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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

GENERAL STATEMINT 

The Nat ional  Aeronautics and Space Adminis t ra t ion,  e s t ab l i shed  October 1 , 
1958, conducts space and ae ronau t i ca l  a c t i v i t i e s  f o r  peacefu l  purposes f o r  
t h e  b e n e f i t  of a l l  mankind. I n  maintaining United States l eade r sh ip  i n  
research ,  technology, and u t i l i z a t i o n  i n  t h e s e  f i e l d s ,  NASA's  programs: 

--extend man's knowledge of t h e  e a r t h ,  i t s  environment, t h e  s o l a r  
system, and t h e  universe ;  

--expand p r a c t i c a l  a p p l i c a t i o n s  of space technology; 

--develop, opera te ,  and improve manned and unmanned space v e h i c l e s ;  

--improve the  c i v i l  and m i l i t a r y  usefu lness  of ae ronau t i ca l  v e h i c l e s  
whi le  m:iniinizing t h e i r  environmental e f f e c t s ;  

--dissemin.sta p e r t i n e n t  f ind ings  t o  p o t e n t i a l  u se r s ;  and 

--promote i n t e r n a t i o n a l  cooperat ion i n  peacefu l  a c t i v i t i e s  i n  space. 

The i n d u s t r i a l  community, under c o n t r a c t s  wi th  NASA, w i l l  cont inue t o  
c a r r y  forwan3 the prime design,  development, and f a b r i c a t i o n  e f f o r t  of  t h e  
major hardware elements invo'lved i n  the  NASA programs. Other elements of  
t h e  program:; w i l l  be pursued wi th in  NASA i n s t a l l a t i o n s ,  o t h e r  government 
agencies ,  u i i i v e r s i t i e s ,  and research  con t r ac to r s .  

Appropriat ions t o t a l i n g  $3 , 247 , 129,000 are requested f o r  FY 1975 t o  support: 
t h e  program descr ibed i n  these  j u s t i f i c a t i o n s .  
a t i o n  i s  suImna:rized below. 

The budget p lan  by appropr i -  

BUDGET PIAN SUMMARY 

(Thousands of  Dol la rs )  
1974 1975 - - 1973 

Ob 1 i g a  t iona IL.ithor i t y  

Research m d  development.. ............. $2,488,475 $2,305,000 $2~346 ,015  
Construct ion of fac i l i t i es . . . . . . . . . . . . .  78 , 725 101 , 100 151,490 
Research aad program management.. ...... 721,783 744,786 749,624 

TOTAL, IIUDGET PLAN.. ................. $3.288.983 $3, 150.886 $3. 247.1251 

TOTAL, OIJTIAYS.. ...................... $3.315.163 $3.179.200 $3.274.900 

AS 1. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

BUDGET SUMMARY 

B u d g e t  Plan 
F Y  1974 F Y  1975 F Y  1973 R e s e a r c h  and IIrelopment 

1,124,800,000 1,056,500,000 1,135,775,000 MANNED SPACE IPLI.GHT ........ --- 
S p a c e  shut t : : . e .  ........... 
Space f l i g h t  operations.. 
A d v a n c e d  mi.:: s ions.  ....... 
A P O l l O . .  ................. 

198,575,000 
879,000,000 

1,500,000 
56,700,000 

475,000,000 
580,000,000 

1,500,000 

800,000,000 
323,300,000 

1,500,000 

547,015,000 - 

140,51.5,000 

266,000,000 

140,500,000 

177,500,000 

177,500,000 

602,000,000 

94,000,000 

333,000,000 

175,000,000 

161,000,000 

161,000,000 

679,169,000 SPACE SCIENCEi .............. 
126,200,000 Physics and a s , t r o n o m y . .  .. 

explorati .on.  ........... 
p r o c u r e m e n t  ............ 

Lunar and P I - a n e t a r y  

Launch vehicle 
331,969,000 

221,000,000 

188,700,000 

188,700,000 

APPLICATIONS..  ............. 
S p a c e  appli.c:at ions . .  ..... 

AERONAUTICS A N D  SPACE 
TECHNOLOGY............... 237,000,000 241,200,000- 232,500,000 

A e r o n a u t i c a . 1 .  research and 
t e c h n o 1 o g ; y .  ............ 

Space and n u c l e a r  research 
and t ec hn.o 1 clgy ......... 

168,000,000 

69,000,000 

166,400,000 

74,800,0001 

150,640,000 

81,860,000 

TRACKING AND --- IIAII'A 
ACQUISITION:. ............. 250.000.000 244,000,000 248,331,000 

4,000,000 4,500,000 5,5 00,000- TECHNOLOGY U'IJLJZATION.. ... 
TOTAL R E S I W X H  AND 

DEVELOI'MENT.. ........ 2,346,015,OOq 

151,490,000 

2,488,475,000 

78,725,000 

2,305,000,000 

101,100,000 C o n s t r u c t i o n  -- of Fac i l i t i e s .  

R e s e a r c h  and I ' r s g r a m  
Management ............... 749,624,000 

3.247.129.000 

3.247.900.000 

744,786,000 

3.150.886.000 

3.179.200.000 

721,783,000 

TOTAL.. . . . . . . . . . . . . . . . . . .  3.288.983.000 

TOTAL OUTLAYS.... . . . . . . . . . .  3,315.163.000 

A S  2 



National Aeronautics and Space Administration 

MANNED SPACE FLIGHT 

--Solar 
--Earth Resources 
--Biomedical 
--Future Mission Planning 

o Promote international cooperation in space 

--Apollo/Soyuz Docking Mission with USSR 
--Spacelab Development by Europe 

o Develop Space Shuttle Transportation System 

--Routine Access to Space for Man and Machinery 
--Economical Transportation Costs 
--Economical Payload Costs 

MAJOR FLIGHT ACTIVITY 

1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  - - - 



National  Aeronautics and Space Administration 

SPACE SCIENCE 

o Extend t h e  c u r r e n t  state  of knowledge i n  space sc iences  through a balanced 
program of new explora tory  missions and ground-based i n v e s t i g a t i o n s  

thorough a n a l y s i s  and i n t e r p r e t a t i o n  of t h e  s c i e n t i f i c  d a t a  obtained 
o Explo i t  t h e  knowledge gained f r o m  cu r ren t  and completed program e f f o r t s  by 

MAJOR FLIGYT ACTIVITY 

1973 1974 1975 1976 1977 1978 1979 - - - - - 



National Aeronautics and Space Administration 

SPACE APPLICATIONS 

o Develop and demonstrate practical uses of space and space technology. 

MAJOR FLIGHT ACTIVITY 

1973 1974 1975 1976 1977 1978 - 1979 - 7 - - 

A 
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National Aeronautics and Space Administration 

TRACKING AND DATA ACQUISITION 

- T ~ T - - ~ A . - ~ A -  - e t v . - n - l r p  of r r r n r l n A  e t = t i n n c  a n  i n c t r l r m e n t a t i n n  c h i p ,  2nd instr~lmeni-ed v I I W L I U W I U ~  I I L c . W V I 1 . Y  bJLVY**U Y C U C I V ' & U ,  - A I  -..Y--- ..-**-I-&- *- I*-& 

aircraft interconnected with highly reliable communications to provide support to: 

--Manned Missions - Apollo/Soyuz Test Project 
--Automated Earth Orbiting Missions - 35-40 Active Satellites 
- -P lanetary  hnissions 

--Sounding Rockets 

--Research Aircraft 

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

TECHNOLOGY UTILIZATION 

o Accelerate the dissemination of scientific and technical information generated 

by the conduct of the Space and Aeronautics programs. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

SUMMARY OF APPROPRIATIONS 

(Thousands of Dollars) 
1974 1975 - - 1973 - 

Appropriations PL 92-383 PL 93-137 Request 

Research and Development.. ...................... $2,600,900 $2,194,000 $2,346,015 

Construction of Facilities...................... 77,300 101,100 151,490 

Research and Program Management................. 729,450 744,786 749,624 
Basic appropriation........................... (729,450) (707,000) (749,624) 
Proposed supplemental for civilian pay raises --- (37,786) --- 
Total....................................... $3.4 07,650 $3. 039,886 $3.247.129 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

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

Fiscal Year 1973 Total 

Appropr-lation, PL 92-383 $3,407,650 

Transfers to other accounts: 
"Operating Expenses, Public Buildings 
Service," General Services Administration 
(86 Stat. 489)... ........................ -15 

Transfers between appropriations. .......... --- 
Total Adjusted Appropriation (Budget 

1973 funds applied to 1974 program plan.... 
Authority)... ............................ 3,407,635 

-111,000 
Unobligated balance lapsing ................ -7,652 

$3.288.983 Total Budget Plan..................,.... 

Fiscal Year 1974 

Appropriation, PL 93-137...............~000 $3,002,100 

Proposed supplemental for civilian pay 
raises................................... 37,786 

Total Adjusted Appropriation (Budget 
Authority). .............................. 3,039,886 

Research and Construction 
Development of Facilities 

$2,600,900 $77,300 

2,599,475 78,725 
-111,000 - -- 

$2.488,475 $78.725 

$2 ,194,000 $101,100 

2,194,000 101 , 100 

Research and 

Management. 
Program 

$729,450 

-15 --- 

729,435 - -- 
-7,652 

$721.783 

$707,000 

37,786 

744,786 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS (CONTINUED) 
:nlOusaIlds of "uollai-s; 

Fiscal Year 1974 (Cont'd) 

Research and 
Research and Construction Program 

Total Development of Facilities Management 

1973 funds applied to 1974 program plan ..... +111,000 +111,000 --- --- 
Total Budget Plan....................... $3.150.886 $2.305 .OOO $101 .loo $744.786 

Fiscal Year 1975 

Appropriation request (Total Budget Plan) ... $3. 247.129 $2.346.015 $151.490 $749.624 



Installation 

Johnson Space Center ............... 
John F . Kennedy Space 
Center. NASA ..................... 

Marshall Space Flight Center ....... 
Goddard Space Flight Center ........ 
Jet Propulsion Laboratory .......... 
Ames Research Center ............... 
Flight Research Center ............. 
Langley Research Center ............ 
Lewis Research Center .............. 

Wallops Station .................... 

NASA Headquarters .................. 
Various Locations .................. 
Space Shuttle Facilities ........... 
Rehabilitation and Modification .... 
Minor Construction ................. 
Facility Planning and Design ....... 
Total Budget Plan ................ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL Y W  1975 ESTIMATES 

SUMMARY OF APPROPRIATION BUDGET PLANS BY INSTALLATION 

!In millions of dollars) 

Research and Development .... n_l c A,., . n-. 
L 7 l . l  __ lj’. Y - 

490.0 641.9 812.7 

188.2 109.9 113.4 
474.8 331.3 295.R 

484.3 374.2 382.3 
15.0 15.7 17.6 
127.1 126.1 159.1 

75.8 84.6 109.0 
15.3 15.8 15.9 
319.9 308.5 194.6 
204.1 193.8 140.0 

94.0 103.2 105.5 

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

... ... ... 

... ... ... --- 
2.305.0 2.346.0 

Construction of Facilities 
1074 __ 1075 ,079 

A I , . ,  __ - 
10.1 ... ... 
. 6 . 9 ... . _- 4.1 

. 6 1.4 2.1 . 4 1.1 1.4 . 6 1.3 8.8 

3.7 3.3 

4.3 4.0 3.5 
9.7 ... 3.2 

... 

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

... ... ... 

... 4.0 7.5 
27.9 56.3 86.0 
11.5 14.8 14.9 

1.7 4.6 4.5 

8.0 13.6 10.9 - - -  
U U 1 5 1 . 5  

Research and Proeram 
Management 
I??< 1975 . . I??? . 

91.1 94.5 96.7 

110.6 116.9 118.2 
137.2 140.3 131.2 

95.7 98.4 100.6 
10.7 11.4 11.7 ... ... ... 

42.4 45.9 48.0 
11.6 12.1 12.5 
78.6 82.4 85.0 
82.3 79.4 78.4 

61.6 63.5 67.3 

... ... ... 

... ... ... 

... ... . _- 

... ... ... 

... ... ... - - -  
3 2 1 . 8 - u  

Total 
1973 I974 1217 

591.2 736.4 909.4 

. .. 

299.4 226.8 
612.0 471.6 

580.6 474.0 
26.1 28.2 
127.7 127.4 

121.5 130.5 
26.9 27.9 
402.8 394.9 
296.1 273.2 

155.6 166.7 

4.0 
27.9 56.3 
11.5 14.8 

1.7 4.6 

-.. 

232.5 
431.2 

485.0 
30.7 
167.9 

160.7 
28.4 
283.1 
221.6 

172.8 

7.5 
86.0 
14.9 

4.5 

8.0 13.6 10.9 

. .28 9.0 3.150.9 3.247.1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

RESEARCH AND PROGRAM MANAGEMENT 

SUMMARY OF PERMANENT POSITIONS BY INSTALLATION 

INSTITUTIONA~.IDIRECTOR AND 
INSTALLATICZ FY 1975 FY 1974 FY 1973 

10,171 10,525 11,350 MANNED SPACE: FLIGHT........................... 

3,727 
2,409 
5,214 

3,652 
2,309 
4,564 

3,652 
2,309 
4,210 

Johnson Space  Center........................ 
John F. Kennedy Space Center ,  NASA.......... 
Marshall Space F l i g h t  Center. .  .............. 

4,228 4,228 4 , 403 SPACE SCIENCZ ................................. 
3,808 

420 
3,808 

420 
Goddard Sparce F l i g h t  Center................. 
Wallops St.aition.. ........................... 3 , 966 

43 7 

8,626 8,626 8 * 974 AERONAUTICS SPACE TECHNOLOGY 

Ames Resea.i:ch Center.................o...... 
F l i g h t  Research Center...................... 
Langley Research Center..  ................... 
L e w i s  Research Center..  ..................... 

1 730 
483 

3,411 
3,350 

1,700 
48 3 

3 , 371 
3,072 

1,700 
483 

3,371 
3,072 

1,591 1,591 1 , 7 4 i  NASA H E A D Q U A J I T E : R S . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Planned u n f i l l e d  positions.................. 382 - --- 

Subto tal .  ,, ................................. 26,850 24 , 970 24,616 

2,345 

26.961 

2,349 Other than permanent pos i t i ons . .  .......... 2,439 

Tota l ,  Positions........................ 27.409 

AS 13 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

GENERAL STATEMENT 

The Nat ional  Aeronaut ics  and Space Adminis t ra t ion  program of r e sea rch  and 
development i s  d i r e c t e d  toward advancing man's knowledge of  e a r t h  and i t s  
space environment and toward developing and u t i l i z i n g  ae ronau t i c s  and space 
technology t o  accomplish Nat iona l  goa ls .  The program i s  conducted through 
t h e  fol lowing elements : 

MANNED SPACE FLIGHT: A program bu i ld ing  on t h e  success  of t he  Apollo 
and Skylab missions t o  demonstrate an i n t e r n a t i o n a l  coopera t ive  space 
docking mission and t o  develop a new space t r a n s p o r t a t i o n  system 
s i g n i f i c a n t l y  improving t h e  access  of  man and ins t ruments  t o  space. 

SPACE SCIENCE: 
knowledge of t h e  e a r t h ,  t h e  atmosphere, t he  moon, t h e  sun, t he  p l a n e t s ,  
i n t e r p l a n e t a r y  space, and t h e  stars. 

An unmanned space f l i g h t  program t o  f u r t h e r  man's 

APPLICATZES: A research  and development program us ing  ground, a i r ,  
and space systems t o  demonstrate space techniques t o  b e n e f i t  mankind 
i n  such a reas  a s  weather and climate, p o l l u t i o n  monitor ing,  e a r t h  
resources  survey, e a r t h  and ocean phys ics ,  communications, and space 
processing . 
AERONAUT$= AND SPACE TECHNOLOGY : 
knowledge and develop the  technology needed t o  cont inue  United S t a t e s  

A program t o  acqu i r e  fundamental 

l eade r sh ip  i n  ae ronau t i c s  and space programs. 

TRACKING AND DATA ACQUISITION: A worldwide program t o  suppor t  t h e  
manned andunmanned programs of  t h e  agency. 

TECHNOLOGC,UTILIZATION: 
i ndus t ry  and o t h e r  u s e r s  of t h e  technologica l  and engineer ing i n f o r -  
mation goined dur ing  conduct of t he  agency missions.  

