

T r a n s i t i o n  Quarter  Est imate:  

The dec rease  of  $200 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of  the  o v e r a l l  unspec i f i ed  
Congressional r educ t ion  o f  $30 m i l l i o n  i n  NASA's Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
t i o n  q u a r t e r .  
experimental  r e sea rch  on s e a l s ,  b e a r i n g s ,  l u b r i c a t i o n ,  and t ransmissions i n i t i a l l y  planned f o r  t h e  
t r a n s i t i o n  q u a r t e r .  

The r educ t ion  of  funding f o r  t h e  t r a n s i t i o n  q u a r t e r  w i l l  d e f e r  i n t o  FY 1977 p a r t  o f  t h e  

BASIS OF FY 1977 ESTIMATES: 

Propuls ion aerodynamics r e sea rch  w i l l  provide empi r i ca l  des ign  d a t a  f o r  a systematic  ma t r ix  o f  
supersonic  i n l e t s ,  and w i l l  gene ra t e  a n a l y t i c a l  techniques t o  account f o r  t h e  e f f e c t s  o f  shock-wave- 
boundary l a y e r  i n t e r a c t i o n s  and boundary l a y e r  bleed.  
i n  subsonic d i f f u s e r s  w i l l  b e  gene ra t ed ,  and a n  i n v e s t i g a t i o n  w i l l  be  undertaken t o  determine t h e  pe r -  
formance o f  promising two-dimensional nozzle  concepts when i n t e g r a t e d  i n t o  a i r c r a f t  con f igu ra t ions .  

A three-dimensional v i scous  a n a l y s i s  o f  t h e  flow 

Fan and compressor r e sea rch  w i l l  d e f i n e  t h e  p r a c t i c a l  l i m i t s  of p r e s s u r e  r a t i o  a t t a i n a b l e  i n  high 
performance compressors , c o n s i s t e n t  w i th  minimum performance degradat ion due t o  e ros ion  and wear. 

e f f i c i e n c y ,  h igh  subsonic speed p r o p e l l e r s  and fans .  

I m -  
...--.7n yL,,,d u..--J Cln.21 \ T i - ,  ,I-..- cal techniques w i l l  b e  app l i ed  to  t h e  des ign  o f  these  compressors as w e l l  a s  on high 

Combustion r e sea rch  w i i l  b e  conducted a t  gas teiiiperatures ef 4,000 degrees Fahrenheit  and p res su res  of 
40 atmospheres i n  p r a c t i c a l  combustor concepts.  Turbine r e sea rch  w i l l  b e  concerned wi th  high aerodynamic 
e f f i c i e n c y  with inininurn cool ing a i r  requirements a t  these  temperatures and p res su res .  
and experimental  s t u d i e s  w i l l  b e  performed to determine t h e  s y n t h e s i s  and p r o p e r t i e s  of j e t  f u e l  der ived 
from s h a i e  and coa i .  

De ta i l ed  a n a l y t i c a l  
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Mechanical components research w i l l  emphasize advanced r e d u c t l c n  gea r ing  and fundamentals of l u b r i c a t i o n .  
Heat exchange r e s e a r c h  programs w i l l  b e  expanded to  provide t h e  technology f o r  energy conse rva t ive ,  re- 
g e ~ r z t i v e  g ~ .  t u r b i n e  engine cyc le s .  

A i r  Breathing Engine Systems 
Research and Technology 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current  Budget Current Budget 

Actual E s t i m a t e  Estimate Estimate E s t i m a t e  listimate 
(Thousands of  Do l l a r s )  

7 , 608 8,150 7 , 558 2 , 000 1 , 800 7,800 

OBJECTIVES AND STATUS: 

The a i r  b r e a t h i n g  engine systems r e sea rch  i s  d i r e c t e d  toward t h e  a t t a inmen 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 des ign  
and a n a l y s i s  techniques,  and t h e  assessment of  p o t e n t i a l  new system concepts.  

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 E s t i m a t e :  

The c u r r e n t  e s t i m a t e  i s  $592 thousand below t h e  budget estimate as a r e s u l t  o f  adjustments  and ba lanc ing  
of  program e f f o r t  between Propuls ion Environmental Impact Minimization, Propuls ion Components, and A i r  
Breathing Engine Systems t o  m e e t  changing program needs. 

T r a n s i t  ion  Quar t e r  E s tima t e  : 

The dec rease  o f  $200 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb part o f  t h e  overall unspec i f i ed  
Congressional r educ t ion  of $30 m i l l i o n  i n  NASA's  Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
t i o n  q u a r t e r .  
q u a r t e r  w i l l  be  d e f e r r e d  i n t o  FY 1977 as a r e s u l t  o f  this funding r educ t ion .  

BASIS FOR FY 1977 ESTIMATES: 

P a r t  of the advanced e?zztronic  c o ~ l t r o l s  r e sea rch  i n i t i a l l y  planned f o r  t h e  t r a n s i t i o n  

I n  t h e  area of' p ropu l s ion  systems dyiiaiiilz balavlor  and cnntro1, t h e  b e n e f i t s  of  a n  on - l ine  d i g i t a l  
computerized c o n t r o l  system concept w i l l  be  evaluated f o r  management of an advanced high performance 
turbofan engine ove r  i t s  e n t i r e  f l i g h t  envelope. RD 8-10 



The j o i n t  NASAIUnited S t a t e s  A i r  Force fuLi  s c a l e  engine research p r ~ g r z ~ i :  v',?? con t inue  thrnugh FP 1977. 
Experimental  and a n a l y t i c a l  programs w i l l  p l a c e  primary emphasis on an improved understanding o f  t h e  
phenomena oi aexoiiiechaiiiczl F n e t s b L l i t y  i n  fanicompressor s y s t e ~ s .  

'Eie t e z h m l o g y  base,  r e l a t i v e  t o  t h e  e f f e c t s  of c i r c u m f e r e n t i a l  and r a d i a l  d i s t o r t i o n  p a t t e r n s ,  flow 
a n g u l a r i t y ,  dynamic p r e s s u r e  d i s tu rbances  , and i n l e t  temperature d i s t o r t i o n  on engine pe r fo rmi i ce ,  w i l l  b e  
s t r eng thened  du r ing  FY 1977 by completion o f  a n  experimental  i n v e s t i g a t i o n  on a n  advanced turbofan engine. 

Hypersonic propuls ion researcii  diir i i ig ;TIT 1977 vtll izlrrnlve siipersonic combustor development , s t r u c t u r a l  
s t u d i e s  of  f l i gh t -we igh t  a c t i v e l y  cooled p ropu l s ion  systems, and i n t e g r a t i o n  of c u r r e n t  supersonic  com- 
b u s t i o n  technology i n t o  a subsca le  scramjet module f o r  performance t e s t i n g  i n  a wind tunne l  a t  Mach numbers 
of 4 and 7. 

The e v a l u a t i o n  of  advanced technology, f u e l  e f f i c i e n t ,  low p o l l u t i o n  r e c i p r o c a t i n g  engine c y c l e s  s u i t a b l e  
€or l i g h t  a i r c r a f t  a p p l i c a t i o n  w i l l  be  completed du r ing  N 1977. This eva lua t ion  w i l l  i n c l u d e  t h e  S t e r l i n g  
and Diesel engines  as w e l l  a s  t h e  spa rk  i g n i t i o n  engine wi th  performance t e s t i n g  of t h e  most promising f u e l -  
e f f i c i e n t  concept.  
t e s t e d  du r ing  FY 1977 on a l i g h t  twin engined r e c i p r o c a t i n g  a i r c r a f t .  

A hydrogen enrichment system (p rev ious ly  developed €or  automotive use)  w i l l  b e  f l i g h t  

New engine des ign  c r i t e r i a  and techniques f o r  performance r e t e n t i o n  w i l l  b e  developed and demonstrated 
du r ing  FY 1977. 
t echn iques ,  engine gas pa th  s e a l s ,  and j e t  mixer nozzles .  
p e l l e r - g e a r  box-nacelle subassemblies w i l l  a l s o  b e  i n v e s t i g a t e d  during FY 1977 t o  determine i n t e g r a t i o n  
e f f e c t s  a t  speeds t o  Mach 0.85. 

I n i t i a l  e f f o r t s  w i l l  b e  t o  improve f a n  b l a d e  shapes,  fan and t u r b i n e  b l a d e  t i p  c l ea rance  
Advanced p r o p e l l e r l f a n  b l a d e  shapes i n  pro-  

Avionics  Research and Technology 

1976 T r a n s i t i o n  Quar t e r  1977 
1975 Budget Current Budget Current  Budget 

Actual  Est imate  Estimate Estimate E s t i m a t e  Estimate 
(Thousands o f  Doiiarsj 

9 ann 2 , VU" 

OBJECTIVES AND STATUS : 

3 > 800 1,000 900 4 , 500 

The a v i o n i c s  research aiid technology prngram is focused on t h e  design,  development and t e s t i n g  of  
advanced a v i o n i c  concepts  f o r  nav iga t ion ,  guidance, c o n t r o l ,  d i s p l a y ,  and communication subsystems t o r  
g e n e r a l  a v i a t i o n ,  ver t ical  takeoff  and l and ing  (VTOL), and long and s h o r t  h a u l  a i r c r a f t .  
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F': 1975 Estimate: 

The i n c r e a s e  of $220 thousand r e s u l t s  from higher  than a n t i c i p a t e d  i n c r e a s e s  i n  in-house support  
r e q u i r e d  f o r  t h e  v e r t i c a l  takeoff aiid landing s v F w i c s  e f f o r t .  

T r a n s i t i o n  Quarter Estimate: 

The dec rease  o f  $100 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb part o f  the overall unspec i f i ed  
Congressional r educ t ion  of $30 m i l l i o n  i n  NASA's Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
t i o n  q u a r t e r .  
a r e a .  The 'de fe r r ed  work w i l l  be  supported by FY 1977 funds. 

The reduc t ion  i n  funding w i l l  r e s u l t  i n  reduced suppor t  i n  t h e  h i g h l y  r e l i a b l e  computer 

BASIS FOR FY 1977 ESTIMATES: 

I n  t h e  a r e a  of  a v i o n i c s  r e s e a r c h  and technology, work on advanced a v i o n i c s  systems concepts w i l l  r e s u l t  
i n  f l i g h t  t e s t  of  a fuel-opt imal  four-dimensional guidance system f o r  convent ional  takeoff  and landing 
a i r c r a f t .  Related a c t i v i t i e s  w i l l  p rov ide  an a lgo r i thm f o r  f l i g h t  path sequencing f o r  mixed a i r c r a f t  
t ypes  by t h e  end of FY 1977, a long  w i t h  development of d i g i t a l  c o n t r o l  theory.  

E f f o r t s  i n  innova t ive  a v i o n i c s  w i l l  r e s u l t  i n  development o f  a computer program f o r  antenna s i t i n g  on 
g e n e r a l  a v i a t i o n  a i r c r a f t  du r ing  FY 1977. 
system f o r  uncon t ro l l ed  terminal  a r e a s  w i l l  begin.  

F e a s i b i l i t y  t e s t i n g  of  a low c o s t  non-cooperative p i l o t  warning 

A c t i v i t i e s  aimed a t  developing 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 systems fo r  c iv i l  a i r c r a f t  are  
be ing  conducted. Development o f  a t r a n s i e n t - f a u l t  model and a so f tware  f a u l t  d e t e c t i o n  and c o r r e l a t i o n  
method w i l l  b e  completed by t h e  end o f  FY 1977. 

Automated VTOL a v i o n i c s  e f f o r t s  are  aimed a t  t h e  s y n t h e s i s  o f  i n t e g r a t e d  a v i o n i c s  systems f o r  r e l i a b l e ,  
c o s t - e f f e c t i v e  f l i g h t .  F i i g i i t  tests of a ~ t o r a t l c  and 922ned flight d i s p l a y  concepts w i l l  be  completed i n  
FY 1977, and f l i g h t  tests o f  a m u l t i - l a t e r a t i o n  landing guidance system w i l l  b e  i n i t i a t e d .  
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F l u i d  ar,d F l t g h t  Dynamics 
Research and Technology 

1977 - lrBnS i 'i l U L i  i376 V(WL LCL 
e. - - -z. .. 

1975 Budget Current  Budget Current  Budget 
Actual Estimate Estimate Estimate Estimate Estimate 

(Thousands of  Do l l a r s )  

9,292 10 , 200 10 , 500 2 , 900 2 , 600 11,500 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h i s  program i s  t o  advance understanding of 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  permit increased performance op t imiza t ion  and ensure reduced adve r se  environmental  e f f e c t s  of 
advanced a i r c r a f t  during e a r l y  des ign  s t a g e s .  

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Estimate: 

The i n c r e a s e  of  $300 thousand suppor t s  expanded compliant w a l l  and gene ra l  a v i a t i o n  a i r f o i l  s t u d i e s .  

T r a n s i t i o n  Quarter  E s t i m a t e  : 

The dec rease  of  $300 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f i ed  
Congressional  r educ t ion  of $30 m i l l i o n  i n  NASA's  Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
t i o n  q u a r t e r .  
f l i g h t  dynamics and unsteady aerodynamics research.  

The r educ t ion  of  funding r e s u l t s  in a postponement and s t r e t c h  out  i n  a i r f r ame  noise ,  

BASIS FOR FY 1977 ESTIMATES: 

A major e f f o r t  i s  d i r e c t e d  toward p rov id ing  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 ae ro -  
dynamic cilaracteriatics o f  c ~ m p l e x  i i r c r a f t  and ae rospacec ra f t .  I n  FY 1977 cont inued emphasis w i l l  b e  
placed on developing and v e r i f y i n g  improved computer codes f o r  the  ILLIAC, STAR and CDC 7600 Computers.. 
Improved turbulence models f o r  i n t r o d u c t i o n  i n t o  t h e  three-dimensional codes w i l l  b e  developed and the 
codes extended t o  handle inore complex c o n f i g u r a t i o n s .  
prcccss  f l u i d  d>ma.mic equat ions w i l l  b e  s t a r t e d .  

D e f i n i t i o n  s t u d i e s  of a n  optimized f a c i l i t y  t b  
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E f i v r t s  tovard rzducing sd-lrerse environmental e f f e c t s  are concen t r a t ed  on a i r f r a m e  generated n o i s e .  I n  
FY 1977 the e f f o r t  w i l l  be cont inued t o  v e r i f y  t h e  s c a l i n g  laws, i n v e s t i g a t e  t h e  n o i s e  con t r ibu ted  by i n d i -  
v i d u a l  a i r f r ame  components, and develop methods f o r  reducing such c o n t r i b u t i o n s .  Also i n  FY 1977, a s tudy  
o f  compliant walls as a means of ach iev ing  tu rbu len t  drag rcducti,zn spplicnhlt. to more f u e l  e f f i c i e i i t  a i r -  
c r a f t  w i l l  b e  continued. 
d rag  r educ t ion  f o r  p r a c t i c a l  du rab le  s u r f a c e s .  

The s tudy  w i l l  d e f i n e  optimum w a l l  c h a r a c t e r i s t i c s  r equ i r ed  t o  produce maximum 

As p a r t  of  a n  expanded e f f o r t  t o  provide a n a l y t i c a l  and des ign  techniques f o r  improved a i r f o i l s  f o r  a l l  
classes of  a i r c r a f t ,  several new g e n e r a l  a v i a t i o n  and r o t a t i n g  wing a i r c r a f t  a i r f o i l s  have been developed 
and t e s t e d .  I n  FY 1977 t h e  e f f o r t  w i l l  be  on extension of p r e d i c t i o n  and design capability tn nther 
classes of a i r c r a f t ,  and t o  hand le  flow regimes involving sepa ra t ed  flow. 

I n  a d d i t i o n ,  work w i l l  con t inue  on methods t o  reduce t r a n s o n i c  tunnel  w a l l  and model support  i n t e r -  
f e r e n c e ,  on improved flow d i a g n o s t i c  techniques,  and on g e n e r a l i z e d  a i r c r a f t  s t a l l - s p i n  problems. 

Low Speed Vehicle  Aerodynamics and F l i g h t  Dynamics 
Research and Technology 

1976 
197 5 Budget Current  

Actual E s t i m a t e  Estimate 
(Thousands 

12,278 12,500 12,200 

T r a n s i t i o n  Quarter  1977 
Budget Current Budget 

Estimate Estimate Est imate  
o f Do 1 lars ) 

3,500 3,200 12,200 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h i s  program i s  t o  develop and demonstrate advanced technology f o r  four  types of  
subsonic a i r c r a f t .  
dynamic 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  gene ra 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 i  take-off  slid laiidiiig (VTOL) a i r c r l - f t ,  and advanced powered-l i f t  s h o r t  take-of f 
and landing (STOL) 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  are underway to  improve t h e  i n t e g r a t e d  ae ro -  

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: 

The r educ t ion  of $300 thousand r e s u l t s  from t r a n s f e r  of some powereS-l i f t  research frzm the  STOL air- 
craft  a r e a  t o  convent ional  take-off  t r a n s p o r t  types i n  t h e  h igh  speed v e h i c l e  aerodynamics area. 
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T r a n s i t i o n  Quarter  Est imate  : 

I l l .-  lllr dGLL=u.,L cf  $ 3 K  thr?i>snnri ref iects  adjustments  req.ciired t~ absorb p a r t  of  t h e  o v e r a l l  unspec i f i ed  
Congressional r educ t ion  o f  $30 m i l l i o n  i n  NASA's Research and Development budget r e q u e s t  f o r  t h e  t r a n s i -  
tim q u a r t e r .  The r educ t ion  of funding w i l l  r e s u l t  i n  t h e  postponement and s t r e t c h o u t  of some r o t o r c r a f t  
aerodynamic s t u d i e s  i n t o  FY 1977. 

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  a r e a  of  gene ra l  a v i a t i o n ,  major e f f o r t  w i l l  cont inue on s t a l l - s p i n  c h a r a c t e r i s t i c s ,  including 
f u l l - s c a l e  wind tunnel  tests of  v a r i o u s  wing mod i f i ca t ions  i n d i c a t e d  i n  small-scale tests t o  b e  e f f e c t i v e  
i n  improving t h e s e  c h a r a c t e r i s t i c s ,  as w e l l  a s  f l i g h t  tes ts  t o  v e r i f y  promising r e s u l t s  o f  o t h e r  tests of  
ta i l  mod i f i ca t ions .  I n  o t h e r  areas of r e s e a r c h  emphasis, a number of  a n a l y t i c ,  wind t u n n e l ,  and f l i g h t  
i n v e s t i g a t i o n s  w i l l  b e  undertaken on means of  p r e d i c t i n g  and improving a i r c r a f t  and p r o p e l l e r  performance. 

The r o t o r c r a f t  r e sea rch  program w i l l  i n c l u d e  con t inua t ion  o f  t h e  ground tests of  promising r o t o r  concepts 
such as t h e  c o n t r o l l a b l e - t w i s t  r o t o r  w i th  m u l t i c y c l i c  c o n t r o l  and advanced t i l t  r o t o r s .  F l i g h t  tests w i l l  
d e f i n e  requirements f o r  i n t e g r a t e d  d i s p l a y s  and advanced c o n t r o l  systems, to  reduce p i l o t  workload and 
improve e f f i c i e n c y  and s a f e t y  of  o p e r a t i o n s  i n  t h e  terminal  a r e a  and c l o s e  t o  t h e  ground, f o r  both c i v i l  
and m i l i t a r y  r o t o r c r a f t  a p p l i c a t i o n s .  

I n  t h e  area of  advanced VTOL a i r c r a f t ,  s t u d i e s  of improved e j e c t o r s  and sma l l - sca l e  tes ts  of  vectored-  
t h r u s t  j e t  concepts  w i l l  con t inue ,  and l a r g e - s c a l e  t e s t s  of a blown-flap concept w i l l  be i n i t i a t e d .  
tes ts  o f  advanced VTOL hover and touchdown manual c o n t r o l  systems, u t i l i z i n g  t h e  X-14 r e s e a r c h  a i r c r a f t ,  
w i l l  be  completed. 

F l i g h t  

Powered-l i f t  STOL a i r c r a f t  technology s t u d i e s  w i l l  i nc lude  l a r g e - s c a l e  t e s t s  of  improved upper s u r f a c e  
blown f l a p  and augmentor-wing concepts ;  t h e  p o t e n t i a l  o f  using t h e  augmentor t o  improve c r u i s e  performance 
w i l l  be  examined. 

I n  FY 1977 , f u r t h e r  v e r i f i c a t i o n  of  hand l ing  q u a l i t i e s  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  powei-ed-:ift STOL 
a i r c r a f t  w i l l  be  achieved through s imula t ion  o f  t h e  A i r  Fo rce ' s  YC-14 and YC-15 a i r c r a f t .  
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High Speed Vehicle  Aerodynamics and F l igh t  D~i;amics 
Research and Technolopy 

1 n77 1976 T r a n s i t i o n  Quar t e r  L Y  I I 

1975 Budget Current  Budget Current  Budget 
Actual  E s t i m a t e  Estimate Estimate E s t i n a t e  Est imate  

(Thousands of Do l l a r s )  

3,541 8,830 8 : 700 2,500 2 , 300 8,900 

O B Z C T I V E S  AND STATUS : 

The o b j e c t i v e  of  t h i s  program i s  t o  gene ra 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 high 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 echno log ica 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 BUDGET ESTIMATES: 

FY 1976 Estimate: 

The r e d u c t i o n  o f  $130 thousand is  a t t r i b u t a b l e  p r i m a r i l y  t o  e a r l y  and success fu l  completion of a 
remotely p i l o t e d  v e h i c l e  s t a l l / s p i n  r e sea rch  a c t i v i t y  and t o  t r a n s f e r  of compliant w a l l  r e s e a r c h  t o  t h e  
F l u i d  and F l i g h t  Dynamics Research and Technology program. 

Trans i t  i o n  Quarter  E s t i m a t e  : 

The dec rease  o f  $200 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  o f  t h e  o v e r a l l  unspec i f i ed  
Congressional r e d u c t i o n  o f  $30 m i l l i o n  i n  NASA's  Research and Development budget r e q u e s t  €or  t h e  t r a n s i -  
t i o n  q u a r t e r .  The r educ t ion  of funding r e s u l t s  i n  a d e f e r r a l  i n t o  FY 1977 of a number of  small r e sea rch  
a c t i v i i i e s  per ta in ing  t o  c h l t q ~ e  wings 

BASIS OF FY 1977 ESTIMATES: 

high l i f t  technology f o r  t r a n s p o r t s ,  and hypersonic  aerodynamics. 

I n  FY 1977 t h e  development of  complete and r e l i a b l e  methodology €or a i r c r a f t  des ign  and aerodynamic 
p r e d i c t i v e  techniques f o r  long h a u l  t r a n s p o r t s  w i l l  b e  advanced through eva lua t ion  of  new conceptual  
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.  Wind tunne l  models of  subsonic ,  nea r  sonic ,  and super-  
sonic  a i r c r a f t  concepts w i i i  be tested.  TLilzsz z f f c r t s  vi11 i n c o r p o r a t e  component aerodynamic improve- 
ments such a s  t h e  ob l ique  wing, v a r i a b l e  camber wings, augmented l i f t ,  and non-axisymmetric nozzles .  
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Range and s t a b i l i t y  improvements w i l l  a l s o  b e  assessed  and t h e  most promising and p r a c t i c a l  concepts Farther 
incnrpora ted  i n t o  m r e  d e t a i l e d  rmdels  f o r  i n s i g h t s  i n t o  i n t e r a c t i o n s  of  component aerodynamic l i f t i n g  and 
t h r u s t i n g  aerodynamic devices .  

Bas ic  maneuverabi l i ty  improvements t o  combat a i r c r a f t  2nd missile conf igu ra t ions  w i l l  be  generated i n  
FY 1977 through eva lua t ion  of non- l inear  aerodynamic phenomena a s soc ia t ed  wi th  high-angle-of -a t tack /h igh-  
speed opera t ion .  

u s ing  da ta  from model and a i r c r a f t  test  r e s u l t s ,  t o  ana iyze  tne b e n e i i t  o f  i nco rps ra t i zg  the  advanced aero-  
dynamic 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 l e  c a p a b i l i t y .  

Wind tunnel  models and remotely p i l o t e d  veh ic l e s  w i l l  be  t e s t e d ,  and r e s u l t a n t  da t a  com- 
- I - _  ,,,d t o  theory and new a n a l y t i c a l  approaches.  A d i f f e r e n t i a l  maneuvering s imula tor  w i l l  be employed, 

Representa t ive  fa r - te rm hypersonic  a i r c r a f t  model conf igura t ions  w i l l  be  t e s t e d  i n  l abora to ry  f a c i l i t i e s  
t o  e s t a b l i s h  a technology base  f o r  such p o t e n t i a l  f u t u r e  a i r c r a f t  as a hypersonic  t r a n s p o r t ,  an  a i r  
b r e a t h i n g  launch v e h i c l e ,  and advanced m i l i t a r y  a i r c r a f t .  

Technical  and t e s t  a s s i s t a n c e  provided to  t h e  Department of Defense i n  new m i l i t a r y  a i r c r a f t  and missle 
development e f f o r t s  w i l l  cont inue  f o r  bo th  d e r i v a t i v e  conf igu ra t ions  and new des igns .  

A i r c r a f t  Operations and Safe ty  
Research and Technology 

1976 T r a n s i t i o n  Quar te r  1977 
197 5 Budget Current Budget Current Budget 

Actual E s t i m a t e  Estimate,  Estimate Estimate Estimate 
(Thousands o f  Do l l a r s )  

3,445 3 , 900 3,522 1, 100 1,000 4,100 

_I OBJECTIVES AND STATUS : 

The o v e r a l l  o b j e c t i v e  o f  t h e  a i r c r a f t  ope ra t ions  and s a f e t y  research  and technology program i s  t o  provide 
1 v d s l c  - - 2  ----qrmh LcDGu,.CI. and technology which can be  used t o  so lve  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  ope ra t iona l  problems. 
(1) expansion of b a s i c  knowledge of  a tmospheric  processes ;  (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 ope ra t iona l  e f f i c i e n c y  improvemenc. 

Three s p e c i f i c  o b j e c t i v e s  provide focus f o r  i nd iv idua l  research e f fo r t s  : 
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CHANGES FROM BUDGET ESTIMATES: 

'!?he FY 1976 dec rease  o f  $378 thousand r e f l e c t s  :lower than  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  support  o f  t h e  
in-house 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 .  

T r a n s i t i o n  Quarter  Estimate: 

The dec rease  o f  $100 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of  t h e  o v e r a l l  unspec i f i ed  
Congressional r educ t ion  of $30 m i l l i o n  i n  N A S A ' s  Research and Development budget r e q u e s t  €or t h e  t r a n s i -  
t i o n  q u a r t e r .  The r educ t ion  of funding w i l l  r e s u l t  i n  d e f e r r i n g  t h e  a c c e l e r a t i o n  of  t h e  r o t o r  b u r s t  and 
p r o t e c t i o n  program. 

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  area o f  expanding ou r  knowledge of b a s i c  atmospheric p rocesses ,  improvement of  our understanding 
of n a t u r a l  atmospheric behavior 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  ope ra t ion  of a i r c r a f t  i s  a con t inu ing ,  
long-term process .  
atmospheric phenomena i n  a way t h a t  w i l l  f a c i l i t a t e  use of t h i s  information by des igne r s ,  o p e r a t o r s ,  and 
f o r e c a s t e r s .  F i n e - s c a l e  c h a r a c t e r i z a t i o n  of  wind shea r  and i t s  genes i s  w i l l  be emphasized. 

FY 1977 r e s e a r c h  w i l l  con t inue  t h e  process  of  f u n c t i o n a l l y  d e f i n i n g  and d e s c r i b i n g  

I n  t h e  a r e a  of  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 base which can 
b e  used t o  reduce t h e  chance of a c c i d e n t  and t o  minimize acc iden t  f a t a l i t i e s  and damage. This  e f f o r t  i n -  
c l u d e s  i n - f l i g h t  and post-crash a i rcraf 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  re- 
duct ion.  I n  FY 1977, t e s t  and e v a l u a t i o n  of f i r e  r e s i s t a n t  a i r c r a f t  m a t e r i a l s  w i l l  cont inue.  Systems 
tests of  "safety"  f u e l s  w i l l  begin.  Laser-Doppler systems w i l l  be  employed i n  wind shear  measurement and 
eva lua ted  f o r  i n - f l i g h t  t u rbu lence  d e t e c t i o n .  
a i r c r a f t  f l i g h t  d a t a  r e c o r d e r s ,  and s imula t ions  of wind shea 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 hcrlindaries. Simulat ion of  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  support  of  t h e  Nat ional  T ranspor t a t ion  
Sa fe ty  Board on a n  ad hoc b a s i s .  Rotor b u r s t  p r o t e c t i o n  research w i i i  be  accelerated t o  respond tc i r ? d ~ s t r y  
needs.  

Operat ional  wind shea r  environments w i l l  be measured wi th  

The a r e a  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  boos t ing  t ech -  
nology development which w i l l  permit  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  of a i r c r a f t  subsystems. 
During FY 1977 new t i re  t r e a d  m a t e r i a l s  w i l l  be  evaluated on the  landing loads  t r a c k  a t  t h e  Langley Research 
Center  and on tile Federal A-iLatlc:: AdmFnistrstion'n B-727 l ead ing  t o  r e l e a s e  f o r  a i r l i n e  eva lua t ion .  P i l o t -  
in- the- loop s imula t ion  of landing r o l l o u t  w i l l  be r e f i n e d  to  i n v e s t i g a t e  hazardous c o n t r o l  problems. 
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Aeronaut ica l  Humen-Vehicle Research and Technology 

1977  r- 1976 I ' rans i t  ioii Q u a r z  
197 5 Budget Current  Budget Current  Budget 

Actual E s t i m a t e  Est imate  E s t i m a t e  E s t i m t e  Es t imate  
(Thousands of  Dol la rs )  

4,651 5,030 5,000 1,400 1,200 5,300 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h i s  program i s  t o  provide  a research and technology base  for  so lu t ions  t o  thP human 
problems impeding t h e  growth o r  s a f e t y  o f  a i r  t r anspor t a t ion .  
human response t o  no i se ,  r i d e  q u a l i t y ,  f l i g h t  management, and s imula t ion  technology. 