A program t o  a c c e l e r a t e  t he  d isseminat ion  to  

MANNED SPACE FLIGHT 

The Skylab program, c o n s i s t i n g  of  t h e  f i r s t  long du ra t ion  manned o r b i t i n g  
l abora to ry ,  has completed i t s  f l i g h t  mission and begun an i n t e n s e  i n t e r -  
p r e t a t i o n  of  s c i e n t i f i c  and technologica l  da t a .  During FY 1975, t h i s  

SUM 1 

529-956 0 ~ 7 4  - 2 



i n t e r p r e t a t i o n  w i l l  be  continued; t h e  f i n a l  p r e p a r a t i o n  w i l l  b e  made f o r  a 
J u l y  1975 launch of t h e  Apollo Soyuz Test P ro jec t - - the  f i r s t  i n t e r n a t i o n a l  
coope ra t ive  manned f l i g h t ;  and a c t i v i t y  on t h e  development o f  t h e  space 
s h u t t l e  w i l l  b e  i n t e n s i f i e d  as w e  move toward a new era i n  t r a n s p o r t a t i o n  
t o  and from space. 

The completion of  t h e  Skylab missions i s  a n  h i s t o r i c  accomplishment which 
demonstrate(d t ' h e  a b i l i t y  of man t o  o p e r a t e  e f f e c t i v e l y  and s a f e l y  i n  space 
f o r  extended pe r iods  of  t i m e .  
so  s u c c e s s f s l  t h a t  t h e  t i m e  planned f o r  occupancy by t h e  t h i r d  crew w a s  
extended from 56 t o  85 days. Observations of  t h e  sun by t h e  Skylab crews 
have produced data which i s  expected t o  a l t e r  d r a s t i c a l l y  previous views 
on s o l a r  phenomena. In  a d d i t i o n ,  d a t a  w a s  c o l l e c t e d  i n  t h e  e a r t h  resources  
area which inay l ead  t o  a number of  d i s c o v e r i e s  about  ou r  resources .  Other 
i n v e s t i g a t i o n s  w e r e  concerned wi th  t h e  e f f o r t s  of  t h e  space environment on 
materials, f l u i d s ,  and l i f e  processes.  Of g r e a t  importance f o r  longer 
range planning w a s  t h e  demonstration of  man's a b i l i t y  t o  perform experiments 
i n  space. 'This  provides  t h e  b a s i s  f o r  more e f f e c t i v e  experiment planning 
f o r  t h e  Apollo Soyuz Test P r o j e c t  and f u t u r e  missions u t i l i z i n g  t h e  space 
s h u t t l e .  

I n  f a c t ,  t h e  t h r e e  missions demonstration w a s  

The A p o l l o  Soyuz T e s t  P r o j e c t ,  a j o i n t  US/USSR e f f o r t  t o  develop and t e s t  
systems f o r  rendezvous and docking of  manned s p a c e c r a f t ,  i s  planned f o r  
J u l y  1975. During t h i s  mission, United S t a t e s  a s t r o n a u t s  using a modified 
Apollo Cornand and Service Module and a newly developed Docking Module w i l l  
rendezvous and dock i n  e a r t h  o r b i t  w i th  a Soyuz s p a c e c r a f t  manned by Soviet  
cosmonauts. During t h e  mission, j o i n t  a c t i v i t i e s  w i l l  b e  conducted by the 
two c r e w s ,  including crew t r a n s f e r s  between t h e  two s p a c e c r a f t .  

The space s h u t t l e  i s  t h e  key t o  f u t u r e  space ope ra t ions  i n  e a r t h  o r b i t .  
This system > d i l l  c o n s i s t  of a r eusab le  d e l t a  wing o r b i t e r  v e h i c l e ,  a l a r g e  
expendable E u e l  tank,  and r eusab le  twin, s o l i d  rocke t  boos t e r s .  The s h u t t l e  
w i l l  provide both placement and re t r ieval  of s a t e l l i t e s ,  i n - o r b i t  s e r v i c i n g  
of s a t e l l i t e s ,  sho r t -du ra t ion  manned o r b i t a l  missions,  and d e l i v e r y  t o  
e a r t h  o r b i t  3f payloads and p ropu l s ive  states f o r  high energy missions.  
The advent o E  rou t ine ly  a v a i l a b l e  t r a n s p o r t a t i o n  t o  and from e a r t h  o r b i t  
f o r  both unmmned 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 i 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  ou r  concepts of  u s ing  space 
f o r  s c i e n t i E i c  purposes. 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 a re  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  f-cDm r e p a i r  and r euse  of payloads and from r e l a x a t i o n  of  t h e  
s t r i n g e n t  payload weight,  s i z e ,  and r e l i a b i l i t y  requirements c u r r e n t l y  
imposed. 
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SPACE SCIENCE 

The Space Science program i s  a broad-based program of  s c i e n t i f i c  explor-  
a t i o n  us ing  d a t a  from manned and automated s p a c e c r a f t ,  sounding rocke t s ,  
ba l loons ,  a i r c r a f t ,  and ground-based research.  I n v e s t i g a t i o n s  are d i r e c t e d  
toward observing and understanding t h e  c h a r a c t e r i s t i c s  and i n t e r a c t i o n s  of  
t h e  e a r t h  and i t s  atmosphere, t h e  moon, t h e  sun, t h e  p l a n e t s ,  t h e  stars, 
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. 

The Skylab mission provided a wealth of  new d a t a  on t h e  sun, complementing 
and adding t o  t h a t  being received from t h e  automated Orb i t ing  So la r  
Observatory-7. These s o l a r  observat ions w i l l  b e  continued through t h e  
qu ie scen t  per iod o f  t h e  s o l a r  c y c l e  us ing  ano the r  automated Orb i t ing  S o l a r  
Observatory, OSO-I ,  t o  b e  launched i n  1975. The Orb i t ing  Astronomical 
Observatory-3, Copernicus, cont inues t o  t r ansmi t  d a t a  on t h e  stars and t h e  
i n t e r s t e l l a r  mat ter .  The High Energy Astronomy Observatory program w i l l  
move forward wi th  t h e  development of  f l i g h t  hardware f o r  launch i n  1977, 
1978, and 1979. 

Analysis  cont inues on t h e  d a t a  r e tu rned  by t h e  Apollo missions and on t h a t  
being received from t h e  Apollo Lunar Surface Experiment Packages l e f t  on 
t h e  l u n a r  s u r f a c e  by t h e  a s t r o n a u t s ,  as w e l l  as  t h e  d a t a  r e tu rned  from 
c u r r e n t  and previous p l ane ta ry  missions.  Pioneer 10 has  completed i t s  
f lyby  o f  J u p i t e r ,  r e t u r n i n g  close-up imagery and demonstrating t h e  a b i l i t y  
of  a s p a c e c r a f t  t o  su rv ive  t h e  hazards  of  both t h e  a s t e r o i d  b e l t  and 
J u p i t e r ' s  i n t e n s e  r a d i a t i o n .  A second mission, Pioneer 11, i s  proceeding 
toward ano the r  J u p i t e r  f l yby  i n  December 1974. Mariner 10, meanwhile, i s  
proceeding tsDwiard Venus and Mercury us ing  t h e  f i r s t  g r a v i t y  ass is t  t r a j e c t o r y .  
Encounter d a t e ;  a t  t h e s e  p l a n e t s  are February 1974 and March 1974, 
r e s p e c t i v e l y .  I n t e r n a t i o n a l  coope ra t ive  missions t o  exp lo re  t h e  i n t e r -  
p l a n e t a r y  region nea r  t h e  sun are being developed by t h e  United S t a t e s  and 
West Germany. These missions,  designated He l ios  A and B y  are scheduled f o r  
launch i n  1074 and 1976. Two Viking missions,  each o f  which w i l l  con ta in  
both a n  0rbi te . r  and a Lander, w i l l  b e  launched i n  1975 w i t h  a planned Mars 
landing i n  . J u l y  1976. The primary purpose o f  t h e s e  missions i s  t o  search 
f o r  t h e  e x i s t e n c e  of l i f e  o r  t h e  p o s s i b i l i t y  of  p a s t  o r  f u t u r e  l i f e  on Mars. 
I n  1977, two Mariner s p a c e c r a f t  w i l l  b e  launched t o  f l y  by J u p i t e r  and, 
u t i l i z i n g  a : g x v i t y  assist  from t h a t  p l a n e t ,  w i l l  travel on t o  i n v e s t i g a t e  
Saturn. I n  1978, two Pioneer s p a c e c r a f t  w i l l  b e  launched, one t o  o r b i t  
Venus and ano the r  t o  probe i t s  dense atmosphere. These s p a c e c r a f t  w i l l  
r e t u r n  a weal th  of  d a t a  on Venus and h e l p  t o  answer ques t ions  about t h e  
e a r t h  ' s atmosphere and dynamics. 

The Space Science program a l s o  provides  launch v e h i c l e s  f o r  t h e  s c i e n c e  
and app1icat:ions missions of  t h e  agency, as w e l l  as providing launches on 
a reimbursab:le b a s i s  t o  o t h e r  government u s e r s  and a growing number of 
i n t e rna t iona : l  and domestic commercial customers. 
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- SPACE APPLICATIONS 

The Applicat ions program conducts research and development t o  demon- 
s t r a t e  t h e  u:;e of space and space-related technology f o r  p r a c t i c a l  b e n e f i t s .  
Spec i f i c  areas of such i n v e s t i g a t i o n s  inc lude  weather and climate, p o l l u t i o n  
monitoring, e a r t h  resources  survey, e a r t h  and ocean physics ,  space processing,  
and communica t ion.  

Work cont inues on development of t h e  TIROS-N, a 1977 prototype f o r  a 
t h i r d  gene ra t ion  o p e r a t i o n a l  weather sa te l l i t e  system, and on Nimbus-G, a 
1978 s a t e l l i t e  t o  demonstrate t h e  u s e  of a space p l a t fo rm t o  monitor a i r  
p o l l u t i o n  and t o  measure ocean dynamics. The second e a r t h  resources  tech- 
nology sa te l l . : i t e ,  ERTS-B, i s  scheduled f o r  launch i n  1975 t o  cont inue t h e  
space-based e a r t h  r e sources  survey begun so s u c c e s s f u l l y  by ERTS-1. This 
e f f o r t  w i l l  be  :;upported by a i r b o r n e  sensors  s i m i l a r  t o  those i n  t h e  
satel l i te .  

Understandj.ng of  earthquake mechanisms w i l l  b e  enhanced by both ground- 
based experiments and development work on LAGEOS, a high d e n s i t y ,  laser 
r e f l e c t o r  sai:ell.ite. The TAGEOS, when launched i n  1976, w i l l  provide a 
s t a b l e ,  long-izerm r e f e r e n c e  p o i n t  f o r  e a r t h  c r u s t a l  motion s t u d i e s .  

Communications sa t e l  1 i tes inc lude  a n  experimenta 1 App l i ca t ions  Techno logy 
S a t e l l i t e  (AT!;-F) t o  be  launched i n  1974 and a j o i n t  US/Canadian p r o j e c t  - 
Cooperative App1.ications Sa te l l i t e  (CAS-C) f o r  1975 launch. 

New activit::les being undertaken i n  t h i s  program inc lude  a n  ocean dynamics 
sa te l l i t e ,  SIXSAT-A, t o  demonstrate a wide range of  phys i ca l  ocean phenomena, 
including sea st:ate,  t h e  l o c a t i o n  and motion of c u r r e n t s ,  g loba l  c i r c u l a t i o n  
p a t t e r n s ,  ocean t i d e s ,  wind stress and geoid undulat ions.  This s a t e l l i t e  
should pr0vid.e g loba l  information on t h e  dynamics of  t h e  i n t e r a c t i o n s  of  
t h e  a i r  and t:he sea, which i s  important t o  understanding g loba l  weather and 
climate p a t t e r n s .  A second new f l i g h t  program i n  FY 1975 i s  a h e a t  capac i ty  
mapping missi.c)n t o  l o c a t e  and map geothermal sources  i n  t h e  e a r t h ' s  c r u s t  
and t o  ident i . fy  materials contained i n  s u r f a c e  rocks. 

Other new e f fc l r t s  w i l l  b e  undertaken i n  d a t a  management t o  improve t h e  
d e f i n i t i o n  a n d  i n t e g r a t i o n  of  ground and s p a c e c r a f t  da t a .  Systems analyses  
and cost/benei ' i t  s t u d i e s  w i l l  cont inue t o  b e  used t o  tes t  t h e  e f f e c t i v e n e s s  
of space app l i ca  t i ons .  

AERONAUTICS AND SPACE TECHNOLOGY 

Aeronautics e f f o r t s  are  d i r e c t e d  toward improving t h e  performance and 
reducing both t h e  energy requirements and t h e  undes i r ab le  environmental 
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e f f e c t s  of  c:fvF1 and m i l i t a r y  a i r c r a f t .  Progress  toward t h e s e  goa l s  w i l l  
h e l p  ensure t h e  s u p e r i o r i t y  o f  ou r  m i l i t a r y  a i r c r a f t  and a s t rong ,  com- 
p e t i t i v e  p o s i t i o n  f o r  t h e  United S t a t e s  c i v i l  a v i a t i o n  indus t ry .  S p e c i f i c  
e f f o r t s  will. cont inue on l i g h t e r ,  s t r o n g e r ,  and noise-absorbing materials 
and structur:es; on c l ean ,  q u i e t ,  e f f i c i e n t  propuls ion systems f o r  both 
s h o r t -  and convent ional  take-off  and landing a i r c r a f t ;  and on a l t e r n a t i v e s  
t o  petroleurn-based f u e l s ,  as w e l l  as t h e  more e f f i c i e n t  u s e  of such f u e l s .  

Coordinated technology programs w i t h  o t h e r  agencies  are being conducted 
t o  improve ope ra t ing  procedures t o  reduce terminal  area congestion, no i se ,  
f u e l  consump t ion ,  and p o l l u t i o n .  A technology base  i s  being developed 
f o r  f u t u r e  milfi tary and supersonic  c r u i s e  a i r c ra f t ,  and f o r  improved s h o r t -  
h a u l ,  high d e n s i t y  s h o r t -  and vertical  take-off and landing c r a f t .  

N e w  FY 1975 ac t iv i t i e s  inc lude  t h e  development of active c o n t r o l s  tech-  
nology, t h e  (demonstration o f  t h e  u s e  o f  advanced materials i n  advanced t u r -  
b ine  engine:;, t h e  demonstration of highly-maneuvering a i r c r a f t  technology , 
and t h e  development o f  low-cost av ion ic s .  

Research iand technology i n  t h e  space and nuc lea r  area i s  d i r e c t e d  a t  
providing a technology base  f o r  f u t u r e  space ac t iv i t i e s ,  a t  t h e  methods 
of  providing s tandardized,  low-cost components and systems f o r  t h e  f u t u r e ,  
and a t  t h e  a p p l i c a t i o n  of  c u r r e n t  and f u t u r e  space technology t o  c i v i l  
energy needs . 

The FY 1975 e f f o r t  i nc ludes  r e sea rch  on advanced s p a c e c r a f t  and space- 
c r a f t  systems materials and s t r u c t u r e s ;  on improved chemical and e lec t r ica l  
propuls ion systems; on high r e l i a b i l i t y ,  e f f i c i e n t  e l e c t r o n i c  components 
and systems f o r  guidance, c o n t r o l ,  and information handl ing;  on thermal 
systems t o  improve s p a c e c r a f t  design;  on e f f i c i e n t  nuc lea r  and nonnuclear 
power s y s t e m  f o r  spacec ra f t ;  and on power generat ion,  s t o r a g e ,  and t r a n s -  
mission a p p l i c a b l e  t o  long-term terrestrial  energy needs. 

TRACKING AND DATA ACQUISITION 

The N 1975 budget provides  f o r  con t inua t ion  o f  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 t i n g  s p a c e c r a f t ,  
p l ane ta ry  missions,  sounding rocke t s ,  and r e sea rch  a i rcraf t .  This support  
i s  provided by worldwide networks of  NASA ground s t a t i o n s ,  a n  instrumenta- 
t i o n  s h i p ,  and instrumented aircraft ,  interconnected by a h igh ly  r e l i a b l e  
communications system which provides  t h e  c a p a b i l i t y  f o r  instantaneous 
transmission of  d a t a  and c r i t i c a l  commands between s p a c e c r a f t  and t h e  f l i g h t  
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 of  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and engineering d a t a  
which a re  c o l l e c t e d  from f l i g h t  p r o j e c t s .  
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During F'J! 1975, t h e  support  workload w i l l  remain high w i t h  t h e  Spaceflight: 
Tracking and Data Network cont inuing t o  support  a n  average o f  35 t o  40 
s p a c e c r a f t  :in e a r t h  o r b i t  and t h e  Deep Space Network support ing a f u l l  
complement of p l ane ta ry  missions.  
t o  t h e  ongotng workload during FY 1975 inc lude  t h e  Earth Resources 
Technology S a t e l l i t e  B y  t h e  Atmosphere Explorer D, t h e  Orb i t ing  S o l a r  
Observatory I:, and t h e  Hel ios  A. P repa ra t ions  w i l l  cont inue i n  FY 1975 
f o r  support  i n  subsequent yea r s  of t h e  Apollo Soyuz T e s t  P r o j e c t ,  Viking, 
Mariner Jup:Ltar/Saturn 1977, Pioneer Venus, 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,  t h e  Laser Geodynarnic S a t e l l i t e  (LAGEOS) , and t h e  Ocean Dynamics 
S a t e l l i t e  i(I3EIiSAT). 

Newly launched s p a c e c r a f t  t o  b e  added 

- TECHNOLOGY UTILIZATION 

This program provides f o r  wide and r a p i d  disseminat ion o f  s c i e n t i f i c  and 
t e c h n i c a l  information acquired as a r e s u l t  of  t h e  agency programs. R e -  
c i p i e n t s  i nc lude  o t h e r  government agencies ,  t h e  u n i v e r s i t y  and n o n p r o f i t  
r e sea rch  c o m u n i t y ,  and indus t ry .  Also included is  a program t o  i d e n t i f y  
p u b l i c  s e c t o r  problems capable  of s o l u t i o n  by t h e  a p p l i c a t i o n  o f  aerospace 
technology. These e f f o r t s  a re  accomplished through a series of  publ ica-  
t i o n s  and through Regional Applicat ions Centers.  

FUNDING 

The EY 1975 Research and Development budget p l an  t o t a l s  $2,346,015,000, 
an inc rease  of $41,015,000 from FY 1974. 

Research and Development ou t l ays  i n  FYl975 are est imated a t  $2,422,900,000 
up $63,000,000 from t h e  $2,359,900,000 estimate f o r  FY 1974. 

SUM I 5  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

RESFARCH AND DEVELOPMENT 

For necessary  expenses, n o t  o therwise  provided f o r ,  i nc lud ing  r e sea rch ,  
development, olperations, s e r v i c e s ,  minor cons t ruc t ion ,  maintenance, 
repair ,  r e h a . b i l i t a t i o n  and modi f ica t ion  of  real and personal  proper ty ;  
and purchase,  h i r e ,  maintenance, and ope ra t ion  of o t h e r  than  adminis- 
t r a t i v e  a i r c r a f t ,  necessary f o r  t h e  conduct and suppor t  of a e r o n a u t i c a l  
and space r e sea rch  and development act ivi t ies  of  t h e  Nat ional  Aeronaut ics  
and Space Adminis t ra t ion ,  ~2 ,194 ,000 ,0007 _$2,346,015,000, t o  remain 
a v a i l a b l e  u n t i l  expended. (42 U.S.C. 2451, e t  seq.; Department of 
Housing and-&ban Development; Space, Science, Veterans,  and Cer t a in  
Other IndepsLdent Agencies Appropriat ion Act ,  1974; a d d i t i o n a l  a u t h o r i z i n g  
l e g i s l a t i o n - 5  be proposed.), 
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NATIONAL AERONAUTICS AND SPACE ADMfNISTRATION 

RE-BEABCH AND DEVELOPMENT 

Program and Financing (in thousands of dollars) 
~ _ _  

B"i:ge.t y:an (miiiuuFLia :UA reaenrcl! . I  nuu Cowrw and obiigationw 
- I.':=?i.c.c::i;= c x %  deveioyiiient uctionw prograineai 

27MMIO8-Q-I-250 is;: aciuni i8i . i  eaiiiuaie iBij ewtiiiiare iYi3 acruai iYi4 estimate i v i s  estimate 

Program by activities: 
Direct program: 

I ,  Manned space flight: 
(a) Space shuttle ....................................... 198.575 
(b) Space Blight operations--. ........................... 879. OOO 
(c) Advanced manned mission studies ..................... 1,500 

(a) Physics and astronomy.. ............................ ! 44,200 
(b) Lunar and planetary exploration ...................... 389.969 
(c) Launch vehicle development and support .............. 128.400 

205,300 3. Space applications-- ...................................... 
81.860 

5. Aeronautkal research and technology- ...................... 150,640 

........................................ (d) Apollo .._.. 56,700 .~.. 

2. Scientific investigations in space: 

. .  
4. Space and nuclear research and technology ____.._..___._..__ 

475, OOO 
580, OOO 

1,500 

!!!.900 

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

800, OOO 144.469 450. OOO 850, OOO 
323,300 774,993 658.900 356,300 

1.500 2,462 2,400 I ,  200 
........ 248,516 IO. 100 2,500 

161,415 143.165 117,900 164,000 
284,600 410.291 365.450 M8,550 
94,400 117,573 87, OOO 99,300 

184,100 201.917 182,800 189,400 
74.800 95,273 73,700 76,600 

166,400 117.792 157.600 171,600 

....................... 248,331 244, OOO 250, OOO 237,953 253, OOO 257, OOO (a) Tracking and data acquisition. 
(b) Suataining university program_-. ......................................................... 2.973 2, OOO 400 
(c) Technology utilization- .............................. 4. OOO 4,500 5,500 6,551 5, ooo 5,200 

6. Supporting activities: 
. .  

Total direct program costs. funded- ................. 

Reimbursable program: 
1 .  Manned apace flight: 

(a) Space shuttle..- .................................... 
(b) Space flight operationa ............................... 
(c) Advanced manned missions studies--. ................. 
(d) Apollo ............................................. 

2. Scientific investigations in space: 
(a) Phyrica and astronomy. ............................. 

3. Space applications- ....................................... 
4. Space and nuclear ruearch and technology ................... 
5. Aeronautical research and technology- ...................... 
6. Supporting activities: 

(a) Tracking and data acquisition ........................ 
(c) Technology utilization ............................... 

Total reimbursable program costa ................. 

Total program costs. funded- .................... 
Change in selected resources (undelivered orders and stores) ......... 

IO Total .................................................... 

. .  

2,488,475 2,305. OOO 2,346,015 2,503.928 2,365,850 2,482,050 - 
- 

525 ........................ 486 112 ............. 
6,999 8,345 7,963 4,210 10,200 7,963 

400 ....................... 434 ......................... 
2 ........................ 2,575 482 ............. 

3.156 16,922 16,972 1,390 18.072 16,972 
96,079 181. I80 150,595 72,061 21 1,343 150,595 

632 2,l I7 2,850 406 2,300 2,850 
21,142 23,261 23,800 16,593 35, 100 23.800 

531 450 500 746 469 500 
310 725 I ,  320 37 900 I ,  320 

129,776 233,000 204,000 98.938 278.978 204.000 

2,618,251 2.538. OOO 2,550,015 2.602.866 2,644.828 2,686.050 

2,618,251 2.538, OOO 2,550,015 2,473,785 2,843,594 2,575,915 

____ 
- ~- ~- ~- 

.................................... -129,081 198.766 -I IO, 135 
~- -~ 



RE~EABCH AND DEVEUlPMENT-cOIIthlUd 

Program and Financing (in thousandr of dollarr)-Continued 

Budget plan ;amounts for research and Costs and obligations Identification code development actions programed) 
27-o(Ml08-&1-250 

1973 actual 1974 estimate 1975 estimate 1973 actual 1974 estimate 1975 estimate 

Rnrr?ciag: 
Receipts and reimburrementa from: 

11 Federalfunds ___..._____._______.------------....----..-.--- -83,836 -79,766 -112,013 -83,836 -79,766 -112.013 
-91.987 14 Non-Federal aourca _______....____.____-.---......----.-..-- -45,940 -153,234 -91,987 -45,940 -153,234 

21 Unobligated balance available, start of year: 
For completion of prior year budget plans: 

-25,900 Direct- - - _ _  
Reimburrable _.______..______.._.----.-..---. ._..._._.__._ ___.____.... _._.________ .__..____._- -27,092 -45,978 - - - - - - - - - - - - -  

1,400 ...__......_ .._._._._____ 

- 159,247 -285,516 

-I I I I OOO 

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

Available to finance new budget plans: Direct- - - - __. . -. . . . .. . . . ~ ~. . . . . . . ~ - I I I ,  000 . ~ ~. . . . . . . . -. . . . . . - -. - - - - - - - - - - - - - - 
23 Unobligated balance tranrferred to other accounts.. . - - -. . . - -. . -. -. -. . - - - -. . . . - - - - - -. . - . . . - -. . . -. . - 

Budget authority: 
4 0 A p p r r i a t i o n  ________________________________________--.----- 2,600,900 2,194,000 2,346.015 2,600,900 2,194,000 2,346,015 

I ,  425 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  41 Traps T erred to  other accounts- - - 1,425 .______. ..._ __....______ - ____________.___ ._ ._____._____ 

43 Appropriation (adjurted) ___._____._._ __._ ___. ._ ._____._____ 2,599,475 2,194,000 2,346,015 2,599,475 2,194,ooO 2,346,015 

Note:-Reconciliation of budget plan to obligations: d u a l  crlimole rrllrnale 
Total budget plan ______.________.___.-----.-.-----.-.---.-.--- 2 ,618 ,251  2 , 5 3 8 , 0 0 0  2 , 5 5 0 , 0 1 5  
Deduct portion of budget plan to be obligated in subsequent years- 279 ,450  22 ,000  _ _ _ _ _ _ _ _ _  
Add obligations of prior year budset plans ...._..___....________ 134,984 327 ,594  25,900 

-~ ~ ___ _ _ ~  ~ 

Total obligations _._.____________________________________ 2,473,785 2 , 8 4 3 , 5 9 4  2 ,575 ,915  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Budget Plan 
FY 1974 FY 1975 FY 1973 Research andj)ewelopment 

1,124,800,000 1,056,500,000 1,135,775,000 MANNED SPACE ]?LIGHT. 

198,575,000 
879,000,000 
1,500,000 
56,700,000 

475,000,000 
580,000,000 
1,500,000 

- -- 

800,000,000 
323,300,000 

1,500,000 -- 

Space shuttle,. .......... 
Space Elight operations. . 
Advanced m:i:3s:Lons. ....... 
ApOllO. o n  . . a *  

547,015,000 

140,515,000 

602,000,000 

94,000,000 

333,000,000 

679,169,000 

126,200,000 

SPACE SCIENCI:. . ,, ........... 
Physics and astronomy.. .. 
explora t:i(on,. .......... 
p rocur emI3’n t ............ 

Lunar and IJ lane tary 

Launch veh:icla 
331,969,000 266,000,000 

140,500,000 221,000,000 175,000,000 

161,000,000 

161,000,000 

177,5OO,OOO_ 

177,500,000 

188,700,000 

188,700,000 

APPLICATIONS. .............. 
Space applfcations.,..,.. 

AERONAUTICS AND SPACE 
TECHN0UX;Y.e.e.o ......... 241,200 ,OOO_ 237,000,000 232,500,000 

Aeronautical research and 

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

technology.... ......... 166,400,000 150,640,000 168,000,000 

69,000,000 81,860,000 74,800,000 

TRACKING AND DATA 
ACQUISITIO~,... ........... 250,000,000 

5,500,000 

2.346.015.000 

244,000,000 

4,500,000 

2.305.000.000 

248,331,000 

4,000,000 

2.488.4 75 .OOO 

TECMOLOGY UT&IZATION. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATLON 

FISCAL SEAR 1975 ESTINATES 

DISTRIBUTION OF RESEARCH AND DEVELOYENT BLDGFr PLAN BY LNSJALLATIUN AND FISCAL 'YMK 
(Thousands of  D o l l a r s )  

PROGRAM 

OFFICE OF M4NNED SPACE 
FLIC". TC'T4.L 

Space F l i g h t  opera t ions  

Advanced missions 

Apollo 

OFFICE OF SPACE SCIENCE, TOTAL 

Physics and astronomy 

Lunar and p l a n e t a r y  explora i ion  

Launch v e h i c l e  procurement 

OFFICE OF APPLICATIONS, TOTAL 

Space a p p l i c 3 t i o n s  

OFFICE OF AERONAUTICS AND 
SPACE TECHNOLOGY, TOTAL 

Aeronautical  research  and 
technology 

Space and nEclear research  
and technology 

OFFTCF OF T R A C K I N G  AND DATA 
ACQUISITION 

OFFICE OF TECHNOLOGY UTILIZATION 

TK4L BUDGET PLAN 

1973 
1974 
1975 

1 9 7 7  

1974 
1 n-, r 
1 1 1 ,  

1973 
1974 
1975 

1973 
1974 
1975 

1973 
197L 
1975 

1973 
1974 
197 5 

1973 
1974 
1975 

1973 
1974 
1975 

1973 
1974 
1975 

1973 
1974 
1975 

1973 
1974 
1375 

1973 
1974 
1975 

1973 
1974 
1975 

1973 
1974 ."_? 
1 - 1 7  -. . - 

1973 

1975 

1973 
1975 
1975 

1973 
1974 
1975 

1'1111 

TOTAL 

.135,775 
,056,500 
,124,800 

1 q R  , 5 7 5  

- 
475,000 

879,000 

onn nnn 
"Y" ,""" 

580,000 
323,300 

1,500 
1,500 
1,500 

56,700 _ _ -  
--- 

679,169 
602,000 
547,015 

126,200 

140,515 

331,969 

266,000 

94,000 

333,000 

221,000 
175,000 
140,500 

188,700 
161,000 
177,500 

188,700 
161,000 
177,500 

- 

232,500 
237,000 
241,200 

150,640 
168,000 
166,400 

81,860 
69,000 
?'! ,0'."-1 
-, 

248,331 
i44 ,GO6 
250,000 

4,000 
4,500 
5,500 

' ,488,475 
' ,305,000 
! ,346,015 - 

F l i g h t  Langley Lewis Johnson Kennedy Marshall Caddard J e t  Ames 
Space Space Space F l i g h t  Space F l ig t f t  Propulsion Wallops Research Research Research Center Research Center Headquarters NASA 
Center Center Center Center Laboratory S t a t i o n  Center Center 

445,921 (.C 5 802 150 9,240 96 1,441 410 17,208 475.204 184.658 
614,105 105,779 312,459 X L  2 634 160 9,301 100 1,162 250 11,728 
766,409 101,600 234,730 250 775 --- 7,536 100 550 250 12,600 

- _ _  - -- _--  i ,400 
347,548 2,600 120,500 - - -  - _ -  _-- 178 - -_ 174 --- 3,600 - -_ --- --- --- 9 ;500 

i ? n , 2 7 f i  2 10 45.729 - _ -  - -_  - -- 
5:e ,2ee 11,60c? ?'.S ,7,-',2 .__ --_ _ _ -  
294,583 182,020 380,322 645 802 150 9,038 96 1,356 410 9,578 

135,709 a5,800 85 ,L30 250 775 --- 7,536 100 550 250 2,900 
265,807 102,979 191,059 822 634 160 9,123 100 988 250 8,078 

- - -  --- _- -  - - -  - -- _ - -  _ - _  _- -  --- --- 1,500 
--- --- 50 750 200 500 

500 200 600 --- --- - - -  --- --- --- --- 200 

30,385 2,428 18,370 --- - -_  --- 202 - _ -  a5 _ _ -  5,230 

- _ _  --- --- - - _  - - -  

_-- -_ -  --- --- --- -__  --- - _ _  --- _ - -  _ - _  --- --- _ -_  _- -  - -- --- --- - _ -  - -- - - -  - -- 
286 3.388 24,643 147,722 63,909 2,708 22,647 --- 249,149 117,773 46,944 

8.282 3,880 10,961 110,200 62,207 2,905 17,206 - - -  235,259 108,774 42,326 
13,701 10,415 52,070 106,855 93,365 2,900 42,627 --- 109,280 68,675 47 ,127 

136 --- 23,536 68,439 695 2,643 6,746 -_ -  4,315 --- 19,690 
180 _-- 8,690 54,891 650 2,850 6,705 --- 2,708 - -_  17,326 
975 - _ _  50,280 55,875 650 2,850 6,905 - - -  1,705 --_ 21,275 

150 --- --- 4,819 62,452 65 15,901 --- 229,060 --- 19,522 
8,102 --- 25 6,009 60,947 55 10,501 --- 23,075 - - -  224,286 - - -  94,110 --- 23,602 