The program has  fou r  major a r e a s  of emphasis: 

CHANGES FROM BUDGET ESTIMATES: 

T r a n s i t i o n  Quar t e r  Estimate: 

The decrease  of $200 thousand r e f l e c t s  adjustments  requi red  t o  absorb p a r t  o f  t h e  o v e r a l l  unspec i f ied  
Congressional reduct ion  of $30 m i l l i o n  i n  NASA's Research and Development budget reques t  f o r  t h e  t r a n s i -  
t i o n  qua r t e r .  
g r a n t s  i n  the  f l i g h t  management and human response to  no i se  po r t ions  of t he  program. 

This  r educ t ion  o f  funding w i l l  r e s u l t  i n  d e f e r r a l  i n t o  FY 1977 of  s eve ra l  c o n t r a c t s  and 

BASIS OF FY 1977 ESTIMATES: 

I n  the  area of human response t o  n o i s e  r e sea rch ,  s t u d i e s  w i l l  be  conducted t o  determine t h e  ex ten t  t o  
which t h e  r e s u l t s  of  A i r c r a f t  Noise Reduction Laboratory (ANRL) a c o u s t i c  r e sea rch  can be genera l ized  t o  
r e s i d e n t s  of d i s t a n t  l a r g e  c i t y  a i r p o r t  communities; t o  determine t h e  e f f e c t i v e n e s s  of  n o i s e  reduct ions  
i n  var ious  p a r t s  of c'ne aud ib le  spectrum i11 r~_?r.icing annoyance wi th  a i r c r a f t  no i se ;  t o  examine the  
e f f e c t  of background no i se  and low frequency no i se  on community r e a c t i o n s ;  and t o  inves t igace  ihr 
effects ef noise on speech product ion and pe rcep t ion  i n  the  a i r c r a f t  cockpi t  environment. 
t h i s  program w i l l  be  expanded t o  s tudy the  source,  t ransmiss ion  p a t h  and r e c e i v e r  a spec t s  of i n t e r i o r  
no i se  i n  genera l  a v i a t i o n .  

I n  add i t ion ,  

I n  thP area o f  r i d e  q u a l i t y ,  r e sea rch  w i l l  focus on e f f o r t s  t o  examine t h e  combined e f f e c t s  of no i se ,  
v i b r a t i o n  and a i r c r a f t  maneuvers (e .g . ,  g l i d e  s iopes  and roll r a t e s )  on passenger acceptance of a i r c r a f t  
opera t ions .  Data w i l l  be  r e f i n e d  as a b a s i s  f o r  e s t a b l i s h i n g  c r i t e r i a  f o r  passenger  acceptance of  f u t u r e  
a i r c r a f t  mot ion  environments. RD 8-19 



F l i g h t  management research e f f o r t s  w i l l  cont lnuz eval l ta t ion through p a r t - t a s k  and f u l l  mission s imula t ion ,  
of  c o n t r o l  and d i s p l a y  a l t e r n a t i v e s ,  f l i g h t  procedures  and crew r o l e s  f o r  f u t u r e  a i rc raf t  systems. General 
r e sea i ch  oil t h z  r e q r t r e d  cockpi t  con f igu ra t ion  f o r  t h e  1980's, information and d e c i s i o n  making requirements  
f o r  complex approaches,  and the  cont inued improvement of methods f o r  assessing p t l ~ t  perfnrmance and work- 
load  \?ill h e  pursued. I n  a d d i t i o n ,  r e sea rch  t o  d e f i n e  t h e  information requirements f o r  f l i g h t  management 
of advanced t r a n s p o r t  system and Remotely P i l o t e d  Research Vehicle  (RPRV) systems w i l l  cont inue .  

I n  t h e  area of  f l i g h t  s imula t ion  technology, emphasis w i l l  b e  placed on v i s u a l  and v e s t i b u l a r  system 
models and opera i iu i ia l  d l g l t a l  c n l o r  d i s p l a y  systems f o r  h igh  f i d e l i t y  v i s u a l  scene genera t ion .  

Systems Studies  

1976 T r a n s i t i o n  Quar t e r  1977 
1975 Budget Current  Budget Curren t  Budget 

Actua l  Estimate Estimate Estimate Estimate Est imate  
(Thousands of Dol la rs )  

2,884 3,000 3,096 700 700 3,000 

OBJECTIVE S AND STATUS : 

Systems s t u d i e s  are conducted p r i m a r i l y  as a means of  i d e n t i f y i n g  t h e  needs f o r  technology advances and 
a s s e s s i n g  t h e i r  impact. The o b j e c t i v e s  o f  a e r o n a u t i c a l  systems s t u d i e s  are t o  determine t h e  f e a s i b i l i t y ,  
technology requi rements ,  c o s t s ,  b e n e f i t s  and impacts  of  advanckd c i v i l  and m i l i t a r y  a e r o n a u t i c a l  systems 
through mission,  system and conceptual  des ign  s t u d i e s .  The s t u d i e s  w i l l  i n t e g r a t e  t h e  mutual e f f e c t s  o f  
technology and a wide range of  r e l a t e d  f a c t o r s .  

CHANGES FROM BUDGET ESTIMATES: 

?Y 1976 Estimate: 

The i n c r e a s e  o f  $96 thousand suppor ts  r e sea rch  e f f o r t s  t o  s tudy t h e  impact of technology on ope ra t ing  
economics of  t r a n s p o r t  a i rcraf t .  

M S I S  OF FY 1977 ESTIMATES: 

Some 25-30 s t i i d i e a  kcye:! tc! s p e r i  f i c  o b j e c t i v e s  i n  c i v i l  a i r  t r a n s p o r t a t i o n  systems, f u t u r e  m i l i t a r y  
a v i a t i o n  systems, and system a n a l y s i s  methodology and suppor t  are underway o r  being defined fa r  PP 1976, 
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s t u d i e s  o f  i n t e r c i t y  t r a n s p o r t a t i o n  and l i g h t e r - t h a n - a i r  v e h i c l e s  are being j o i n t l y  funded wi th  t h e  
Department o f  T ranspor t a t ion  and t h e  United States Kavy, respect’z..ely. 
conse rva t ion  op t ions  a r e  being expedi ted t o  provide t imely d a t a  f o r  planning o f  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 i s .  

Comparisons of  a e r o n a u t i c a l  f u e l  

Based ori needs and o p p o r t u n i t i e s  i d e n t i f i e d  dilring long range planning ac t iv i t ies  and technology program 
eva lua t ions ,  a v a r i e t y  o f  key s tudy e f f o r t s  w i l l  be  conducted during FY 1977. 

S tud ie s  of improved near- term and f u t u r e  c i v i l  a i r  t r a n s p o r t a t i o n  systems , i nc lud ing  both commercial 
and g e n e r a l  a v i a t i o n ,  w i i i  be carsred o u t  t o  eva lua te  concepts and t r a d e o f f s ,  i d e n t i f y  technology r e q u i r e -  
ments and a s s e s s  impacts and r e l a t i o n s h i p s  to  n a t i o n a l  needs. 

S tud ie s  of f u t u r e  m i l i t a r y  a v i a t i o n  systems w i l l  a l s o  be  conducted t o  e v a l u a t e  concepts and t r a d e o f f s  
and i d e n t i f y  technology requirements,  c o o r d i n a t i n g  c l o s e l y  wi th  t h e  Department of  Defense on i d e n t i f i c a -  
t i o n  o f  f u t u r e  m i l i t a r y  needs and missions.  

I n  a d d i t i o n ,  methods f o r  program assessment w i l l  be  developed and implemented, and a l t e r n a t i v e  o v e r a l l  
program d i r e c t i o n s  w i l l  b e  analyzed. 

BASIS OF FUND REQUIREMENTS: 
SYSTEMS TECHNOLOGY PROGRAMS 

1976 T r a n s i t i o n  Q u a r t e r  1977 
1975 Budget Current  Budget Current Budget - 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Do l l a r s )  

Materials and s t r u c t u r e s  systems 
technology ............................... 3,300 8 , 100 

Propuls ion systems technology..  ............ 500 2,500 
6 , 000 

Aerodynamic v e h i c l e  systems technology. .... 2,895 4,650 

Aeronaut ical  human-vehicle systems 

Advanced c i v i l  a i r c r a f t  systems technology. 7,590 12 , 500 
M i l i t a r y  a i r c r a f t  systems technology ....... 783 7 00 

1 . .  

H v L v i i i C S  ~ j r s  terns techno1 0 g 7 .  ............... 4,084 

A i r c r a f t  o p e r a t i n g  systems technology ...... 11,870 11,900 

technology ............................... --- 200 

4 , 200 
4,400 
5,090 
6 , 64C 

11,900 

200 
9,940 

800 

4 , 400 
1,200 
2,000 
1 , 200 
2 , 600 

100 
4 , 300 

1 , 600 
1,700 

800 
1: 800 
2,600 

io0 
3,600 

100 

6,400 
18,000 

2 , 900 
7 , 800 
8 , 500 

500 
16,400 

300 

.................................... 46.550 43,170 i5.800 :2.300 60.8OO T o t a l  31.022 
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M a t e r i a l s  and S t r u c t u r e s  S . Q  

1976 T r a n s i t i o n  Quarter  1977 
L ) U U ~ ~ 3 L  r.rrrant " C I A  L L A . -  R x l g e t  Current Budget - n 7 ?  n . - J - - &  1 Y I J  

Actual  Estimate Estimate Est imate  E s t i m a t e  Estimate 
(Thousands of  Do l l a r s )  

3 , 300 8,100 4,200 4,400 1,600 6 , 400 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  i s  t o  a c c e l e r a t e  t h e  t r a n s f e r  of advanced m a t e r i a l s  and s t r u c t u r e s  technologies  t o  a p p l i -  
c a t i o n  i n  des ign .  This i s  accomplished by u t i l i z i n g  advanced m a t e r i a l s  and s t r u c t u r e s  t o  f a b r i c a t e  a i r -  
frame and engine components f o r  l a b o r a t o r y  e v a l u a t i o n  and by development of  e s s e n t i a l  computerized a n a l y s i s  
and d e s i g n  methods. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 and T r a n s i t i o n  Quarter  Estimates: 

The Composite Primary S t r u c t u r e s  e f f o r t  has  been t r a n s f e r r e d  from t h e  Mate r i a l s  and S t r u c t u r e s  Systems 
Technology program to  t h e  Experimental Programs category as a r e s u l t  of  an expansion of  t h e  e f f o r t  a s  
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 .  

BASIS OF FY 1977 ESTIMATES: 

The development of  I n t e g r a t e d  Programs f o r  Aerospace Vehicle  Design (IPAD) w a s  i n i t i a t e d  i n  FY 1975 t o  
p rov ide  a computer sof tware system t h a t  w i l l  s i g n i f i c a n t l y  a i d  t h e  v e h i c l e  design p rocess  by automating 
and i n t e g r a t i n g  many of t h e  time-consuming func t ions  now requ i r ed  of  t h e  design s t a f f .  
s t u d i e s  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  t h e  system and have ind ica t ed  t h a t  savings i n  design c y c l e  
t i m e  and c o s t  of 50 pe rcen t  coiild be  achieved. 9-0 
IPAD system and t h e  i n i t i a t i o n  o f  t h e  coding of a f i r s t  level IPAD system which i s  scheduled t o  b e  
c o ~ p l e t e d  tr! F Y  1981. 

Prel iminary 

1977 e f f o r t  w i l l  concen t r a t e  on t h e  design of t h e  

In t h e  M a t e r i a l s  f o r  Advanced Turbine Engines program, t h e  p o t e n t i a l  of new high-technology m a t e r i a l s  
f o r  use i n  advanced a i r c r a f t  t u r b i n e  engines  w i l l  be  demonstrated by s c a l e  up, accumulating engineer ing 
p r o p e r t y  d a t a ,  and performance t e s t i n g  i n  r i g s  and i n  ground t e s t  engines.  This  r a p i d  accumulation of  
engine experience w i l l  a l low a c c e l e r a t e d  r e a l i z a t i o n  of an a d d i t i v n a l  5 percentage pn in ts  n f  retm-n on 
investment when t h e  m a t e r i a l s  a r e  used i n  advanced commercial a i r c r a f t .  The c o n t r a c t  e f f o r t  being 
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i a i t i a t e d  i n  FY 1976 w i l l  con t inue  i n  FY 1977 through c o n t r a c t s  w i th  t h r e e  engine producers involving: 
(1) low c o s t  powdered metal p rocesses  f o r  producing t u r b i n e  discs, ( 2 j  a d i r e c t i o n a l  s o l l d i f l c a t F ~ r ,  process  
f o r  b e t t e r  and cheaper t u r b i n e  b l ades ,  and (3) abradable  coa t ings  t o  improve engine e f f i c i e n c y  by el imina-  
t i n g  h o t  gas ieakage. 

n o  A e r o e l a s t i c i t y  of  Turbofan Engines program was i n i t i a t e d  i n  FY 1976 tc  improve c a p a b i l i t y  f o r  under- 
s t a n d i n g  and avoiding a e r o e l a s t i c  i n s t a b i l i t y  i n  tu rb ine  engine f a n  b l ades .  
e f f o r t  with t h e  Aero Propuls ion Laboratory of t h e  A i r  Force. 
des ign  and t e s t  methods f o r  coping wi th  i n c r e a s i n g l y  c r i t i c a l  engine a e r o e l a s t i c i t y  problems by FY 1979. 
I n  FY 1977 t h e  NASA e f f o r t  will Li ichds  cmplet’,or? ax! operat ion o f  a 20-inch diameter f l u t t e r  r i g ,  
completion of computer programs f o r  p r e d i c t i n g  unsteady aerodynamics on o s c i l l a t i n g  r o t a t i n g  a i r f o i l s ,  
and t h e  p r e d i c t i o n  of  f l u t t e r  i nvo lv ing  s t r o n g  shocks. 

This  i s  an interdependent  
The a c t i v i t y  i s  aimed a t  providing advanced 

The F i r e  R e s i s t a n t  M a t e r i a l s  Engineering program, i n i t i a t e d  i n  FY 1976, i s  concerned with technology 
f o r  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  use i n  a i r c r a f t  c o n s t r u c t i o n  and reducing the  f i r e  t h r e a t  
from f u e l  systems. I n  FY 1977 t h e  s y n t h e s i s  of advanced f i r e  res is tant ,  low t o x i c i t y  m a t e r i a l s  f o r  use 
i n  a i r c r a f t  i n t e r i o r s  w i l l  be  continued. 
l a v a t o r i e s  and cargo bays, using advanced m a t e r i a l s .  
FY 1976. 
S t u d i e s  of  a n t i - m i s t i n g  f u e l s  w i l l  be continued. This program involves  t h e  major U.S. a i r c r a f t  manu- 
f a c t u r e r s  and s u p p l i e r s  and i s  coordinated w i t h  t h e  Federal  Aviat ion Adminis t ra t ion.  
provide and demonstrate by FY 1980 t h e  technology f o r  maximum p r a c t i c a l  f i r e  s a f e t y  i n  a i r  c a r r i e r  
a i r c r a f t .  

Emphasis w i l l  be on t e s t i n g  of unattended a r e a s ,  such as 
Base l i n e  s t u d i e s  w i l l  have been completed i n  

S tud ie s  of i n c r e a s i n g  t h e  f i r e  r e s i s t a n c e  of fuse l age  and windows w i l l  be i n i t i a t e d .  S tud ie s  

The goal  i s  t o  

Propuls ion Systems Technology 

1976 T r a n s i t i o n  Quarter 1977 
1975 Budget Current  Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands o f Do l l a r s )  

- -  e,.,. 500 2,500 4,400 1,200 I, 500 15, uuu 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Aeronau t i ca l  Propuls ion Systems Technology program i s  t o  achieve increased per-  
formance and e f f i c i e n c y  of t h e  complete propuls ion system through i n t e g r a t i o n  of advanced propuls ion 
components. 
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CHANGES FROM BUDGET ESTIMATES : 

T~;G c l e m e n t ~  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 c ; r t s  have bee2 added t o  t h e  Propuls ion 
Systems Technology program. 
advanced e n e r g y - e f f i c i e n t  engines.  
energy conse rva t ive  turbofan e f f o r t  and a p a r t  o f  t h e  FY 1976 funding f o r  t h e  mul t i - s t age  a x i a l  flow 
compressor. 

They i n c l u d e  e f f o r t s  on c u r r e n t  engine component improvements and on 
The e n e r g y - e f f i c i e n t  engines e f f o r t  has  absorbed both t h e  advanced 

The i n c r e a s e s  r e f i e c i  Lilt: addFt lo i ia l  f .~cdlzg t h z t  V I S  r q i i i r e d  to  i n i t i a t e  t h e s e  programs. 

BASIS FOR FY 1977  ESTIMATES: 

The Advanced Multi-Stage Axial  Flow Compressor program began i n  FY 1975 with conceptual  des ign  s tudy 
c o n t r a c t s  awarded t o  two c o n t r a c t o r s .  
w e r e  t o  ach ieve  a design of a l i g h t  we igh t ,  low c o s t ,  h igh performance a x i a l  f low compressor compatible 
w i t h  advanced energy conse rva t ive  engines.  A s i n g l e  c o n t r a c t  w i l l  be awarded i n  FY 1977 f o r  t h e  f i n a l  
d e s i g n ,  c o n s t r u c t i o n  and tes t  of  an experimental  a x i a l  flow compressor embodying t h e  f e a t u r e s  c i t e d  above. 

These c o n t r a c t s  were completed i n  M 1976. The g o a l s  o f  t h e  s t u d i e s  

In FY 1975 i n  t h e  Qu ie t ,  Clean General Av ia t ion  Turbofan program, NASA funded t h r e e  p a r a l l e l  s t u d i e s  t o  
assess t h e  a p p l i c a b i l i t y  of  technology evolved f o r  reducing l a r g e  t u r b i n e  engine emissions and n o i s e  t o  
t h e  c l a s s  of t u r b i n e  engines powering g e n e r a l  a v i a t i o n  a i r c r a f t ,  p r i m a r i l y  t h e  bus iness  je ts .  A s i n g l e  
c o n t r a c t o r ,  s e l e c t e d  i n  FY 1976, w i l l  d e s i g n ,  b u i l d  and test  an experimental  turbofan engine embodying 
concepts  developed f o r  t h e  l a r g e r  engines f o r  reducing emissions and noise .  
o u t  of  engine performance t h e  engine w i l l  b e  d e l i v e r e d  t o  t h e  Lewis  Research Center la te  i n  CY 1978 f o r  
ex t e n s  i v e  r e s  ear ch t es t i n g  . 

Following c o n t r a c t o r  check- 

New t u r b i n e  engine combustor des ign  concep t s  f o r  subsonic t r a n s p o r t  a i r c r a f t  w i l l  b e  explored i n  t h e  
S t r a t o s p h e r i c  Cru i se  Emission Reduction program. 
ox ides  during high a l t i t u d e  c r u i s e  o p e r a t i o n  by an o r d e r  of magnitude below c u r r e n t  p r a c t i c e .  Ongoing 
rese i rch  s t u d i e s  o f  combustion concepts have low NOx emission c h a r a c t e r i s t i c s  w i l l  be  focused toward a p p l i -  
c a t i o n  to  p r a c t i c a l  a i r c r a f t  gas t u r b i n e  o p e r a t i n g  cond i t ions .  

The o b j e c t i v e  w i l l  b e  to reduce t h e  emission of n i t r o g e n  

The Engine Component improvemenc program i s  directed a t  deve?cplng FSTP effTc5ent engine components t h a t  
could be  used on new product ion of  e x i s t i n g  engine types.  
a n a l y s i s  s t u d i e s  co3pleted i n  FY 1976 w i l l  be  committed t o  development and t e s t i n g  i n  FY 1977. 
t h e s e  components a r e  a c t i v e  c l e a r a n c e  c o n t r o l ,  mixers,  and coinpliant s e a l s .  The b p r o v e d  components are 
expected ro r e s u i i  i i i  a 5 percent dzcrcsse i n  e n g i ~ e  s y r i f i c  f u e l  consumption and be ready f o r  use on 
engines  produced i n  1980 and beyond. 

Components s e l e c t e d  from d e t a i l e d  design and 
Examples of 

I n  a d d i t i o n ,  t e s t s  of  i n - s e r v i c e  engines w i l l  b e  conducted i n  FY 1977 
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i n  a n  a t tempt  t o  determine t h e  causes  o f  engine p e r f o r m n c c  d e t e r i o r a t i o n  wi th  time. 
of  t h e  elements 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 .  

This program is one 

The Energy E f f i c i e n t  Engines program i s  d i r e c t e d  a t  e s t a b l i s h i n g  t h e  cechnuiugji h a c  f c r  zchi_eving h ighe r  
thermodynamic ef  f i c i e n c e s  i n  f u t u r e  engine des igns .  
of  advanced components and subassemblies , r e s u l t i n g  from previous  NASA resea rch ,  i n t o  an advanced turbofan 
propuls ion  system could r e s u l t  i n  a 10-15 percent  r educ t ion  i n  c r u i s e  f u e l  consumption over  c u r r e n t l y  
a v a i l a b l e  technology. 
experimental  t e s t i n g  o f  compressor, ccmbuster, and t u r b i n e  components. By 1983 t h e  advanced components 
w i l l  have been demonstrated through ground tes ts  o f  an  advanced experimental  engine and. w i l l  Be ready f s r  
a p p l i c a t i o n  t o  new engine des igns .  This  program is one of t h e  elements o f  t he  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 .  

S tudies  completed i n  FY 1976 show t h a t  i nco rpora t ion  

I n  FY 1977 two c o n t r a c t o r s  w i l l  be  compet i t ive ly  se l ec t ed  to  begin t h e  des ign  and 

Avionics Systems Technology 

1976 Trans i t i on  Quar te r  1977 
1975 Budget Current  Budget Curren t  Budget 

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  Estimate Estimate 
(Thousands of Dol la rs )  

4,084 6,000 5,090 2,000 800 2,900 

OBJECTIVES AND STATUS: 

This  program a p p l i e s  t h e  fundamental knowledge gained i n  t h e  Research and Technology Base t o  develop and 
demonstrate t h e  t e c h n i c a l  r ead iness  and promote t h e  t r a n s f e r  of  advanced av ion ic  systems t o  the  a i r c r a f t  
i ndus t ry  through experimental  t e s t i n g  and v e r i f i c a t i o n  i n  a rea l i s t ic  environment. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 and Trans i t i on  Quarter  Estimates: 

The funding r educ t ion  o f  $10 tiioiisaiid and $1 .2  mi l l i on :  r e s p e c t i v e l y ,  i n  FY 1976 and t r a n s i t i o n  q u a r t e r  
es t imates  is caused by t h e  r e d i r e c t i o n  and abso rp t ion  of t h e  Act ive  Control A i r c r a f t  program i n t o  t 5 , ~  
energy e f f i c i e n t  t r a n s p o r t  po r t ion  of t he  a i r c r a f t  energy e f f i c i e n t  technology e f f o r t .  
e f f i c i e n t  t r a n s p o r t  i s  c a r r i e d  in t h e  budget under Advanced Civil  A i r c r a f t  Systems Technology. 

The energy 
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BASIS OF FY 1977 ESTIMATES: 

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 i i g h t  c o n t r o l  systeiri 
tc h e  used f o r  a f e a s i b i l i t y  demonstrat ion,  and t o  e v a l u a t e  S h u t t l e  sof tware concepts  and 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. 
consumption, and on improved performance and o p e r a t i o n a l  f l e x i b i l i t y .  
Wire program, experimental  system hardware i s  being f a b r i c a t e d  and checked o u t  €or t h e  i n i t i a l  f l i g h t  
tests scheduled f o r  A p r i l  1976. During FY 1977, t h e  ma jo r i ty  of  the  f l i g h t  t es t  e v a l u a t i o n s  w i l l  be 
conducted. 

Tine p L i n c i p ~ 1  c;nphssis i s  cn reduced weight and f u e l  
Cur ren t ly  i n  t h e  D i g i t a l  Fly-By- 

The General Av ia t ion  Advanced Avionics program i s  aimed a t  providing a t o t a l l y  t n t e g r a t e d  advanced: low 
c o s t  a v i o n i c s  system 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  t h e  area o f  advanced av ion ic s  f o r  g e n e r a l  a v i a t i o n ,  s t u d i e s  a r e  underway t o  assess t h e  a i r  t r a f f i c  
c o n t r o l  and t h e  e l e c t r o n i c  technology environments of  t h e  1980's f o r  a p p l i c a t i o n  t o  t h e  system d e f i n i t i o n .  
I n  FY 1977 p re l imina ry  s p e c i f i c a t i o n s  and a c o s t l b e n e f i t  a n a l y s i s  w i l l  b e  completed as w e l l  as t h e  de- 
velopment and f l i g h t  eva lua t ion  o f  most o f  t h e  c r i t i c a l  subsystem components r e q u i r e d  f o r  f i n a l  design. 

1 
1976 

1975 Budget Current 
Actual  Estimate Estimate 

(Thousands 

2,895 4,650 6 , 640 

T r a n s i t i o n  Quarter 1977 
Budget Current Budget 

E s t i m a t e  Estimate Estimate 
of Do l l a r s )  

1 , 200 1,800 7 , 800 

OBJECTIVES AND STATUS: 

The broad o b j e c t i v e  i s  to  e v a l u a t e  s e l e c t e d  advanced aerodynamic systems concepts  f o r  improving a i r c r a f t  
performance, e f f i c i e n c y ,  ope ra t ing  c o s t s ,  s a f e t y ,  handl ing q u a l i t i e s ,  maneuverabi l i ty ,  community accep t -  
ance ,  and o t h e r  important a i r c r a f t  c h a r a c t e r i s t i c s  through coordinated system technology s t u d i e s ,  focused 
l a b o r a t o r y  experiments , and f l i g h t  v a i i d a t i o n s .  

FY 1976 and T r a n s i t i o n  Q u a r t e r  Estimates: 

The increase o f  $1.99 m i l l i o n  and $600 thousand, r e s p e c t i v e l y ,  i n  FY 1976 and t h e  t r a n s i t i o n  q u a r t e r  
estimates provides  f o r  r e sea rch  i n  laminar  flow c o n t r o i  as p a r t  of the a i rcraf t  energy e f f i c i e n c y  tech- 
nology e f f o r t  and f o r  t h e  much needed f l i g h t  v a l i d a t i o n  of  a i r f r ame lp ropu l s ion  systems i n t e r a c t i o n s .  
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EASIS FOR FY 1977 ESTIMATES: 

I n  t h e  System Technology Studies  program, pre l iminary  des ign  s t u d i e s  of advanced l i f t - f a n  and h inge le s s  
t i l t  r o t o r  concepis  ioi- vertical take-cff z ~ d  ianding a i r c r a L t  a p p l i c a t i o i x ,  begun i n  FY 1976, w i l l  be com- 
p l e t e d  i n  FY 1977. 

I n  t h e  Wake Vortex Minimization program, coordinated l abora to ry  and f l i g h t  i n v e s t i g a t i o n s  will cont inue  
i n  Fy 1977 t o  develop and demonstrate aerodynamic methods to  reduce t h e  landing and take-off  s epa ra t ion  
d i s t a n c e  imposed by wake v o r t i c e s  genera ted  by l a r g e  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 .  
ground f a c i l i t y  and pre i iminary  i i i g l i t  research durtng t h e  past two years  i n d i c a t e  t h a t  t he  goal  of re- 
ducing t h e  s a f e  d i s t a n c e  t o  two miles i s  f e a s i b l e  by u t i l i z i n g  several  techniques f o r  a l t e r i n g  wing l i f t  
d i s t r i b u t i o n  and/or  in t roducing  turbulence  by such means as f l a p  and s p o i l e r  a l t e r a t i o n s .  The e f f o r t  i n  
FY 1977 w i l l  be  extended t o  inc lude  fundamental s t u d i e s  t o  determine aerodynamic design f a c t o r s  t h a t  i n -  
f l uence  t h e  formation 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  mul t ip l e  vo r t ex  systems, improved computational 
techniques  which could b e  used to  provide  a i r c r a f t  des igns  optimized f o r  minimizing wake vo r t ex  e f f e c t s ,  
and s e l e c t e d  f l i g h t  v a l i d a t i o n  tes ts  of  a l l e v i a t i o n  techniques.  

Resul t s  of 

I n  the  Rotor Systems f o r  Rotor Systems Research A i r c r a f t  program, a major a c t i v i t y  w i l l  cont inue on 
advanced r o t o r  systems t o  e x p l o i t  t h e  p o t e n t i a l  f o r  s u b s t a n t i a l l y  improved m i l i t a r y  and c i v i l  h e l i c o p t e r s  
i n  t h e  broad areas of performance, e f f i c i e n c y ,  no i se ,  dynamics , and m a i n t a i n a b i l i t y  through i n t e g r a t e d  
systems technology development and f l i g h t  v a l i d a t i o n .  Cont rac tua l  predes ign  and systems design s t u d i e s  
completed i n  FY 1976 on ae ro /acous t i c ,  b e a r i n g l e s s  composite s t r u c t u r e ,  and var iable-geometry r o t o r  con- 
c e p t s  w i l l  serve as t h e  b a s i s  t o  begin  i n  M 1977 the  d e t a i l e d  des ign  and f a b r i c a t i o n  of  two f u l l - s c a l e  
advanced r e sea rch  r o t o r  systems f o r  thorough eva lua t ion  on t h e  Rotor Systems Research A i r c r a f t .  

Impressive f u e l  sav ings ,  o f  t h e  o rde r  of 20-40 percen t ,  may be  a v a i l a b l e  through t h e  use  of  laminar  flow 
c o n t r o l  on new a i r c r a f t  des igns .  Previous e f f o r t s  on t h e  A i r  Force X-21 r e sea rch  a i r c r a f t  demonstrated t h e  
p o s s i b i l i t y  of f low l amina r i za t ion ,  b u t  d id  n o t  answer p r a c t i c a l i t y  ques t ions .  
Control  program (LFC) i s  d i r e c t e d  a t  developing aerodynamic, materials, s t r u c t u r e s  and systems technologies  
f o r  demonstrat ion of a p r a c t i c a l ,  r e l i a b l e ,  e a s i l y  main ta inable  LFC system. I n  FY 1977 c u r r e n t  e f f o r t s  
--2 w L L L  1 1  be  s u b s t a n t i a l l y  aiugmented on advanced boundary l a y e r  computational methods, on a c o u s t i c a l  environment 
e f f e c t s  on boundary l a y e r  s t a b i l i z a t i o n  wi th  s u c t i o n ,  and on s u r f a c e  materiais and si iucti ira? coixepts  f e r  
optimum suc t ion  systems. 
t o  develop advanced a i r f o i i s  f o r  LFC a p p l i c a t i o n s  inc luding  w i d  tmneI  tests of  a swept wing s e c t i o n .  
program i s  one of  t he  elements of t he  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 .  