- - -  3,388 1,107 74,464 762 - -- - - -  --- 15,774 117,773 7,732 
--- 3,880 2,246 49,300 610 - - -  - -_ ---  8,265 108,774 1,925 
--- 10,415 1,790 42,890 1,015 --- _ - -  --- 13,465 68,675 2,250 

13,979 150 642 148,549 1,058 5,522 3,273 - -_  6,779 3,332 5,416 
18,818 255 4,320 80,863 3,884 6,457 7,502 - - -  8,469 3,840 26,592 

8,090 91,700 50 35,722 12,726 --- - -- 

31,700 1,400 5,000 89,100 3,200 7,700 7,100 --- 8,400 2,100 21,800 

13,979 150 642 148,549 1,058 5,522 3,273 --- 6,779 3,332 5,416 
18,818 255 4,320 80,863 3,884 6,457 7,502 --- 8,469 3,840 26,592 
31,700 1,400 5,000 89,100 3,200 7 ,700 7,100 - - -  a ,400 2,100 21,800 

523 - -- 3,565 3,761 18,579 13,722 61,923 82,651 7,136 91 40,549 
729 - -- 3,537 5,109 15,205 124 50,586 13,976 63,261 80,932 3,541 
929 _- -  4,048 5,222 16,282 124 51,678 14,026 76,348 69,002 3,541 

205 --- 910 - -_  1,282 91 33,196 12,300 46,970 53,330 2,356 
164 --- 647 --- 620 124 43,526 12,898 49,605 58,786 1,630 
164 - - -  647 - - -  620 124 44,153 12,898 60,428 45,736 1,630 

318 - - -  2,655 3,761 17,297 --- 7,353 1,422 14,953 29,321 4,780 
565 --- 2,890 5,109 14,585 - -- 7,060 1,078 13,656 22,146 1,911 

--- 2 ;LO1 2 r; -LLL. 111 15.662 _ _ _  7,525 1.178 1 5 , w n  7 3  ,?fib 1 ;911 .,,- 
1 1 1 - 1  

--- -_ -  --- 183,665 42,730 6,522 _- -  1,520 580 - - -  13,314 

_- -  -__  --- 180,900 _ _ _  1,800 --- - - -  14,900 45,500 6,900 
- - -  --- _ _ _  1.77 I, I ,LY" , o n  --.,..-- I I   IT^ 6,lcc ... 1 ,?'?r? ?nn _- -  l h ; 5 1 0  

--- - - -  --- --- --- --- --- - _ -  _ _ -  _ - _  4,000 
--- --- --- --_ _ - -  - _ -  --- --- --- _ - -  4,500 --- - -_  _ - -  _-- _-- --- --- - - -  --- _-- 5,500 

489,992 188,196 474,771 484,342 127,078 14,993 75,709 15,338 319.872 204,166 94,018 
641,934 109,914 331,277 374,174 126,140 15,746 84,595 15,776 308,451 193,796 103,197 
812.739 113,415 295,848 382,327 159,122 17,624 108,941 15,926 194,578 140,027 105,468 

SUM 11 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

MANNED SPACE FLIGHT PROGRAMS 

Budget P lan  
Program!: FY 1973 FY 1974 FY 1975 

Space s h u t t l e . .  .............. $198,575,000 $475,000,000 $800,000,000 
Space f l i g h t  ope ra t ions . .  .... 879,000,000 580,000,000 323,300,000 
Advanced missions.  ........... 1 , 500 , 000 
Apollo.. ........ ,. ............. 56,700,000 --- --- 

1 , 500 , 000 1 , 500 , 000 

Total.*... , , . .(, . . . . . . . . . . . . .  &l&&j,OOO $1.056.500.000 $1.124.800.000 

MSF 1 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF MfiE l3D SPACE FLIGEFT SPACE SHUTTLE PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1975 - 1974 - 1973 - 
Orb i t e r . . . .  ...,,................ $139,480,000 $355,000,000 $647,500,000 
Main engine, ,  .................... 40,543,000 79,000,000 92,300,000 
S o l i d  rocke t  boos te rs . .  ........ --- 18,100,000 22,600,000 
Externa l  tank.,,  ................ --- 20,300,000 26,000,000 

Technology and r e l a t e d  
Launch and :Limding. ............ --- 2,600,000 11,600,000 

--- --- development. .................. 18,552,000 

Tota l . .  ...................... $198.575.000 $475.000.000 $800.000.000 

Distr ibut i -on -- of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center.  ...... $150,236 . 000 $347 . 548 . 000 $630 . 200,000 
John F. :Kennedy Space 

Marshall. Space F l i g h t  
Center ,  NASA.. ........... 210,000 2,600,000 11,600,000 

Ames Res;eai:ch Center.  ...... --- 178,000 --- 
Langley Research Center . .  .. --- 174,000 --- 

Center ,,.................. 45,729,000 120,900,000 148,700,000 

9 , 500 , 000 .............. - Headquarters.  2,400,000 3 , 600 , 000 

Tota:!.. ................ $198.575.000 $475.000.000 $800.000.000 

HIGHLIGHTS OF BUDGET PLAN 

Space Shutt1.e -_ 

The FY 1975 program a c t i v i t i e s  inc lude  des ign  and development e f f o r t  on a l l  
major elements of t h e  system, s ta r t  of f a b r i c a t i o n  of t h e  second o r b i t e r  
v e h i c l e  whic:h w i l l  be used f o r  t h e  f i r s t  o r b i t a l  f l i g h t  scheduled i n  t h e  
second q u a r t e r  of 1979 and of  major ground t e s t  hardware; t h e  f i r s t  complete . 
main engine system tes t  f i r i n g ;  and t h e  s t a r t  of launch checkout system 
hardware design.  

RD 1-1 



OFFICE OF SPACE SCIENCE ----- 

Mar inel: 

Viking 

0utc:r I? lanets  
Miss ions 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1974 ESTIMATES 

FLIGHT SCHEDULE 

MISSION 

Pioneer  G 
Hel ios  A 
Hel ios  B 

Venus Mercury 1973 (1) 

Mars 1975 (2) 

J u p i t e r -  Sa turn  (2) 

LUNAR AND PLANETAR?i 
EXPLORATION P R O G I E  

CALENDAR 
YEAR 

NASA-HQ 

1973 
1974 
1976 

1973 

1975 

1977 

RD 6-6a 



ERRATA SHEET 

Budget Estimates - FY 1974 
Research and Development - Volume I 

The attached five pages have been revised and should 
replace the corresponding page numbers in Volume I, 
Research and Development, FY 1974 budget estimates. 
“hese page numbers are as follows: 

RD 9-7 
RD 9-28 
RD 9-29 
RD 9-30 
*RD 9-31 

9~ A new additional page not currently in Volume I. 



1972 - 1973 - 1974 - 
System Techao’Logy -- Programs 

Advanced Ijupersonic Technology - 
To provide  k-i expanded supersonic  
technology base i n  the  t echn ica l  
areas c r i t i c a l .  t:o (1) f u t u r e  
advanced mi’ t i ta ry  supersonic  c r u i s e  
a i r c r a f t ,  ( 2 )  t he  assessment of t he  
impact of p re sen t  and f u t u r e  c i v i l  
supersonic  a i r c r a f t ,  and (3)  any 
f u t u r e  cons:idc!rations for an en- 
vironmen t al. j-y accept  ab 1 e and 
economical 3.y v i  ab1 e supers  on i c  
t r a n s p o r t .  This  does not inc lude  
funds f o r  i r1i t : ia t ing development of 
a supereonic: t r a n s p o r t  o r  i n  any 
way c o m i t  t:he U.S. t o  such a 
developments ......................... --- $11,700,000 $28,000,000 

Quiet  P rc&s ive -L i f t  Technology - 
Generate a f‘oundation of q u i e t  pro-  
p u l s i v e  l i f t  technology i n  suppor t  
of c i v i l  anc m i l i t a r y  t r a n s p o r t  
development having improved approach, 
landing ,  t ake -o f f ,  cl imbout and a i r -  
p o r t  area lcw-speed maneuvering 
c a p a b i l i t i e s  ......................... --- --- 2,000,000 

S u b t o t a l ,  Systems Technology 
Program .......................... ---  $11,700,000 $30,000,000 

Tota l ,  Sys tems and Experimental 
Progra as..................... $67.637,000 $86.526,000 

RD 9-7 



Systems Technology Programs 

Advanced Supersonic Technology 

The o v e r a l l  o b j e c t i v e  of t he  Advanced Supersonic  Technology program i s  t o  
provide an expanded supersonic  technology base i n  the  t echn ica l  a r e a s  
c r i t i c a l  t o  (1) f u t u r e  advanced m i l i t a r y  supersonic  c r u i s e  a i r c r a f t ,  (2)  
t h e  assessment of t he  impact of p re sen t  and f u t u r e  fo re ign  c i v i l  supersonic  
a i r c r a f t ,  and ( 3 )  any f u t u r e  cons ide ra t ions  f o r  an environmental ly  acceptab le  
and economically v i a b l e  supersonic  t r a n s p o r t .  This does no t  inc lude  funds 
f o r  i n i t i a t i n g  development of a supersonic  t r a n s p o r t  o r  i n  any way commit 
t h e  U.  S .  t 3  such a development. 

Russia  w i t h  i t s  TU-144 and Great B r i t a i n  and France wi th  t h e i r  Concorde 
programs have (developed t h e i r  supersonic  c r u i s e  technology through massive 
r e sea rch  and development e f f o r t s  which i n  a d d i t i o n  have provided an ex- 
tremely sound foundation f o r  t he  development of advanced m i l i t a r y  c r u i s e  
a i r c r a f t  and/or  c i v i l  supersonic  t r a n s p o r t s .  With t h e  c a n c e l l a t i o n  of the  
U,S. SS'I: program i n  1971, t h e  momentum f o r  maintaining our technology base 
w a s  essentii21ly :Lost wi th  the  except ion of t he  programs which could be 
c a r r i e d  out  3y NASA. 

Recogiiiziri;~ the need t o  cont inue t o  provide a sound technology base f o r  
m i l i t a r y  supersonic  c r u i s e  a i r c r a f t  and f o r  p o s s i b l e  dec i s ion  op t ions  f o r  
supersonic  c i v i l  t r a n s p o r t s  i n  the  f u t u r e ,  t h e  P r e s i d e n t ' s  FY 1973 budget 
provided $l:1.7 m i l l i o n  f o r  s p e c i f i c  NASA r e sea rch  i n  t h e  technology areas 
c r i t i c a l  t o  e i t h e r  of t hese  p o t e n t i a l  f u t u r e  developments. The dec i s ion  
t o  b o l s t e r  I:eseat:ch unique t o  supersonic  c r u i s e  v e h i c l e s  i n  FY 1974 i s  
i n  r ecogn i t ion  of t h e  need t o  maintain a s t rong  and balanced ae ronau t i ca l  
r e sea rch  program covering a l l  speed ranges f o r  p o t e n t i a l  f u t u r e  c i v i l  
and m i l i t a r y  a i r c r a f t .  While the  advanced supersonic  technology program 
i s  n o t  direc.:ed s o l e l y  toward c i v i l  t r a n s p o r t  a p p l i c a t i o n s ,  i t  does 
address  envj.i:onme!ntal concerns by r e sea rch  on n o i s e  minimization and 
a i r  p o l l u t i o n  and economic v i a b i l i t y  a spec t s  by a i r f rame systems s t u d i e s  
and advances i n  the  t echn ica l  d i s c i p l i n e s  of propuls ion ,  s t r u c t u r e s  and 
m a t e r i a l s ,  aerodynamics, and s t a b i l i t y  and con t ro l s .  

. 

The des ign  of economically v i a b l e  supersonic  t r a n s p o r t s  and e f f i c i e n t  
m i l i t a r y  c r u i s e  a i r c r a f t  r e q u i r e s  reduced s t r u c t u r a l  weight f r a c t i o n s  
a t t a i n a b l e  t:tirough the  a p p l i c a t i o n  of advanced concepts ,  des ign  t o o l s ,  
and relat ive1.y new materials, In-depth s t u d i e s  w i l l  be cont inued i n  FY 
1974 t o  determine t h e  b e s t  s t r u c t u r a l  approaches t o  t h e  aerodynamically 
e f f i c i e n t  arrow wing conf igu ra t ions  and conf igu ra t ions  i d e n t i f i e d  i n  t h e  
a i r f r ame  systems s t u d i e s  wi th  emphasis on thermal stress, s t a t i c  aero-  
e l a s t i c i . t y ,  and. f l u t t e r .  Automated design techniques which would s i g n i -  
f i c a n t l y  reduce the  manpower and flow t i m e  r equ i r ed  t o  c a r r y  out  v e h i c l e  
des ign  i.tera.t.icms i n i t i a l l y  s t a r t e d  i n  FY 1973 wi th  the  development of an 
automated f l u t t . e r  and f r a c t u r e  module w i l l  be cont inued.  These design 
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modules wij.:; be incorpora ted  i n  an advanced supersonic  technology versi.on of 
IPAD (:I~ntegy.-ai:ecl Program f o r  Aerospace-Vehicle Design) . Titanium technology 
must be advmcecl beyond the  p re sen t  s t a t e - o f - t h e - a r t  t o  minimize s t ruc t :ura l  
weight f o r  both m i l i t a r y  and c i v i l  a p p l i c a t i o n s .  Fabr i ca t ion  methods app l i - ,  
c a b l e  i::o t i  ranium a l l o y  s t r u c t u r e s  were i n i t i a t e d  i n  FY 1973. Fabricat:ion of 
s t r u c t u r a l  parie1.s w i l l  cont:i.nue i n  FY 1974 and t h e  pane ls  w i l l  be sub jec t ed  
t o  accelerx-etl and real .  t i m e  t es t s  of s t r e n g t h ,  f a t i g u e  and f r a c % u r e ,  and 
c y c l i c  hea t ing  under supersonic  f l i g h t  condi t ions .  A h igh  temperature  
compos:i.te rliiterj.als prograrr: similar t o  t h e  t i t an ium components program will 
a l s o  be conducted. Th2 n a t e r i a l s  w i l l  inc lude  both buron a d  g r a p n i t e  f - b e y s  
i n  both epo:v arid polyimide r e s i n s  and boron-aluminum composite materials. 
Presenc fuet tank s e a l a n t s  (io n o t  provide  t h e  service l i f e  r equ i r ed  for: t h e  
temperatures  iIu be encountered i n  the  Mach number range of i n t e r e s t  for: 
advanced supersonic  m i l i t a r y  and c i v i l  a i r c r a f t .  The Ames Research Center 
program on fue l  tank s e a l a n t s  w i l l  cont inue  t o  syn thes i ze ,  c h a r a c t e r i z e ,  and 
vu lcan ize  sea:-ant elastomer:; and then select  t h e  optimum sealants f o r  ground 
tests :in Fs: l ! ) 7 L c  and f l i g h t  tests i n  FY 1975. 

The high:-:r swept arrow-wing conf igu ra t ion  concept i s  c u r r e n t l y  being s t u d i e d  
a t  t h e  LangLey Research Center t o  i n c r e a s e  i t s  aerodynamic e f f i c i e n c y  a t  
supersonic  c r u i s e  and improve the  c o n f i g u r a t i o n ' s  low speed c h a r a c t e r i s  t ics, ,  
I n  FY :t974:, ex t ens ive  wind ixnnel  tests w i l l  be  conducted t o  support  follow-- 
on arrow-w:hg concepts .  Also improved t h e o r e t i c a l  methods f o r  determining 
aerodynamic c h a r a c t e r i s t i c s  a t  both subsonic  and supersonic  speeds , p a r t i -  
c u l a r l y  a t  lx:Lti-cal o f f -des ign  f l i g h t  cond i t ions ,  w i l l  be  developed and 
va1ida::ed inid used i n  t h e  design and a n a l y s i s  of advanced supersonic  con- 
figura::ions appl-icable t o  m. i l i t a ry  as w e l l  as c i v i l  a i r c r a f t .  The technology 
e f f o r t  s t a r t e d  i n  FY 1973 t o  develop design methods f o r  u s e  i n  de f in ing  
p r a c t i c a l  m-in:irnum son ic  booin conf igu ra t ion  concepts  w i l l  cont inue  i n  Fl! 1.974. 
s i n c e  t h i s  ::e:;ti:icts m i l i t a r y  ope ra t ions  as w e l l  as p o t e n t i a l  c i v i l  t r a n s p o r t  
ope ra t ions  over land mass areas of t h e  world. 