The c u r r e n t  Laminar Flow 

Major new a n a l y t i c a l  and experimental  i n v e s t i g a t i o n s  w i l l  be  undertaken i n  FY 1977 
This  

I n  FY 1977 i n  the  AirframeIPropuls ion I n t e r a c t i o n s  prograin, f l i g h t  research  wi th  F- i5  a i r c r a f t  w i l l  be  
conducted t o  o b r a i n  Gaia specifically p e r t i n e n t  tn a fundamental understanding of 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 ame /p ropu l s ion  system 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 af te rbody drag. The f l i g h t  data 
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w i l l  be  c o r r e l a t e d  with d a t a  from wind tunnei  programs iisiiig sophLst ica ted  m d e l s  of t h e  a i r c r a f t  having 
s imulated propuls ion sys tems,  f o r  t h e  purpose of dev i s ing  improved des ign  p r e d i c t i o n  methods regarding a i r -  
~ ~ ~ i i t ~ , ' p ~ ~ p ~ l ~ 5 ~ ~  s y s t e m  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 * 

A i r c r a f t  Operating Systems Technolopy 

1976 T r a n s i t i o n  Quarter  1977 
1 9 7 5  Budget Current  Budget Current Budget 

Actual Estimate E s t i m a t e  E s t i m a t e  Estimate Estimate 
(Thousands of  Do l l a r s )  

11 , 870 11,900 11 , 900 2,600 2 , 600 8 , 500 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h i s  program i s  t o  develop technology f o r  advanced a i r b o r n e  o p e r a t i n g  systems which 
op t imize  use of runways, t e rmina l  a i r s p a c e ,  and t h e  a i r  t r a f f i c  c o n t r o l  system, w h i l e  reducing n o i s e  t o  a 
minimum. It w i l l  provide proven a i r b o r n e  system concepts,  f l i g h t  procedures , and techniques f o r  advanced 
a i r c r a f t  which w i l l  support  economic, s e r v i c e ,  eco log ica l ,  and inc reased  s a f e t y  cr i ter ia .  

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  System Technology S tud ie s  program, e f f o r t s  w i l l  i nc lude  a n a l y s i s  of t h e  o p e r a t i o n a l  compa tab i l i t y  
of  f u t u r e  c i v i l  a i r  t r a n s p o r t a t i o n  concep t s ;  i n v e s t i g a t i o n  o f  low c o s t  a v i o n i c s  f o r  small community micro- 
wave landing system (MLS) u s e r s ;  cont inued i n v e s t i g a t i o n  of area nav iga t ion  techniques a t  low a l t i t u d e s ;  and 
a n a l y s i s  of  t h e  r o l e  f o r  s imula t ion  i n  c e r t i f i c a t i o n  o f  a l l - d i g i t a l  a v i o n i c  systems. 

I n  the  Terminal Configured Vehicle  Systems program, a coordinated e f f o r t  w i th  t h e  Federal  Aviat ion Admini- 
stration (FAA) ,  a Boeing-737 a i r c r a f t  w i l l  b e  used i n  development and demonstration of  t h e  c a p a b i l i t y  t o  
o p e r a t e  i n  a high d e n s i t y  t e rmina l  area wi th  MLS, f l y i n g  a compiece f i i g h t  p r s f i l e  from a r e a  nav iga t ion  
t r a n s i t i o n i n g  t o  MLS, and completing a n  automatic  landing and r o l l - o u t .  

I n  t h e  Short Take-Off and Landing (STOL) Operating Systems program, a r e l a t e d  e f f o r t  i s  being conducted 
fo r  STOL a i r c r a f t  Tinder a j o i n t  agreement wi th  FAA. 
a powered- l i f t  augmentor wing j e t  STOL r e s e a r c h  a i r c r a f t  and a Twin Otter t o  d e f i n e  methods by which STOL 
a i r c r a f t  C ~ I I  be  operated effectively and s a f e l y  i n  f u t u r e  a i r  t r a f f i c  environments. 

Simulation and f l i g h t  experiments w i l l  con t inue  u s i n g  

RD 8-28 



in the  ' v ' e r t i c a l  Take-Off and T,anding (VTOL) Operating Systems program, f l i g h t  experiments w i l l  b e  conducted 
a s  p a r t  o f  a j o i n t  e f f o r t  with t h e  Army i n  h e l i c o p t e r s  f i t t e d  wi th  advanced d i g i t a l  av ion ic s  to  provide  a 
iechnology data base  f o r  VTOL a i r c r a f t  t o  o p e r a t e  i n t o  confined a r e a s  without  runways, using s t e e p ,  c i r c u i -  
tous ,  instrument approach pa ths ,  d e c e l e r a t i n g  t o  zero specc! :mile descending t o  t h e  landing s p o t .  

Aercnau t i c a l  Human -Vehicle 
Systems Technology 

1976 T r a n s i t i o n  Quarter  1977 
i975  Budget Ciirrent Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Do l l a r s )  

--- 200 200 100 100 500 

OBJECTIVES 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  incidence of a v i a t i o n  i n c i d e n t s  and a c c i d e n t s  a t t r i b u t a b l e  
to  human e r r o r ,  develop technology and o p e r a t i o n a l  procedures t h a t  w i l l  i n s u r e  optimum crew coord ina t ion  i n  
m u l t i p i l o t  a i r c r a f t  and implement an a v i a t i o n  s a f e t y  r e p o r t i n g  system. 

BASIS OF FY 1977 ESTIMATES: 

During FY 1977 t h e  Approach and Landing Safety program w i l l  i n c l u d e  f u l l  mission s imula t ions  t o  exp lo re  
t h e  p o t e n t i a l  o f  crew du ty  a l l o c a t i o n  approach procedures, 'and a i r  t r a f f i c  c o n t r o l  procedures t o  dec rease  
t h e  p o s s i b i l i t y  of human e r r o r .  
This  System, designed and implemented a t  the  r eques t  of the  Federal  Aviat ion Adminis t ra t ion,  provides  a 
means f o r  p i l o t s ,  c o n t r o l l e r s ,  and o t h e r s  i n  t h e  Nat ional  a v i a t i o n  system t o  r e p o r t  c o n f i d e n t i a l l y  s i t u a -  
t i o n s  or  cond i t ions  t h a t  they consider  a t h r e a t  t o  a v i a t i o n  s a f e t y .  

I n  a d d i t i o n ,  t h e  Aviat ion S a f e t y  Reporting System w i l l  be i n  ope ra t ion .  

Advar;zcd C i t . i l  A i r c r a f t  Svstems Technology 

7 , 590 12 , 500 9,940 4,300 3 , 600 16,400 

OBJECTIVES AND S T A T U S :  

The o b j e c t i v e  i s  t o  provide an i n t e g r a t e d  technology base  f o r  t r a n s p o r t  v e h i c l e s  i n  sho r t -hau l  and long-  
h a u l  c a t e g o r i e s ,  i nc lud ing  t h e  i n t e r a c t i v e  e f f e c t s  or' the v a r i o u s  disciplines (propuls ion,  aerodynamics, 
s t r u c t u r e s ,  c o n t r o l ,  and t h e  economic environment). An a d d i t i o n a l  o b j e c t i v e  i s  to  c a r r y  promising 
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t echno log ie s  generated i n  t h e  Research and Teciiiiology 3ase programs through ground systems t e s t s  and f l i g h t  
tests t o  t h e  p o i n t  where i t  i s  p o s s i b l e  t o  e s t a b l i s h  the  need f o r  more s p e c i a l i z e d  r e sea rch .  

CHANGES FROM BUDGET ESTIMATES: 

EY 1976 and T r a n s i t i o n  Quarter  Estimates: 

The reduc t ion  o f  $2.56 m i l l i o n  and $700 thousand, r e s p e c t i v e l y ,  i n  FY 1976 and t h e  t r a n s i t i o n  q u a r t e r  
estimates t o  t h e  Advanced 2it-I1 ALrcrzft Systrems Technology program r e f l e c t s  realignment of funding and 
programs i n  support  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 .  
made t o  the  Propuls ion Systems Technology and t h e  Aerodynamic Vehicle  Systems Technology programs i n  an 
e f f o r t  t o  accelerate technology i n  t h e s e  areas which are c r i t i c a l  t o  energy e f f i c i e n t  a i r c r a f t .  

Offsec'cing iiicrzas2.s h w e  heen  

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  Systems Technology S t u d i e s  program, s t u d i e s  f o r  passenger and cargo c i v i l  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  emissions,  and a i r p o r t  and airway 
capac i ty .  S tud ie s  w i l l  i nc lude  a n  assessment of t h e  b e n e f i t s  of composite s t r u c t u r e s ,  advanced c o n t r o l s ,  
n o i s e  and emission suppression,  l i q u i d  hydrogen fue ied  and advanced l i f t  systems could have on f u t u r e  
t r a n s p o r t  systems. 

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  are ope ra t ed  from subsonic  to  high super-  
s o n i c  c r u i s e  speeds to  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  techniques,  t o  provide t h e  b a s i s  f o r  improved design 
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 experiments i n  support  of  t h e  Supersonic Cru i se  Aircraft 
Research Program (SCAR) and to  v a l i d a t e  advanced i n t e g r a t e d  i n l e t  and a i r f r a m e  c o n t r o l  systems. 

I n  t h e  Var i ab le  Cycle Engine (VCE) Components program, VCE components development w i l l  provide t h e  t ech -  

Flow-field s t u d i e s  w i l l  be  conducted i n  
nology base r equ i r ed  f o r  a low-noise, minimum p o l l u t i o n ,  economically f e a s i b l e  engine f o r  a supersonic  
c r u i s e  a i r c r a f t ,  as w e l l  a s  f o r  r e s e a r c h  i n  o t h e r  f l i g h t  regimes. 
F? 1377 fo r  o p t i m  i n t e g r a t i o n  t echn iques .  
l i n e r s ,  and low p o l l u t i o n  combustor a r e  being designed as p a r t  o f  th:: SC4.K program and w i l l  be  b u i l t  i n  
FY 1977 f o r  wind tunnel  tests. 
h e a t e r s  w i l l  b e  s t u d i e d  f o r  f u t u r e  experimental  hardware i n v e s t i g a t i o n s .  

Comnon components , i nc lud ing  a composite fan ,  high temperature 

Unique VCE components such as l igh twe igh t  fans ,  d i v e r t e r  va lves ,  and duc t -  

I n  t h e  Hypersonic Research program, r e s e a r c h  a c t i v i t i e s  i n  p ropu l s ion ,  s t r u c t u r e s  and aerodynamics are t o  
be  augmented by t h e  development o f  experiments which could b e  c a r r i e d  on a FLypersonic r e sea rch  a i r p l a n e .  
S t u d i e s  are being conducted li; t: jc iz t  effort wi th  t h e  A i r  Force t o  d e f i n e  a n  X-24C hypersonic v e h i c l e  t o  
provide t h e  f l i g h t  test c a p a b i l i t i e s  r e q u i r e d  f o r  A i r  Force and NASA experiment o b j e t t i v e s .  ?%e X - 2 4 C  
would c a r r y  ground-based r e s e a r c h  results i n t o  f l i g h t  t o  e s t a b l i s h  wi th  s u f f i c i e n t  s c a l e  and i n  a c t u a l  
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f l i g h t  c o n d i t i o n s  the s o l u t l o n s  t o  i n t e r a c t i v e  p ropu l s ive ,  s t r u c t u r a l  and aerodynamic problems, and t o  
provide a test:  bed f o r  advanced weapons systems. 
ccnducted i n  FY 1977, and w l l l  be the b a s i s  f o r  a d e c i s i o n  t o  proceed with t h e  v e h i c l e  development and 
f l i g h t  r e s e a r c h  program. 

A joint USAF/NASA X-24C: prel iminary desLgii s?Xdy :*?ill h e  

The Energy E f f i c i e n t  Transport  program Is d l r e c t e d  a t  t h e  evo lu t iona ry  improvement of aerodynamic design 

Crit ical  problems of  a c t i v e  c o n t r o l s  
and t h e  development o f  a c t i v e  c o n t r o l s  technology. 
a p p l i e d  t o  t h e  des ign  o f  h i g h e r  a s p e c t  r a t i o  wings wi th  lower sweep. 
ta permi t  designs wi th  reduced s t a t i c  s t a b i l i t y  margins w i l l  be  addressed. 
t o  new a i r c r a f t  des igns  r e s u l t i n g  i n  a f u e l  savings o f  t n e  order of  15-22 percent .  
improvements could be  incorporated i n  t h e  des igns  of d e r i v a t i v e s  o f  c u r r e n t l y  produced a i r c r a f t .  
gram i s  one of 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 .  

I n  FY 1977, improved a i r f o i l  s e c t i o n  technology w i l l  be 

These technologies  w i l l  apply 
Some o f  t h e  aerodynamic 

This  pro-  

M i l i t a r y  A i r c r a f t  Systems Technolopy 

1976 T r a n s i t i o n  Quar t e r  1977 
1975 Budget Current  Budget Current  Budget 

Actual Estimate Estimate Estimate E s t i m a t e  E s t i m a t e  
(Thousands o f Do 1 lar s ) 

783 7 00 800 -- - 100 300 

OBJECTIVES AND STATUS: 

A i r c r a f t  and m i s s i l e  technologies  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 r e  researched and v a l i d a t e d  
through wind tunnel  and f l i g h t  t e s t s  c r e a t i n g  engineer ing and design d a t a  c a p a b i l i t i e s .  
implemented through coope ra t ive  and lo r  j o i n t  Department of  DefenseINASA t e c h n i c a l  e f f o r t s .  

These programs a r e  

CHANGES FROM BUDGET ESTIMATE: 

M 1976 and T r a n s i t i o n  Q u a r t e r  Estiiiates: 

me k ~ r e a s e  of $100 thousand i n  FY 1976 and i n  t h e  t r a n s i t i o n  q u a r t e r  e s t ima tes  r e f l e c t s  a d d i t i o n a l  
s a f e t y  maintenance on t h e  F-111 and an augmentation of t h e  wind tunnel  e f f o r t .  

BASIS OF FY 1977 ESTIMATES: 

The J o i n t  United S t a t e s  A i r  Force (USAF)/NASA Transonic Aiic+aft  Technclcgy (TACT) program provides  
f l i g h t  t e s t  v a l i d a t i o n  of  r e c e n t  advances i n  s u p e r c r i t i c a l  wing technology from f l i g h t  and wind tunnel  
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L - - C n  , dita r . a r r e l a t ion ,  and adequacy of p r e d i c t i n g  f u l l - s c a l e  r e s u l t s  from sma l l - sca l e  wind tunnel  model 
t es t s .  

To d a t e ,  r- i ignc t e s " ~ l n g  has explsred s t a b i l i t y  and c o n t r o l ,  f l u t t e r ,  b u f f e t ,  and o t h e r  aerodynamic para-  
meters .  I n i t i a l  performance d a t a  shows t h a t  a l l  a n t i c i p a t e d  improvements iiat-2 s i t h e r  heen m e t  o r  exceeded. 

I n  FY 1977 ,  the  wind tunnel  t e s t i n g  of t h e  high s t r e n g t h  and b u f f e t  m d e l s ,  t h e  wind tunnel  tes t  d a t a  
r educ t ion ,  and i t s  c o r r e l a t i o n  wi th  f l i g h t  test  d a t a  by t h e  USAF and NASA w i l l  b e  completed, r e s u l t i n g  i n  
a C o r r e l a t i o n  Data Manual. 

BASIS OF FUND REQUIREMENTS: 
Experimental Programs 

Composite primary a i r c r a f t  s t r u c t u r e s . . . . . .  
Qu ie t ,  c lear)  s h o r t  haul  experimental  

engine ................................... 
Quiet  propuls ive  l i f t  technology ........... 
Supersonic c r u i s e  a i r c r a f t  research . . .  ..... 
T i l t  r o t o r  r e sea rch  a i r c r a f t . .  ............. 
Rotor systems research  a i r c r a f t . .  .......... 
Highly maneuverable a i r c r a f t  technology..  .. 
Refan.. .  ................................... 

Tota l . . . .  ................................ 

1975 
Actua l  

- - -  
l o  , 000 

8 , 000 
8,994 

11 , 300 
8,100 
1,643 

985 

49.022 

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

Estimate Estimate Estimate Estimate 
(Thousands of Dol la rs )  

--- 3,995 --- 2 , 800 

10 , 000 10,000 
11,900 11 , 900 

1 , 900 1,900 
3,100 2,100 

8,900 8 , 864 

4 , 900 4 , 900 --- --- 

40.700 43.659 

2 , 000 2 , 000 
400 400 

2,000 2 , 000 
3 00 3 00 
--- 100 

1,800 1 , aoo 
--e --- - 

Conposite Primary A i r c r a f t  S t r u c t u r e s  

--- --- 3 , 995 --- 2,800 

OBJECTIVES AND STATUS: 

1977 
Budget 

Estimate 

16,000 

3,300 
1 , 700 
8 , 000 
800 
300 

5 , 500 --- 
35.600 

16 , 000 

The o b j e c t i v e  of t h e  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  i s  t o  develop t h e  technology needed t o  
a s s u r e  e a r l y  use  of advanced composite  material.^ 5:: 2rimary s t r u c t u r e s  o f  f u t u r e  t r a n s p o r t  a i r c r a f t .  
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 composites must be proven b e f o r e  composites w i l l  be ex tens ive ly  .;sed. 

Thelong 
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coiitrzct  vzs s igned wi th  Lockheed i n  June 1975 f o r  t he  development, design,  f a b r i c a t i o n ,  test  and 
c e r t i f i c a t i o n ,  and f l i g h t  eva lua t ion  of  two L-1011 v e r t i c a l  t a i i s .  
r; 1976 f e r  a wing and fuse lage .  
concept  f o r  use  of- t hese  materia:S. 

SlrilLlar c c z t r a c t s  w i l l  be  i n i t i a t e d  i n  
A c t i v i t i e s  are  underway t o  provide technology demonstrat ion/proof-of  - 

CHANGES FROM BUDGET E S T I M T E S  : 

FY 1976 and T r a n s i t i o n  Quarter  Estimates: 

The composite primary a i r c r a f t  s t r u c t u r e s  e l E o r t s  wcrc pre~.rlmlsly c a r r i e d  under t h e  Materials and 
S t r u c t u r e s  Systems Technology budget ca tegory .  
e f f o r t s ,  t h e  scope o f  t h i s  e f f o r t  was broadened and t h e  e f f o r t s  were incorpora ted  under the  Experimental 
Pro grams budget ca tego r y  . 

A s  a p a r t  of the  a i r c r a f t  energy e f f i c i e n c y  technoiogy 

BASIS OF FY 1977 ESTIMATES: 

These a c t i v i t i e s  w i l l  provide a t a i l ,  a wing, and a fuse lage  segment t o  be  t e s t e d  on e x i s t i n g  commercially 
opera ted  a i r c r a f t .  
and fuse l age  segment, which w i l l  begin i n  FY 1976, w i l l  run through FY 1977 and beyond. These c o n t r a c t s  
i n c l u d e  development, des ign ,  t e s t ,  Fede ra l  Avia t ion  Agency c e r t i f i c a t i o n ,  and i n s t a l l a t i o n  of  components 
on scheduled a i r l i n e r s  , r ep lac ing  s tandard  metal components, followed by f ive-year  f l i g h t  s e r v i c e  evalua-  
t i o n  phases.  The weight savings of  composites t r a n s l a t e  i n t o  f u e l  savings of t h e  o rde r  of 10-15 percent .  
Moderate use  o f  composites would be p o s s i b l e  on a i r c r a f t  in t roduced  i n t o  s e r v i c e  as e a r l y  as 1985. 
program i s  one of t h e  elements 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 .  

The c o n t r a c t  f o r  t h e  t a i l ,  which was awarded i n  FY 1975, and t h e  c o n t r a c t s  f o r  t he  wing 

This  

Quiet ,  Clean, Short  Haul Experimental Engine (QCSEE) 

OBJECTIVES AND STATUS : 

1976 
1975 Budget Current  

Actual  Estimate Estimate 
(Tnousands 

10,000 10,000 10,000 

T r a n s i t i o n  Quarter  1977 
Budget Current Budget 

Estimate Estimate Estimate 
o f  Dol la rs )  

2 , 000 2 , 000 3 , 300 

The o b j e c t i v e  of t h i s  program is t o  conso l ida t e  and demonstrate t he  technology needed f o r  very  q u i e t ,  clean 
and e f f i c i e n t  propuls ion  systems f o r  ecanomlca??y viable  and environmentally accep tab le  powered- l i f t  short- 
hau l  a i r c r a f t .  The QCSEE program inc ludes  t h e  des ign ,  f a b r i c a t i o n  and t e s t i n g  of two experimental  tu rbofan  
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propuls ion  systems, 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-lif  t 
a i r c r a f t  i n s t a l l a t i o n s .  

iksLgfis of  both  propclstcrr! systems were completed and approved fol lowing c r i t i c a l  des ign  reviews conducted 
i n  January and J u l y  1975. The c o n t r a c t o r ,  t h e  General E lec t r ic  Company, is  c u r r e n t l y  y i u c s d l n g  v l th  f sbrF-  
c a t i o n  of component hardware and w i l l  complete assembly o f  t h e  "under-the-wing" propuls ion system by June 
1976. 
pe r iod .  

This propuls ion  system w i l l  be  placed on tes t  a t  t he  c o n t r a c t o r ' s  f a c i l i t y  during the t r a n s i t i o n  

BASIS FOR PY 1977 ESTIMATES: 

The assembly of  t h e  "over-the-wing'' p ropuls ion  system w i l l  b e  completed e a r l y  i n  FY 1977 and a l s o  placed 
on test a t  t h e  c o n t r a c t o r ' s  f a c i l i t y .  Tes t ing  w i l l  cont inue  throughout FY 1977 to  demonstrate s t r u c t u r a l  
i n t e g r i t y  and c a p a b i l i t y  t o  meet performance, no i se  and p o l l u t i o n  goa ls .  The "under-the-wing" propuls ion  
system tests w i l l  be completed and t h e  system de l ive red  t o  NASA by t h e  end of t he  f i s c a l  year .  
program dura t ion  w i l l  b e  approximately 56 months inc luding  engineer ing  suppor t  f o r  t e s t s  a t  NASA f o r  a 
pe r iod  of about  12 months a f t e r  d e l i v e r y  of t he  f i r s t  p ropuls ion  system. 

To ta l  

1976 Trans i t i on  Quarter  1977 
1975 Budget Curren t  Budget Current  Budget 

Actual Estimate Es t imate  Estimate Estimate Estimate 
(Thousands of Dol la rs  ) 

8 , 000 11,900 11 , 900 400 400 1 , 700 

OBJECTIVES AND STATUS: 

To genera te  and v e r i f y  through ground-based and f l i g h t  r e sea rch  a technology da ta  base  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  e f f i c i e n t ,  q u i e t ,  p ropuls ive  l i f t ,  sho r t , hau l  t r a n s p o r t s .  
nology i s  a key t o  a i r p o r t  congest ion r e l i e f ,  community n o i s e  reciuccion, and efficisncy izprgvement f o r  
c iv i l  shor t -haul  t r a n s p o r t s  and m i l i t a r y  t a c t i c a l  a i r l i f t .  F l i g h t  research  inc ludes  experiments i n  t h e  
areas of  aerodynamics, handi ing  qualities, iioise, f l i g h t  control systems, information d i s p l a y s ,  p ropuls ion  
systems and ope ra t ions .  

Propuls ive l i f t  t ech -  

P a r t i c i p a t i o n  i n  t h e  United States A i r  Force YC-15 Advanced Medium Short  Take-Off and Landing (STOL) 
Transport  f l i g h t  t es t  evafuatio:: begall in CY 1975. 
on schedule  wi th  t h e  award o f  t h e  hardware c o n t r a c t  a n t i c i p a t e d  by February 1976. 

The Q u i e t  Short-Haul Research A i r c r a f t  i s  progress ing  
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BASIS OF FY 1977 ESTIMATES: 

P a r t i c i p a t i o n  i n  the A i r  r o r c c  Advancer! Medium STOL Transpor t  (AMST) prototype program involves  NASA 
u t i l i z i n g  both  the  Boeing YC-14 and McDonnel Douglas YC-15 a i r c r a f t  t o  accomplish pa rc  v i  the propu ls i ve -  
lift technology program ob jec t ives .  I n  FY 1976 an6 FY 1977, NASA,  as a member of  the AMST J o i n t  Tes t  Team, 
w i l l  p a r t i c i p a t e  i n  the USAF f l i g h t  eva lua t ion  of  t h e  AMST'S and conduct specLal on-bwrd research  
experiments.  

An e x i s t i n g  Buffa lo  a i r c r a f t  w i l l  b e  iciodtflcd I n  FV 1977 i n t o  a Q u i e t  Short-Haul Research A i r c r a f t  with 
a hybr id  upper-surface blowing, advanced p r o p u l s i v e - l i f t  conf igura t ion  t o  obta in  s t a b i l i t y ,  c o n t r o l ,  aerc-  
dynamic performance, n o i s e  f o o t p r i n t ,  and handl ing q u a l i t i e s  f l i g h t  research d a t a .  

Supersonic  Cru i se  A i r c r a f t  Research 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Current Budget Current  Budget 

Actua l  Est imate  Est imate  E s t i m a t e  Estimate E s t i m a t e  
(Thousands of Do l l a r s )  

8,000 8,994 8,900 8,864 2 , 000 2,000 

OBJECTIVES AND STATUS: 

To provide  the  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  supersonic  c r u i s e  a i r c r a f t ,  and t o  
provide  d a t a  t o  assess the  environmental  and economic impacts of  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 technology areas of propuls ion ,  
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  de- 
c i s i o n s  r e l a t i v e  t o  d e s i r a b i l i t y  f o r  t h e  development of  a i r c r a f t  o f  t h i s  c l a s s .  

.. KeCent m j o r  progress  in n o i s e  r e l i e f  from coannular  nozz les  o f f e r  t he  prospec t  of  a supersonic  c r u i s e  
a i r c r a f t  meeting Federa l  Avia t ion  Agency/FAR 36 n o i s e  goa ls .  

BASIS OF FY 1977 ESTIMATES: 

Promising des ign  concepts f o r  supersonic  t r a n s p o r t  propuls ion systems w i l l  b e  a s ses sed  f o r  performance, 
n o i s e ,  and emissions impact. With complet ion of tests of a duc t -hea t ing  turbofan  n o i s e  suppressor  nozz le ,  
emphasis s h i f t s  i n  FY 1977 Lo t h s  effzcts  cf fnrward v e l o c i t y  and coannular suppress ion  on the  a c o u s t i c  
performance of nozzles .  Ultra-low emission reduct ion  s t u d i e s  w i l l  be app l i ed  t o  a duc t  h e a t i n g  a u g m n t ~ r .  
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F a t i g u e ,  f r a c t u r e ,  and f l u t t e r  c h a r a c t e r i s t i c s  under t h e  severe  ewircnment of  supersonic  f l i g h t ,  must b e  
zddressed f o r  t h e  primary and secondary a i r c r a f t  s t r u c t u r e s .  
t h e  YF-12 w i l l  be completed i n  FY 1977. 
f a t i g u e  c h a r a c t e r i s t i c s  w i l l  be f l i g h t  t e s t e d  on the  YF-12 i n  FY 1977. 
ed t o  a s s e s s  active c o n t r a ?  s y s t e m  fo r  f l u t t e r  suppression.  

A f u e l  t ank  s e a l a n t s  f l i g h t  tes t  program on 
C m p c s L t e  r e s i n  and metal ma t r ix  panels  f a b r i c a t e d  and t e s t e d  f o r  

F i u t i e i  iiiixk!. sturlies w i l l  be  extend- 

Major improvements i n  supersonic  aerodynamic c r u i s e  e f f i c i e n c y  are expected from wind tunne l  test  i n -  
i ;estigztions.  
t o  provide a 30-percent improvement i n  i i f t - t o - d r a g  r a t i c .  
numbers w i l l  con t inue  t o  be  s tud ied  wi th  YF-12 f l i g h t  t e s t i n g  o f  a new l o n g i t u d i n a l  cooperacive d i g i t a l  
computer c o n t r o l  system. 

The combination of advanced theory,  t e s t i n g ,  and propuls ion i n t e g r a t i o n  s t u d i e s  are expected 
The problems o f  c o n t r o l  a t  ve ry  high Mach 

T i l t  Rotor Research A i r c r a f t  

1976 
1975 Budget Current  

Actual Estimate Estimate 
(Thousands 

11,300 1,900 1,900 

T r a n s i t i o n  Quarter  1977 
Budget Current  Budget 

Estimate E s t i m a t e  Estimate 
of  Do l l a r s )  

300 300 800 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h i s  j o i n t  NASAfArmy program i s  t o  perform proof-of-concept and advanced f l i g h t  r e s e a r c h  
i n v e s t i g a t i o n s  u t i l i z i n g  two tilt r o t o r  r e sea rch  a i r c r a f t .  
t h e  p o t e n t i a l  b e n e f i t s  of applying t ilt  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  missions.  

A primary o b j e c t i v e  of t h i s  program i s  t o  eva lua te  

The T i l t  Rotor Research A i r c r a f t  Program was i n i t i a t e d  i n  FY 1973. Cur ren t ly  a i r f r ames  f o r  both a i r c r a f t  
a r e  i n  t h e  f i n a l  assembly phase and r o l l o u t  of t h e  two a i r c r a f t  w i l l  t a k e  p l a c e  i n  FY 1976. 

BASIS OF N 1977 ESTIMATES: 

The FY 1977 program a c t i v i t y  w i l l  involve t h e  c o n t r a c t o r ' s  f l i g h t  s u b s t a n t i a t i o n  beginning e a r l y  i n  t h e  
f i s c a l  year .  I n  mid-FY 1977 the  NASA/Army f l i g h t  r e sea rch  program w i l l  begin.  
r e sea rch  program w i l l  involve approximately 200 hours of f l i g h t  o p e r a t i o n  and w i l l  cont inue i n t o  M 1979. 