The s t a b  Lity and c o n t r o l s  technology programs a t  t h e  Ames Research Center 
w i l l  concen:ratt: on p i l o t - i n - t h e - l o o p  s imula t ions  of  proposed cont ro l -con-  
figureci v e h i c t e  concepts  t o  d e f i n e  accep tab le  levels of handl ing  q u a l i t i e s  
f o r  s a f e  ope ra t ion  i n  a l l  € t i g h t  modes. P i l o t e d  motion s imula tor  s t u d i e s  
w i l l  a Lso 1~ conducted t o  i n v e s t i g a t e  t h e  a c c e p t a b i l i t y  of candida te  re- 
dundant: c o n t r o l  system concepts  i n  t e r m s  of t h e  c o n t r o l  system s t a b i l i t y  
and re:;pon!;.s i n  normal ope ra t ion  and t h e  a b i l i t y  of t h e  p i l o t  t o  d e t e c t  
and react -13 Eailure  i n  the  systems. Resu l t s  of t h e s e  s t u d i e s  are g e n e r a l l y  
a p p l i c a b l e  to  a l l  supersonic  c r u i s e  a i r c r a f t  r e g a r d l e s s  of  t h e i r  mission.  

An advancxd supersonic  c r u i s e  a i r c r a f t  system must s a t i s f y  many d i f f e r e n t  
o p e r a t i o n a l  requirements  such as h igh  t h r u s t  a t  take-of f  and climb, h igh  
e f f i c i e n c y  during subsonic  hold  and c r u i s e ,  and h igh  e f f i c i e n c y  dur ing  
supersonic  x i i i s e ;  and a d d i t i o n a l l y  f o r  c i v i l  a p p l i c a t i o n s ,  low no i se .  To 
m e e t  t hese  'rreiry demanding c o n s t r a i n t s  , new engine cyc le s  o r  major modificat:i.ons 
of  e x i s t i n g  engine cyc le s  mis t  be  considered;  thus  i n  FY 1973, broad pi3ramet:rY-c 
s tudie:; of :and:idate convent ional  and v a r i a b l e - c y c l e  engine cortcepts are be:i.ng 
conducred. 
i n i t i a i l e d  i -n  :EY 1974. 

Engine d e f i n i t i o n  s t u d i e s  of t h e  most promising concepts  w i l l  be  
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For p o t e n t i a l  civi.1 appl i . ca t ions  , cons ide ra t ions  of n o i s e  gene ra t ion  
mechanisms and p o l l u t i o n  r educ t ion  become of i nc reas ing  importance. Thus 
n o i s e  suppression nozz les ,  c u r r e n t l y  being i n v e s t i g a t e d  under t h e  Department 
of Transpor ta t ion-Federa l  Avia t ion  Administration/Supersonic Transport  Follow- 
on program i n  ground-based f a c i l i t i e s ,  w i l l  be eva lua ted  by the  Lewis  Research 
Center i n  f l . igh t  t e s t s  of a modified F-106B a i r c r a f t  i n  FY 1974. The advanced 
superson.i.c p o l l u t i o n  r educ t ion  technology program complements t h e  DOT Climatic 
Impac t  Asszssreni Program i : C I ~ i l ~ ) ~  arid i n  FY 1974 the  e f f o r t s  w i l l  be expanded 
t o  Inclrrc-k c:o:rbust.cr ~ O ? ~ ~ C I : : L : C ~  .: s talil'c, - L  ; ~ L L  scpervonfc c r u i s e  condi r ions  and 
combustors designed. L o  m-ini.ni..:t: the  ,?roduccion of oxides  of n i t r o g e n  a t  h igh  
a l t i t u d e s .  T h e  stratospheric: j e t  wake experiment program which combines 
l a b o r a t o r y  t e s t s ,  theory ,  anti f l i gh t :  tests w i l l  be cont inued i n  IT 1974 t o  
provide  da tx  Ghich can. be usetl t o  assess t h e  environmental  impact of j e t  
emissions on t h e  s t r a t o s p h e r e  

The advanced supersonic  technology a i r f rame systems s t u d i e s  w i l l  d e f i n e ,  
assess, and promote i-he develcspment of advances i n  supersonic  technologies  
most l i k e l y  t c  r e s u l t  i n  a q u i e t ,  c l ean ,  and economically v i a b l e  supersonic  
t r a n s p o r t .  Fcllowing the  FY 1973 d e f i n i t i o n  of technologies ,  a c y c l e  
beginning i n  FY 197[+ of i nc reas ing ly  d e t a i l e d  system des ign  s t u d i e s  w i l l  
e x e r c i s e  t h e  technologica l  i n r u t s  from a l l  o t h e r  advanced supersonic  tech-  
nology progran elements w i  i:h y r i n c i p a l  emphasis on propuls ion/air€rame 
i n t e g r a t i o n ,  

The unique c a p a b i l i t i e s  o E  the YF-12 a i r c r a f t  w i l l  be used i n  FY 1974 f o r  
f l i g h t  r e sea rch  or ienced  t o  the advanced supersonic  technology program i n  
t h e  areas of s t r u c t u r e s  and propuls ion.  P repa ra t ions  w i l l  be  made i n  FY 
1974 t o  f l i g h t  t e s t  t i t an ium 2nd composite pane ls  and t o  demonstrate  t h e  
f e a s i b i l i t y  cf an i n l e t  shock s t a b i l i z a t i o n  system i n  f l i g h t .  During FY 
1974 programs involv ing  t h e  d?s ign ,  f a b r i c a t i o n ,  and YF-12 f l i g h t  tests of 
an i n t e g r a t e d  a i r i rame/propuls ion  c o n t r o l  system and a complete loads  
a l l e v i a t i o n  a r d  modal suppress ion  c o n t r o l  system, w i l l  be conducted. 

The above 6c:scrrbed program w i l l  r e s u l t  i n  a s t r o n g  d i s c i p l i n a r y  d a t a  
base  f o r  botE m i l i t a r y  and c i \ , i l  supersonic  c r u i s e  aircraft .  I n  a d d i t i o n ,  
t h i s  tectmoLcg,y base  provides  t h e  c a p a b i l i t y  f o r  t h e  understanding and 
eva lua t ion  of t t e  p o t e n t i a l  c :mpet i t ion  and t h r e a t  from p r e s e n t  and f u t u r e  
supersonic  a i r c r a f t  vis-a-.-ris e i t h e r  f u t u r e  U.S. subsonic  o r  supersonic  
m i l i t a r y  o r  comniercial a i r x a f  t as w e l l  as t h e  p o t e n t i a l  f o r  implementing 
new developmerit programs should  t h i s ,  on t h e  b a s i s  of eva lua t ion ,  be 
determined t c i  be in t h e  na t ior ia l  i n t e r e s t .  

Quie t  Propuls I-va-Lift  TechioEcgy ~ 

The o b j e c t i v e  of t h i s  prpgram i s  t o  gene ra t e  a foundat ion of q u i e t  p ro-  
pu l s ive - ]  i f  t 1:ec:hn.ology t o  support  development of c i v i l  and m i l i t a r y  
transport:s  wi th  t:he advantages of improved approach, landing ,  t akeof f  , 
cl imbout:  ancl a i r p o r t  area ioir-speed maneuvering c a p a b i l i t i e s .  This  
technology i s  app1 i c a b l e  t 3  convent iona l - ,  reduced- , and shor t - t akeof  f 
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and landing (CTOL, RTOL, and STOL) systems. It o f f e r s  t he  p o t e n t i a l  of 
e f f i c i e n t ,  cpi.et, and s a f e  opera t ion  i n  s t e e p  and h igh ly  maneuverable ap- 
proach and c:li.mbout f l i g h t  pa ths ,  and r e p r e s e n t s  an e s s e n t i a l  key t o  
community n.ois,e reduct ion ,  terminal  a i r  congest ion r e l i e f  , and the  
c r e a t i o n  of an improved, environmentally acceptab le ,  shor t -haul  a i r  
t r a n s p o r t  s.ys t:em. 

Analytica.1. and wind tunnel  i n v e s t i g a t i o n s  of t he  aerodynamic and pro- 
pu ls ion  system aspec t s  of a l t e r n a t i v e  turbofan p r o p u l s i v e - l i f t  concepts 
w i l l  be coc.t:ic,ued i n  FY 1974, toge ther  wi th  d e f i n i t i o n  of p o t e n t i a l  low- 
c o s t  f l i g h t .  research  v e h i c l e  approaches t o  f u l f i l l m e n t  of t he  q u i e t  
p ropuls ive-1 . i f t  r e sea rch  ob jec t ives  which r e q u i r e  f l i g h t  t e s t i n g .  This  
e f f o r t  w i l l  i r x l u d e  p repa ra t ion  f o r  p a r t i c i p a t i o n  i n  f l i g h t  t e s t i n g  of 
t h e  A i r  Forc:e Advanced Medium STOL Transport  p ro to types  as one means of 
ob ta in ing  necessary propuls ive-  1 i f  t f l i g h t  da ta .  

The e f for t :  involves  a c t i v i t y  a t  a l l  of t h e  Aeronaut ics  and Space Technology 
Centers ,  wit:h Ames Research Center s e rv ing  i n  t h e  l ead  capac i ty .  
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FISCAL Y U A K  1975 ESTIMATES 

SUMMARY OF APPROPRIATION BUDGET PLANS BY INSTALLATION 
(In millions of  d o i i a r s j  

Research 
and Development 
- 1973 3 1975 
490.0 

100.2 

474.8 

484.3 
15.0 

127.1 

75.8 
15.3 

319.9 
204.1 

94.0 

1 "" 

- - -  
_ _ _  
_ _ -  

_ - -  

_ _ _  

2.488.5 

641.9 

ivy. 9 
331.3 

374.2 
15.7 

126.1 

84.6 
15.8 

308.5 
193.8 

103.2 

* o n  

- - -  
- - -  
- --  

_ _ _  
- _ -  

2.305.0 

8iL. I 

1 1 1  I 
L L J . 7  

295.9 

382.3 
17.6 

159.1 

109.0 
15.9 

194.6 
140.0 

105.5 

_ _ _  
- - -  
- - -  

- -- 

_ _ -  

2,346.0 

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

1973 1974 1975 - - -- 
. t j  _ _ -  

I n  1 Ld.i - - -  
- - -  - - -  

.6 1.4 

.4 1.1 

.6 1.3 

3.3 - - -  

4.3 4.0 
9.7 - - -  

_ _ _  - --  

- - -  _ _ -  

4.0 
27.9 56.3 
11.5 14.8 

1.7 4.6 

8.0 13.6 

_ _ -  78.7 101.1 

_ - _  

-- 

-- 

.3 

.-_ 

4.1 

2.1 
1.4 
8.8 

3.7 

3.5 
3.2 

- - -  

- - _  

7.5 
86.0 
14.9 

4.5 

10.9 

151.5 - 

Research and 
Program Nanagement 
1973 1974 1975 - - _ _  

ii0.6 ii6.9 ii6.2 

91.1 94.5 y c . 7  
137.2 140.3 131.2 

95.7 98.4 100.6 
10.7 11.4 11.7 
- - _  - - -  _ _ _  

42.4 45.9 48.0 
11.6 12.1 12.5 
78.6 82.4 85.0 
82.3 79.4 78.4 

61.6 63.5 67.3 

Total 
1973 - 1974 - 1975 __ 

66;. i 

612.0 

580.6 
26.1 
127.7 

121.5 
26.9 

402.8 
296.1 

155.6 

_ _ _  
27.9 
11.5 

1.7 

8.0 

3.289.0 

7 - n  
l J O . 8  

? l > / ,  I ,  - >  - .  
471.6 

474.0 
28.2 
127.4 

130.5 
27.9 

394.9 
273.2 

166.7 

4.0 
56.3 
14.8 

4.6 

13.6 

3.150.9 

, ̂ .  n 
721.0 

? i n  1 - ~ ~ .  
431.2 

$85.0 
30.7 
167.9 

160.7 
28.4 

283.1 
221.6 

172.8 

7.5 
86.0 
14.9 

4.5 

10.9 

3.247.1 

. 



1973 - 1974 - 1975 - 
O r b i t e r  - :Cni. t iat ion of f ab r i ca -  
t i o n  and assembly of major ground 
t e s t  ar t ic :Les inc luding  the  s t r u c -  
t u r a l ,  hyd:r.su'Lic c o n t r o l  and main 
propuls ion  t e s t  ar t ic les ;  t o o l i n g  
f a b r i c a t i o n ,  parts procurement 
and des ign  $of the  a f t  fu se l age  
test  artic:L,?; design of t he  envi- 
,,ronmental c o n t r o l  l i f e  suppor t  
systems te:; t model, con t inua t ion  
of d e t a i l  design and f a b r i c a t i o n  
of O r b i t e r  iF1  which i s  t h e  ho r i -  
zon ta l  f l i g h t  configured veh ic l e ;  
f ab r i ca t io r i  s ta r t  of O r b i t e r  f 2  
f o r  t he  o r b i t a l  f l i g h t  tests; 
support  of InaJor des ign  reviews; 
development o:E h o r i z o n t a l  f l i g h t  
and s h u t t l e  mission s imula to r s  
and t ra iner : ;  inc luding  i n i t i a t -  
ing procurement of two s h u t t l e  
t r a i n i n g  a i r c r a f  t ; con t inua t ion  
of ex tens ive  ground t e s t i n g  of 
subsystems imd components; pro- 
curement of p r o p e l l a n t s  f o r  in -  
house t e s t i n g ; ;  c o n t r a c t  admin- 
i s t r a t i o n  serv ices . . . . . . . . .  ..... $139,480,000 $355,000,000 $647,500,000 

Main Enging - Continued f a b r i c a -  
t i o n  and assembly of development 
engines;  mt.joi: test  ac t iv i t i e s ,  
inc luding  t h e  f i r s t  t h r u s t  cham- 
be r  test , 1ic:al: exchanger t e s t ,  
low and h igh  p res su re  f u e l  
turbopump t e s t s ,  i n t e g r a t e d  sub- 
system test: arid a f i r s t  complete 
engine test: on s tand;  procurement 
of long-lead engine and ground 
support  equipment (GSE) hard - 
ware; d e l i v e r y  of f i r s t  con t ro l -  
ler  product ion u n i t ,  f i r s t  test  
engine and a l l .  GSE development 
u n i t s ;  l o g i s t i c  suppor t ;  pro- 
p e l l a n t s  fcn: development t e s t i n g ;  
r e h a b i l i  tat:Fon of government - 
owned equipment and program 
support: t a s k s  . . . . . . . . . . . . . . . . . . . 40,543,000 79,000,000 92,300,000 
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1973 

Solid Rocket Boosters (SRB 
Con t inua t ion-of des ign and) devel - 
opment activity; fabrication of 
initial solid rocket motor tooling; 
delivery of initial motor case; 
development of propellant loading 
procedures; continuation of fabri- 
cation and assembly of &e struc- 
tural test article; fabrication of 
SRB test units; continued in-house 
design, development and initial 
testing of selected subsystems e.g., 
nose cone, thrust vector control 
and recovery systems by the Marshall 
Space Flight Center............. - - -  

External Tank (ET) 
Completion and certification of 
tooling for test article fabrica- 
tion; initiation of major component 
fabrication for the structural and 
propulsion test units; release of 
final design drawings; initiation 
of long-lead item procurement for 
the dynamic test article and for 
the first flight tank; program 
support activities including 
test facility activation, equip- 
ment modification and computer 
support for engineering and manu- 
facturing operations; procurement 
of propellants and pressurants.. 

Launch and Landinq - Software 
analysis including detailed 
documentation of the method of 
operation and maintenance of 
computerized systems; initiation 
of design for the Launch Processing 
System (LPS) hardware; procurement 
of selected checkout equipment and 
testing of prototype hardware; 
engineering and engineering support 
services to support the design 
and activation of launch and 
recovery facilities......,...... 