The government f l i g h t  
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Rotor Sys tems Research Aircraft 

1976 T r a n s i t i o n  Q u a r t e r  1977 
1975 Budget Current Budget C i i r r m t  Rudget 

Actual Est imate  Est imate  E s t i m a t e  Estimate Estimate 
(Thousands of  Do l l a r s )  

8 , 100 --- 3 , 100 2 , 100 100 300 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of  t h i s  jo,,it NASA/Army program i s  t o  Ldvelop two v e r s a t i l e  r e sea rch  veh-zles t o  a l low 
t e s t i n g  of a v a r i e t y  of  new r o t o r  concepts  i n  t h e  real maneuvering f l i g h t  environment t h a t  cannot be  
a c c u r a t e l y  simulated i n  ground-based f a c i l i t i e s .  
i nco rpora t ed  i n  t h e s e  v e h i c l e s  w i l l  a l l ow v e r i f i c a t i o n  and f u r t h e r  refinement of  methods €or 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. 

I n  a d d i t i o n ,  t h e  s p e c i a l  r e sea rch  measurement systems 

The Rotor Systems Research A i r c r a f t  (RSRA) program was i n i t i a t e d  i n  FY 1973 and has  progressed t o  the 
s t a g e  of a i r c r a f t  f a b r i c a t i o n  and assembly i n  mid-FY 1976. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 and T r a n s i t i o n  Quarter  Est imates:  

Funding on t h e  RSRA program w a s  a c c e l e r a t e d  by one m i l l i o n  d o l l a r s  i n  FY 1975 t o  cover r ev i sed  con- 
t r a c t u a l  requirements.  
r e f l e c t e d  i n  t h e  revised FY 1976 and t h e  T r a n s i t i o n  Quarter  estimates r e f l e c t s  t h e  compensating adjustment 
t o  t h a t  a c t i o n .  

The t o t a l  es t imated c o s t  to  completion had been h e l d  unchanged and t h e  d i f f e r e n c e  

BASIS OF Ff 19:: ESSTIEITES: 

Following a i r c r a f t  ground tests,  c o n t r a c t o r  f l i g h t  t e s t s  w i l l  be  conducted throughout E'Y 1977. The 
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  program w i l l  iiic1iidc: c p e r l t i o n  of t h e  RSRA v e h i c l e s  i n  t h e  pure h e l i c o p t e r  
mode. Del ivery of the v e h i c l e s  i s  scheduled f o r  t h e  f i r s t  q u a r t e r  of  FY 1978, 
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Highly Maneuverable A i r c r a f t  Technology 

1976 Trans i t i on  Quarter 1977 
1975 Budget Current  Budget Current  Budget 

Actgal  E s t i m a t e  E s t i m a t e  Estimate Est imate  Estimate 
(Thousands of Dol la rs )  

1,643 4,900 4 , 900 1 , 800 1 , 800 5,500 

OBJECTIVE AND STATUS: 

The o b j e c t i v e  o f  t h i s  j o i n t  program with t h e  A i r  Force i s  t o  provide  low c o s t  f l i g h t  research  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 igh - r i sk  ( l abora to ry )  technology i n  a m u l t i d i s c i p l i n a r y  
manner t o  e x p l o i t  t h e  p o t e n t i a l  of new technology f o r  the  des ign  of f u t u r e  m i l i t a r y  v e h i c l e s .  
w i l l  provide two unmanned, subsca le ,  remotely p i l o t e d  low c o s t  f l i g h t  research  v e h i c l e s  which w i l l  be  
ex tens ive ly  f l i g h t  t e s t e d .  

The program 

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 follow-on conceptual  des ign  s t u d i e s  were 
completed i n  November 1974. 
c a t i o n  of  t he  v e h i c l e s  was awarded i n  August 1975. 

A f t e r  a competi t ive procurement, a c o n t r a c t  €or  t he  f i n a l  des ign  and f a b r i -  

BASIS FOR FY 1977 ESTIMATES: 

The Pre l iminary  Design Review i s  scheduled f o r  A p r i l  1976 and t h e  Cri t ical  Design Review f o r  October 1976. 
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 ake  p l ace  dur ing  N 1977. 
e a r l y  FY 1978, w i l l  be  f l i g h t  t e s t e d  a t  N A S A ' s  F l i g h t  Research Center. 

The v e h i c l e s ,  scheduled €or  de l ive ry  i n  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTWTES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND 
SPACE TECHNOLOGY 

SPACE RESEARCH AND TECHNOLOGY PROGRAM 

1976 Trans i t i on  Quarter  
1975 Budget Current  Budget Current  

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

Research and technology base... .  61,090 61 , 300 61,075 18  , 500 15,700 
System studies.................. 1,600 1 , 600 1,825 400 400 
Systems technology programs..... 1,675 2 , 200 2 , 200 800 600 

Low c o s t  systems program.. ...... 5,000 6,100 6,100 1,500 1 , 500 
Experimental programs........... 2,000 3,700 3,700 1 , 100 1 , 100 

74.900 74.900 22.300 19.300 Total......................... 71.365 
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.. . . . . . . . . . .  
Kennedy Space  Cen te r . . . . . . . . . . . .  
Marsha l l  Space Center........... 
Goddard Space F l i g h t  Center..... 

Wallops F l i g h t  Center..... ...... 
Ames Research Center............ 
F l i g h t  Research Center.......... 
Langley Research Center......... 
Lewis Research Center........... 
Headquarters. ................... 

Jet  Propuls ion  Laboratory. ...... 

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

17 1 150 
50 

1 , 925 2 , 630 
5 , 358 5,470 

17 , 121 5,820 
5 5  50 

9,024 8,520 
905 950 

14,936 8,320 
19,506 20 , 380 

2,364 2,560 

71.365 74.900 

--- 
2 94 

50 
2,365 
5,663 

17,305 
55 

8,294 
950 

17,709 
i9,005 

3,210 

74,900 

--- 
- - -  
700 

1 , 200 
4 , 900 

2 , 600 
300 

5 , 900 
6,000 

700 

22.300 

- -- 

65 
30 

732 
1,217 
4,518 

15 
2 , 106 

4,885 
5,155 

577 

19.300 

--- 

1977 
Budget 

Estimate 

62 , 100 
1 , 600 
3,100 
6,900 
8,300 

82 .OOO 

1 ,410 

2,389 
8,162 

17,927 
55 

8,890 

19  , 685 
20,493 

2,989 

82 .ooo 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF AERONAUTICS AND 
SPACE TECHNOLOGY 

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 base  which w i l l  
adequate ly  suppor t  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 ,  and. i o  iulpleiileiit appraachcs f o r  f u r t h e r  r c d i i c i n g  
t h e  c o s t s  of t h e s e  f u t u r e  space a c t i v i t i e s  through s t anda rd iza t ion .  

CHANGES FROM BUDGET ESTMTES: 

FY 1976 Estimate: 

There were no changes from t h e  FY 1976 budget estimate f o r  t h e  Space Research and Technology program as 
a whole. 
nology program. 
o p p o r t u n i t i e s  and changing program requi rements  which have developed s ince t h e  budget estimates were pro- 
vided.  
involved.  

However, funding s h i f t s  d i d  occur  between i n d i v i d u a l  programs wi th in  t h e  Space Research and Tech- 
These funding s h i f t s  r e f l e c t  adjustments  made t o  t h e  program i n  response  to  unan t i c ipa t ed  

Explanat ions of s i g n i f i c a n t  funding changes are provided under each of t h e  i n d i v i d u a l  programs 

T r a n s i t i o n  Quar te r  E s t i m a t e :  

The dec rease  of $3 m i l l i o n  r e f l e c t s  ad jus tments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f i ed  Con- 

me r e s u l t i n g  funding decreases  i n  i n d i v i d u a l  programs were accommodated by postponing the  pur- 
g r e s s i o n a l  r e d u c t i o n  of $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  f o r  t h e  Trans i t i on  
Q u a r t e r .  
chase  of some s u p p l i e s  and services u n t i l  e a r l y  FY 1977. 

BASIS OF FY 1977 ESTIMATES: 

A s t r o n g  r e s e a r c h  e IEor t  w i l l  b e  maintained i n  t h e  d i s c i p l i n a r y  areas of  materials, s t r u c t u r e s ,  fundamen- 
t a l  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 ec t r i c  p ropu l s ions ,  energy systems 
and aerothermodynamics t o  meet t h e  needs of c u r r e n t  and f u t u r e  space  a c t i v i c i e s .  System S tud ie s  w i l l  b e  
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  and t o  i d e n t i f y  and eva lua te  t h e  technology r equ i r e -  
mzts  of  f u t u r e  missicns. Systems Technology e f f o r t s  w i l l  cont inue  toward extending 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  use  on advanced space  t r a n s p o r t a t i o n  systems, and toward provid ing  a 
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.. "nz-nzving-part" dzta storage s y s t e m  f o r  aerospace vehicles. Irr Ff 1977 lxreased Systems Technology 
emphasis will be given to the areas of multipurpose, user-oriented software technology, and to the 
demnnstrathon o f  t h e  readiness by FY 1980 of an advanced planetary orbiter spacecraft propulsion system 
utilizing high pertormance space storable fluurine-fiydrazirie p ~ u p ~ = l k i C s .  
activity will be to develop generalized compiler systems capable of translating user needs into a stand- 
ard higher order language, and thereby reduce future software development costs. Increased activity in 
the Space Technology payloads area is aimed at defining a series of flight experiments to be flown on the 
Space Shuttle during the early 1 9 8 0 ' s .  In the Low Cost Systems area, the FY 1977 emphasis will continue 
to be on the development and upgrading of various standard spacecraft components. 

Zii2 ChrusC of t h e  softuare  

BASIS OF FUND REQUIREMENTS: 

Research and Technology Base 

Materials research and 

Structures research and 

Fundament a1 electronics 

Guidance and control 

Information systems 

Chemical propulsion 

Electrical propulsion 

Space energy systems 

Nuclear energy 

technology. .................. 
technology. .................. 
research and technology ...... 
research and technology. ..... 
research and technology ...... 
research and technology ...... 
research and technology ...... 
research and technology. ..... 
research and technology ...... 

1975 
Actual 

9,179 

5,424 

5,684 

3,106 

4,781 

7,506 

4,410 

8 ,  170 

2,188 

1976 Transition Quarter 
Budget Cur rent Budget Current 
Estimate Estimate Estimate Estimate 

(Thousands of Dollars) 

8,900 8,675 2,700 2,300 

5,420 

5,300 

3,400 

5,190 

8,290 

4,200 

7,290 

2 , 200 

5,355 1,600 1,300 

5,045 1,600 1,300 

3,290 1,000 800 

5,025 1,600 1,400 

8,250 2,600 2,200 

1,100 4,700 1,200 

7,810 2,200 1 , 800 

2,025 7 00 600 

1977 
Budget 
Estimate 

8,700 

5,500 

5,000 

3,500 

5,200 

8,300 

5 , 200 

7 ,800 

2,000 
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1976 TransitLon QQarter 1977 
1975 Budget Current  Budget Current  Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(iinousands or' "uoiiarsj 

High power lasers and 
e n e r g e t i c s  r e sea rch  and 
technology..... .............. 4,965 5,410 5 , 200 

Ent ry  r e s e a r c h  and 
technology ................... 5,677 5,700 5 ,  ioo 

Total............... ......... 61.090 61.300 61.075 

Materials Research and Technology 

9,179 8 , 900 8,675 

1 , 600 

i,iOO 

18.500 

2,700 

1 , 400 5 , 200 

i, 500 5,700 

15.700 62.100 

2,300 8,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h i s  program i s  t o  provide  advanced materials technology aimed a t  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 propuls ion  and power systems f o r  f u t u r e  Ear th  
o r b i t i n g  and p l a n e t a r y  vehic les .  

CHANGES FROM BUDGET ESTIMATE: 

FY 1976 Estimate: 

The FY 1976 decrease  of $225 thousand r e f l e c t s  lower than 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  support  of the 
in-house materials r e sea rch  e f f o r t s .  

T r a n s i t i o n  Q u a r t e r  E s t i m a t e :  

.The dec rease  of $400 thousand r e f l e c t s  adjustments  reqirired t o  a3sorS p a r t  e f  t h e  o v e r a l l  unsTecif ied 
Congressional  reduct ion  of $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  f o r  t he  Trans i t ion  
Q u a r t e r .  The decreased funding w i l l  postpone s e v e r a l  g ran t s  and c o n t r a c t s  i n  each area of materials sc ience  
( e l e c t r o n i c  materials and superconduct iv i ty)  and thermal p r o t e c t i o n  systems and p l a n e t a r y  probes.  
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BASIS OF FY 1977 ESTIMATES: 

-" D a a L i  - - 2  

a l l o y s ,  f r i c t i o n  and wear i n  moving p a r t s ,  s t rengthening  i n  composites,  and oxidat ioi i  i t 1  l i lgh tezipcrzture 
materials. This understanding w i l l  s e r v e  as a guide t o  improve materials f o r  advanced spacec ra f t .  

.--&,....i -1 r e s e a r c h  s t u d i e s  w i i i  cvii t iniie t o  e r iphas iz~ ,  t h e  mechanisms co r ros ion  i n  l i g h t  

During FY 1977 work i n  advanced e l e c t r o n i c  materials w i l l  address  b a s i c  ques t ions  on the  p r o p e r t i e s  and 
l i m i t a t i o n s  of very  t h i n  metal oxide  semiconductor s t r u c t u r e s  and w i l l  concen t r a t e  on b a s i c  r e sea rch  t o  
i d e n t i f y  e f f i c i e n c y  l i ~ i i i t a d o n s  ~f gs l l i nm arseni  de j unc t ion  s o l a r  cells .  

Advanced materials and manufacturing processes  during FY 1977 w i l l  be  s tud ied  f o r  t h e i r  a p p l i c a t i o n  as 
long  l i f e  space s t r u c t u r e s  and l u b r i c a n t s  and seals. 
s p a c e c r a f t  s t r u c t u r e s  and tankage, 
where s e r v i c e  temperatures  above 600°F o r  o t h e r  cons ide ra t ions  l i m i t  t h e  use of organic  mat r ices .  
a t o r y  s t u d i e s  w i l l  cons ider  boron- t i tan ium f o r  temperatures up  t o  1000OF. 

P a r t i c u l a r  emphasis w i l l  be  placed on composites f o r  

Explor- 
Metal mat r ix  composites,  p r i m a r i l y  boron-aluminum, w i l l  be  considered 

The development of advanced thermal c o n t r o l  techniques f o r  t h e  p r o t e c t i o n  of spacec ra f t  w i l l  be  conducted 
i n  FY 1977. P a r t i c u l a r  emphasis w i l l  b e  placed on hea t  p i p e  coo l ing  techniques and thermal c o n t r o l  su r f aces  
w i t h  low absorptance.  
and p l a n e t a r y  probes w i l l  be  conducted i n  FY 1977 and t h e  hea t  s h i e l d  requirements f o r  ou te r  p l ane ta ry  probes 
w i l l  be  assessed .  

Technology t o  improve thermal c o n t r o l  systems f o r  advanced Earth o r b i t a l  spacec ra f t  

S t r u c t u r e s  Research and Technology 

197 6 Trans i t i on  Quarter 1977 
1975 Budget Current  Budget Current Budget - 

Actua l  Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dol la rs )  

5,424 

OBJECTIVES AND STATUS: 

5,420 5,355 1,600 I, 300 5,500 

This program provides  advanced s t r u c t u r e s  technology t o  meet t h e  needs of f u t u r e  space systems. Emphasis 
i s  being placed on c r i t i c a l  r e sea rch  and technology s tudy  e f f o r t s  t o  provide imprwed c a p a b i l i t y  to des ign  
f u t u r e  l a r g e  space s t r u c t u r e s .  These e f f o r t s  focus on key a reas  such as techniques t o  achieve l i gh t -we igh t ,  
durable s t r i i c t i i r e s  and mnthnds to i nc rease  the  ope ra t iona l  l i f e  and decrease  the  c o s t .  
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The FY 1976 decrease  of $65 thousand r e f l e c t s  lower than a n t i c i p a t e d  c o s t s  of services i n  support  of t h e  
in-house s t r u c t u r e s  r e sea rch  e f f o r t s .  

T r a n s i t i o n  Quar te r  Estimate: 

The decrease  of $300 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb  p a r c  of the oveiall Unspecified 

The reduct ion  of funding r e s u l t s  i n  t h e  d e f e r r a l  i n t o  FY 1977 o f  some re sea rch  and technology 
Congressional  r educ t ion  of $30 m i l l i o n  i n  NASA's Research and Developmnt budget r eques t  f o r  t h e  Trans i t i on  
Quar te r .  
e f f o r t s  r e l a t e d  t o  l a r g e  space  e r e c t a b l e  s t r u c t u r e s ,  h igh  temperature  s t r u c t u r e s  and s t r u c t u r a l  responses  
t o  payload dynamics i n  space. 

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  area of advanced space  s t r u c t u r e s ,  r e s e a r c h  and technology e f f o r t s  w i l l  i nc lude  t h e  examination 
o f  new concepts  f o r  l a r g e  e r e c t a b l e  space  s t r u c t u r e s  needed f o r  o r b i t a l  an tennas ,  s o l a r  a r r ays ,  and p l a t -  
forms. The concepts  w i l l  i nc lude  l a r g e  antennas (100-meter diameter)  which could  b e  packaged as a s i n g l e  
payload and deployed i n  o r b i t ,  and much l a r g e r  s t r u c t u r e s  which would r e q u i r e  space f a b r i c a t i o n  and 
assembly. Advanced des ign  techniques  f o r  l igh tweight  composite s t r u c t u r e s  w i l l  cont inue  t o  be i n v e s t i -  
ga t ed .  

Development of advanced des ign  methods w i l l  cont inue  i n  FY 1977 w i t h  pr imary emphasis on h igh  temperature  
s t r u c t u r e s  f o r  f u t u r e  Ear th  t o  o r b i t  t r a n s p o r t a t i o n  systems, and on improved wind tunnel  t e s t i n g  techniques 
f o r  t hese  s t r u c t u r e s .  Evalua t ion  tests of S h u t t l e  thermal p r o t e c t i o n  s t r u c t u r e s  w i l l  b e  conducted as nec- 
e s s a r y  t o  support  S h u t t l e  development. 
w i l l  a l s o  cont inue,  and improved f r a c t u r e  c o n t r o l  methods w i l l  be s tud ied .  

Improvements f o r  t h e  NASA S t r u c t u r a l  Analys is  (NASTRAN) program 

Space v e h i c l e  dynamics technology ac t iv i t ies  w i l l  i nc lude  improved techniques f o r  p r e d i c t i n g  payload 
acoust ic  and v i b r a t i o n  environments and payload response,  as w e l l  as suppor t ing  s t u d i e s  f o r  t h e  c u r r e n t  
S h u t t l e  design.  
minimizat ion of  s t r u c t u r a l  response ,  c r i te r ia  f o r  a n a l y s i s  and test  c o r r e l a t i o n ,  improved techniques f o r  
upgrading a n a l y t i c a l  models based on test d a t a ,  and p a r t i c i p a t i o n  i n  t h e  p r e p a r a t i o n  of a s p e c i f i c  tech- 
nology payload genera l  tes t  s p e c i f i c a t i o n .  
a e r o e l a s t i c  e f f e c t s  and wind tunnel  tes ts  t o  h e l p  d e f i n e  pre- launch ground wind loads .  

E f f o r t  on payload dynamics i n  FY 1977 w i l l  encompass improved methods f o r  p r e d i c t i o n  and 

The S h u t t l e  support  s t u d i e s  w i l l  involve  methods f o r  p r e d i c t l n g  
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h'undamentai Eieccronics Research arid Tec lu io lop~  

-8 n-l, 
1711 0 

1975 Budget Current 
Actual Estimate Es t ima t e Estimate Estimate Estimate 

(Thousands of Dollars) 

5,684 5 , 300 5 , 045 1 , 600 1,300 5 , 000 

OBJECTIVES ALUD STATES : 

Research and technology activities in fundamental electronics provide advanced high resolution sensors 
and detectors for data acquisition, electronic components for on-board information processing and data 
storage, and long-life circuit arrays for the synthesis of reliable, low-cost electronic systems. 

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Estimate: 

The current FY 1976 estimate is $255 thousand below the budget estimate. Planned efforts to develop 
liquid-crystal displays were terminated because of technical problems and successful development of an 
alternate approach by the Department of Defense. 

Transition Quarter Estimate: 

The decrease of $300 thousand reflects adjustments required to absorb part of the overall unspecified 

As a result, the development of techniques for laser remote sensing of  oceanic parameters will 
Congressional reduction of $30 million in NASA's Research and Development budget request for the Transition 
Quarter. 
be deferred until FY 1977. 

BASIS OF FY 1977 ESTIMATES: 

i iew technologies are being investigated to improve the resolution, sensitivity, and spectral range of 
active and passive remote sensing systems. In FY 1977, hydrographic lidar systems to measure oceanic 
salinity, temperature profiles, and turbidity will be developed. High resolution astronomical sensors 
and a planetary TV camera based on intensified charge-coupled device technology will be tested. 
r d z r  techrrlqnes vi11 he developed f o r  stratospheric remote gas/pollutant detection and measurement. 

Passive 
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Elec i r u u i i  devices  t o  improve aysten; perforrmnce and reduce C C S ~ S  a r e  heir lg  devc.in?eci f o r  aerospace a p p i i -  
c a t i o n s .  
devices f o r  ai;a?og sigr;al p r o c c s s h g  w i l l  be demnnstrated; 
d a t a  l i n k  f o r  s p a c e c r a f t  a p p l i c a t i o n  w i l l  b e  eva lua ted .  

Improved room temperature  i n f r a r e d  d e t e c t o r s  w i l l  be developed. S o l i d - s t a t e  charge t r a n s f e r  
P s b r i c n t i o n  o f  a low e r r o r  ra te  f i b e r  o p t i c s  

Large scale i n t e g r a t e d  e l e c t r o n i c  c i r c u i t  a r r a y s  w i l l  be  developed t o  provide  increased  func t ion  dens i ty ,  
reduced c o s t ,  and improved performance and r e l i a b i l i t y .  S tudies  of b a s i c  f a i l u r e  mechanisms w i l l  r e s u l t  i n  
s t anda rd ized  devices  f o r  t e s t i n g  c i r c u i t  r e l i a b i l i t y .  Techniques f o r  mask making, us ing  computer-control led 
electron-beam l i thography,  w i l l  be i n v e s t i g a t e d  and automated m i c r o c i r c u i t  processing equipment w i l l  b e  eva l -  
ua ted  f o r  "hands-off" f a b r i c a t i o n .  

Guidance and Cont ro l  Research and Technolopy 

1976 T r a n s i t  i o n  Quar te r  1977 
1975 Budget Current  Budget Current  Budget 

Actua l  E s t i m a t e  E s  t i m a  t e Est imate  Estimate Estimate 
(Thousands of  Dollars) 

3,106 3,400 3 , 290 1,000 800 3,500 

OBJECTIVES AM) 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  cyc le  c o s t s  
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, provide  p r e c i s e  p o i n t i n g  of  experiments, improve t h e  accuracy of 
space  nav iga t ion ,  and permi t  aiitonomous o p e r a t i o n  of s p a c e c r a f t ,  robot  v e h i c l e s  and experiments i n  space. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: 

The reduc t ion  of FY 1976 funding r e f l e c t s  sav ings  r e a l i z e d  by performing work on t h e  magnetic bear ing 
r e a c t i o n  wheel s p e e d  c o n t r o l l e r  as an in-house e f f o r t  and d i scon t inu ing  p lans  i n i t i a t i n g  e f f o r t  on t h e  
c o n t r o l  of f l e x i b l e  s p a c e c r a f t .  

T r a n s i t i o n  Quar te r  E s t i m a t e :  

. 

Congressional  r educ t ion  of  $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  f o r  t h e  Trans i t i on  
Quar t e r .  

The dec rease  of $200 thousand r e f l e c t s  ad jus tments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f ied  

A s  a r e s u l t ,  tests of a redundant  laser gyro nav iga t ion  system w i l l  b e  postponed u n t i l  FY 1977. 
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DuASIS OF 1977 ESTrnTES:  

g,idznce 2nd c~ntrnl research centers on new roncepts  and components which promise reduced c o s t s  and 
inc reased  mission c a p a b i l i t y .  Development of long  l i k e  a t t i t u d e  c o n t r o l  system technology i n  F Y  1977 w i i i  
focus  on completion of a s o l i d  s ta te  s tar  t r a c k e r ,  t es t  of a s i n g l e  a x i s  magnetic bea r ing  r e a c t i o n  wheel, 
and des ign  of a f l u i d  bear ing  gyro. Ground t e s t i n g  of a v ideo  i n e r t i a l  po in t ing  system for  i n f r a r e d  
t e l e scopes  w i l l  be  completed and a magnetic suspension dev ice  f o r  h igh  accuracy p o i n t i n g  of space exper i -  
ments w i l l  b e  eva lua ted .  

Advanced nav iga t ion  techniques are be ing  developed t o  reduce c o s t s  and inc rease  t h e  s c i e n t i f i c  r e t u r n  
from miss ions  t o  o u t e r  p l ane t s .  During FY 1977, opt imized maneuver s t r a t e g i e s  w i l l  b e  der ived  f o r  plane-  
t a r y  o r b i t e r s  and m u l t i p l e  p l a n e t  rendezvous. F i n a l  des ign  of an autonomous on-board naviga t ion  system 
w i l l  be  completed and development of a breadboard system w i l l  be  i n i t i a t e d .  

A robot  demonstrat ion v e h i c l e  w i l l  b e  completed dur ing  FY 1977 and t e the red  ope ra t ions  w i l l  b e  eva lua ted .  
Development of a r a d i o  c o n t r o l  l i n k  and dual-manipulators  w i l l  be i n i t i a t e d  as p recu r so r s  t o  semiautonomous 
o p e r a t i o n  i n  an  outdoor  environment. Un ive r s i ty  s t u d i e s  of automated problem s o l v i n g  systems and scene  
i n t e r p r e t a t i o n  techniques w i l l  be  cont inued  i n  FY 1977. 

Informat ion  Systems Research and Technology 

1976 T r a n s i t i o n  Quar te r  
1975 Budget Curren t  Budget Curren t  

Ac tua l  Estimate Est imate  Estimate E s t  imate 
(Thousands of Dol la rs )  

1977 
Budget 

Est imate  

4,781 5,190 5,025 1,600 1,400 5,200 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  space informat ion  systems program i s  t o  provide,  through r e sea rch ,  des ign ,  and ex- 
pe r imen ta l  tests,  the  components and techniques  needed f o r  t h e  process ing ,  t ransmiss ion  and r educ t ion  of 
d a t a  from p l a n e 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 .  
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FY 1976 Estimate: 

The dec rease  of $165 thousand r e s u l t e d  from t e rmina t ion  of an a c t i v i t y , t o  e v a l u a t e  t h e  use  of m u l t i p l e  
computers as an approach t o  long l i f e  o p e r a t i n g  s y s t e m  because the r e s u l t i n g  system complexity was 
found t o  nega te  gains  i n  o p e r a t i n g  l i f e .  

T r a n s i t i o n  Quarter  Estimate:  

The dec rease  of $200 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of the o v e r a l l  unspecif ied 
Congressional  r educ t ion  of $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  f o r  t h e  Transi-  
t i o n  Quarter .  Research on m a t e r i a l s  f o r  holographic  memory systems w i l l  be  d e f e r r e d  t h r e e  months t o  
accommodate t h e  reduct ion.  

BASIS OF FY 1977 ESTIMATES: 

T e s t i n g  of a modular d a t a  system breadboard,  which performs c o n t r o l ,  measurement, and processing func t ions  
i n  a s i n g l e  a r c h i t e c t u r a l  concept ,  w i l l  be  completed. 
t o  exp lo re  i t s  p o t e n t i a l  f o r  real  t i m e  p a r a l l e l  video proc s s ing .  
o p t i c a l  holographic  s t o r a g e  materials w i t h  d e n s i t i e s  of lo8 t o  10" b i t s  p e r  squa re  inch w i l l  be  pursued. 

A f i r s t  genera t ion  o p t i c a l  computer w i l l  be  operated 
The development and eva lua t ion  of new 

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  design of r e l i a b l e  s p a c e c r a f t  communications systems 
and components f o r  mult i -mission use. I n  FY 1977 microminiature components f o r  d i g i t a l  r a d i o  systems w i l l  
be  cons t ruc ted  and t e s t e d .  Development of m i l l i m e t e r  wave (40 Gigahertz)  high power a m p l i f i e r s  w i l l  be 
i n i t i a t e d .  Research on medium power s o l i d  s t a t e  Ku-band transmitters t o  o b t a i n  doubled l i f e  t i m e  (from 
2 t o  4 yea r s )  and e f f i c i e n c y  (from 15 t o  30 pe rcen t )  w i l l  a l s o  cont inue.  

The high r a t e  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. 
A long l i f e  300 megabit p e r  second s p a c e  q u a l i f i e d  carbon d iox ide  laser t r a n s c e i v e r  engineer ing  model 
w i l l  be  evaluated during FY 1977. N e w  modulation techniques t o  i n c r e a s e  t h e  c a p a c i t y  t o  500 megabits 
p e r  second w i l l  be i n v e s t i g a t e d .  A neodymium laser system w i l l  be assembled and t e s t e d  t o  demonstrate 
a 2 cent imeter  cracking accuracy. 
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Chemicil P r e p ~ l s i n r r  h s e a r c h  and Technology 

1976 Trans i t i on  Quar te r  1977 
Q s r d n n t  
"UU.5G.C 

n.----.-- i r i i b  Kudget Curren t  "DdgeL b U L  L C l l L  

Actual  E s  t i m a  t e E s  t i m a t  e Estimate Estimate Estimate 
(Thousands of  Dol la rs )  

7,506 8,290 8,250 2,600 2,200 8 , 300 

u B j E C i i V E S  Aivi STATIS i 

The o b j e c t i v e s  of t h i s  program are t o  advance t h e  technology of convent ional  h igh  t h r u s t  chemical pro- 
p u l s i o n  systems t o  meet f u t u r e  mission requirements  a t  reduced c o s t ,  and t o  explore  promising advanced 
p ropu l s ion  concepts  t h a t  o f f e r  much h i g h e r  s p e c i f i c  impulse, as w e l l  as h igh  t h r u s t  compared t o  t h e  
convent iona l  chemical systems. 

CHANGES FROM BUDGET ESTIMATES: 

T r a n s i t i o n  Quar te r  Estimate: 

The dec rease  of $400 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f ied  
Congressional  r educ t ion  of  $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  €or  t h e  T r a n s i t i o n  
Quar te r .  
p ropu l s ion  component r e s e a r c h  on pumps, t h r u s t  chambers and r eusab le  i n s u l a t i o n  and of some s o l i d  propul-  
s i o n  r e s e a r c h  on long term p r o p e l l a n t  s t o r a b i l i t y  and h igh  performance, l i g h t  weight motors. 

The r educ t ion  of funding w i l l  r e s u l t  i n  t h e  d e f e r r a l  u n t i l  FY 1977 of  some r e u s a b l e  chemical 

BASIS OF FY 1977 ESTIMATES: 

The h igh  performance,reusable  chemical p ropu l s ion  program w i l l  p rovide  the  technology f o r  f u t u r e  low 
c o s t  space t r a n s p o r t a t i o n  systems inc lud ing  small o r b i t a l  t r a n s f e r  v e h i c l e s ,  and advanced Ea r th - to -o rb i t  
v e h i c l e s .  
r e u s a b l e  space v e h i c l e s  t h a t  w i l l  o p e r a t e  from t h e  S h u t t l e  low Ear th  o r b i t  t o  h ighe r  o r b i t s  and beyond. 
In FY 1977, component technology w i l l  con t inue  on pumps, t h r u s t  chambers, h igh  expansion r a t i o n  nozz les ,  
r e u s a b l e  i n s u l a t i o n  and a u x i l i a r y  t l i ru s t e r s  designed f o r  r e u s a b i l i t y  l ead ing  t o  a minimum 20-mission 
v e h i c l e  l i f e .  

The pr imary focus of  t h i s  work i s  on small oxygen-hydrogen propuls ion  systems designed f o r  

The long  l i f e  space  s t o r a b l e  p ropu l s ion  technology program i s  designed t o  meet t h e  requirements  of t h e  
- - - - - -  3 ----a:-- ..^_ "___ 
L W ~ ~  u e l l ~ l l u L , L ~  uL,,ta,LLLGd -,?anctary z i s c k n s  nf the fiitiire e 

f o r  a f luor ine-hydraz ine  propuls ion  system t h a t  would provide  a 25 pe rcen t  i n c r e a s e  i n  performance over 
The work i s  d i r e c t e d  toward component technology 
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. .  ciirrent s t a r e - o f - r h e - a r t  systems and wvuld be desiarisd f o r  a iiiiiiiEdii: f lve-year  l i f e t h e .  Ir! Ftl 1977 ,  t h e  
component e f f o r t s  w i l l  concen t r a t e  on f l i g h t  weight des igns ,  t h a t  w i l l  b e  procured f o r  assembly i n t o  a 
c o T l e t e  p ropu l s ion  system as p a r t  of t h e  Space Propuls ion  and Power Systems Technology program. 

I n  low c o s t  s o l i d  propuls ion ,  t h e  technology program is  d i r e c t e d  toward improving performance, reducing 
component weights  and developing new c a p a b i l i t i e s  t o  promote broader  use  of t h e s e  inhe ren t ly  l o w  c o s t  sys-  
t e m s  i n  NASA missions.  During FY 1977, work w i l l  cont inue  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 ,  
long  term p r o p e l l a n t  s t o r a b i l i t y ,  r e s t a r t a b l e  motors, and h igh  performance, l igh tweight  motors. An advanced 
s o l i d  motor i nco rpora t ing  l i gh twe igh t  components and a h i g h e r  performance p r o p e l l a n t  w i l l  be  t e s t e d  under 
s imula ted  a l t i t u d e  cond i t ions .  
i n t e r i m  upper s t a g e  (IUS) f o r  t h e  S h u t t l e .  

Many of t h e s e  f e a t u r e s  w i l l  be  a p p i i c a b i e  t o  an improved ve r s ion  of Lhe 

The major emphasis i n  advanced chemical  propuls ion  concepts  i s  on atomic and metal l ic  hydrogen, and 
excited s ta te  helium. Experimental  work w i l l  cont inue  toward extending t h e  s t o r a g e  t i m e  of atomic hydro- 
gen by  means of h igh  s t r e n g t h  magnetic f i e l d s ,  and t e s t i n g  of h igh  p r e s s u r e  devices  designed t o  e x e r t  
megabar p re s su res  on hydrogen samples w i l l  b e  i n i t i a t e d  l ead ing  towards t h e  product ion  and s t o r a g e  of 
metall ic hydrogen. 
a s o l i d  helium ma t r ix  w i l l  cont inue .  

T h e o r e t i c a l  s t u d i e s  of determining means of s t o r i n g  exc i t ed  s ta te  helium s p e c i e s  i n  

Basic r e sea rch  w i l l  b e  cont inued  t o  deepen t h e  understanding of t h e  chemical and phys ica l  p rocesses  
that occur  i n  rocke t  p ropu l s ion  systems. Work i n  t h e s e  areas i n  FY 1977 w i l l  inc lude  s t u d i e s  of combus- 
t i o n  and expansion l o s s e s  t o  improve e f f i c i e n c y ;  eva lua t ions  of t h e  i n f l u e n c e  of b a f f l e s  and cavi t ies  on 
combustion s t a b i l i t y ;  de te rmina t ion  of t h e  p r o p e r t i e s  of l i q u i d  p r o p e l l a n t s  a t  very high p res su res ;  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 ze ro  g r a v i t y  environment. 

Electrical  Propuls ion  Research and Technology 

1976 T r a n s i t i o n  Quar te r  1977 
1975 Budget Curren t  Budget Current  Budget 

Estimate Actua l  E s  t i m a  t e E s t  i m a  t e Es t imate  Estimate 
(Thousands of  Do l l a r s )  

4,410 

OBJECTIL’ES ATE STATTVTS : 

4,200 4,700 1,200 1,100 5,200 

The o b j e c t i v e  of t h i s  program i s  t o  provide  t h e  r e sea rch  and technology f o r  high s p e c i f i c  impulse ( g r e a t e r  
t han  1,000 seconds) e lectr ic  p ropu l s ion  systems f o r  advanced capabilities i i i  i iear-Eartki arid p k i r i ~ t a r y / i n t C r -  
p l a n e t a r y  a p p l i c a t i o n s .  
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CHANGES FROM BUDGET ESTIMATES : 

FY 1Y/b Kstimate: 

The FY 1976 i n c r e a s e  of  $500 thousand r e f l e c t s  h i g h e r  than 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  support  of 
t h e  in-house  e l ec t r i ca l  propuls ion  r e s e a r c h  e f f o r t s .  

T r a n s i t i o n  Quar te r  Estimate: 

The dec rease  of $100 thousand r e f l e c t s  ad jus tments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f ied  
Congressional  r educ t ion  of  $30 m i l l i o n  i n  NASA's Research and Development budget r e q u e s t  f o r  t h e  Trans i t i on  
Quar te r .  
b e r  of i o n  engines  i n  an  a r r a y  conf igu ra t ion  t o  understand i n t e r a c t i o n s .  

The reduc t ion  of funding w i l l  r e s u l t  i n  d e f e r r i n g  u n t i l  FY 1977 t h e  i n i t i a t i o n  of t e s t i n g  a num- 

BASIS OF FY 1977 ESTIMATES: 

I n  t h e  area of a u x i l i a r y  e lectr ic  p ropu l s ion ,  a 15,000-hour, 460-cycle endurance t e s t  of an 8-cent imeter  
d iameter  l a b o r a t o r y  model, 1 mil l ipound (150 w a t t s )  mercury i o n  engine was  s u c c e s s f u l l y  completed i n  FY 1976. 
Cyc l i c  endurance t e s t i n g  of an 8-cent imeter  engineer ing  model i o n  engine wi th  a thermal  vacuum breadboard 
power p rocesso r  and a p rope l l an t  feed  sys tem w i l l  b e  cont inued i n  FY 1977. 
t h e  i o n  engine  system i n  a r e p r e s e n t a t i v e  type of s a t e l l i t e  nor th-south  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 ,  modular iza t ion  i n v e s t i g a t i o n s  of t h i s  engine t o  accommodate h igher  t h r u s t  levels (2 t o  4 r c i l l i -  
pounds) w i l l  be  cont inued.  

This test s imula t e s  ope ra t ion  of 
I n  

I n  t h e  area of pr imary s o l a r  e lectr ic  p ropu l s ion ,  a 30-cent imeter  (2.75 k i lowa t t s )  mercury i o n  engine 
completed 10,000 hours  of  t e s t i n g  b e f o r e  shut-down, and i n i t i a l  t e s t i n g  of a thermal  vacuum breadboard 
power processor  f o r  t h e  30-cent imeter  engine  w a s  a l s o  completed. A 15,000 hour endurance tes t  of an 
improved 30-cent imeter  i o n  engine con ta in ing  material changes t o  t h e  engine ion  chamber t o  reduce i n t e r n a l  
e r o s i o n  w i l l  be cont inued i n  FY 1977. I n  a d d i t i o n ,  t e s t i n g  of a number of engines  i n  an a r r a y  configura-  
t i o n  t o  determine i n t e r a c t i o n s  will b e  i n i t i a t e d  i n  FV 1977 as w e l l  as t h e  f a b r i c a t i o n  of a func t ion  model 
power processor  f o r  t h e  engine. F i n a l  des ign  of a l a r g e  (12.5 k i lowa t t  wing), l i g h t  weight (15 kilograms 
p e r  k i l o w a t t )  s o l a r  a r r a y  f o r  s o l a r  e lectr ic  p ropu l s ion  a p p l i c a t i o n s  was completed i n  FY 1976. 

Support ing t h e  a3ove work ix a u x i l i a r y  and primary e lectr ic  propuls ion i s  a con t inu ing  e f f o r t  of b a s i c  
r e sea rch  aimed a t  b e t t e r  understanding t h e  p rocesses  l i m i t i n g  l i f e  and e f f i c i ency .  I n  a d d i t i o n ,  work on 
exp lo r ing  va r ious  p o t e n t i a l  a p p l i c a t i o n s  of t h e  i o n  beam f o r  o t h e r  uses ,  such a s  s u r f a c e  c l ean ing ,  material 
c o a t i n g ,  d r i l l i n g ,  etc., w i i i  be continued. 
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1976 Trans i t i on  Q u a r t e r  1977 
rn >.-L 
DUUS;aL LYi 3 Budget Currenc Budgec Cur reit L 

Actual  Estimate E s  t i m a  t e Estimate Est imate  Est imate  
(Thousands of  Dol la rs )  

8 , 170 7 , 290 7,810 2 , 200 1,800 7 , 800 

OBJECTIVES AND STATUS : 

The o b j e c t i v e s  of t h e  Energy Systems Research and Technology program are t o  make a v a i l a b l e  low-cost, 
long- l ived ,  r e l i a b l e ,  h igh  power-densi ty  and h igh  energy-dens i ty  components and technology f o r  s p a c e c r a f t  
energy systems. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: 

The i n c r e a s e  of $520 thousand over t h e  budget estimate i s  t o  provide  f o r  funds t o  s tudy  h igh-vol tage  
i n t e r a c t i o n s ,  p a r t i c u l a r l y  between t h e  s p a c e c r a f t  and i t s  surroundings,  which have caused problems i n  t h e  
p a s t .  This i s  a j o i n t  NASA/Air Force program. 

T r a n s i t i o n  Quar te r  E s t i m a t e :  

The decrease  of $400 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f ied  
Congressional  r educ t ion  of $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  f o r  t h e  T r a n s i t i o n  
Quar te r .  The reduc t ion  of funding w i l l  r e s u l t  i n  d e f e r r a l  i n t o  FY 1977 of a p o r t i o n  of t h e  c o n t r a c t u a l  
e f f o r t  on t h e  h igh-vol tage  i n t e r a c t i o n  s tudy ,  of  p r e p a r a t i o n  of a power systems des ign  handbook and of t h e  
des ign  of  a h igh  temperature  s o l a r  c e l l  a r r a y .  

BASIS FOR FY 1977 ESTWTES: 

Work on s o l a r  c e l l s . a n d  a r r a y s  w i l l  emphasize h igh  e n d - o f - l i f e  e f f i c i e n c y  f o r  t h e  cells  and high power 
d e n s i t y  fo r  a r r ays .  
s e l e c t i n g  a s p e c i f i c  des ign  and i n i t i a l  f a b r i c a t i o n  of c e l l s  wi th  e f f i c i e n c i e s  over 13-14 percent .  
a d d i t i o n ,  des ign  of a 200-watt p e r  k i logram s o l a r  a r r a y  w i l l  b e  i n i t i a t e d .  

A b e t t e r  understanding of r ad ia t io r ,  damage i s  be ing  achieved and w i l l  be  used €o r  
I n  
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#K he non-gassing cnnstr i ic t inn nf n icke i  oxide-cadmium barrrery ce i i s  w i i i  be  combined w i t h  l i g h t  weight 
types of s t r u c t u r e s ,  some developed i n  t h e  f u e l  c e l l  program, t o  about  t r i p l e  t h e  usab le  energy d e n s i t y  
nf siich bat te r ies ;  without  s a c r i f i c e  i n  l i f e  and r e l i a b i l i t y .  The a c c e l e r a t e d ,  non-des t ruc t ive  test  
program t o r  b a t t e r y  ce i i s  w i i i  be s l m p i i f i e d  so i t  can be used by s p a c e c r a f t  engineers  i n  s e l e c t i n g  baccery 
components. Fue l  ce l l  tests w i l l  s tress l i f e  expectancy of  l i g h t  weight ce l l s  r u n  on r eac t an t -g rade  ( i m -  
pure)  p r o p e l l a n t s  a t  low pressure .  

A power process ing  and d i s t r i b u t i o n  des ign  handbook w i l l  be  w r i t t e n  t o  sys t ema t i ze  e x i s t i n g  information 
and guide  f u t u r e  des igners .  
b e  implemented p a r t i a l l y  i n  FY 1977, i n  p r e p a r a t i o n  of use  of t hese  techniques i n  p l ane ta ry - type  spacec ra f t .  
Automatic test  and charge equipment w i l l  b e  developed f o r  i nd iv idua l  c e l l  c o n t r o l  i n  b a t t e r y  management t o  
a t t a i n  h ighe r  r e l i a b i l i t y  by lower stress levels of cells .  
on developing ground s imula t ion ,  s p a c e c r a f t  modeling, and t e s t i n g  techniques t o  b e t t e r  understand spacec ra f t  
cha rg ing  and t o  arrive a t  s o l u t i o n s .  

The p lan ,  developed i n  FY 1976 f o r  automatic  power systems management, w i l l  

Work w i l l  proceed j o i n t l y  w i t h  t h e  A i r  Force 

I n  t h e  a r e a  of t he rma l - to -e l ec t r i c  energy conversion,  d e l i v e r y  of t h e  mini-Brayton (0.5 - 2.0 k i lowa t t )  
components t o  t h e  Energy Research and Development Adminis t ra t ion  w i l l  be completed, i n  p repa ra t ion  f o r  t h e  
s imula ted  e l e c t r i c a l  ground system i n  FY 1978. The l a r g e r  ( 2  - 15 k i lowa t t )  Brayton r o t a t i n g  u n i t  t e s t  w i l l  
be  cont inued towards t h e  goa l  of 50,000 hours  of ope ra t ion ,  almost h a l f  of which has  been a t t a i n e d .  L i f e  
t e s t i n g  of thermoelec t r ic  m a t e r i a l s  a l s o  w i l l  b e  extended, and newer, h igh -e f f i c i ency  couples  w i l l  be 
eva lua ted  i n  coopera t ion  with t h e  Energy Research and Development Adminis t ra t ion .  

Nuclear  Enerpy Research and Technolopy 

OBJECTIVES AND STATUS : 

1976 
1975 Budget Current  

Actua l  Estimate Est imate  
(Tho us ands 

2,188 2 , 200 2,025 

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

1977 
Budget 

Es t imate  Es t imate  Estimate 
of Do l l a r s )  

700 600 2,000 

The o b j e c t i v e  i s  t o  provide t h e  b a s i c  r e s e a r c h  and technology f o r  t h e  p o t e n t i a l  u t i l i z a t i o n  of  nuc lea r  
power f o r  fucure  space missicns. 
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- - - r  r Y L Y I O  E s t i m a t e :  

The FY 1976 dec rease  of $175 thousand r e f l e c t s  lower than  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  ~II suppor t  o f  
t h e  in-house n u c l e a r  energy r e s e a r c h  e f f o r t s .  

T r a n s i t i o n  Q u a r t e r  Es t imate :  

The decrease  of  $100 thousand r e f l e c t s  adjustments  r e q u i r e d  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f i ed  
Congressional  r educ t ion  of  $30 m i l l i o n  i n  NASA's  Research and Development budget r eques t  f o r  t h e  T r a n s i t i o n  
Quar te r .  The r e d u c t i o n  of  funding w i l l  r e s u l t  i n  d e f e r r a l  of r e s e a r c h  on t ransuranium nuclear  waste i n c i n -  
e r a t i o n  i n t o  FY 1977. 

BASIS OF FY 1977 ESTIMATES: 

Research i n  t h e  f i e l d  of thermionic  energy  conversion has  t h e  long  range goa l  of ach iev ing  e f f i c i e n c i e s  
up t o  30 pe rcen t  w i th  o p e r a t i n g  temperatures  as low as 1,100 degrees  Centigrade. Converter performance 
of t h i s  c h a r a c t e r  would be  advantageous f o r  nuc lear  e lec t r ic  p ropu l s ion  i n  space  and f o r  topping cyc le s  
i n  terrestr ia l  power p l a n t s .  I n  FY 1977, r e sea rch  on t h e  phys ic s  of emitter and c o l l e c t o r  materials, and 
on t h e  i n t e r - e l e c t r o d e  plasma w i l l  b e  emphasized. I n  a d d i t i o n ,  p re l imina ry  systems s t u d i e s  w i l l  cont inue  
on t h e  a p p l i c a t i o n s  of  thermionic  conve r t e r s  i n  topping c y c l e s  and nuc lea r  e l ec t r i c  genera t ing  systems. 

The main t h r u s t  o f  t h e  gaseous f u e l  reactor r e sea rch  i s  d i r e c t e d  toward a benchmark experiment f o r  t h e  
demonstrat ion of  t h e  f e a s i b i l i t y  and b e n e f i t s  o f  t h i s  concept  of advanced nuc lea r  energy u t i l i z a t i o n .  
Valuable  r e a c t o r  components salvaged from t h e  previous NASA nuc lea r  rocke t  program w i l l  be used. I n  
FY 1976, r e a c t o r  experiments  were begun wi th  s t a t i c  gaseous uranium hexa f luo r ide  f u e l  loadings  and w i l l  
con t inue  through FY 1977. I n  a d d i t i o n ,  p repa ra t ions  f o r  f lowing f u e l  loadings  w i l l  be made, and b a s i c  
r e s e a r c h  on t h e  r a d i a t i o n  from f i s s i o n i n g  gases  w i l l  con t inue .  Future  b e n e f i t s  of t h i s  r e sea rch  inc lude  
e l ec t r i c  power gene ra t ion  wi th  up t o  70 pe rcen t  e f f i c i e n c y  and t h e  conversion of nuc lea r  energy d i r e c t l y  
i n t o  work i n  t h e  form of  laser beams, w i th  s i g n i f i c a n t  s a f e t y  f a c t o r s  such as minimuni c r i t i c a l  mass, n i n i  
mum r a d i o a c t i v e  waste inven to ry  and t h e  i n c i n e r a t i o n  of long- l ived  waste products  i n  t h e  r e a c t o r .  
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High Power Lasers  and Energe t ics  
Research and Technology 

I Y i h  T i n n g i  t i nn  O i i n r t p r  i 377 
1975 Budget Current  Budget Current  Budget 

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  Estimate E s t i m a t e  
(Thousands of Do l l a r s )  

4,965 5,410 5,200 1,600 1,400 5,200 

OBJECTIVES AND STATUS : 

The h igh  power laser and e n e r g e t i c s  program provides ,  through b a s i c  r e s e a r c h  and experimental  engineer ing,  
major advances i n  power gene ra t ion ,  convers ion ,  and t ransmiss ion  which w i l l  be t h e  b a s i s  f o r  f u t u r e  c a p a b i l i -  
t i e s  i n  space and which w i l l  be  a p p l i c a b l e  t o  t h e  problem of meeting t h e  long  range energy needs on Earth.  

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Estimates: 

The FY 1976 dec rease  of $210 thousand r e f l e c t s  lower than  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  suppor t  of t h e  
in-house lasers and e n e r g e t i c s  r e s e a r c h  e f f o r t s .  

T r a n s i t  i on  Quar te r  Estimates: 

The decrease  of $200 thousand r e f l e c t s  adjustments  r equ i r ed  t o  absorb p a r t  of t h e  o v e r a l l  unspec i f ied  
Congressional  r educ t ion  of $30 m i l l i o n  i n  NASA's Research and Development budget r eques t  f o r  t h e  T r a n s i t i o n  
Q u a r t e r .  The r educ t ion  of  funding w i l l  r e s u l t  i n  d e f e r r a l  of r e sea rch  on photochemistry i n t o  FY 1977. 

BASIS OF FY 1977 ESTIMATES: 

Research i n  the  area o f  plasmadynamic energy systems inc ludes  a p r o j e c t  t o  i n v e s t i g a t e  combustion-driven 
Magnetohydrodynamic (MHD) gene ra to r s  f o r  ve ry  high power d e n s i t i e s .  Combustor experiments were conducted 
du r ing  FY 1976. Superconductive magnets are under development f o r  a p p l i c a t i o n  t o  t h e  gene ra to r ,  i nc lud ing  
a coope ra t ive  e f f o r t  w i th  t h e  A i r  Force t o  ass i s t  t h e  A i r  Force Aeronaut ica l  Research Laboratory i n  apply- 
i n g  t h e  NASA superconduct ive magnet e x p e r t i s e  t o  t h e i r  needs i n  MHD power genera t ion .  I n  FY 1977, prelim- 
i n a r y  tests w i l l  be conducted t o  match combustor and magnets. The l a r g e  superconduct ing magnetic mir ror  
apps ra tus  (SLW-.> designed t o  produce fusion-like p l a s m s  hecame f u l l y  operational ir? FY l9?6. In the 
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future i i  w i l l  be used f o r  researcf: =n t h e  p r i n c i p l e s  cf h o v  t n  i19p ir ision piasmas i n  space. 
t echniques  w i l l  be  developed and t e s t e d  t o  diagnose t h e  100 m i l l i o n  degrees  Fahrenhei t  ho t  plasmas. 

in FY 1 9 7 7 ,  

I n  magnetics and cryophys ics ,  cryogenic  coo l ing  w a s  demonstrateci wich a s m a i i  ulagiieiic: lircrt p u q  durir;g 
FY 1976. A h i g h l i g h t  i n  t h e  FY 1977 pe r iod  w i l l  be  t h e  demonstrat ion of techniques t o  f a b r i c a t e  long  
samples of  superconduct ive  r ibbons by means of a novel  germanium-niobium vapor depos i t i on  technique.  

I n  fundamental photonics ,  b a s i c  r e sea rch  i s  concent ra ted  on t h e  emission and abso rp t ion  of  r a d i a t i o n  
f r o m  a l l  states of matter i n  support  of power gene ra t ion ,  propuls ion ,  lasers,  space environment, and 
atmospheric  phys ics .  I n  FY 1976 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  
was a t tempted ,  i n  a nuc lea r  powered h igh  p r e s s u r e  xenon laser,  f o r  l a r g e  power i n  t h e  v i s i b l e  spectrum. 
This  e f f o r t  w i l l  cont inue  through FY 1977, a long  wi th  o t h e r  work i n  t h e  a r e a  of photon-matter i n t e r a c t i o n s .  

A program of h igh  power laser systems r e s e a r c h  i s  be ing  conducted t o  determine whether lasers can be  made 
t h a t  could  have a major impact on aerospace  mission c a p a b i l i t i e s .  A cont inuous ly  o p e r a t i n g  closed-loop 
laser w i l l  come i n t o  ope ra t ion  i n  FY 1976-1977 and w i l l  be  s t u d i e d  t o  determine what t e c h n i c a l  b a r r i e r s  
may exis t  i n  long d u r a t i o n  ope ra t ion  a t  h igh  power levels. In  a d d i t i o n ,  t he  areas of laser o p t i c s ,  beam 
t ransmiss ion  bo th  i n  space  and from Ear th- to-space  wi th  adap t ive  mir ror  systems, and convers ion  of laser 
energy t o  e l ec t r i ca l  energy o r  d i r e c t l y  t o  p ropu l s ive  f o r c e s ,  w i l l  be s tud ied  dur ing  FY 1977. 

Entry Research and Technology 

1976 Trans i t i on  Quar te r  1977 
1975 Budget Curren t  Budget Cur r e n t  Budget 

Estimate Est imate  Estimate Actual  E s  t i m a  t e Estimate 
(Thousands of Dol la rs )  

5 , 677 

OBJECTIVES AND STATUS: 

5,700 5,700 1,700 1 , 500 5,700 

The o b j e c t i v e  i s  t o  e s t a b l i s h  the  aerothermodynamic technology and des ign  concepts  of s p a c e c r a f t  e n t e r i n g  
Ear th  and o t h e r  p l a n e t a r y  atmospheres t o  a s s u r e  t h e  t imely  des ign  of s a f e ,  r e l i a b l e  and aerodynamical ly  
e f f i c i e n t  s p a c e c r a f t  w i t h  maximum payload and inc reased  o p e r a t i o n a l  c a p a b i l i t i e s .  
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CHANGES FROM BUDGET ESTIMATES: 

Trans i t  ion  Quarter  Est imate  : 

The decrease  of $200 thousand r e f l e c t s  adjustments  requi red  t o  absorb p a r t  of t h e  o v e r a l l  unspecif ied 
Congressional  reduct ion  of $30 m i l l i o n  i n  NASA’s Research and Development budget reques t  f o r  t h e  Trans i -  
t i o n  Quar te r .  
planned f o r  t h i s  per iod .  

This  reduct ion  r e s u l t e d  i n  rephasing of s e l ec t ed  en t ry  r e sea rch  e f f o r t s  o r i g i n a l l y  

BASIS OF FY 1977 ESTIMATES: 

During FY 1977 e n t r y  research  w i l l  con t inue  on 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  systems concepts .  
I n  FY 1977 t h i s  e f f o r t  w i l l  be  d i r e c t e d  toward: es tab l i shment  of t h e  aerodynamics of a b a s e l i n e  and 
c o n t r o l  configured s i n g l e  s t a g e  t o  o r b i t  v e h i c l e s ;  eva lua t ion  of t h e  a p p l i c a t i o n  of a l i n e a r  rocke t  
engine  t o  advanced space t r a n s p o r t a t i o n  systems; development of i n t e r a c t i v e  des ign  programs and hea t  
t r a n s f e r  measurements of t h e  f i r s t  s e r i e s  of advanced v e h i c l e  concepts .  The impact of environmental  
c o n s t r a i n t s  such as son ic  boom and e f f e c t s  on t h e  atmosphere w i l l  be  determined f o r  each concept 
developed.  

The program a l s o  suppor ts  missions t o  s tudy  the  atmospheres of t h e  inne r  and ou te r  p l ane t s .  The 
hype rve loc i ty  e n t r y  v e h i c l e  hea t ing  and aerodynamic environment of probes e n t e r i n g  t h e s e  atmospheres 
w i l l  be  def ined  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 dur ing  en t ry .  
Candidate  conf igu ra t ions  f o r  deep space  p l ane ta ry  probes w i l l  be assessed  and t h e  r a d i a t i o n  blockage 
e f f e c t i v e n e s s  of a b l a t i o n  products  f o r  probes en te r ing  p l ane ta ry  atmospheres w i l l  be  evaluated.  

I n  FY 1977, t he  program w i l l  con t inue  t o  support  t h e  Space S h u t t l e  by providing ex tens ive  use of 
ground-based f a c i l i t i e s  and e x p e r t i s e  as requi red  by t h e  Of f i ce  of Space F l i g h t .  S h u t t l e  technology 
s t u d i e s  w i l l  be  cont inued.  The t h r u s t  dur ing  t h i s  t i m e  per iod w i l l  be  d i r e c t e d  toward developing a 
S e t ~ e r  understanding 3f t h e  spec i f  i c -hea t - r ad io  e f f e c t s  upon aerodynamic hea t  t r a n s f e r  and boundary 
l aye r  t r a n s i t i o n ;  eva lua t ing  p i l o t e d  and au to -con t ro l  opera t ion  of o r b i t e r  wi th  emphasis upon 
approach and landing t e s t s ;  and provid ing  support  as requi red  on problems t h a t  may ar ise .  
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BASIS OF FUND REQUIREMENTS: 

Svstems Studies 

1976 Transition Quarter 
197 5 Budget Current Budget Current 

Actual Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

1,600 1 , 600 1,525 400 400 

.I n77 
L Y I I  

Budget 
Estimate 

1 , 600 

OBJECTIVES AND STATUS: 

The objectives of the Space Systems Studies are to identify and evaluate the technology requirements of 
advanced system candidates, investigate future space mission alternatives, assess the effects of technology 
advances, and provide a data base to support technology program selection and program planning. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: 

The increase of $225 thousand reflects an adjustment to provide for a study to determine the feasibility 
of detecting extra-terrestrial intelligence through signal detection and processing. 

BASIS OF FY 1977 ESTIMATES: 

With emphasis on contributing to research and development technology planning, the studies will continue 
to examine: the development of future program technology needs; subsequent determination of detailed tech- 
nology requirements; alternative solutions for satisfying needs and requirements; and the process of order- 
ing and prioritizing these options. 

Studies to determine long-term mission enabling technology needs will continue to receive major emphasis 
during FY 1977. 
Study efforts are planned to project flight software requirements as well as total end-to-end software 
needs. 
KO U i S A ' s  ? m g - t e r m  enabling technology needs. 

Data management, instrument development and detector research studies will be pursued. 

Efforts will continue to catalogue current and forecasted capabilities of other agencies relevant 
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Future mission and concept  feasibility studies slich as single-stage-to-orbit launch systems, solar and 
nuclear electric powered spacecraft missions, solar sailing feasibility and decectiorr of cxtra-terresErial 
czntl..uzicition signals will cont inue t o  aid in the identification of technology opportunities and needs. 
Technology readiness studies will serve to assess rile I j e n e f l t s  2nd risks of comiit tf i ig tz technclogy ad- 
vances and improvements for application to near-term programs of the Agency. 

The evaluation of the current research and technology programs in the context of technology objectives 
will continue. Analytical decision analysis methodology will continue to be developed and evaluated. 