1974 1975 

$18,100,000 $22,600,000 

20,300,000 26,000,000 

2,600,000 11,600,000 
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1973 - 1974 1975 

Technology and related 
developmen 

No FY 1975 funds requested.. . . . . $18,552,000 --- _-- 
Total, Space Shuttle.. . . . . . . $198.575.000 $475,000.000 $800.000,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF EANNED SPACE FLIGJTC SPACE SHLTTTLE PROGRAM -- 
FLIGHT SCHEDULE 

PROJECT -- 
Space Shuttle 

MISSION 
CALENDAR 
‘am 

First Horizontal Flight 2nd Qtr 1977 
First Manned Orbital Flight 2nd Qtr 1979 
Operational Shuttle 1980 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT SPACE SHUTTLE PROGRAM 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The Space S h u t t l e ,  a r eusab le  manned space v e h i c l e ,  w i l l  p rovide  r o u t i n e  
low c o s t  access  t o  space t o  m e e t  c i v i l i a n  and defense  needs i n  t h e  1980s. 
It w i l l  mark t h e  beginning of a new era of space exp lo ra t ion  cha rac t e r i zed  
by a s i g n i f i c a n t  advance i n  t h e  o p p o r t u n i t i e s  t o  u t i l i z e  t h e  b e n e f i t s  of 
space f o r  p r a c t i c a l  a p p l i c a t i o n s  on e a r t h  and f o r  expanding t h e  f r o n t i e r s  
of sc ience .  

The S h u t t l e  w i l l  be  capable  of t r a n s p o r t i n g  i n t o  low e a r t h  o r b i t  a wide 
v a r i e t y  of payloads f o r  p r i v a t e  indus t ry ,  u n i v e r s i t i e s ,  r e sea rch  organiza-  
t i o n s ,  t h e  United S t a t e s  Government agencies ,  and n a t i o n a l  and i n t e r n a t i o n a l  
organiza t ions .  The l a r g e  cargo-car ry ing  c a p a b i l i t y  of t h e  o r b i t e r  w i l l  
l e s s e n  des ign  c o n s t r a i n t s  which have made payloads ve ry  d i f f i c u l t  and c o s t l y  
t o  bu i ld .  I n  many cases, i t  w i l l  be p o s s i b l e  t o  use  r e l a t i v e l y  inexpensive 
s tandard  l abora to ry  equipment i n  p l a c e  of s p e c i a l l y  cons t ruc t ed ,  h igh ly  
minia tur ized  components which are expensive t o  develop, manufacture and test. 
Payloads t o  be c a r r i e d  i n  t h e  o r b i t e r  payload bay may range from automated 
f r e e  f l y i n g  s a t e l l i t e s  and l a r g e  t e l e scopes  t o  f u l l y  equipped space labora-  
t o r i e s  designed t o  permit  s c i e n t i s t s  t o  c a r r y  ou t  o r b i t a l  experiments i n  a 
s h i r t - s l e e v e  environment. 

The Space S h u t t l e  w i l l  make i t  p r a c t i c a b l e  t o  r e p a i r  payloads i n  o r b i t  and 
t o  retrieve thein f o r  r e t u r n  t o  e a r t h  f o r  refurbishment .  The S h u t t l e  can 
a l s o  be used as  a r e sea rch  l a b o r a t o r y  t o  test  i n d u s t r i a l  p rocesses  i n  a 
space environment and then  r e t u r n  them t o  e a r t h  f o r  a n a l y s i s .  

The S h u t t l e  w i l l  make ground-based space r e scue  p o s s i b l e  wi th  i t s  quick 
response c a p a b i l i t y  and ope ra t iona l  f l e x i b i l i t y .  I n  some ins t ances ,  t h e  
S h u t t l e  may e l i m i n a t e  t h e  need f o r  space r e scue  by t h e  t imely  d e l i v e r y  t o  
o r b i t  of S h u t t l e  replacement components and equipment. 

The major eleineiits of t h e  Space S h u t t l e  system are t h e  o r b i t e r ,  t h e  main 
engines ,  and ex te rna l  l i q u i d  hydrogen and l i q u i d  oxygen tank,  and twin s o l i d  
p r o p e l l a n t  rocke t  boos t e r s .  
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The orbitxzr will be boosted into space by the simultaneous firing of three 
high presscire liquid oxygen/liquid hydrogen main engines and twin 
reusable sol.id rocket boosters. After burnout at an altitude of about 46 
kilometers (25 nautical miles), the booster rockets will separate and descend 
into the ocean by parachute for recovery and refurbishment. The downrange 
recovery area varies between approximately 240km (130 nautical miles) and 
315km (170 nautical miles) depending on launch site and payload weights. 

The orbiter will continue its ascent with the Space Shuttle main engines. 
Just prior to achieving orbital velocity, the main engines will shut down, 
the external. tank will be jettisoned and, for a launch from the Kennedy 
Space Center-, it will impact approximately 18,500km (l0,OOO nautical miles) 
downrange in a. remote ocean area. The orbital maneuvering system will be 
used to achieve final orbital insertion. Following the completion of the 
mission, the orbiter will re-enter the atmosphere at a flight angle of 
approximately one degree and an angle of attack of approximately 30 degrees. 
The orbiter, which has a capability of reaching landing sites as far as 
2,040km (1,100 nautical miles) on either side of its initial flight path, 
will land on conventional jet runways. 

The Shuttle will normally carry a flight crew of three--the commander, 
a co-pilot and a mission specialist. In some cases a payload specialist 
will be stationed on the upper deck to check out payloads and deploy them 
in space. In normal operations, the Shuttle will accommodate a total of up 
to seven people, including the flight crew, who will travel in shirt-sleeve 
cornfort without space suits and will be subjected to no more than 3G forces 
during launch and landing. 

Shuttle Development 

The Shuttle program structure has been established and all principal hard- 
ware contractors have been selected. Key milestones have been identified 
to serve as check points for measuring progress with regard to cost, sched- 
ule and performance. A comprehensive systems requirements review was held 
in August 1973 and the orbiter preliminary design review for the first 
horizontal flight configuration is scheduled for February 1974. Space 
Shuttle main engine component and subsystem testing will lead to the first 
main engine system firing at the Mississippi Test Facility in late FY 1975. 
The first horizontal flight is planned for the second quarter of 1977 and 
the first manned orbital flight during the second quarter of 1979. 

Funds requested for FY 1975 will allow major contractors and their sub- 
contractors to concentrate on hardware design and fabrication of major 
test articles, and initiate manufacture.of the first orbital flight vehicle. 
Engine component and system testing activities will be greatly increased, 
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and FY 1975 f'unds will be used to design and develop launch and landing 
facilities ac.d equipment. In summary, the program and contractor base es- 
tablished in FY 1974 supports a major expansion of development activities 
in FY 1975 across all areas of the program. 

BASIS OF FUNCl -- REQUIREMENTS: 

Orbiter 

1973 - 1974 1975 - 
Orbiter.................... $139,480,000 $355,000,000 $647,500,000 

Total...........,........ $139.480.000 $355.000.000 $647.500.000 

The orbiter will be a delta-winged airplane-like vehicle comparable in 
size and weight to a transport aircraft such as the DC-9. It will have a 
cargo compartment measuring about 18 meters (60 feet) in length and 4.5 
meters (15 feet) in diameters, and will be able to place 29,500 kilograms 
(65,000 pounds) in a 185 kilometer (100 nautical mile) due east orbit. 

In August 1972, the Space Division of Rockwell International Corporation, 
Downey, California was selected as the prime contractor for design, develop- 
ment, and production of the orbiter vehicle and to support the NASA systems 
integration affort involving all elements of the Space Shuttle system. 
Since that time significant progress has been made in orbiter design, and 
detail systems requirements have been established. 

Design and deurelopment of the orbiter got underway in earnest during FY 
1974. The prime contractor and his subcontractors have initiated detailed 
design and de-ve:lopment effort in response to stated requirements. 

The fo:llow:ing major subcontracts have been awarded by the Rockwell Inter- 
national Space Ilivision: 

Flight Cont:ro:L Systems - Honeywell, St. Petersburg, Florida; 
Data Processing & Software Requirements, On-board Computer 
Input/Oul:]~ut Buffer - IBM, Owego, NY; 

Vertical Stabilizer - Republic Aircraft Division of Fairchild Industries , 
Farmingdale:, New York; 

Wing arid Wind Tunnel Models - Grumman, Bethpage, New York; 
Mid-Fuselage -. General Dynamics, San Diego, California; 

Ground Maintenance and Maintainability Analysis and Operations Support - 
American Airlines , Tulsa, Oklahoma; 
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High Tempe:rature Reusable Surface Insulation Thermal Protection 
System (TPS:) - Lockheed, Sunnyvale, California; 

Leading Edge Structural Subsystem TPS - LTV, Dallas, Texas; 

Freon Cooling Loop and Atmospheric Revitalization - Hamilton Standard 
Division of United Aircraft, Windsor Locks, Connecticut; 

Inertial Measurement Units - Singer Kearfott, Little Falls, New York; 

Fuel Cells - Pratt & Whitney Division of United Aircraft, East Hartford, 
Connecticut ; 

Orbiter Windows - Corning Glass, Corning, New York; 
Autoland Landing System - Sperry Rand, Phoenix, Arizona; 
Main Landing Gear and Nose Landing Gear - Menasco, Burbank, California; 
Low Temperature Reusable Surface Insulation - Lockheed, Sunnyvale, 
California; 

Integrated Orbital Maneuvering SystemlReaction Control Subsystem Aft 
Module - McDonnell Douglas, St. Louis, Missouri. 

In addition, the following subsystems will be procured during FY 1974:  
reaction control system tanks and thrusters, nose wheel steering system, 
ejection. seats and auxiliary power unit, and the orbital maneuvering system 
thrusters. 

An orbiter preliminary design review will be conducted in early 1974 to 
verify the design approach and to establish the basis for proceeding with 
detail design. and fabrication of ground test and flight hardware. Accomplish- 
ments in FY 1974 include release of hardware specifications for major sub- 
systems, procurement of test hardware, including full scale mock-ups; wind 
tunnel testing, evaluation and analysis of shuttle systems, components and 
materials, i.nit:iation of flight hardware fabrication; and establishment of a 
Shuttle Avicmic:s Integration Laboratory designed to verify avionics sys  tern 
test article design in the physical and electrical environment of other flight 
systems. 
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I n  FY 1975 t h e  o r b i t e r  development program w i l l  e n t e r  a c r i t i ca l  phase. 
Major a c t i v i t i e s  t o  be undertaken dur ing  t h e  coming f i s c a l  year  w i l l  i nc lude  
t h e  f a b r i c a t i o n  of ground tes t  ar t ic les ,  i n i t i a t i o n  of an  ex tens ive  develop- 
ment and grc'und tes t  program, t h e  f a b r i c a t i o n  of f l i g h t  hardware, and t h e  
completion clf a number of major design reviews. I n  a d d i t i o n ,  program suppor t  
e f f o r t  w i l l  i nc rease  i n  scope and i n t e n s i t y .  

I n  FY 1975) E.ockwel1 I n t e r n a t i o n a l  w i l l  i n i t i a t e  t h e  f a b r i c a t i o n  
and assembly of major ground t e s t  a r t ic les .  These test  a r t i c l e s  are p a r t  of 
t h e  v e r i f i c a t i o n  tes t  program necessary  t o  confirm t h e  o r b i t e r  des ign  and 
provide  the  necessary  assurance f o r  t h e  success fu l  development t e s t  and 
f l i g h t  p rogram.  The des ign  and procurement of p a r t s  f o r  t h e  s t r u c t u r a l  
test  a r t i c l e  w i l l  be  completed and manufacture w i l l  be  i n i t i a t e d .  Setup 
f o r  the  s t n c t u r a l  test w i l l  be  designed and t h e  test  f i x t u r e  f a b r i c a t i o n  
w i l l  be s t a r t e d .  The des ign  phase of t h e  hydrau l i c  c o n t r o l  t e s t  a r t i c l e  
and test program w i l l  a l s o  be completed and manufacturing of t h e  t es t  a r t i c l ' e  
and test  f i x t u r e s  w i l l  be  i n i t i a t e d .  

The manufaxture of t h e  main propuls ion  tes t  a r t i c l e  w i l l  be  i n i t i a t e d  i n  
FY 1975 a long  wi th  d e t a i l e d  planning f o r  propuls ion  tes ts ,  t o  be conducted 
a t  t h e  Missi .ss ippi  T e s t  F a c i l i t y  s t a r t i n g  i n  mid-1977. 

During FY' 1975, planning w i l l  proceed f o r  t h e  v ib roacous t i c  tes t  of t h e  
a f t  fu se l age  tes t  a r t i c l e .  F a b r i c a t i o n  of t o o l i n g ,  procurement of p a r t s ,  
and des ign  w i l l  be  accomplished i n  p repa ra t ion  f o r  manufacture and sub- 
assembly of t h i s  t es t  a r t i c l e ,  Design w i l l  be  completed and hardware w i l l  
be  purchased f o r  tests t o  v e r i f y  t h e  s e p a r a t i o n  mechanism and techniques.  
The tes t  setup and support  equipment planning and des ign  w i l l  a l s o  be 
i n i t i a t e d  dur ing  FY 1975. I n  a d d i t i o n ,  an  environmental  c o n t r o l  l i f e  suppor t  
systems b o i l e r p l a t e  model w i l l  be designed t o  test t h e  adequacy of t h e  on- 
board l i f e  suppor t  systems. 

FY 1975 funding w i l l  be  requi red  by t h e  prime c o n t r a c t o r  t o  con t inue  d e t a i l  
design and f a b r i c a t i o n  of t h e  f i rs t  o r b i t e r  and t o  s t a r t  f a b r i -  
c a t i o n  of t h e  second. The f i r s t  o r b i t e r  i s  be ing  configured f o r  t h e  f i r s t  
h o r i z o n t a l  f l i g h t  and t h e  second o r b i t e r  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 .  
All o r b i t e r  subcon t rac to r s  w i l l  be  on-board and w i l l  be  engaged i n  t h e  
development and f a b r i c a t i o n  of t h e  subsystems and components t o  be  i n s t a l l e d  
i n  t h e  f i r s t .  two o r b i t e r s .  Procurements are i n  p rogres s  f o r  t h e  fo l lowing  
o r b i t e r  subs,ystems: o r b i t a l  maneuvering system engine;  umbi l i ca l  d i sconnec t s ;  
atmospheric p r e s s u r i z a t i o n  components; multiplexer/demultiplexer; f l i g h t  
cont ro l /d i sp la .ys  and c o n t r o l s ;  main landing  gear  wheel and brake  assembly; 
a u x i l i a r y  power u n i t ;  space r a d i a t o r ;  cryogenic  s t o r a g e  c o n t a i n e r s ;  a i r  
d a t a  t ransducer  assembly; p r o p e l l a n t  feed va lves .  

RD 1-11 



Ear ly  i n  FY 1975, a pre l iminary  des ign  review (PDR) of t h e  ent ' i re  
Space S h u t t l e  system r e l a t e d  t o  t h e  f i r s t  h o r i z o n t a l  f l i g h t  conf igu ra t ion  
w i l l  be  he:Ld, followed by an  o r b i t e r  v e h i c l e  PDR t h a t  w i l l  b e  concerned 
wi th  t h e  o r b i t a l  f l i g h t  conf igu ra t ion  of t h e  second o r b i t e r .  These reviews 
w i l l  be conducted i n  t h i s  phase of t h e  development program t o  a s s u r e  com- 
p a t i b i l i t y  of des ign  f o r  t h e  o r b i t e r  v e h i c l e s  and t h e  e n t i r e  system s o  t h a t  
component fiabirication can proceed. 

Program wipport  f o r  t h e  o r b i t e r  v e h i c l e  dur ing  FY 1975 w i l l  concen t r a t e  011 
t h e  development of s imula tors  and t r a i n e r s  as w e l l  as i n v e s t i g a t i o n s  i n  a 
number of c:irii:ical des ign  areas. Major i t e m s  i nc lude  procurement of two 
S h u t t l e  trafinf-ng a i r c r a f t  and procurement of t h e  h o r i z o n t a l  f l i g h t  and 
S h u t t l e  mission s imula tors .  Cr i t ica l  areas under s tudy  inc lude  thermal pro- 
t e c t i o n ,  cornmunications and t r ack ing ,  s t r u c t u r e s  and materials, and environ-  
mental  cont:rol.. I n  a d d i t i o n ,  funding i s  r equ i r ed  f o r  ground t e s t i n g  of sub- 
systems and components a t  government f a c i l i t i e s  such as t h e  White Sands Test: 
F a c i l  it:y . 

Funds wil.1. adso be requi red  i n  FY 1975 t o  procure  p r o p e l l a n t s ;  t o  conduct 
in-house t ss t i .ng ,  eva lua t ion  and a n a l y s i s  f o r  r e l a t e d  engineer ing  and opera- 
t i o n s  suppc r t ;  and t o  provide f o r  c o n t r a c t  a d m i n i s t r a t i o n  services suppl ied  
by Department of  Defense. 