BASIS OF FUND REQUIREMENTS: 

Materials and structures 

Guidance, control and information 

Space propulsion system 

system technology. ............. 
system technology. ............. 
technology. .................... 

Entry system technology .......... 
Total.......................... 

OBJECTIVES AND STATUS : 

Systems Technolopy Programs 

1976 Transition Quarter 
1975 Budget Current Budget Current 

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

--- 500 500 300 300 

800 700 700 300 300 

l! 675 2.200 2.200 800 600 

Materials and Structures Systems Technology 

--- 500 500 300 300 

1977 
Budget 
Est ima t e 

1,500 

900 

7 00 

1,500 

The objective is to demonstrate the validity of advanced materials and structures technologies to facili- 
tate zr i r ly  transfer to application in space vehicle system design. 
for design, fabrication, and laboratory testing foiiowei:  by space f l i g h t  testing if necessary and appropriate. 

Critical system applications are selected 

RD 9-21 



BASIS OF FY 1977 ESTIMATES: 

The goa l  o f  iIie Cs~posltes f o r  Aciva~lced Spate Transpor t a t ion  Systems (CASTS) program i s  t o  develop a 
p r a c t i c a l  polyimide r e s i n  composite system t h a t  can operaLe a t  600 degrees Fahreul ie i t .  
i a l s  e v a l u a t i o n s  and t r a d e  s t u d i e s  w i l l  be  completed, and a component of t he  S h u t t l e  w i l l  be  seiecreci as a 
r e p r e s e n t a t i v e  demonstrat ion a r t i c l e  t o  be  f a b r i c a t e d  wi th  advanced graphi te-polyimide composites and 
l a b o r a t o r y  t e s t e d  t o  s u b s t a n t i a t e  s t r u c t u r a l  i n t e g r i t y  and e f f i c i e n c y .  
f a b r i c a t i o n ,  and e v a l u a t i o n  of  t h e  tes t  a r t i c l e  w i l l  b e  e s t a b l i s h e d .  
i s  t a r g e t e d  f o r  FY i9S2.  

I 2  FV 1977 mater- 

S p e c i f i c a t i o n s  f o r  t h e  des ign ,  
Completion of t h e  l a b o r a t o r y  tests 

Guidance, Cont ro l  and Information 
Systems Technology 

1976 Trans i t  ion  Quar te r  1977 
1975 Budget Curren t  Budget Curren t  Budget - - 

Estimate E s t i m a t e  Estimate Actua l  E s t i m a t e  Estimate 
(Thousands of Dol la rs )  

800 7 00 7 00 300 300 900 

OBJECTIVES IWD STATUS : 

The o b j e c t i v e  of  t h i s  systems technology program i s  t o  demonstrate  improved performance, i nc reased  re l ia-  
b i l i t y  and r educ t ions  i n  c o s t  o f  s p a c e c r a f t  guidance, c o n t r o l  and informat ion  systems. Advanced e l e c t r o n i c  
devices  and system concepts  are i n t e g r a t e d  w i t h  a p p r o p r i a t e  suppor t ing  technology t o  provide  tests and eval- 
u a t e  t h e i r  c a p a b i l i t i e s  i n  f u n c t i o n a l  system a p p l i c a t i o n s .  

BASIS OF FY 1977 ESTIMATES: 

A So l id  S t a t e  Data S torage  system development program was  i n i t i a t e d  -during FY 1976. A system design based 
A 15 month c o n t r a c t  w a s  l e t  i n  

Design goa l s  are t o  provide  a sys-  
on t h e  use  of magnetic "bubble" domains as t h e  s t o r a g e  media was se l ec t ed .  
October 1975 t o  develop atf engineer ing  model of t he  d a t a  s t o r a g e  system. 
t e m  capab le  of  s t o r i n g  ,10 
a p p l i c a t i o n s  

b i t s  of d i g i t a l  d a t a  w i t h  a r e l i a b i l i t y  of 2 X lo4  hours  f o r  aerospace  v e h i c l e  

The eng inee r ing  model s o l i d  s t a t e  d a t a  s t o r a g e  system e f f o r t  w i l l  be  completed e a r l y  i n  t h e  second q u a r t e r  
of FY 1977. 
formed d u r i n g  t h e  second and t h i r d  q u a r t e r s  of FY 1977. 

,Tests arid evalzat-ion s u f f i c i e n t  t o  prove t h e  t e c h n i c a l  f e a s i b i l i t y  of t h e  concept  w i l l  be  per -  
Developiiisnt of z pro to type  model capab le  of f u l l  
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system opera t lon  will then he initiated ~ 5 t h  completion, testing and qualification to space flight standards 
planned by the end of FY 1978. 

A Multiple-User Sottware ieciiiiulugy Prcgrsm (WISP:) will be L i iL t i s tec !  in FY 1977. Automated flight soft- 
ware generation and verification techniques will be developed to reduce acquisition c x t s  ani? F I ? C ~ P ~ T . P  sys- 
tem reliability, A Simple Higher Order Language (SHOL) to fit sser software needs will be defined. The 
program includes development of a generalized compiler writing system to permit automated conversion of 
user-specific software into the particular assembly language of candidate flight computers and validation 
i f i l ; t l E : = .  

provide a NASA standard by the end of FY i 9 8 i .  
I n  subsequent years, the multi-purpose, user-oriented software systems will be verified to 

Space Propulsion and Power 
Systems Technology 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

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

OBJECTIVES AND STATUS: 

The objective of this program is to demonstrate technology readiness of advanced space propulsion and 
power system by conducting tests of complete systems assembled from advanced technology components already 
demonstrated under the Research and Technology Base Program. 
component interactions and to demonstrate overall system performance and operation, under both transient 
and steady state operating conditions. 

The system level tests are designed to evaluate 

BASIS OF FY 1977 ESTIMATES: 

The goal of the Long Life Chemical Propulsion program is to demonstrate technology readiness by FY 1980 
of an advanced planetary orbiter spacecraft propulsion system utilizing high performance space storable 
fluorine-hydrazine propellants. The objective will be met by the design, fabrication, assembly and test 
of a near fiight weight propulsion module under simulated space vacuum conditions. The program will in- 
clude the demonstration of overall propulsion system performance and operation, and establishment of hand- 
ling, safety and launch operation procedures. The FY 1977 work will include the design and analysis efforts 
to define the propulsion system configiiratisn and to establish component operational requirements, the ini- 
tiation of component procurements, including propellant tanks and valves, thermal coni;rol a d  t h r u s t  chamber 
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assembly, and t h e  es tab i i shmeni  of a test p l i n  qnd test  procedures.  
i n  FY 1978 and v e r i f i c a t i o n  t e s t i n g  i n  FY 1979. 
3116 ~ k z i i k t e d  y a r e  vacuum t e s t i n g  is schedriled f o r  completion i n  FY 1980. 

Component f a b r i c a t i o n  w i l l  be  completed 
The complete propuls ion system w i l l  be a s s e ~ b r e d  i n  Fk‘ 1979 

BASIS OF FLJND REQUIREMENTS: 

Experimental  Proprams 

1976 T r a n s i t i o n  Quarter  
1975 Budget Currerii Sudget  Current  

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

Space technology payloads.... ... 2,000 3,700 3,700 1,100 1,100 

1977 
Budget 

Estimate 

6,900 

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  O f f i c e  of Aeronautics and Space Technology (OAST) t he  
means t o  extend i t s  Research and Technology Programs i n t o  space when t h a t  unique environment i s  e s s e n t i a l  
t o  an  experiment,  when a space test i s  c o s t  e f f e c t i v e ,  o r  when a space demonstrat ion w i l l  a c c e l e r a t e  the  
u t i l i z a t i o n  of advanced technology. The program d e f i n e s  and develops f a c i l i t i e s  which can t ake  advantage 
of t h e  S h u t t l e  and Spacelab c a p a b i l i t y ,  thereby  providing a means t o  conduct r e sea rch  and technology 
i n v e s t i g a t i o n s  i n  space;  i t  a l s o  d e f i n e s ,  develops and implements space experiments i n  s p e c i f i c  technology 
areas -which u t i l i z e  these  f a c i l i t i e s  on t h e  S h u t t l e  and Spacelab.  

BASIS OF FY 1977 ESTIMATES: 

l b o  space f a c i l i t i e s  are c u r r e n t l y  inc luded  i n  t h e  program. The Long Durat ion Exposure F a c i l i t y  (LDEF) 
i s  a pass ive ,  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 type  experiments.  
E s s e n t i a l  t o  t h e  concept i s  the  r e t u r n  of  t h e  experiment t o  the  i z v e s t i g a t o r  f o r  d a t a  a n a l y s i s  a f t e r  t h e  
space  exposure. I n  FY 1977 hardware a c t i v i t i e s  w i l l  be  w e l l  advanced, q u a l i f i c a t i o n  tes ts  of key i t e m s  
w i l K  be conducted, ana ’ L L L ~ ~ ~ ~  r ’ 2 - I - c  Qbbbr---- ---ontanre tests w i l l  be i n i t i a t e d .  I n  response t o  t h e  Announcement of 
Oppor tuni ty  f o r  t he  f i r s t  LDEF miss ion ,  which i s  proposed as p a r t  of the  Orhi tc r  F l i g h t  Test Program, 
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selected experiments will be fended and hardware development and implementation will be initiated. 
systems design study of the Advanced Technology Laboratory (Al'Lj concept, which is OAST's use of Spacelab, 
will be completed and a definition study for the first ATL mission will be initiated. 

A 

As a result of the OAST Technology Workshop, held August 1975, which identified nearly 200 space experi- 
ment needs, definition studies in specific technology areas have been initiated. The first results of 
these studies will be available in FY 1977, and several experiments will be selected for development and 
implementation. Two flight payloads in the implementation phase are the Drop Dynamic Experiment Module, 
which is being considered for the joint NASA/ESA Spacelab mission, and a contamination monitor for t h e  
first Shutcie fiighLs. 
will be initiated. 
the flight unit will be initiated, 

The "uiop Djmaiiiics rlight u ~ l t  will be ssse~bled i~l F! 1977 and  fiinctional testing 
The Contamination Monitor Instruments will be received by FY 1977 and integration into 

BASIS OF FUND REQUIREMENTS: 

Low Cost Systems 

1976 Transition Quarter 1977 
Budget 1975 Budget Current Budget Current 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

Low Cost Systems Program........ 5,000 6 , 100 6,100 1,500 1,500 8,300 

OBJECTIVE AND STATUS: 

The Low Cost Systems Program was established to prescribe approaches toward reducing the overall cost of 
space systems by developing standardized space equipment and components and by searching NASA's business 
and program practices for opportunities to effect cost savings. 

The objectives of reducing the cost of space projects will be accomplished by: 

-Simplifying operations without compromising reliability and enhancing cost effectiveness for space 
programs through common usage of equipment and software, 

'Streamlining business approaches to shorten the time required for approval and implementation, and 
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The s t a n d a r d i z a t i o n  program i s  implemented i n  f i v e  sub-ca tegor ies :  Power; Aux i l i a ry  Propuls ion;  S t a b i l -  
i z a t i o n ,  Guidiallct: aid Cont ro l ;  C o m i ~ n l c a t i s n s  and Data Hindling; and Ground Support Equipment. 

Power 

q u a l i f y i n g  an a r r a y  of s t anda rd  equipment des igns ,  cover ing  a range of needed c a p a b i l i t i e s .  
The o b j e c t i v e  i s  t o  reduce t h e  c o s t  of e lectr ical  power subsystems f o r  NASA s p a c e c r a f t  by developing and 

Aux i l i a ry  Propuls ion  

The s e l e c t i o n ,  development and q u a l i f i c a t i o n  o f  low c o s t  s t anda rd ized  a u x i l i a r y  p ropu l s ion  components 
are t h e  ob jec t ives .  Options w i l l  be developed f o r  tank and t h r u s t e r  s i z e s .  

S t a b i l i z a t i o n ,  Guidance and Cont ro l  

The o b j e c t i v e s  i n  t h i s . a r e a  are t o  i d e n t i f y ,  develop and q u a l i f y  s t a b i l i z a t i o n ,  guidance and c o n t r o l  
equipment and sof tware  t h a t  has  u t i l i t y  f o r  va r ious  space f l i g h t  programs. 

Communications and Data Handling 

The o b j e c t i v e s  are t o  coord ina te  miss ion  requirements ,  and develop and q u a l i f y  s t anda rd ized  f l i g h t  
equipment f o r  s p a c e c r a f t  communications and d a t a  management. 

Ground Support Equipment (GSE) 

The o b j e c t i v e  i s  t o  reduce  c o s t  by s t a n d a r d i z i n g  on e x i s t i n g  GSE where p r a c t i c a l  t o  e f f e c t  c o s t  sav ings  
and t o  develop s tandard ized  GSE where i t  i s  proven t o  c o n t r i b u t e  t o  c o s t  sav ings .  

BASIS OF FY 1977 ESTIMATES: 

i n  Fk' 1 9 7 7 ,  t h e  Low Cost Systems Program w i l i  cont inue  to implement approaches f o r  f u r t h e r  reducing t h e  
c o s t  of 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 the  improvement of bus iness  and program p r a c t i c e s .  
Development areas of s p e c i f i c  emphasis inc lude :  
power processors ;  s tandard  hydraz ine ,  a t t i t u d e  c o n t r o l  p ropu l s ion  components; s t anda rd  i n e r t i a l  r e f e r e n c e  
u n i t ;  s tandard  computer, t ransponder  t e l eme t ry  and command components, d e t e c t o r ;  and ground suppor t  equip- 
ment sof tware  and a ground suppor t  equipment set. 

s o l a r  a r r a y  pane l s ,  s o l a r  pane l  mechanical d r i v e ,  and 
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RESEA?.CI! AXE EYELOPMENT 

FISCAT, YEAR 1977 ESTIMATES 

BUDGET SUMMARY 

ENERGY TECHNOLOGY APPLICATIONS 

SUMMARY OF RESOURCES REQUIREMENTS 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current Budget 

Actual  Estimate Estimate Estimate Estimate E s t i m a t e  
(Thousands of  Do l l a r s )  

--- Energy Technology Applicat ions. .  ......... u 5  5.900 5.900 1.500 1.500 
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  Cen te r . . . . . . . . . . . . .  
Goddard Space F l i g h t  Center . . . . . . , . . . . . . .  

A m e s  Research Center . . . .  ................. 
Langley Research Center . . . . . . . . . . . . . . . . . .  
L e w i s  Research C e n t e r . . . . . . . . . . , . .  ....... 
Headquarters ............................. 

Kennedy Space C e n t e r . . . . . . . . . , . .  ......... 

Jet  Propuls ion Laboratory ................ 

Tota l  .................................. 

43 

615 
75 

2,399 
160 
160 
555 
428 

--- 
1,875 

50 
250 
225 

2 , 500 
175 

75 
750 --- 

5.900 

1,315 

525 
160 

185 

1,815 

-- - 

1 , 900 

--- 
--- 

5.900 

375 
25 
50 
75 

67 5 
75 
25 

200 

1.500 

180 

23 5 
25 

7 00 
50 

310 

--- 

--- 

1,500 
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EESEAECE AND DEVELOPMENT 

FISCAL YEAR 1977 ESTIMATES 

OFFICE OF ENERGY PROGRAMS ENERGY TECHNOLOGY APPLICATIONS 

The technology developed i n  t h e  Space and Aeronaut ics  programs conducted by NASA holds  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 Ear th ,  I n  1974, NASA organized t h e  O f f i c e  
of Energy Programs t o  focus e f f o r t s  d i r e c t e d  toward t h e  i d e n t i f i c a t i o n  and experimental  development of  t h e  
technologies  holding g r e a t e s t  promise i n  the  energy area. 
a c t i v i t i e s  has  n o t  been requested.  
areas by conducting r e sea rch  and development a c t i v i t i e s  as r eques t ed  and funded by t h e  Energy Research and 
Development Admin i s t r a t ion  (ERDA) and o t h e r  agencies .  

For FY 1977 NASA d i r e c t  R&D funding f o r  t h e s e  
NASA w i l l  con t inue  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  these  

During FY 1975, FY 1976, and t h e  T r a n s i t i o n  Quar t e r ,  NASA had d i r e c t  R&D funding t o  c a r r y  o u t  i n i t i a l  
Technology i d e n t i f i c a t i o n  a c t i v i t i e s  i nc lude  work technology i d e n t i f i c a t i o n  and ref inement  a c t i v i t i e s .  

r e l a t i n g  t o  advanced ground p ropu l s ion ,  r educ t ion  of  the  d rag  i n  l a r g e  road v e h i c l e s ,  multipurpose gas 
turb ines ,  hydrogen energy systems, f u e l  cells  f o r  down-to-earth a p p l i c a t i o n s ,  energy s t o r a g e  systems, 
energy r e sources  i d e n t i f i c a t i o n ,  and i n t e g r a t e d  u t i l i t y  systems. The o b j e c t i v e  of the  energy systems 
technology a c t i v i t i e s  i s  t o  a s s e s s  t h e  technology r e l a t e d  t o  t h e  gene ra t ion  of e l e c t r i c  power from 
s o l a r  energy, u s ing  power s t a t i o n s  i n  geosynchronous o r b i t ,  and t h e  t ransmission of  t h i s  e l e c t r i c i t y  
t o  Earth.  
eva lua t ing  t h e  economic and t e c h n i c a l  f e a s i b i l i t y  of t h e  product ion,  t ransmission and u t i l i z a t i o n  
of  l a r g e  a m u n t s  of  e l e c t r i c i t y  generated by s o l a r  power s t a t i o n s  i n  o r b i t  about t h e  Ear th .  
s tudy i n d i c a t e d  t h a t  s a t e l l i t e  power gene ra t ion  could be  c o s t  compe t i t i ve  i n  t h e  1990's.  Satel l i te  power 
systems d e f i n i t i o n  e f f o r t s  have been undertaken t o  i d e n t i f y  and p r i o r i t i z e  t h e  c r i t i c a l  technologies  t h a t  
p r e s e n t l y  c o n s t r a i n  t h e  t echno log ica l  , o p e r a t i o n a l  and economic assessment of s a t e l l i t e  power concepts ;  
t o  i d e n t i f y  ongoing r e s e a r c h  and technology w i t h i n  NASA r e l a t e d  t o  s a t e l l i t e  power concepts;  and t o  
s t r u c t u r e  an o r d e r l y  program l ead ing  t o  f e a s i b i l i t y  d e c i s i o n s  r ega rd ing  t h e  concepts.  Appropriate  a r e a s  
f o r  s tudy a c t i v i t y  i n  FY 1977 inc lude  systems d e f i n i t i o n ,  microwave energy t ransmission,  space s t r u c t i i r e s ,  
t r a n s p o r t a t i o n ,  a t t i t u d e  c o n t r o l  and s t a t i o n  keeping,  power corzversion, ope ra t ions  and environmental 
e f f e c t s .  . Nego t i a t ions  a r e  underway wi th  ERDA f o r  re imbursable  funds to  support  t h e s e  i n i t i a l  s tudy and 
de f l z i t i cn  e f f n r t s  which are requ i r ed  t o  develop a s u f f i c i e n t  understanding o f  t h e  t e c h n i c a l  and economic 
p r a c t i c a b i l i t y  o f  t h e  Satell i te So la r  E l e c t r i c  Power Generation System concept in order  t o  pcrmit 2 hast.: 
f o r  eva lua t ion  o f  a p o t e n t i a l  commitment t o  technology development. 

I n  FY 1975, NASA e s t a b l i s h e d  a s a t e l l i t e  power system s tudy  team f o r  t h e  purpose of  

A p re l imina ry  
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FTSCAL YEAR 1977 ESTIMATES 

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING AND DATA ACQUISITION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The purpose of this program is to provide vital tracking and data acquisiiiuu scipport  t~ meet: t he  r e n i l i r e -  1-- 

ments of all NASA flight projects. In addition to NASA flight projects, support is provided, as mutually 
agreed, for projects of the Department of Defense, other Government agencies, commercial firms, and other 
countries and international organizations engaged in space research endeavors. 

Support is provided for manned and unmanned flights; for spacecraft, sounding rockets, and research air- 
craft; for earth orbital and suborbital missions; for lunar and planetary missions; and €or space probes. 

Types of support provided include: (a) tracking to determine the position and trajectory of vehicles 
in space; (b) acquisition of scientific data from on-board experiments; (c) acquisition of engineering data 
on the performance of spacecraft and launch vehicle systems; (d) transmission of commands from ground stations 
to spacecraft; (e) communication with astronauts and acquisition of biomedical data on their physical con- 
dition; (f) communication of information between the various ground facilities and central control centers; 
and (g) processing of data acquired from the launch vehicles and spacecraft. Such support is essential for 
achieving the scientific objectives of all flight missions, for executing the critical decisions which must 
be made to assure the success of these flight missions, and, in the case of manned missions, to insure the 
safety of the astronauts. 

Tracking and data acquisition support is provided by a worldwide network of NASA ground stations and one 
instrumentation ship, supplemented by appropriate instrumented aircraft. 
by a network of ground communications lines, undersea cables, and communication satellite circuits which are 
leased from communtcations carriers, both domestic arid foreign. This interconnection provides the communi- 
cations capability between spacecraft and the control centers in the United States from which the flights are 
ciirecced. 

These facilities are interconnected 

Computation facilities aiso are provided to process i n t o  meaningful form the large amounts of scientific, 
applications and engineering data which are collected from flight projects. In addition, instrumentation 
f a c i l i t i ~ s  are provided for support of sounding rocket launchings and flight testing of aeronautical re- 
search aircraft. 
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The Rzsearch 2nd Development (R&D> appropriation provides fuads fcr: (a> the operation and maintenance 
of the worldwide facilities; (b) the engineering and procurement of equipment to sustain and modify the 
mt:~crk systems to siipport continuing, new, and changing flight project requirements; and (c) the investi- 
gation of advanced tracking and data acquisition Leci lu iques  and t k  Zevclcpmcnt cf IC?_VZT?CP_~ t r a c k i n 5  and 
data acqui s it i on ins t rumen ta t ion. 

CHANGES FROM BUDGET ESTIMATES: 

The decrease in the M 1976 budget estimates reflects Congressional authorization action reducing the 
Tracking and Data Acquisition budget request by $ 2 . 2  million. 'The decrease or' $ 3  u l i i l i V i i  in the Trar;siticr, 
Quarter budget estimate was required as part of the adjustments necessary to absorb the overall unspecified 
Congressional reduction of $30 million in NASA's Research and Development budget request for this period. 
As a net result of these reductions and increased operations costs due to escalation, equipment purchases 
originally scheduled for FY 1976 and the Transition Quarter are being deferred into early FY 1977. 

BASIS OF FUND REQUIREMENTS: 

Operations 

The FY 1977 Operations funding requirements are based upon a continuing support workload for an average 
of 50 automated earth-orbiting and planetary missions. The funds will also provide for the pre-launch 
support activity required for upcoming approved missions. 
level for Operations is due to the escalation being experienced in both overseas and domestic tracking 
operations. 

The increase in the FY 1977 requested funding 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

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

Spaceflight tracking and data 
network.......... .............. 102,400 97,000 99,200 26,000 26 , 000 108,800 

Deep space network ............... 37,489 38, Lcoe 40,500 10,200 10,400 43,000 
Aeronautics and sounding rocket 

support.... .................... 4,197 4,100 3,800 1,100 1 , 000 4,200 

.................. 6,900 6,200 24,800 - 25 , 000 24,000 Data processing 22,476 
Communications... ................ 26,038 27,900 26,000 7,000 6,5DG 26,000 

Total .......................... 192.600 192.400 193.500 51.200 50.100 206.800 
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Space f l igh t  Tracking and Data Network Operat ions 

1976 Trans i t i on  Quarter  1977 
1975 Budget Current  Budget Current  Budget 

Ac iuai L i b L l l l l d L e  u-t;mrtr\  ui) L L 1 L I 1 1 C b  EStirn'tn- Estim2te 
(Thousands of Dol la rs )  

l7-&-.-^&^ 
L.3 CACLLLOLC 

T , - L ?  -.-L. 

102,400 97 , 000 99,200 26 , 000 26 , 000 108,800 

OBJECTIVES AND STATUS: _ _ ~  

The primary func t ion  of t h e  Space f l igh t  Tracking and Data Network i s  t o  support  manned and unmanned e a r t h  
o r b i t a l  space f l i g h t  missions.  The ma jo r i ty  of t hese  missions have nea r -ea r th  o r b i t s ;  however, t he  network 
a l s o  suppor ts  missions through lunar  d i s t ances .  I n  add i t ion ,  t h e  nerwork provides  launch support  t o  NASA's 
automated p l ane ta ry  miss ions ,  as w e l l  as the  s p a c e f l i g h t  missions of o t h e r  na t ions ,  commercial f i r m s ,  t h e  
Department of Defense, and o t h e r  U.S .  Government agencies .  

The Space f l igh t  Tracking and Data Network must be respons ive  t o  t h e  requirements  of a l a r g e  number and 
wide v a r i e t y  of f l i g h t  p r o j e c t s  from launch through completion of t h e  f l i g h t  p r o j e c t  ob jec t ives .  I n  many 
ins t ances ,  the  pe r iod  of network suppor t  requi red  by the  f l i g h t  p r o j e c t s  cont inues f o r  several yea r s .  

The Space f l igh t  Tracking and Data Network p resen t ly  c o n s i s t s  of t h i r t e e n  geographical ly  d ispersed  land 
s t a t i o n s ,  one instrumented s h i p ,  and a con t ro l  cen te r  complex loca ted  a t  the  Goddard Space F l i g h t  Center ,  
Greenbelt  , Maryland. 

These g loba 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  the  spacec ra f t ,  send commands f o r  
spacec ra f t  and experiment c o n t r o l  purposes,  r ece ive  engineer 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  the  case of  t h e  a s t r o n a u t s  maintain voice  communications f o r  crew s a f e t y  and o t h e r  p r o j e c t  r e 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  systems, t he  network i s  supplemented by laser t r ack ing  systems 
t o  m e e t  t h e  extremely p r e c i s e  t r ack ing  needs of NASA's geodet ic  i n v e s t i g a t i o n s .  

The c h i r t e e n  land s t a t i o n s  are loca ted  a t  Fairbanks,  Alaska;  Goldstone, C a l i f o r n i a ;  Merritt I s l a n d ,  
F lo r ida ;  Kauai, H a w a i i ;  Rosman, North Caro l ina ;  Guam; Ascension I s l a n d ;  A u s t r a l i a ;  Berinuda; Chi le ;  
Ecuador: England; and Spain.  The t r anspor t ab le  f a c i l i t y  i s  loca ted  a t  Madrid €or support  of t he  Appli-  
c a t i o n s  Technology S a t e l l i t e  (ATS-6) opera t ions .  A second t r a n s p o r t a b l e  s t a t i o n ,  which was  prev ious ly  
loca ted  near  S t .  j o h n ' s ,  Newfound?and,for Skylab  and Apollo Soyuz T e s t  P r o j e c t  suppor t ,  i s  being re- 
furb ished  and w i l l  be r e l o c a t e d  t o  a new s i t e  a t  NASA's F l i g h t  Research Center (FRC), Edwards, C a l i f o r n i a .  
This f a c i l i t y  w i l l  be  s t a f f e d  i n  FY 1977 f o r  support  of t h e  S h u t t l e  Approach and Landing Tests scheduled 
t o  begin i n  l a t e  1977. 
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The Space F l i g h t  Tracking and Data Network i s  c u r r e n t l y  providing support  on a con t inu ing  b a s i s  f o r  an 

suppor t  of missions such as t h e  f i r s t  two Ear th  Resources Technology S a t e l l i t e  (LANDSAT 1 and 2 ) ,  the  
s e v e r ~ l  Applicat ions Technolow S a t e l l i t e s  and I n t e r p l a n e t a r y  Monitoring Plarform S a t e l l i t e s ,  t h e  e igh th  
O r b i t i n g  So la r  Observatory ( O S O - t r ) ,  O r b i t i n g  Astronomicai Gbservatvry (OAO-3) ,  d "nadio htroiioiqy Exp>orCr 
@AE-2), Space Science Atmosphere Exp lo re r s  (AE-3, 4 and S), Nimbus-4, 5 and 6 ,  and Geodynamics Experi-  
mental  Ocean S a t e l l i t e s  (GEOS-2 and 3 ) .  The network is  a l s o  cont inuing t o  r e c e i v e  va luab le  s c i e n t i f i c  
d a t a  from t h e  Apollo Lunar Surface Experiment Packages (ALSEP) placed on t h e  moon's s u r f a c e  during the  
Apollo 1 2 ,  14 ,  15, 16 and 1 7  missions.  

avclu6c. -..-.-0nn cf spproximately 40 mainned  a p p l i c a t i o n s  and space sc i ence  s p a c e c r a f t .  Major examples inc lude  

Upcoming missions t o  be supported by t h e  network i n c l u d e  t h e  High Energy Astronomicai Observatory ( - S A O j ,  
a Laser Geodynamic S a t e l l i t e ,  (LAGEOS), and 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), a s  w e l l  a s  many 
i n t e r n a t i o n a l  missions and missions of o t h e r  U. S. agencies .  The o v e r a l l  workload of t h e  Space F l i g h t  
Tracking and Data Network i s  expected t o  con t inue  a t  an average of approximately 40 s p a c e c r a f t  during 
FY 1977. The d e n s i t y  of t h e  workload requirements  i s  r e f l e c t e d  i n  t h e  accompanying c h a r t s .  

CHANGES FROM BUDGET ESTIMATES: 

The upward adjustment o f  $2.2 m i l l i o n  i n  t h e  FY 1976 funding requirements r e f l e c t s  higher  than a n t i c -  
i p a t e d  c o s t  e s c a l a t i o n  f o r  t h e  o p e r a t i o n  of t h e  S p a c e f l i g h t  Tracking and Data Network. The c u r r e n t  
T r a n s i t i o n  Quarter  e s t ima te  remains t h e  same a s  t h e  budget es t imate .  

BASIS OF FY 1977 ESTIMATES: 

The FY 1977  funding requirements f o r  t h e  S p a c e f l i g h t  Tracking and Data Network ope ra t ions  provide f o r  
t h e  maintenance and ope ra t ion  of t h e  network f a c i l i t i e s ,  as w e l l  a s  t h e  r e l a t e d  l o g i s t i c s ,  network support ,  
and computer programming c o s t s  a s s o c i a t e d  wi th  t h e  around-the-clock ope ra t ion  of t h e  network. The p ro jec t ed  
i n c r e a s e  from FY 1976 t o  EY 1977 i s  due 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 abor  and l o g i s t i c s  c o s t s  through- 
o u t  t h e  network. 
w i t h  annual labor  r a t e  and f r i n g e  b e n e f i t  i n c r e a s e s  being experienced on t h e  o r d e r  of e igh teen  t o  t h i r t y  
pe rcen t  a t  these  l o c a t i o n s .  