Main Engine 

- 1973 1974 1975 

Space s h u t t l e  main engine ....... $40,543,000 $79,000,000 $92,300,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  $40.543.000 $79.000.000 $92.300.000 

The Space S h u t t l e  o r b i t e r  v e h i c l e  w i l l  use  t h r e e  h igh  chamber p re s su re  
engines ,  designed t o  ope ra t e  a t  a vacuum t h r u s t  level of about 2,091,000 
newtons (470,000 pounds) each. These engines ,  which use  l i q u i d  oxygen/ 
l i q u i d  hydrogen p r o p e l l a n t s ,  w i l l  p rovide  t h r u s t  f o r  t h e  o r b i t e r  from l i f t -  
o f f  t o  a p o i n t  j u s t  p r i o r  t o  o r b i t a l  i n s e r t i o n .  

Engine des ign  provides  f o r  a s taged  combustion c y c l e  i n  which p r o p e l l a n t s  
are r a i s e d  t o  high p res su re  by turbopumps powered by preburners .  A f t e r  use  
f o r  engine cool ing,  p r o p e l l a n t s  are mixed w i t h  exhaust  from t h e  preburners  
and w i t h  an  a d d i t i o n a l  ox id i ze r  be fo re  i n j e c t i o n  i n t o  t h e  main combustion 
chamber where t h e  mixture  i s  burned t o  gene ra t e  t h e  r equ i r ed  t h r u s t .  Engine 
t h r o t t l i n g  c a p a b i l i t y  i s  provided by vary ing  t h e  p r o p e l l a n t  f low a t  a cons t an t  
mixture  r a t i o  t o  provide the  d e s i r e d  t h r u s t .  
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Rocketdyne wa.s g ran ted  c o n t r a c t u a l  a u t h o r i t y  t o  proceed w i t h  t h e  des ign ,  
development and f a b r i c a t i o n  of t h e  S h u t t l e  main engines on A p r i l  5, 1972. 
A d e f i n i t i v e  c o n t r a c t  was  nego t i a t ed  and signed on August 11, 1972. Develop- 
ment of t h i s  h igh  performance engine r e q u i r e s  an e x t e n s i v e  test program t o  
v e r i f y  desigris and t o  i n s u r e  h igh  r e l i a b i l i t y .  A f t e r  completion of t h e  
p re l imina ry  des ign  review i n  1972, t h e  c o n t r a c t o r  undertook an  ex tens ive  
component and subsystem test  program i n  FY 1973 and FY 1974 a t  t h e  engine 
tes t  f a c i l i t i e s  l oca t ed  a t  Santa Susana and Canoga Park,  C a l i f o r n i a .  This 
t e s t  program w i l l  cu lmina te  i n  t h e  f i r s t  sea level engine test  f i r i n g  
scheduled for e a r l y  1975 a t  the  M i s s i s s i p p i  T e s t  F a c i l i t y  (MTF). I n  suppor t  :If 
t h e s e  key mi les tones ,  FY 1974 funds are  being used f o r  des ign ,  f a b r i c a t i o n  
and procurement of engine  components, bo th  by t h e  engine p r i m e  c o n t r a c t o r  
and h i s  subcon t rac to r s .  

FY 1975 funding w i l l  p rovide  f o r  continued f a b r i c a t i o n  and assembly of 
development engines ,  f o r  t h e  con t inua t ion  of major test  a c t i v i t i e s  now under- 
way and t h e  i n i t i a t i o n  of o t h e r s  inc luding:  f i r s t  t h r u s t  chamber tes ts ;  first: 
h e a t  exchanger t es t ,  f i r s t  low p r e s s u r e  f u e l  turbopump tes ts ;  and t h e  f i r s t  
high p res su re  f u e l  and o x i d i z e r  turbopump tes ts ;  f i r s t  i n t e g r a t e d  subsystems 
tes t  a t  Santa Susana w i t h  complete powerhead, which inc ludes  both l o w  and 
h igh  p res su re  pumps, preburners ,  main conbustion chamber and t h e  c o n t r o l l e r ,  
and t h e  f i r s t  complete engine t es t  a t  MTF. Procurement of long l e a d  hard- 
ware f o r  d e l i v e r a b l e  engines and ground suppor t  equipment w i l l  be  i n i t i a t e d  
i n  FY 1975 t o  suppor t  d e l i v e r y  of t h e  f i r s t  se t  of f l i g h t  engines i n  1978. 
During FY 1975, t h e  f i r s t  engine c o n t r o l l e r  product ion  u n i t s  w i l l  be de l ive red  
t o  Rocketdyne and NASA; t h e  f i r s t  test  engine  w i l l  b e  d e l i v e r e d  t o  MTF; and 
d e l i v e r y  of a l l  development u n i t  ground suppor t  equipment w i l l  be  completed. 

FY 1975 funds w i l l  p rovide  l o g i s t i c  suppor t ,  p r o p e l l a n t s ,  r e h a b i l i t a t i o n  
of government-owned i n d u s t r i a l  equipment and M i s s i s s i p p i  T e s t  F a c i l i t y  suppor t .  

I n  a d d i t i o n ,  support  t a s k s  w i l l  be d i r e c t e d  towards understanding t h e  
e f f e c t s  of l o g i t u d i n a l  o s c i l l a t i o n s  as they  p e r t a i n  t o  t h e  main engine,  
techniques f o r  measuring dynamic flow i n  p r o p e l l a n t  subsystems, materials 
i n v e s t i g a t i o n ,  <and extending engine l i f e  and r e u s a b i l i t y .  

S o l i d  Rocket Boos ters  

1973 1974 1975 - 
Sol id  rocke t  boos t e r s . .  ............... --- $18,100,000 $22,600,000 - 

- -- $1R.100.000 $22.600.000 Tota l . . . . . . , .* . . . . . . . . . . . . . . . . . . . . . .  _y 
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The booster elements of the Space Shuttle system will consist of two 
reusable so'tid propellant rockets which are attached to the external pro- 
pellant tank. Each rocket is approximately 44 meters (145 feet) long and 
3.6 meters (12 feet) in diameter. The solid rocket boosters (SRB) burning 
in parallel with the orbiter's main engines, will provide the impulse 
necessary ta r:hrust the orbiter from lift-off to booster staging at an 
altitude of about 40 kilometers (25 miles). 
consists o:E the solid rocket motor'(SMR), forward and aft skirts, a nose cone, and 
subsystems fo:c thrust vector control, recovery, separation and malfunction 
detection. The solid rocket motor has a propellant-filled case, a nozzle 
and an igniter. Each SRB will weigh about 52,000 kilograms (116,000 pounds:) 
and produce approximately 11,000,000 newtons (2,500,000 pounds) of thrust 
at sea level. 

The solid rocket booster system 

The SRBs will be designed for water recovery, refurbishment and reuse. 
The present development plan provides an extensive test program to verify 
systems design and to insure a high degree of reliability. The first SRM 
firing and the SRB critical design review are scheduled for FY 1976. 
Delivery of initial flight hardware is scheduled for 1978 to support the 
first manned orbital flight in the second quarter of 1979. Since the SRB 
represents the most critical item as far as cost per flight, a phased pro- 
curement and integration procedure has been selected as the most cost 
effective approach. 

Thiokol Chemical Corporation was selected as the contractor for solid 
rocket motor development on November 20, 1973. Other booster system 
elements will be procured at a later date. The Marshall Space Flight Center 
will perform design, development and initial testing of selected subsystems 
and has responsibility for overall system integration. Selection of an SRB 
integration contractor is scheduled for FY 1977. 

FY 1974 funding is being utilized for completion of the SRB preliminary 
design review (PDR) and initiation of design and development of the SRB 
major subsystems such as those required for thrust vector control, separa- 
tion and recovery. FY 1974 funding also provides for the start of fabrica- 
tion and iissembly of the structural and propulsion test articles by the SRMi 
contractor arid for modification of propellant processing and ground test 
equipment 

FY 1975 funding will provide for continuation of the design and develop- 
ment activity initiated in FY 1974, leading to the critical design review 
in 1976. Accomplishments planned for FY 1975 include fabrication of initia.1 
SFtM tooling, delivery of the initial motor case, and development of pro- 
pellant loilding procedures. Fabrication and assembly of the structural test 
article w i t 1  continue in FY 1975, a s  well as fabrication of SRB test units 
which will undergo test firings beginning in 1976. 
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Design, devel-opment and i n i t i a l  t e s t i n g  of o t h e r  s e l e c t e d  subsystems of 
t he  s o l i d  rocke t  boos te rs  w i l l  be  cont inued by t h e  Marshal l  Space F l i g h t  
Center.  This w i l l  inc lude  t h e  nose cone, a f t  s k i r t ,  c o n t r o l  e l e c t r o n i c s ,  
recovery syszerns and t h r u s t  vec to r  c o n t r o l .  MSFC w i l l  cont inue  t o  perform 
systems i n t e g r a t i o n  t a s k s  i n  support  of SRB development. 

Externa l  Tank 

1974 1975 - 1973 - 
........................ --- .$20,300,000 $26,000,000 Externa l  ta:i-.c., - - 

Tota l  ................................ - --- .$ 20.300.000 $26.000.000 - 
The ex ter i i s l  tank (ET) supp l i e s  l i q u i d  hydrogen and l i q u i d  oxygen pro- 

p e l l a n t s  f0 .c  t h e  o r b i t e r  main engines  from l i f t - o f f  t o  j u s t  p r i o r  t o  e a r t h  
o r b i t  i n s e r t i o n .  Af t e r  te rmina t ion  of main engine f i r i n g ,  t h e  expendable 
tank i s  sepa ra t ed  from the  o r b i t e r  v e h i c l e  and r e - e n t e r s  t h e  e a r t h ' s  
atmosphere t o  impact a t  a predetermined, remote loca t ion .  Major tank sub- 
systems inc lude  t h e  p r e s s u r i z a t i o n ,  feed,  s epa ra t ion ,  and a s s o c i a t e d  e l e c -  
t r o n i c  con t ro l ;  and mounting b racke t s  f o r  t h e  o r b i t e r  and SRB. The p resen t  
development plan provides  f o r  d e l i v e r y  of t h e  i n i t i a l  t es t  a r t i c l e s  i n  1976 
and del ivery.  of t he  f i r s t  f l i g h t  configured tank i n  1978. 

The e x t e r n a l  tank i s  approximately 47 meters (155 f e e t )  long and 8 meters 
(27 f e e t )  i n  d iameter ,  w i th  s e p a r a t e  l i q u i d  oxygen and l i q u i d  hydrogen 
tankage mountel3 below the  o r b i t e r  and between t h e  s o l i d  rocke t  boos t e r s  (SRB:). 

I n  August 1973 Mart in-Mariet ta  w a s  s e l e c t e d  as t h e  c o n t r a c t o r  f o r  ET devel-  
opment. Fa 'br icat ion and assembly w i l l  be  accomplished a t  t h e  government- 
owned Michoud Assembly F a c i l i t y  (MAF) i n  Louis iana.  

FY 1974 funding i s  being u t i l i z e d  f o r  design e f f o r t s  l ead ing  to a pre:lim- 
i n a r y  design review i n  t h e  l a t t e r  Por t ion  of FY 1974. The ET r ep resen t s  
t h e  only element of t h e  Space S h u t t l e  which i s  completely expendable. 
e f f o r t  i s  being made t o  reduce the  c o s t  of ET components t o  an  abso lu te  
minimum by using low c o s t  materials and product ion techniques c o n s i s t e n t  
wi th  s a f e t y  cons ide ra t ions .  

Every 

FY 1975 funding w i l l  provide f o r  completion and c e r t i f i c a t i o n  of t o o l i n g  
r equ i r ed  f o r  f a b r i c a t i o n  of t h e  major components of t h e  ET s t r u c t u r a l  and 
propuls ion  tes t  a r t i c l e s .  Design of t h e  ET w i l l  have progressed t o  t h e  
p o i n t  where f a b r i c a t i o n  of major components of  t he  s t r u c t u r a l  and propuls ion  
tes t  a r t i c l e s  can begin.  These inc lude  t h e  l i q u i d  hydrogen tank,  t h e  l i q u i d  
oxygen tank,  s k i r t ,  nose cone, and i n t e r t a n k  s t r u c t u r e .  
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Incrementa.1. critical design reviews (CDRs) will be held on major components 
of the ET during EY 1975 and a final CDR will be held during the latter part 
of the fisca.1. year. 
of each incremental CDR and procurement of designated long lead items will 
be initiated for the dynamic test article and the first flight tank. 

Final design drawings will be released upon completion 

FY 1975 funding provides program support for ET development including 
activation of' structural test facilities and restoration and modification of 
existing fabrication equipment at the Michoud Assembly Facility. In addition, 
funds will allow the ET prime contractor to use the computer facility at 
Slidell, Mississippi, for support of engineering, manufacturing and business 
operations. 

FY 1975 funding will also provide for manufacturing applications develop- 
ment of thermal protection system materials for the ET to be performed in 
existing facilities at MSFC. Welding development will be conducted in the 
MSFC laboratcry to verify high risk weld development areas. Late in FY 
1975, modifications will begin on the MSFC barge which will be utilized for 
transporting the test tanks and early flight development tanks. Propellants 
and pressurants used in the ET program are government furnished and will be 
procured with this funding. 

Launch and Landinq 

1975 - 1974 - 1973 - 
............. --- $2,600,000 $11,600,000 Launch and landing..... - 

- --- $2.600.000 $11.600.000 Total............................. - 
Earlier space vehicle launch systems consisted of a large number of non- 

standard consoles and operators, each dedicated to a single use and not 
easily responsive to changes in the system being monitored and controlled. 
Recent technology advances make it practical to use integrated computer 
technology throughout the launch facilities for automatic checkout, fault 
isolation, test sequencing and control, Advances in display and control 
techniques allow for a more universal type of operator station which does 
not have to be permanently dedicated to specific functions but can be pro- 
gramed to f it: specific requirements. Each operator station will have the 
capability of monitoring and controlling a large number of parameters 
through the use of the computers. To reduce launch costs and meet the 
stringent turn-around requirements imposed by Shuttle operations, the Shuttle 
program will take advantage of these improvements and a new automated launch 
processing system (LPS) will be employed. 
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The U S  w : i l I  c o n s i s t  of two r e l a t e d ,  bu t  somewhat s epa rab le  systems: (1) 
a monitor and c o n t r o l  system f o r  t e s t i n g ,  checking .out ,  s a f i n g ,  and ope ra t ing  
t h e  v e h i c l e  arid ground systems dur ing  S h u t t l e  ground ope ra t ions ;  and (2) a 
c e n t r a l  d a t a  system (CDS) f o r  provid ing  supplementary d a t a  s e r v i c e s .  The 
CDS w i l l  mike maximum use  of computers and o t h e r  d a t a  handl ing  equipment 
a l r e a d y  e x i s t i n g  a t  t h e  Kennedy Space Center.  The major system elements of 
t h e  LPS c o n s i s t  o f :  consoles  (d isp lays  and c o n t r o l s ) ,  computers, d a t a  
t ransmiss ion  system (da ta  bus,  d a t a  handl ing equipment),  i n t e r f a c e  unit:s  t o  
a s s o c i a t e d  ground f a c i l i t i e s ,  and computer programs. 

FY 1974 funding i s  being used t o  d e f i n e  requirements ,  t o  a s s u r e  compati- 
b i l i t y  of o v e r a l l  sof tware  and hardware des ign ,  and t o  provide  pre l iminary  
des ign  specj.f i .cations fo r  computer programs and documentation. 

FY 1975 funding i s  r equ i r ed  f o r  sof tware  a n a l y s i s  ( d e t a i l e d  documentation 
of t h e  meth.c)d of ope ra t ion  and maintenance of computerized systems) includ-  
ing  the  gen.era.tion of sof tware  performance s p e c i f i c a t i o n s  and s t anda rds  f o r  
t h e  LPS. Design f o r  t h e  checkout system hardware w i l l  a l s o  be i n i t i a t e d .  