Deep Space Network Operatiails  

The impact of e s c a l a t i o n  has  been p a r t i c u l a r l y  s i g n i f i c a n t  i n  Spain,  A u s t r a l i a ,  and Alaska, 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current  Budget 

Ac tua l  Estimate Estimate 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 )  

37,489 38,400 40,500 10 200 10 400 43 , 000 
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OBJECTIVES AND STATUS: 

The primary func t ion  of t h e  Deep Space Network (DSN) i s  t o  suppor t  p l ane ta ry  and i n t e r p l a n e t a r y  space 

t h i s  network r e q u i r e s  systems, sof tware  programs, and o p e r a t i o n a l  techniques t h a t  push the  s t a t e - o f - t h e -  

t he  d i s t a n t  s p a c e 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 i i r i l i  I,,ibbloilS. LI-- -1 -------- -1 --: e-- Ln-rrmn mm*n nrrmnl OY inrl +1 i n h t  A i  c t s n p o c  r n n t i n ~ r ~  
~iir  pIa -L i rLaLy  u I L a a L u k I o  u L L v i . b L  C u L L L y L C Z .  --A- -----._--I _-______-_ to increase ,  

alL e.-+ :- Ll, telecommunications. The Deep Space Network provides  t h e  v i t a l  two-way communication l i n k  by which 

The Deep Space Network s t a t i o n s  a r e  loca t ed  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, 
SpsLn. The s t i t i m s  c o n s i s t  of  one 64-meter and two 26-meter antennas a t  each loca t ion .  These l o c a t i o n s  
a r e  approximately 120° a p a r t  i n  l ong i tude  and permit cont inuous viewing of the  p l ane ta ry  spacec ra f t .  
c e n t r a l i z e d  c o n t r o l  c e n t e r  f o r  t h e  network i s  loca ted  a t  t h e  J e t  Propuls ion  Laboratory i n  Pasadena, 
C a l i f o r n i a  . 

A 

The c u r r e n t  workload i n  t h e  Deep Space Network c o n s i s t s  of t h e  s i x  ongoing Pioneer  spacec ra f t ,  t h e  two 
Viking s p a c e c r a f t ,  which r e q u i r e  continuous support ,  and t h e  Hel ios  1 mission. Support t o  these  miss ions ,  
as w e l l  as a second Hel ios  miss ion ,  s u c c e s s f u l l y  launched i n  January 1976, w i l l  cont inue during FY 1977. 

Of the  Pioneer  s p a c e c r a f t ,  Pioneer  10 i s  a l ready  over 1.3 b i l l i o n  k i lometers  from Earth and i s  proceeding on 
Pioneer  10 i s  the  most d i s t a n t  man-made o b j e c t  ever  communicated wi th  a pa th  t o  escape t h e  s o l a r  system. 

and each t i m e  d a t a  i s  r ece ived  a new communica,tions .record i s  e s t ab l i shed .  The Pioneer  11 s p a c e c r a f t  i s  
a l s o  being t racked  du r ing  i t s  journey t o  t h e  p l ane t  Sa turn  and i s  scheduled to f l y  by t h a t  p l ane t  
dur ing  the l a s t  h a l f  of 1979. The Pioneer  6-9 spacec ra f t  are provided support  f o r  coverage of s p e c i a l  
even t s ,  such as s o l a r  conjunct ion .  

The two Viking miss ions ,  each c o n s i s t i n g  of an o r b i t e r  and a lander  s p a c e c r a f t ,  were success fu l ly  launched 
i n  August and September 1975, r e s p e c t i v e l y ,  and are cont inuing  enroute  t o  Mars f o r  landings i n  mid 1976. 
Viking i s  t h e  most complex p l a n e t a r y  mission ever supported by the  Deep Space Network. I n  the  p l a n e t a r y  
phase of t he  miss ions ,  t h e  network must s imultaneously handle  d a t a  from t h e  two Viking o r b i t e r s  and landers  
a t  a d i s t ance  of approximately 350 m i l l i o n  k i lometers  from E a r t h  and wi th  a round t r i p  s i g n a l  t i m e  of some 
40 minutes. Two Mar iner -c lass  s p a c e c r a f t  a r e  scheduled f o r  launch i n  1977 on a course t o  J u p i t e r  and 
on t o  Saturn, t ak ing  advantage of a rare alignment of  t hese  two o u t e r  p l ane t s .  Network support  p repa ra t ions  
f o r  t hese  missions a r e  cont inuing .  

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  support  of experiments 
i n  p l ane ta ry  r ada r  mapping and i n  the  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 antennas 
are being used i n  an  a t tempt  t o  l e a r n  more about t he  myster ious Quasar h igh  energy sources  and o t h e r  
interstellar phenomena. During FY 1977, support  of t hese  r a d i o  astronomy experiments w i l l  cont inue  on a 
non- in te r fe rence  b a s i s  t o  t h e  f l i g h t  missions.  
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CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: The i n c r e a s e  of $2 .1  m i l l i o n  i n  t h e  c u r r e n t  FY 1976 funding l e v e l  from the  budget 
estimate i s  due t o  h ighe r  than a n t i c i p a t e d  c o s t  e s c a l a t i o n  and inc reased  engineer ing e f f o r t  r equ i r ed  i n  t h e  
network Cur s u p p w ~  i uLr ilie VikLilg aid Z i r i n e r  J i ip i . t e r /~a t i im ?3?? missLons. 

T r a n s i t i o n  Quarter  E s t i m a t e :  The i n c r e a s e  of $200 thousand from t h e  budget e s t i m a t e  t o  t h e  c u r r e n t  
estimate i s  due t o  c o s t  e s c a l a t i o n .  

BASIS OF THE FY 1977 ESTIMATES: 

The FY 1977 funds requested f o r  t h e  o p e r a t i o n  of t h e  Deep Space Network a r e  based upon t h e  ongoing work- 
load,  i nc lud ing  t h e  Pioneer  s p a c e c r a f t ,  t h e  Viking and Hel ios  extended missions,  and p r e p a r a t i o n s  f o r  t h e  
Mariner J u p i t e r / S a t u r n  1977 (MJS 1977) mis s ions .  This  workload i s  shown on t h e  accompanying c h a r t .  

The two Mariner J u p i t e r I S a t u r n  s p a c e c r a f t  scheduled f o r  launch i n  1977 w i l l  impose s t r i n g e n t  support  
requirements  on t h e  DSN and w i l l  r e q u i r e  e x t e n s i v e  pre- launch engineer ing and t e s t i n g .  
Venus missions t o  be launched i n  1978 w i l l  a l s o  r e q u i r e  ex tens ive  pre-launch eng inee r ing  suppor 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 during t h e i r  descent  through 
t h e  dense Venusian atmosphere. 

The Pioneer  

A s  i n  t h e  Space F l i g h t  Tracking and Data Network, c o s t  e s c a l a t i o n  i s  t h e  most s i g n i f i c a n t  f a c t o r  
r e q u i r i n g  an inc reased  funding l e v e l  f o r  E'Y 1977 over FY 1976. 

Aeronaut ics  and Sounding Rocket Support 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current  Budget 

Actual  E s t imat e Est imate  Estimate Es t ima te  Estimate 
(Thousands of Do l l a r s )  

1,100 4,197 ' I ,  IQQ 3,800 1,000 4,200 

OBJECTIVES AND STATUS: 

In s t rumen ta t ion  systems a r e  m i n t a i n e d  and operated i n  support  of 
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  

he sounding rocke , small s a t e l l i t 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 

These i n s t r u m e n t a t i o n  systems inc lude  general  purpose t r a c k i n g ,  te lemetry,  of t h e  F l i g h t  Research Center.  
d a t a  handl ing,  and communications systems, a s  w e l l  a s  s p e c i a i  purpose o p t i c a i  equipment. 
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The sounding rocket program continues to be very active, with over three hundred launches last year, 
ranging from the smaller meteorological rockets to the larger Scout rockets. The majority of these 
sounding rocket launches are conducted at the Waiiops F'iighi C e r i i e r  (XFC;. 'This work lmd  is expsctsc! tc 
remain at approximately the same level in EY 1977. In addition to the continuing sounding rocket and 
nernnaiiticai program activities, iiaiiops wiii provide specialized tracking, evzilriatior; and cc?%bra t i cn  
services for the GEOS-C and Seasat projects. 

The Flight Research Center (FRC) operates the Aerodynamic Test Range, consisting of facilities at FKC 
and an up-range site at Ely, Nevada. These facilities are composed of precision radar tracking, telemetry, 
and communications equipments, which are used to support high performance aircraft research and development 
prcgrams cf bcth W S P .  2nd the Air Force. ITnriniis a ircraf t  and lifting body research and technology pro- 
jects are supported by the Aerodynamic Test Range. These efforts include the F-111, F-104, F-15,  YF-12, 
and the 747 Shuttle carrier aircraft. Preparations are underway for support o f  the Shuttle Orbiter 
Approach and Landing Tests, which will be initiated at the Flight Research Center in late 1977. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1976 Estimate: The $300 thousand decrease in the current FY 1976 funding level from the previous 
submission is due primarily to deferral of depot level maintenance on radar systems at toth WFC and FRC. 

Transition Quarter Estimate: This $100 thousand decrease in the current estimate from the previous 
estimate is due primarily to minor changes in support requirements. 

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 budget request covers the funding requirements for support of the sounding rocket launches 
and the Aerodynamic Test Range activities planned. 
ments increase to provide support associated with the initiation of the Shuttle Approach and Landing 
Tests at the Flight Research Center. 

In addition to the effect of escalation, the require- 

Communications Operations 

1976 Transition Quarter i 9 7 7  
1975 Budget Current Budget Current Budget 

E s t i m t e  Y Y  ~ ~ + + r ; " ~ + e  C L  A&-& EstimAte Estimate E s t irna t e  *-.&....I 
n C - L u a A  

(Thousands of Dollars) 

26 , 038 27 , 900 26,000 7,000 6 , 500 26 , 000 
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OBJECTIVES AND STATUS: 

NASA's global communications network (NASCOM) interconnects by means of leased voice and data circuits the 
tracking and data acquisition facilities in operational. support of all flight projects. NASCOM also links 

Center operates the network and serves as its major switching control point. In the interest of economy, 
reliability, and full utilization of trunk circuitry, subswitching centers have been established at key 
domestic and overseas locations. 

suLl, i-ac;l;c;rs :aiii,c:, zre;r6, - - - L  - 2 * - -  --,I -2--:-- ---*-el n n - t n r n  Thn P r r A r l . r r d  C n s - n  P14nhc 
c e a c  JLLSa,  Q L l U  L L L L O O & U I I  b U I L C L U I  b L I A C b & Y .  11.L "UUUUL.. Y Y U C C  L **e..- 

To an increasing extent, the NASA flight projects are requiring the transfer of higher data rates between 
the mission control centers and the tracking sites because of the need for real cime control of spacecraii 
and on-board experiments. In addition, there is a requirement to provide increasing amounts of experiment 
data more quickly t o  the users €or analysis. 

In order to meet these higher data transfer rate requirements, new communications technology making use 
of digital techniques and specially modified voice channels is being implemented into the NASCOM. These 
innovations allow for the transmission of a greater amount of data over the communication circuits. This 
technology will be expanded to all network facilities as rapidly as service can be obtained from the common 
carriers. 

Based on technological advances permitting the transmission of higher data rates at reasonable cost, the 
"bent pipe" concept of sending data directly from a spacecraft, through a tracking station, to a mission 
or project control center, is becoming increasingly attractive., As a result, the trend will be toward more 
direct spacecraft-to-control center-data transfer via high-speed communication links. 

CHANGES FROM BUDGET ESTIMATES: 

The reduction of $1.9 million in FY 1976 and $500 thousand in the Transition Quarter from the budget 
estimates reflects the closing of the Tananarive Station and some unforeseen communications rate reductions. 

BASIS OF FY 1977 ESTIMATES: 

The FY 1977 budget requesL for Conuntinications Operations will provide the necessary funding for the cir- 
cuits and services required to operate and maintain the NASCOM, including the various domestic and overseas 
facilities. Included are the funds required for communications support for the Shuttle Approach and Landing 
Tests and the provision of overseas wideband communications circuits for support of the Viking Mars missions 
and the Mariner Jupiter/Saturn (IUS 1977) missions. 
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Data Processing Operations 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current  Budget Cur r en t Budget 

22,476 24,800 25,000 24,000 6,900 6,200 

OELJECTIVES AND STATUS: 

Information r ece ived  i n  t h e  form of t r a c k i n g  and te lemetry d a t a  from t h e  va r ious  s p a c e c r a f t  must be 
processed i n t o  a u seab le  form f o r  t h e  day-to-day s p a c e c r a f t  ope ra t ions  and f o r  analyzing t h e  experiment 
d a t a  acquired by the  s p a c e c r a f t .  This  d a t a  processing func t ion  i s  performed f o r  a wide v a r i e t y  of pro- 
grams, which range from t h e  small  Explorer  sa te l l i t es  t o  l a r g e  and complex So la r  and Astronomical Observ- 
a t o r i e s  and the Earth Resources Technology S a t e l l i t e s .  

Tracking d a t a  a r e  processed t o  provide o r b i t a l  elements which a r e  used t o  compute s p a c e c r a f t  p o s i t i o n s .  
These funct ions a r e  e s s e n t i a l  f o r  t h e  real  t i m e  c o n t r o l  of s p a c e c r a f t ,  f o r  determining when the  s p a c e c r a f t  
w i l l  be passing over t h e  s t a t i o n s  s o  d a t a  can be acquired,  and f o r  providing p r e c i s e  information t h a t  can 
be used by the  s c i e n t i f i c  experimenters t o  determine 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 f i c  measurements were made. Telemetry d a t a  must be processed to :  ( a )  s e p a r a t e  t h e  information 
obtained from va r ious  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  information from 
each experiment; (c)  determine 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 th  t h e  p o s i t i o n  
da ta .  Processed d a t a  a r e  t h e  primary product of  t h e  s p a c e c r a f t  missions,  and i t  is through r educ t ions  and 
ana lyses  of these  d a t a  by t h e  experimenters  t h a t  t h e  planned o b j e c t i v e s  are achieved. 

I n  a d d i t i o n  t o  the  a c t u a l  p rocess ing  of 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  ex tens ive  pre-mission 
o r b i t  s t u d i e s ,  i nc lud ing  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 .  
develop ope ra t iona l  sequences and procedures t o  be used during the  a c t u a l  mission ope ra t ions  of  these  
complex spacecraf t .  

S t u d i e s  are a l s o  r equ i r ed  t o  

CHANGES FROM B W G E I '  ESi ' i iUiES : 

FY 1976 Estimate:  The r educ t ion  of $1.0 m i l l i o n  i n  t h e  FY 1976 funding l e v e l  r e s u l t e d  from Lxinch sched- 
u l e  changes and the  refiaement of support  requirements which made p o s s i b l e  t h e  d e f e r r a l  of manning i n c r e a s e s  
and software e f f o r t  f o r  t h e  o p e r a t i o n  of the  c e n t r a l i z e d  d a t a  processing f a c i l i t y  l oca t ed  a t  t h e  Goddard 
Space F l i g h t  Center. 
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T r a n s i t i o n  Quarter  E s t i m a t e :  The r e d u c t i o n  of  $700 thousand i n  t h e  T r a n s i t i o n  Quarter  funding l e v e l  
r e s u l t e d  from t h e  d e f e r r a l  of con t r ac to r  staffing and sc f tware  e f f o r t  f o r  the ope ra t ion  of the d a t a  
p rocess ing  f a c i l i t y  a t  the  Goddard Space F l i g h t  Center.  

The FY 1977 budget estimate inc ludes  funds t o  p rocess  d a t a  from c u r r e n t i y  o r b i t i n g  s a c e i i i t e s ,  as w e l l  
a s  d a t a  from t h e  satel l i tes  scheduled t o  be launched during t h e  per iod.  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 processing of d a t a  from t h e  o l d e r  s a t e l l i t e s  a r e  under cont inuing review, and support  
f o r  o l d e r  missions i s  terminated o r  c u r t a i l e d  a s  mission 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 longer  u s e f u i .  
without  major i n c r e a s e s  i n  t h e  d a t a  p rocess ing  c a p a b i l i t y .  

These supporc adjuscmencs are Iimkiiig possl"u:e the suppor t  of rev sats??itcs 

The Image Data Processing F a c i l i t y ,  i n i t i a l l y  e s t a b l i s h e d  f o r  t h e  support  of t h e  f i rs t  Ea r th  Resources 
Technology S a t e l l i t e  (LANDSAT-l), now a l s o  suppor t s  t h e  second LANDSAT s p a c e c r a f t ,  which was s u c c e s s f u l l y  
launched i n  January 1975. This  f a c i l i t y  i s  expected t o  cont inue ope ra t ions  through t h e  nex t  s e v e r a l  years ,  
suppor t ing  t h e  c u r r e n t  Ea r th  Resources programs, and w i l l  be augmented t o  support  approved upcoming 
missions t h a t  produce imagery data .  

Software 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  support  of space sc i ence  and a p p l i c a t i o n s  space- 
c r a f t  such a 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 h e  Heat Capacity Mapping Mission (HCMM) , t h e  
I n t e r n a t i o n a l  Sun-Earth Explorer-A (ISEE), Nimbus-G, and Seasat-A. 
c o n t r o l  and r e l a t e d  d a t a  processing requirements  and r e q u i r e  a d d i t i o n a l  funding f o r  FY 1977. 

These a c t i v i t i e s  cover s p a c e c r a f t  

The d a t a  p rocess ing  f a c i l i t y  w i l l  be r econf igu red  i n  FY 1977 when t h e  Telemetry On-Line Processing 
System (TELOPS) i s  phased i n .  
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  r e c e i v e  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  system w i l l  be a b l e  t o  s t o r e  up t o  s i x  months 
of t e l eme t ry  d a t a  o n - l i n e ,  thus e l i m i n a t i n g  most of t h e  tape  handl ing operat ions w i t h i n  t h e  d a t a  processing 
f a c i l i t y .  Dual ope ra t ion  of t h e  p re sen t  system, p l u s  TELOPS, w i l l  r e q u i r e  a d d i t i o n a l  funding u n t i l  t h e  
new system i s  checked out  and accepted. 

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 ape -o r i en ted  process  

BASIS OF FUND REQUIREPENTS: 

Systems Implementation 

- T h e  o b j e c t i v e s  of t h e  NASA t r ack ing  and d a t a  systems implementation program a r e  t o  ma in ta in  t h e  e x i s t i n g  
ground support  c a p a b i l i t y  a t  a high 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 rde r  t o  meet t h e  aggregate  
suppor t  needs of t h e  many and va r i ed  space m i s s i o n s ,  aid t o  provide augi~sntat lon t~ t h l s  capabi l t ty ,  
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as necessary, to meet the special requirements of individual flight projects. These ground support systems 
consist of the tracking and communications networks, control centers, data processing facilities and aero- 
nautics and sounding rocket instrumentation. 

m.- ----_--- :- ..-n-+"4-<n- Illt: 3y3ccI,w L,,,y?S.,IC.L,LLILIV.. prcgrzz e x a z p ~ s s e s  the eng ineer ing  d e s i  En 2nd procurement of the necessary 
equipment, subsystems and systems in response to the requirements of the various flight missions and other 
research projects. It also includes related documentation and development of initial computer programs, 
the provisioning of initial and large module spares, and associated services such as acceptance testing, 
integration and checkout of  subsystems and systems. 

Funds are required to mainizain necessary oper aiiuiial perfoi-iiiiiice arid. r c l i a b t l t t y  cf net::crk systems by 
providing for the replacement of obsolete and wornout equipment, the modification and augmentation of 
existing systems to maintain compatibility with changes in associated on-board spacecraft communications 
systems and to improve the utilization and efficiency of network systems. 

Fiscal Year 1977 funds are required to continue the implementation of new capabilities, including those 
necessary for network system augmentation to meet the needs of the Mariner JupiterISaturn 1977, Pioneer 
Venus, and High Energy Astronomy Observatory missions. In addition, funds are required to complete the 
modification and augmentation of the data processing facilities for processing the imagery data for such 
missions as the Nimbus-G, Landsat-Cy and Heat Capacity Mapping Missions. 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of  Dollars) 

Space flight tracking and data 

14 , 000 Deep space network. 13 , 351 14,300 11,300 5,400 4 , 000 
Aeronautics and sounding rocket 

support............ ........... 2,700 2,700 2 , 300 700 7 00 2 , 600 
Comnications..... ............. 3,160 3 , 000 3,000 800 800 3 , 900 
Data processing ................. 2,976 4,000 3 , 000 900 800 3,000 

........ 5 , 100 4,700 19,000 network............... 20,313 17,400 18,500 ............. 

Total.............. ........... 42.500 4i. 400 38.  io0 i2.900 ll.OOO 42.500 

Spaceflight Tracking and Data Network Systems Implementation 

19,  nnn 
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OBJECTIVES AND STATUS: 

During FY 1977, t h e  network w i l l  con t inue  t o  support  approximately f o r t y  s p a c e c r a f t  on an around-the-clock 
b a s i s .  

3 ,  Space Science Atmospheric Explorers  4 and 5, Nimbus G ,  and t h e  Communications Technology S a t e l l i t e .  I n  
a d d i t i o n  t o  t h e  ongoing missions,  t h e  network w i l l  provide support  t o  a number of new missions.  
a r e  t h e  High Energy Astronomy Observatory A, 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 ,  the  Laser Geodynamic. 
S a t e l l i t e ,  and Landsat-C. 

These inc lude  many ongoing missions wi th  h igh ly  complex t r ack ing  and d a t a  a c q u i s i t i o n  requirements ,  
suc-n as E'ne ~ ~ ~ i i ~ ~ i i ~ ~ ~ ~  m . l . . - l  -_.. 0 - ~ - 1 1 2 & -  T - - d - e +  

I ~ L L L I L V L V ~ ~  J a L c I I L L c  v , Y c u L u a u C  1 XX.? 2, the  C ~ O ~ Y I Z I F ~ C  E ~ p e r i ~ e f i t a l  OCEZC S ~ t ~ l l l j t ~ ~  

Among these  

The Space F l i g h t  'I'racking and Uata Network syscems impiemencariun pr ugrcriii r i i ~ ~ i i i p d ~ s e s  the proc i i rcmi i t  zrx? 
implementation of systems and s e r v i c e s  necessa ry  t o  s u s t a i n  t h e  network 's  con t inu ing  c a p a b i l i t y  f o r  r e l i a b l e  
suppor t  t o  these  ongoing s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e  missions,  t o  provide network c a p a b i l i t i e s  
t o  a s s u r e  e f f i c i e n t  and multi-purpose t r a c k i n g ,  command, and d a t a  a c q u i s i t i o n  support  f o r  a l l  manned and 
unmanned e a r t h  o r b i t a l  missions,  and t o  meet new support  requirements f o r  s p a c e c r a f t  t o  be launched i n  t h e  
nea r  f u t u r e .  

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Est imate:  The FY 1976 funding l e v e l  has  been ad jus t ed  from t h e  budget estimate by $1.1 mi l l ion  
a s  a r e s u l t  of increased funding requirements  f o r  implementation of p r e c i s i o n  t r a c k i n g  l a s e r s  t o  support  
LAGEOS, t h e  Laser Geodynamic S a t e l l i t e .  

T r a n s i t i o n  Quarter  Estimate: The dec rease  of $400 thousand i n  . t h e  T r a n s i t i o n  Quar t e r  funding level 
from t h e  budget e s t ima te  r e f l e c t s  a r e d u c t i o n  i n  t h e  s u s t a i n i n g  e f f o r t  a s s o c i a t e d  wi th  t h e  c l o s u r e  of t h e  
Tananarive s t a t i o n .  

BASIS OF FY 1977 ESTIMATES: 

Equipment mod i f i ca t ions  i n  t h e  network a r e  r equ i r ed  i n  FY 1977 t o  maintain t h e  r equ i r ed  level of pro- 

hccordingly,  f x d s  a r e  reqiAired for  replacement of worn o u t  systems wi th  more r e l i a b l e  u n i t s ,  
f i c i e n c y  f o r  support  of  a d i v e r s e  and demanding workload and t o  a s s u r e  t h e  r e l i a b i l i t y  of the  network 
systems. 
f o r  equipment modif icat ions t o  c o r r e c t  o p e r a t i o n a l  d e f i c i e n c i e s ,  and f o r  equipment t o  be used i n  
o p e r a t i o n a l  c o n t r o l  of t h e  network. The funding requirements a l s o  provide f o r  subsystem s p a r e s ,  f o r  
p r o v i s i o n  and mod i f i ca t ion  of t e s t  equipment, and f o r  minor equipment mod i f i ca t ions  r e s u i t i n g  from 
changes i n  sr-lpport requirements from one mission t o  t h e  next .  

Necessary network system augmentations w i l l  be  continued i n  FY 1977 t o  support  p r e p a r a t i o n s  f o r  t h e  
S h u t t i e  f i r s t  manned o r b i t a i  f i i g h c  pianned for  mid-1979. Impieiiieiitation of eqiiipiient for  r i i~d . to r i r ig  
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the Shuttle orbiter's approach and landing testing at the Flight Research Center will be completed. 
addition, a 9-meter antenna will be relocated at the Merritt Island, Florida, station to permit coverage 
of Shuttie landings at the Kennedy Space Center, and systems compatible with the Space Shuttle Orbiter 
command systems will be installed in the network stations. Additional modifications will be initiated 
at the Nerritt isiand s t a t i o n  to prov idp  c a p h i  l i t i p s  t o r  c c m p z t i b i l i t y  t e s t i n n  0 cf Spzce sh=:tl= pq?ocds .  

In 

Several significant. control center modifications at the Goddard Space Flight Center are also planned 
in FY 1977. 
high data rate radar. Refurbishment of the Meteorological Data Handling System for support of Nimbus-G 
will be initiated in FY 1977. 
 ell 2 s  telezctry data handllng and d lsp lay  systems. Iii the t t i i l t L - S ~ t e l l i t e   ope^ cliioris Cvntroi Cencer 
at Goddard Space Flight Center, the replacement ol' computer systems is planned. These computer systems 
are becoming obsolete, resulting in considerable maintenance and difficulty in obtaining spare parts. 

The existing OSO/AE control center will be augmented to accommodate the Seasat on-board 

These refurbishments will include new command and control consoles, as 

Deep Space Network Systems Implementation 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

13,351 14 , 300 11 , 300 5,400 4 , 000 14 , 000 

OBJECTIVES AND STATUS: 

The Deep Space Network Systems Implementation program provides for the procurement of equipment and in- 
tegration services required in the network to support the ongoing planetary spacecraft missions and for 
network augmentations to support the upcoming approved planetary flight missions. 

Communication with planetary spacecraft at extreme distances from earth requires very large antennas and 
extremely sensitive ground receiving systems. To assure mission success, these systems must operate at a 
high level of technology proficiency and reliability. Therefore, a continuing effort of replacement, 
modification and augmentation of the network systems is necessary. In addition, state-of-the-art improve- 
ments in telecommunications systems are incorporated in the network to maximize the scientific return from 
these EissiGns. 

CHANGES FROM BUDGET ESTIMATES: 

FY 1 9 7 6  Fstimate: A decrease of s3.0 m i l l i r ? n  in the FY 1976 hndget  .Id $1.4 millinn in the  Transit icr:  

1977 (WS) mission. RD 11-22 
Quarter resulted from the deferral of the procurement of network systems for the Mariner JupiterISaturn 



BASIS OF FY 1977 ESTIMATES: 

During FY 1977, t h e  Deep Space Network w i l l  con t inue  t o  provide i n t e n s i v e  support  t o  ongoing p l a n e t a r y  
f l i g h t  missions,  as we l l  a s  p repa r ing  f o r  upcoming approved missions.  The extended Viking, Pioneer 
IU and Pioneer  ii i i i issiuiis,  iuid ~;-le %I<Gs I arid E K ~ S S L G T ; ~ ,  VI?? require e q z i p ~ ~ e ~ t  m n d i f i c ~ t i ~ ? ~ ~  t~ 
maximize t h e  s c i e n t i f i c  d a t a  r e t u r n .  C r i t i c a l  mission events  a s s o c i a t e d  with t h e  m u l t i - s p a c e c r a f t  Viking 
mission,  i n  p a r t i c u l a r ,  a r e  dependend upon f l a w l e s s  ground system performance. These events  i nc lude  t h e  
Mars o r b i t  i n s e r t i o n ,  l ande r  descen t  and touchdown phase,  and t h e  ope ra t ion  of  t h e  s c i e n t i f i c  experiments 
on t h e  s u r f a c e  of Mars. 

- -  

. .  An extremeiy nigh i e v e i  of sysLem reiiabiiiky i s  ~ e C a S S d i - y  to 6UppoTt these i i l i 5 S i O T ; S  and reqzirzs 2 =en= 
t i n u i n g  program of replacement and s p a r e s  provis ioning.  Funds a r e  r equ i r ed  i n  FY 1977 f o r  t h e  replacement 
of f a i l u r e - p r o n e  and o b s o l e t e  components and t o  make t h e  necessary system modi f i ca t ions  t o  maximize t h e  
s c i e n t i f i c  r e t u r n  from t h e s e  missions.  

P r e p a r a t i o n s  a r e  a l s o  cont inuing f o r  support  of t h e  dual  Mariner missions t o  J u p i t e r  and Sa tu rn  i n  1977 
(MJS '77) and t h e  Pioneer  mult i -probe and o r b i t e r  missions t o  Venus i n  1978. 

For t h e  MJS ' 7 7  mission,  mod i f i ca t ions  t o  t h e  command systems are necessary i n  o rde r  t o  provide t h e  i n -  
c r eased  command c a p a b i l i t y  r equ i r ed  by t h e  on-board s p a c e c r a f t  computer. 
w i l l  be used n o t  only t o  c o n t r o l  t h e  numerous s p a c e c r a f t  func t ions  bu t  a l s o  t o  change t h e  te lemetry d a t a  
r a t e  and con ten t  a s  v a r i a t i o n s  i n  t h e  mission p r o f i l e  occur.  

The programs s t o r e d  i n  t h e  computer 

Equipment mod i f i ca t ions  t o  t h e  r e c e i v e r  systems a r e  a l s o  r equ i r ed  f o r  t h e  X-band t e l eme t ry  c a p a b i l i t y  on- 
board t h e  MJS '77 s p a c e c r a f t .  
provide t h e  c a p a b i l i t y  f o r  t r a n s f e r r i n g  t h e  l a r g e  q u a n t i t i e s  of v i t a l  s c i ence  and engineer ing d a t a  during 
t h e  J u p i t e r  and Sa tu rn  f lyby  phases of t h e  mission. 
one h a l f  b i l l i o n  k i lome te r s  from Earth.  

The use of t h e  X-band frequency along wi th  a new t e l eme t ry  coding system w i l l  

These f lybys w i l l  occur a t  d i s t a n c e s  o u t  t o  one and 

The MJS '77 mission,  which inc ludes  p l a n s  f o r  t h e  s p a c e c r a f t  t o  perform c l o s e ,  p r e c i s i o n  f lybys of t h e  
moons of t h e  p l a n e t s ,  r e q u i r e s  an i n c r e a s e  i n  space nav iga t ion  accuracy. T o  o b t a i n  t h e  improved accuracy 
s p e c i a l  t r a c k i n g ,  d a t a  handl ing and t iming systems a r e  needed. With these  systems a new technique w i l l  be 
used whereby t h e  s p a c e c r a f t  range and v e l o c i t y  w i l l  be s imultaneously measured from two widely spaced 
t r a c k i n g  s t a t i o n s .  The d a t a  obtained through t h i s  technique w i l l  provide a b a s i s  f o r  improving space 
n a v i g a t i o n  accuracy. 

FY 1977 funding requirements provide f o r  continued implementation of  these  systems, i n i t i a t e d  i n  p r i o r  
y e a r s .  P re sen t  emphasis i s  d i r e c t e d  toward providing equipment a t  t hose  s t a t i o n s  needed f o r  pre-launch 
t e s t i n g  wi th  t h e  s p a c e c r a f t  and f o r  t h e  iaunc'n and early cruise  phases of t h e  iiiisaFor;. E 1977 funds :?ill 
b e  used t o  provide t h e  systems i n  t h e  network f o r  support ing t h e  l a t e r  c r u i s e  and J u p i t e r  encounter phases 
of t h e  mission. RD 11-23 



Special equipment and modifications are required to support the Pioneer-Venus Orbiter and Multi- 
Probe missions. Simultaneous recovery of data from the five probes entering the Venus atmosphere 
requires a d d i r i o n a ?  r e c e i v i n g ,  r e c o r d i n g  and d a r n  h a n d l i n g  capa'ni-i f r i e q  i n  r h ~  network ,  The long r i ~ ~ r n t i  _ _  - _ _  on _ _ _  
Venus orbital operation, using dual frequency S and X-band transmitters, also requires modification of a 
Goldstone, California: 26-meter station to receive both frequencies. 

Aeronautics and Sounding Rocket Support Systems Implementation 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

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

2 , 700 2 , 700 2 , 300 700 700 2,600 

OBJECTIVES AND STATUS: 

The aeronautics and sounding rocket programs are supported at the Wallops Flight Center in Virginia and 
and the Flight Research Center in California. 

The aeronautics program support at Wallops consists of space component tests utilizing helicopter or air- 
craft drops, aircraft noise abatement projects, slow speed landing techniques for jet aircraft, anti-skid 
tests on grooved runways, V/STOL terminal area research, microwave landing system development tests, col- 
lision avoidance programs and remote (airborne) sensing developments in support of the earth resources 
programs. 

The sounding rocket programs supported at Wallops cover all of the atmospheric and space disciplines in 
which research is undertaken, utilizing a family of launch vehicles varying in size and power from the 
small meteorological rockets to the 72-foot Scout with an orbital launch capability. More than 300 
sounding rockets are launched from Wallops Island and remote sites around the world, carrying experiments 
in the fields of Aeronomy, Energetic Particles, Ionospheric Physics, Meteorology, and Solar Physics. Of 
particular interest is the current effort to measure the effect of aerosols on the protective layer of 
Ozone in the upper atmosphere which filters out harmful solar radiatior,. 

To provide instrumentation support to these programs, fixed and mobile ground support equipments are 
provided by Wallops. 
some non-recoverable flight hardware such as on-board antennas and transponders. To meet specific test 
requirements, modifications and augmentations of selected telemetry, communications, tracking, command 
and data handling systems are required. 
and modified to meet remote site requirements such as the ongoing meteorological program in cooperation with 
several nations, including Argentina, Brazil, and Spain. 

To maintain these equipments, spare and replacement parts are required, as well as 

In addition, the mobile equipment must be periodically refurbished 
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The a e r o n a u t i c a l  r e sea rch  and technology programs supported by t h e  F l i g h t  Research Center (FRC) c o n s i s t  
of h igh  a l t i t u d e  and terminal  a r e a  tests invo lv ing  high performance a i r c r a f t  and l i f t i n g  bodies  such a s  
t h e  F - i i i ,  Y F - i 2 ,  747 S h u t t i e  c a r r i e r  a i r c r a f c ,  and va r ious  other  d i K C K d L i  arid I l e l i c o p t e r s .  F l i g h t  Research 
Center  w i l l  a l s o  be r e spons ib 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 
suppor t  equipment i s  iocaced on tile AeruGynai i cS  Test Range, which consists of s t~ tLo i ;s  at E d ~ ~ d s ,  
C a l 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 e m e t r y ,  d a t a  hand l ing ,  and a s s o c i a t e d  t iming, communi- 
c a t i o n s  and command systems are maintained and modified t o  m e e t  the  changing requirements  of t h e  approved 
f l i g h t  p r o j e c t s .  

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Estimate: The decrease of $400 thousand i n  t h e  FY 1976 funding l e v e l  r e s u l t e d  from d e f e r r a l  of 
equipment replacements a t  Wallops F l i g h t  Center and t h e  F l i g h t  Research Center .  

BASIS OF FY 1977 ESTIMATES: 

Funds a r e  requested i n  FY 1977 t o  provide t h e  s u s t a i n i n g  equipment and mod i f i ca t ions  t o  support  t h e  
sounding rocke t  and ae ronau t i c s  program a s  desc r ibed  above. 

Communications Systems Implementation 

1976 . T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current  Budget 

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

3,160 3 , 000 3 , 000 800 800 3 , 900 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h e  Communications Systems Implementation e f f o r t s  i s  t o  provide hardware f o r  the  NASA 
communications network t o  meet new program support  requirements,  t o  i n c r e a s e  t h e  e f f i c i e n c y  of t h e  ne t -  
work, and t o  s u s t a i n  the  network a t  a h igh  l e v e l  of r e l i a b i l i t y .  

U S I S  OF FY 1977 ESTIMATES: 

The FY 1977 funding requirements p rov ide  f o r  continued procurement of systems f o r  i n c r e a s i n g  t h e  amount 
of d a t a  t h a t  can be s e n t  through communications c i r c u i t s .  A s  discussed i n  t h e  communications operat ions 
a r e a ,  s p e c i a l i z e d  equipment i s  necessa ry  for implementing d i g i t a l  techniques i n t o  t h e  NASCOM network SO 

t h a t  t h e  higher  d a t a  r a t e s  can be s e n t  over t h e s e  c i r c u i t s .  Funds a r e  a l s o  included f o r  wideband i n t e r -  
f a c e  equipment which w i l l  be r e q u i r e d  i n  t h e  "bent pipe" mode of ope ra t ion .  RD 11-25 



Circuit monitoring and performance equipment is required for transmitting higher real time data rates 
from the Deep Space Network stations. This equipment will provide the capability for  auromatically de- 
tecting and isolating circuit problems and will permit rapid rerouting of circuits when problems arise. 
This capability is critical in meeting the increasing real time communications requirements for the 
p l d t t e i a ~ y  ulLsbLutLs beitig suppur Led by iiie Deep Space iu’ecworic. . .  

To maintain system reliability, a continuing program to procure replacement parts, spares, test and 
monitoring equipment is necessary. This hardware assures that the data circuits can be maintained within 
prescribed limits, thus ensuring the necessary level of system reliability. 

Data Processing Systems Implementation 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Estimate Estimate Estimate Es t ima te Actual E s t ima te 
(Thousands of Dollars) 

2 , 976 4 , 000 3 , 000 900 800 3,000 

OBJECTIVES AND STATUS: 

The Data Processing Systems Implementation program provides for the procurement of equipment and related 
services to sustain the large computer complexes at the Goddard Space Flight Center (GSFC) which support both 
the operational and payload requirements of space missions. 
determine spacecraft attitude and orbit and provide the capability for generating commands to the space- 
craft and for knowing the status of on-board subsystems. 
continually process the data from science and applications experiments for subsequent transfer to the 
experimenters. 

For operational support, these complexes 

In providing payload support, these complexes 

Several significant activities in these areas are underway at GSFC. For the processing of digital 
data, a Telemetry On-Line Processing System (TELOPS) is under contract, and delivery is anticipated in 
early 1977. 
and resolution requirements of future missions. 
face between the NASCOM terminal and the existing data processing facility to accommodate the wideband 
data transmission mode currently being implemented in the NASCOM Network. 

A- major modification to the Image Processing Facility is underway t o  meet the accuracy 
Also, plans are underway to procure equipment to inter- 

CHANGES FROM BUDGET ESTIMATES : 

FY 1976 Estimate: The decrease of $1.0 million in the FY 1976 estimate is due to a deferral in 
RD 11-26 funding for equipment for the Image Processing Facility into FY 1977. 



Transition Quarter Estimate: The decrease of $100 thousand in the Transition Quarter estimate is related 
to revised estimates for sustaining equipment during this period. 

BASIS OF FY 1977 ESTIMATE: 

The FY 1977 estimate includes funds to complete the modification of the existing NASA Image Data Pro- 
cessing Facility at the Goddard Space Flight Center in order to meet the image accuracy and resolution 
requirements of upcoming approved missions, including Landsat-C, Nimbus-G, and the Heat Capacity Mapping 
Mission (HCMM). Funds are also required for equipment to interface between the new Telemetry On-Line 
Processing System (TELOPS) and the existing computer processors at Goddard Space Flight Center. 

During FY 1977, equipment will be procured for recording and formatting scanner data from HCMM. Special 
interface equipment will be installed between the NASCOM terminal and the Data Processing Facility to 
handle the digital data which will be transmitted by the NASCOM network. In addition, FY 1977 funds 
provide for routine support of the computer complex. This effort includes spares provisioning, replace- 
ment of old analog tape decks, and procurement of special devices to monitor the photographic quality of 
the products produced in the Image Processing Facility. 

Advanced Systems 

1976 Transition Quarter 1977 
1975 Budget Current Budget Current Budget 

Actual Estimate Estimate Estimate Estimate Estimate 
(Thousands of Dollars) 

9 , 300 9 , 200 9 , 200 2,300 2,300 8,700 

OBJECTIVES AND STATUS: 

The objective of the Tracking and Data Acquisition (TDA) Advanced Systems program is to conduct studies 
and developments in tracking and data acquisition systems and techniques. These studies and developments 
are necessary to: (1) provide new and improved network and data processing capabilities to aeet near- 
term mission requirements; and (2) improve the cost effectiveness and reliability of TDA support for the 
mix of space flight missions. This latter objective includes spacecraft and ground system trade-off 
studies aimed at optimizing space-to-ground telecommunications links and overall operational support 
planning. 
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BASIS OF FY 1977 ESTIMATES: 

Effort will continue on studies and developments in the areas of tracking and ground-based navigation for 
planetary missions. New and more efficient tracking techniques using two station tracking and Very Long 
ucLuslIIIc. IcLVllleLLy \ V ~ U L J  W A L L  iuvesi ig;cried.  Deve iopmeni  v i  these cechniques is needed to reduce 
existing sources of errors in spacecraft tracking. For example, the Mariner Jupiter/Saturn ' 77  missions 
include plans for the spacecraft to fly by and take pictures of Io, a satellite of Japiter, which will be 
about 7 3 5  million kilometers from Earth. The navigation accuracy required €or this event is roughly com- 
parable to navigating an airplane from Washington, DC, with sufficient accuracy to intercept a speeding, 
supersonic aircraft over Paris with a miss distance of less than 3 meters. 

:-- r-c--c -_-_- ITTTTIT\ - . ? ? ?  L -  

Such requirements push the state-of-the-art in many fields of technology. A s  a further example, ultra- 
stable ground clocks are needed which gain or lose only a thousandth of a second in 10,000 years. These 
clocks, which are located on different continents, must be synchronized to a common standard with an error 
of no greater than 10 millionths of a second. 

Radio telecommunications techniques will continue to be developed in FY 1977 to provide the increased 
capability needed to support future spacecraft cormnand and data acquisition requirements. Future planetary 
missions will use data rates in excess of 40 kilobits per second from the vicinity of Saturn, approximately 
1.5 billion kilometers away. Studies and developments will continue on ways to minimize the effect of 
planetary atmospheres and space-charged particles on deep space communications. Data acquisition with 
our large aperture antennas will be further improved by the development of techniques for the arraying of 
existing antennas at higher frequencies and the development of low radio-noise elements coupled with 
receivers having improved sensitivities. To date, our continuing work in the development of extremely 
sensitive receivers has yielded significant improvements in data collection rates at planetary distances. 

Future earth orbital missions with new high resolution sensors for monitoring the land, the sea, and 
the environment, require an order of magnitude improvement in the rate at which data must be acquired and 
handled. Effort is required on millimeter wave ground antenna feed systems, telemetry receivers, and 
wideband recording systems as well as on network station operating techniques for handling these high 
data rates. 

Work will contime on techniques for centralizing the control and monitoring of tracking and data 
acquisition support operations, both at the stations and their respective network control centers. This 
development is aimed at improved efficiency and effectiveness in the utilization of the overall network 
sys tem. 

Studies and development will also be conducted on data handling systems and techniques to meet the in- 
creasing data  requirements for real cime mission control. The studies will be concerned particularly 
with high-rate, on-line data handling, storage, and retrieval. Techniques to be considered include 
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the  c r o s s  connecting and m u l t i p l e  u se  of minicomputers and t h e  development of s t anda rd ized  sof tware and 
cperat-ng prscedures  e- cu I - - & & -  U G L L ~ T  s u p p o r i  the t o t a l  m i x  o f  fiitnre missic?ns iz ?. c o s t  effective iiiiiaer. 

Tracking and Data Relay Satellite system 

1976 T r a n s i t i o n  Quarter  1977 
1975 Budget Current Budget Current  Budget 

Actual  Est imate  E s t i m a t e  E s t i m a t e  Estimate Es t ima te  
(Thousands of Do l l a r s )  

OBJECTIVES AND STATUS: 

A major a spec t  of t h e  Tracking and Data Acqu i s i t i on  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). 

The TDRSS w i l l  c o n s i s t  of two s p e c i a l i z e d  r e l a y  s p a c e c r a f t  and a ground t e rmina l  i n  t h e  c o n t i n e n t a l  
United S t a t e s ,  and w i l l  s e rve  t o  r e l a y  d a t a ,  commands and vo ice  t o  and from mission s p a c e c r a f t  and t h e  
ground c o n t r o l  c e n t e r .  The two r e l a y  s p a c e c r a f t  w i l l  be pos i t i oned  i n  geosynchronous o r b i t ,  one over 
t h e  mid-Atlant ic  Ocean and t h e  o t h e r  aver  t h e  mid-Pacif ic  Ocean. 
pos i t i oned  i n  o r b i t  midway between t h e  two a c t i v e  s p a c e c r a f t .  

A spa re  r e l a y  s p a c e c r a f t  w i l l  be 

The TDRSS w i l l  support  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  missions and w i l l  g r e a t l y  improve 
NASA'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 .  
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  missions,  i t  w i l l  permit  t h e  e l i m i n a t i o n  of many of t h e  ground 
s t a t i o n s  i n  t h e  p r e s e n t  S p a c e f l i g h t  Tracking and Data Network wi th  r e s u l t i n g  c o s t  savings.  

S ince  t h e  TDRSS w i l l  support  essen-  

NASA i s  planning t o  acqu i r e  t h i s  c a p a b i l i t y  through a c o n t r a c t  f o r  s e r v i c e s  arrangement; t h a t  i s ,  by 
e n t e r i n g  i n t o  a c o n t r a c t  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 wi th  
s e r v i c e  f o r  a pe r iod  of t e n  years. Under t h i s  c o n t r a c t  f o r  s e r v i c e s  arrangement, NASA funding f o r  
s e r v i c e s  w i l l  not be r equ i r ed  u n t i l  s e r v i c e  a c t u a l l y  com~ences i n  Fr' 1979. 

The schedule f o r  development and c o n s t r u c t i o n  of t h e  TDRSS i s  based upon having a f u l l y  o p e r a t i o n a l  
system by e a r l y  1980, i n  t i m e  f o r  suppor t  of t h e  Space S h u t t l e  o p e r a t i o n a l  f l i g h t s .  

NASA has  i n i t i a t e d  a competi t ive two-phase procurement approach t o  acqu i r e  TDRSS service. Phase I 
involved t h e  award of two s tudy  c o n t r a c t s  f o r  d e f i n i t i v e  system des ign  and t e c h n i c a l  and c o s t  proposals .  

s e l e c t i o n  of  a s i n g l e  c o n t r a c t o r  f o r  f i n a l  design,  implementation and ope ra t ion .  
TL- R, i n ~ r  L Y I J  funding i e v e i  shown was f o r  t h e  Phase I c o n t r a c t s .  Phase I1 w i l l  involve t h e  competi t ive 
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OFFICE OF INDUSTRY AFFAIRS 
AND TECHNOLOGY UTILIZATION 

RESEARCH AND DEVELOPPENT 

FISCAL YEAR 1977 ESTIMATES 

BUDGET SUMMARY 

TECHNOLOGY UTILIZATION PROGRAM 

SUMMARY OF MSOUKGES MQUIEmNTS 

1976 T r a n s i t i o n  Quarter  
1975 Budget Current Budget Current  

Actual Estimate Estimate Estimate Estimate 
(Thousands of  Dollars)  

I n d u s t r i a l  a p p l i c a t i o n s  ........ 2 ,414  3,220 3,145 850 8 50 
Technology a p p l i c a t i o n s .  ....... 2,373 3,025 3 , 500 9 50 950 
Program c o n t r o l  and eva lua t ion .  713 755 855 200 200 

Total . . . . . . . . . . , . . . . . . . . . . . . .  5.500 7 .OOO 7.500 2 -000 2 .ooo 

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 Spacec ra f t  Center . .  .... 
John F .  Kennedy Space Cen te r . . .  
Marshal l  Space F l i g h t  Cen te r . . .  
Na t iona l  Space Technology 

Labor a t  o r  i es  ................. 
Goddard Space F l i g h t  Cen te r . .  .. 

Propuls ion Laboratory. .  ...... 
Wallops F l i g h t  C e n t e r . . . .  . . . . . .  
Ames Research c e n t e r . . . . . . . . . . .  
Langley Research C e n t e r . . . . . . . .  
Lewis Research C e n t e r . . . . . .  .... 
Headquarters ................... 

r r l  n L 
IYAaA Pasadena O f f l c e / j e t  

T o t a l  ........................ 

3 88 
40  
58  

--- 
350 

473 
15 

438 
455 

80 
3 , 203 

5,500 

7 95 
100 
405 

--- 
565 

780 

680 
640 
300 

2,735 

7 , 000 

- - -  

566 
110 
40 8 

53 
547 

694 
15 

7 18 
645 
250 

3,494 

7 500 

100 
25 

100 

--- 
100 

200 

150 
125 
50 

1 ,150 

- - -  

2,000 

100 
25 

100 

--- 
100 

200 

150 
125 
50 

1 150 

- - -  

2,000 

1977 
Budget 

Estimate 

3 , 245 
3,640 
1,015 

7.900 

600 
100 
400 

50 
350 

520 
15 

680 
440 
250 

4,495 

7 , 900 - 
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OFFICE OF INDUSTRY AFFAIRS 
AND TECHNOLOGY UTILIZATION TECHNOLOGY UTILIZATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The NASA Technology U t i l i z a t i o n  program i s  a s t r u c t u r e d  and planned system, designed t o  encourage 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  n a t i o n ' s  i n d u s t r i a l  and pub l i c  s e c t o r  communi- 
t ies.  A spectrum of t r a n s f e r  and d i s semina t ion  mechanisms i s  employed by NASA t o  e f f e c t i v e l y  i n t e r a c t  
w i th  p o t e n t i a l  u s e r s  i n  t h e  non-aerospace community. 

During F i s c a l  Year 1977, t h e  Technology U t i l i z a t i o n  program p lans  t o  f u r t h e r  expand i t s  "outreach" 
e f f o r t s  i n i t i a t e d  i n  FY 1976. Program ou t reach  would i n c r e a s e  t h e  number o f  i n d u s t r i a l i z e d  urban a r e a s  
and r eg ions  served nationwide through t h e  a d d i t i o n  of more I n d u s t r i a l  App l i ca t ions  Center t e r r i t o r i a l  
r e p r e s e n t a t i v e s .  F u r t h e r  development o f  t hose  outreach e f f o r t s  i n  FY 1977 would s u b s t a n t i a l l y  i n c r e a s e  
t h e  p r o b a b i l i t y  of  technology t r a n s f e r  and a i d  i n  t h e  f u l l e r  coverage of  t echno log ica l  need e x i s t i n g  i n  
p r a c t i c a l l y  every co rne r  of  t h e  na t ion .  

Add i t iona l  problem-solving o p p o r t u n i t i e s  are a n t i c i p a t e d  i n  FY 1977, i nc lud ing  biomedical,  t r anspor -  
t a t i o n ,  and p u b l i c  s a f e t y  p r o j e c t s  i n  a p p l i c a t i o n s  engineer ing.  These e f f o r t s  w i l l  g r e a t l y  f a c i l i t a t e  
and s t r eng then  t h e  a p p l i c a t i o n  and a d a p t a t i o n  o f  aerospace technologies  t o  important p u b l i c  s e c t o r  
needs.  I n  a d d i t i o n ,  NASA p l ans  t o  undertake new e f f o r t s  i n  such c r i t i ca l  areas as computer-aided manu- 
f a c t u r i n g  techniques i n  support  o f  i nc reased  p r o d u c t i v i t y  NASA experience i n  t ech -  
nology t r a n s f e r  i n d i c a t e s  t h a t  t h e  con t inua t ion  and expansion of t h e s e  outreach e f f o r t s  during FY 1977 
w i l l  e f f e c t i v e l y  enab le  broader  use and a p p l i c a t i o n  of  aerospace-developed technology and know-how i n  
t h e  U.S. i n d u s t r i a l  and p u b l i c  s e c t o r s .  

and a g r i c u l t u r e .  

n n * \ T n W @  UDnM R r l n P C T  PSTTMATFS.  bmlYUu0 L l \ U L I  U U U U Y I  I-*&* -----. 

Addi t iona l  funds i n  t h e  amount of $500,000 were ,mde a v a i l a b l e  t o  t h e  Technology U t i l i z a t i o n  program 
i n  FY 1976 as a r e s u l t  o f  FY 1976 Congressional a u t h o r i z a t i o n  a c t i o n ,  This enabled us  t o  i n i t i a t e  a 
d i s semina t ion  c e n t e r  i n  t h e  sou theas t e rn  r eg ion  of  t h e  U.S., and new reg iona l  r e p r e s e n t a t i v e s  i n  San 
F ranc i sco ,  Da l l a s ,  Cleveland, Buffalo,  and New York City.  
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industr;a: Ap-? ica t i=ns  

The e f f o r t  i n  FY 1977 w i l l  focus on t h e  expanded d i s t r i b u t i o n  of new technology t o  a broader  i n d u s t r i a l  
community, w i t h  s p e c i f i c  a t t e n t i o n  given t o  small business  f i rms.  D i s t r i b u t i o n  and packaging improirements 
as w e l l  as modif icat ions i n  t echn ica l  p r e s e n t a t i o n  are planned, i n  o r d e r  t o  reach a broader segment of t h e  
U.S. i n d u s t r i a l  community. 
through use of t r a d e  and p r o f e s s i o n a l  j o u r n a l s .  

S p e c i a l  emphasis w i l l  a l s o  be  placed on i n c r e a s i n g  technology-user re levance 

During F i s c a l  Year 1977, NASA p l a n s  to  f u r t h e r  augment and extend i t s  I n d u s t r i a l  App l i ca t ions  Centers 
"outreach program". 
c e n t e r s  n o t  now covered; and t h e  e f f o r t  t o  i n c r e a s e  awareness of t h e  a v a i l a b i l i t y  of NASA technology f o r  
use by p r i v a t e  and p u b l i c  s e c t o r  u s e r s  w i l l  be  inc reased  through t h e  use o f  j o u r n a l s ,  p e r i o d i c a l s  and 
e x h i b i t s  . 

Addi t iona l  IAC t e r r i t o r i a l  r e p r e s e n t a t i v e s  w i l l  b e  l o c a t e d  i n  urban i n d u s t r i a l  

The expansion and improvements i n  e f f e c t i v e n e s s  of  t h e  IAC's and t h e  new technology p u b l i c a t i o n s  
program, and inc reased  awareness by t h e  u s e r  community a r e  necessary t o  permit t h e  widespread dissemina- 
t i o n  and use of t h i s  n a t i o n a l  t e c h n i c a l  r e source  throughout t h e  economy. 

Techno logy App l i ca t ions  

E f f e c t i v e  a p p l i c a t i o n  of a e r o n a u t i c s  and space developments to  s i g n i f i c a n t  p u b l i c  s e c t o r  needs,  such 
as medicine, environment , t r a n s p o r t a t i o n ,  and p u b l i c  s a f e t y ,  o f t e n  r e q u i r e s  e x t e n s i v e  problem d e f i n i t i o n  
and technology demonstrations wi th  u s e r  p a r t i c i p a t i o n .  These e f f o r t s  c o n s t i t u t e  t h e  Technology Appli-  
c a t i o n s  program which i s  d i r e c t e d  toward s o l u t i o n  of t echno log ica l  problems i d e n t i f i e d  by u s e r  organi-  
z a t i o n s  a t  t h e  f e d e r a l ,  s t a t e ,  and l o c a l  levels. 

M u l t i d i s c i p l i n a r y  a p p l i c a t i o n  teams a r e  employed by NASA t o  a s s i s t  u s e r  o r g a n i z a t i o n s  i n  problem 
d e f i n i t i o n  and technology matching a c t i v i t i e s .  I n  a d d i t i o n  to  t h e  e x i s t i n g  teams which now cover t h e  
f i e l d s  o f  medicine, t r a n s p o r t a t i o n ,  and p i ib l lc  sa fe ty ,  ?!ASP. proposes during FY 1977 t o  develop new teams 
i n  manufacturing processing and i n  a g r i c u l t u r e .  The manufacturing p rocess ing  t e a m  w i l l  focus on t h e  use 
o f  coraputer-aided m n u f a c t u r i n g  t o  i n c r e a s e  p r o d u c t i v i t y ,  and t h e  a g r i c u l t u r e  team w i l l  add res s  both t h e  
p roduc t ion  and processing of  a g r i c u l t u r a l  products .  

Technology a p p l i c a t i o n s  p r o j e c t s  t o  ass is t  i n  the  demonstration of  t h e  a p p l i c a b i l i t y  of  NASA technology 
w i l l  emphasize biomedical, t r a n s p o r t a t i o n ,  and p u b l i c  s a f e t y  e f f o r t s .  Such p r o j e c t s ,  s e l e c t e d  on a p r i o r i -  
t y  b a s i s ,  a r e  conducted a t  NASA f i e l d  i n s t a l l a t i o n s  t o  adapc, mvciify, 01: o t h e ~ ~ f s z  re-ezgineer existing 
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ae rospace  technology t o  meet performance requirements def ined by p u b l i c  s e c t o r  u s e r  o rgan iza t ions .  
Prototype s o l u t i o n s  are a l s o  used t o  s t i m u l a t e  indus t r ia l .  manufacturing and commerciallzatlon h t e r e s t ,  
thus providing inc reased  p r o b a b i l i t y  f o r  nationwide a v a i l a b i l i t y .  
orciiriated w:th, and somctimns ~ ~ ~ - f i m d e d  hy, iiqer apenc ie s ,  and e f f o r t s  are r ~ d e  to  tzsurz early indus- 
t r i a l  p a r t i c i p a t i o n  i n  o rde r  t o  provide a s t imulus f o r  subsequent i n d u s t r i a l  commercialization. 

Candidate p r o j e c t s  a r e  f u l l y  co- 

Program Control  and Evaluat ion 

Program eva lua t ion  s t u d i e s  w i l l  be  continued wi th  p a r t i c u l a r  emphasis i n  FY 1977 on I A C  outreach 
e f f o r t s  to  expand geographicai  coverage iiiii: penetrat isn o f  n i t i n ~ v i d e  ind lus t r ia l  u s e r s .  
t i o n  e f f o r t s  w i l l  determine t h e  e x t e n t  and e f f e c t i v e n e s s  of  marketing a c t i v i t i e s  a t t e n d a n t  with I A C  
programs. Add i t iona l ly ,  ana lyses  of  s p e c i f i c  economic b e n e f i t s  r e s u l t i n g  from t h e  secondary a p p l i c a t i o n  
of  NASA technology i n  s e l e c t e d  f i e l d s ,  such as h e a l t h  care ,  w i l l  b e  i n i t i a t e d  i n  FY 1977. 

These evalua- 

A t  t h e  same t i m e ,  NASA p l ans  t o  improve i t s  methods f o r  documenting s p e c i f i c  evidence o f  technology 

Such 
t r a n s f e r ,  and expand i t s  e f f o r t s  t o  d i s semina te  such information t o  t h e  media and general  publ ic .  
Programmatic changes a r e  o f t t i m e s  r equ i r ed  as a r e s u l t  of  such e v a l u a t i o n  s t u d i e s  and ana lyses .  
f a c t o r s  a s  i n d u s t r i a l  r e c e p t i v i t y ,  t i m e  l a g ,  and techno.logica1 r e l evance  are analyzed on a case-by-case 
b a s i s  t o  determine t h e  r e l a t i v e  impact and e f f e c t i v e n e s s  of NASA’s technology t r a n s f e r  e f f o r t s .  
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