FY 1975 funding w i l l  be  r equ i r ed  t o  f i n a l i z e  des ign  requirements ,  t o  pro- 
cu re  s e l e c t e d  check out  hardware and t o  t es t  p ro to type  equipment. I n  
a d d i t i o n ,  FE' 1975 funds w i l l  p rovide  f o r  engineer ing  and engineer ing  support  
s e r v i c e s  i n  connect ion wi th  des ign  and a c t i v a t i o n  of Space S h u t t l e  launch 
and recovery. f a c i l i t i e s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF WWNED SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGR@ 

SUMMARY OF RESOURCES REQUIREMENTS 

1974 - 1973 

Apollo Soyue tes t  p r o j e c t  ....... $38 . 500 . 000 $90 . 000 . 000 

Space l i f e  s c i ences  ............. 23,500,000 21,000,000 

Development, test  and mission 
operation:;. .................... 294,000,000 220,200,000 

Mission sys  :erns and i n t e g r a t i o n .  21,000,000 15,500,000 
Skylab...., ....................... 502,000,000 233,300,000 

Total . , .  ...................... $879.000.000 $580.000.000 

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

Johnson Space Center. ....... 
Kennedy Space Center.. ...... 
Marshall L Space F l i g h t  Center  
Goddard Space F l i g h t  Center. 
Jet  Proj~u:lsion Laboratory.. . 
Wallops S t a t i o n .  ............ 
Ames Research Center..  ...... 
F l i g h t  Xesearch Center . .  .... 
Langley Research Center..  ... 
L e w i s  li~ssearch Center..  ..... 
Headquarters ................ 

To ta:L .. ,, .................. 

$294,583,000 
182,020,000 
380,322,000 

645 , 000 
802 , 000 
150 , 000 

9,038 , 000 
96,000 

1 , 356,000 
410 , 000 

9,578,000 

.$879,000.000 

$265,807,000 
102 , 979 , 000 
191,059,000 

822 , 000 
634 , 000 
160 , 000 

9,123,000 

988,000 
250 , 000 

8 , 078,000 

100 , 000 

HIGHLIGHTS OF BUDGET PLAN 

Apo 1 l o  SoywClCes t Pro j ec t 

$580.000.000 

1975 - 
$114 , 600 , 000 

175 , 200 , 000 
18 , 000 , 000 
15  , 500 , OClO 

.. - 
$323.300.000 _- 

$135 , 709 , 000 
89 , 800 , 000 
85 , 430 , 000 

250 , 000 
775 , 000 

7,536,000 

550 , 000 
250 , 000 

- .. - 
100 , 000 

2,900 , 000 _- 
$3233oo.ocJO _- 

Command mi& Se rv ice  Module - 
Completion of s p a c e c r a f t  and launch 
adap te r  modi f ica t ion ,  d e l i v e r y  t o  
Kennedy Space Center ;  mod i f i ca t ion  
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1973 - 1974 - 1975 - 
of backup s p a c e c r a f t  ; guidance 
and nav iga t ion  programs; p re -  
f l i g h t  checkoii t and ver i  f ica t ion  ; 
engineer ing suppor t  dur ing  
assembly , lauinch p repa ra t ion  
and f l i g h t ,  conitract adminis - 
t r a t i o n . .  . . . . . . . . . . . . . . . . . . . . . . . . $12 , 600,000 $32,300,00 $8,000,000 

Docking M o d ~ l e  -- and Docking 
System - F i n a l  checkout and 
ground t e s t i n g  of t es t  and f l i g h t  
a r t i c l e s ;  engin'eering support .  . . 21,000,000 21,700,000 3 , 400,000 

Jkperimen t 2 - Development , 
t e s t i n g ,  q u a l i f i c a t i o n  and 
i n t e g r a t i o n  o f  experiments;  
p a r t i c i p a t i o n  of  p r i n c i p a l  and 
c o i n v e s t i g a t o r s  i n  appropr i a t e  
mission a c t i v i t i e s ;  d a t a  r e t r i e v a l ,  
reduct ion  and a n l y s i s  f o r  one 
year  a f t e r  t h e  mission.. . . . . . . . . .  

Launch Vehicle  - Stage sus-  
t a i n i n g  engineer ing,  systems 
engineer ing  and i n t e g r a t i o n  ...... 

Launch Operat ions - Continued 
c o n t r a c t o r  suppor t  t o  modify, test  
and o p e r a t e  t:he launch fac i l i t i es  
and equipment: p r i o r  t o  and 
dur ing  launch ope ra t ions . .  . . . . . . . 

F l i g h t  Sup1,ort and Operat ions - 
$ Crew and f l i g h t :  c o n t r o l l e r  

t r a i n i n g  on PSTP equipment ; f u e l s  
and pressurarrits f o r  checkout of  
t h e  command and service module 
and docking module; module and 
hardware t r su ispor ta t ion ;  c a r t o  - 
graphy; engineer ing support  o f  
command and sewice  module, 
docking modu'le and docking 
system; procurement o f  Govern- 
men t -furnished equipmen t ; crew 

c 

--- 8 , 000 , 000 5,000 , 000 

--- 9,500,000 32,500,000 

-- - 8 , 900,000 45,000,000 
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1973 1974 1975 

p rov i  s ion ing  and t e l e v i s i o n  ; 
equipment t o  suppor t  module and 
systems t e s t i n g  and checkout;  
mission a n a l y s i s  and recovery 
planning ; language t r a n s  l a  t i o n  
s e r v i c e s ;  modlj.fi.cation of t h e  
mission contrcil c e n t e r ;  conduct 
of t h e  mi.ssiclri, inc luding  
recovery. . . . . . . . . . . . . . . . . . . . . . . . .  $4,900,000 $9,600,000 - $ 20,700,000 

T o t a l ,  Apo1I.o Soyuz T e s t  
P ro jec t . .  .................... $38.500.000 $90.000.000 $114.600.000 

Development, Test and Mission Operat ions 

Research a n c l e s t  Operations 

Engineer ingand Test - Engi- 
nee r ing  suppor t  and test a c t i v -  
i t i e s  involv ing  propuls ion ,  
s t r u c t u r e s ,  m a t e r i a l s ,  l i f e  
suppor t ,  information systems, 
guidance and c o n t r o l ,  and 
telemetry/communications 
systems. Biomedical support  
o f  s p a c e c r a f t  des ign;  o p e r a t i o n a l  
suppor t  r e l a t e d  t o  f l i g h t  crew 
h e a l t h ;  and space f l i g h t  medical 
studies. . . . . . . . . . . . .  ............. 56,200,000 56,800,000 52,900,000 

R e l i a b i l i t L  Q u a l i t y  and 
Safe ty  - Support a c t iv i t i e s  i n -  
vo lv ing  r e l i a b i l i t y  assurance ,  r i s k  
a n a l y s i s ,  and test  and checkout 
of subsystems, components, and 
suppor t  equipment as  r e l a t e d  t o  
development , manufacture, d e l i v e r y  , 
prelaunch checkout, and launch 
of space v e h i c l e s  and payloads ... 8,400,000 5,300,000 - 4,200,000 

To ta l ,  Research and T e s t  
Operations. .  ............. $64,600,000 $62,100,000 $57,100,000 
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1973 1974 197 5 

---- Crew and F l i g h t  Operat ions 

C r e w  - .ASTP mission and 
p ro f i c i ency  t r a i n i n g  of  a s t r o -  
n a u t s ;  hardware update  of 
s imula tors  and t r a i n e r s ;  p i l o t  
equipment; ope ra t iona l  a c t i v -  
i t i e s  involv ing  mission simu- 
l a  t o r s ,  p a r t  t a s k  t r a i n e r s ,  
and a i r c r a f t . .  ................... $15,600,000 $10,100,000 $9,400 , 000 

-- 

- F l i g h t  - Mission planning and 
updat ing;  f l i g h t  c o n t r o l ;  compu- 
t a t i o n  f a c i l i t y  ope ra t ion  inc luding  
t h e  da t a  reduct ion  complex; 
computer modi f ica t ions  r e l a t e d  t o  
experiment da t a  conversions;  crew 
procedure updates  ................ 20,721,000 16,900,000 1 2  , 100 , 000 

Mission Control - Maintenance 
and ope ra t ion  of t h e  mission con- 
t r o l  c e n t e r ,  inc luding  t h e  real  
t i m e  computer complex and t h e  
d i s p l a y / c o n t r o l ,  communication 
command and te lemet ry ,  vo ice  
communicati'on, and t h e  mission 
s imula t ion ,  checkout and t r a i n i n g  

19 , 400,000 systems.. . . . . . . . . . . . . . . . . . .  ...... 36,700,000 33,400,000 

T o t a l ,  C r e w  and F l i g h t  
$40,900,000 Operations ............... $73,021,000 $60,400,000 

Operations Support - Manned 
space f l i g h t ? n s t a l l a t i o n  a c t i v -  
i ties , inc luding  t e c h n i c a l  f a c i l -  
i t y  maintenance and ope ra t ion ;  
post launch ref  xb i shmen t ;  
renovat ions ;  r i gg ing ;  c losed  
c i r c u i t  te l levis ion r e l a t e d  t o  
t r a i n i n g  and t e s t  f a c i l i t i e s ;  
documentation and t echn ica l  
r e p o r t  p repara t ion ;  l o g i s t i c  
suppor t ;  computer services ; 



1973 1974 1975 
chemical purl;ing services ; 
des ign  and d r a f t i n g  involv ing  
launch equipment and f a c i l i t i e s ;  
t e l e c o m u n i c a  t i ons  ; and main- 
tenance of  t e c h n i c a l  and 
product ion f a c i : l i t i e s . .  .......... $82,079,000 $51,800,000 $43,100,000 

To ta l ,  Operations Support . .  .. $82,079,000 $51,800,000 . $ 43,100,000 

Launch System:; Operations 

MechanicalGround Systems - 
Operation and maintenance of 
launch comples Eacil i t ies and 
r e l a t e d  equipment, inc luding  t h e  
mobile s e r v i c e  s t r u c t u r e ,  mobile 
launchers ,  a'l t i  tude chambers, 
p r o p e l l a n t  loading systems , 
pneumatics, iand Vertical  Assembly 
Building mechanical systems ; 
l aunch-re la ted  s e r v i c e s  involv ing  
p r o p e l l a n t  hiandling, l i f e  suppor t ,  
t e c h n i c a l  shops,  chemical 
c l ean ing ,  and systems s a f e t y . .  ... 37,300,000 21,900,000 19,900,000 

Elec t r i c i z l h s  trumenta t i o n  
Systems - opera t ion  and main- 
tenance of e l e c t r i c a l / e l e c t r o n i c  
and launch ins t rumenta t ion  
systems, i n c  1 ud ing automatic  
checkout equipment, o p e r a t i o n a l  
vo ice  and TV coimnunications, and 
o t h e r  e l  ec tr ica  1 / e l e c t r o n i c  
systems.. . . . . . . . . . . . . . . . . . . . . . . . .  37,000,000 24,000,000 14,200,000 

To t a l ,  Launch Systems 
Operiations.. ............. $74,3OO,OOO $45,900,000 $34,100,000 

'Tota'l, 3evelopment, T e s t  
and Mission Operat ions.  $294,000.000 $220.200.000 $175.200.000 
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1973 1974 1975 

Space L i f e  Sciences 

Space L i f g R e s e a r c h  - Medical, 
behav io ra l  .and b i o l o g i c a l  research 
and biomediscal experiment d e f i n i -  
t i o n  t o  i n v e s t i g a t e  b i o l o g i c a l  
and human r'esponses t o  space 
f l i g h t  ........................... $12,021,000 $10,500,000 $8,900,001:) 

L i f e  Support _- and P r o t e c t i v e  
Equipment - Development and 
t es t ing  o f imp roved , cos t -e f f ec t ive 
a s t r o n a u t  l i f e  suppor t  and s a f e t y  
systems and equipment, i nc lud ing  
high perfonnance space  s u i t s ,  
r egene rab le  atmospheric c o n t r o l  
and improved was te  management.. . . 6,619,000 7,000,000 6,000 , 000 

Bio ins t rumenta t ion  and Man- 
Machine --- Techno - - Development 
of technology ;and procedures f o r  
t h e  measurement of phys io log ica l ,  
medical and performance responses 
i n  space ;  s t u d i e s ,  advancement of 
technology and augmentation of 
human c a p a b i l i t i e s  through use  of 
man-machine systems and devices  
l i k e  t e l e o p e r a t o r s  and robots . .  . . 4,860,000 3,500,000 3,100,000 

T o t a l ,  ,j.?ace L i f e  Sciences. .  . $23.500.000 $21.000,000 $18.000.00C! 

Mission Systems and I n t e g r a t i o n  

Payload I n t e g r a t i o n  and Mission 
Analys is  - Stud ies  and ana lyses  
involv ing  pa:yload and o p e r a t i o n a l  
requirement:; d e f i n i t i o n  f o r  use  
as des ign  d a t a  f o r  S h u t t l e ,  Tug 
and Spacelab ; a s s u r e  hardware 
and suppor t  :systems i n t e r f a c e  
compatibi1iir:y; low c o s t  concepts 
f o r  payload des ign  and o p e r a t i o n s ;  
new payload development approaches ; 
new payload a p p l i c a t i o n s ;  t h e  
development of low c o s t ,  r eusab le  
gene ra l  purpose miss ion  equipment 
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t o  accommodate d i f f e r i n g  payloads; 
and t h e  forniu1.ation of  procedures 
and systems f a r  o r b i t a l  and ground 
handl ing  opcza t ions  .............. $6,000,000 $5,500,000 $5 , 500 , 0010 

Spac e l  ab lJ:Ornc ep t Veri f i ca t ion  
Tes t ing  - Ckmt:inued ope ra t ions -  
o r i e n t e d  s t u d i e s ;  f a b r i c a t i o n  and 
use  of engineer ing  mock-ups; 
concept verFfi .ca t i o n  t e s t i n g  
involv ing  a.c:qu:isition of subsys - 
t e m s  f o r  i n t e r f a c e  t e s t i n g  and 
development: of a s s o c i a t e d  com- 
p u t e r  sof tware. .  ................. 6 , 000 , 000 

Advanced Jmelopment  - 
Development. and test  of new 
technology concepts  , components 
and systems, a.nd s tudy of  ad-  
vanced opemti .ona1 procedures 
and techniques f o r  f u t u r e  
programs t o  reduce program 
t e c h n i c a l  risks and development 
c o s t s ;  ini t : ia t : ion of long-lead 
hardware devel.opment ; improve- 
ment of in -house  t e c h n i c a l  
manag emen t and d eci s ion  -making 
c a p a b i l i t i e s ;  emphasis on m u l t i -  
program app1.ic:ations and h igh  
leverage  new t:echnology develop - 
ments... . . . .  9 , 000 , 000 ..................... 

2,500,000 

7 , 500 , 000 

2 , 500 , 0010 

6 , 000 , 0010 

Space Tup; - Define NASA r equ i r e -  
ments f o r  d.eve1opment of i n i t i a l  
upper s t a g e  system f o r  Space 
S h u t t l e ;  conduct systems ana lyses  
and explora.l:ory development. of a 
subsequent advanced technology 
space t:ug syst:em; determine tech-  
no logy r equ:ir ements .............. --- --- 1 , 500 , OC!? 

Tota l ,  Mission Systems and ............... $15,500.0CQ $15.500.000 - 

Skylab $502.000.000 $233.300.000 _- 

I n t  egi:at:ion. $21.000.000 

-- - ........................... _- 
FY 1975 funding i s  n o t  requi red .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1 9 7 5  ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGRAP! 

FLIGHT SCHEDULE 

PROJECT -- 

Apollo Soyun: Tes t :  
P r o  j ec: t 

MISS I O N  

Internat ional  Docking T e s t  

CALENDAR 
YEAR 

Ju ly  1 9 7 5  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF MANNED -- SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGRAM 

PROGRAM OBJE_CzVES AND JUSTIFICATION: 

The Space F l i g h t  Operat ions program inc ludes  t h e  Apollo Soyuz T e s t  P r o j e c t ;  
t h e  developmental and suppor t ing  ac t iv i t i e s  conducted under development, tes t  
and mission ope ra t ions ;  space l i f e  s c i ences ;  mission systems and i n t e g r a t i o n ;  
and t h e  Skylab program. 

The U.S. and t h e  USSR have agreed t o  j o i n t l y  implement t h e  Apollo Soyuz 
Test P r o j e c t  (ASTP) t o  develop and tes t  a compatible  system f o r  rendezvous 
and docking c f  f u t u r e  manned s p a c e c r a f t  and s t a t i o n s  t h a t  would b e  s u i t a b l e  
f o r  u s e  as a s tandard  i n t e r n a t i o n a l  system. The ASTP i s  a f l i g h t  experiment 
involv ing  t h e  rendezvous and docking of  a manned Apollo s p a c e c r a f t  w i th  a 
manned Soyuz spacec ra f t .  The Soyuz s p a c e c r a f t  w i l l  b e  launched from t h e  
USSR. The Ap0110 s p a c e c r a f t  w i l l  then be  launched from t h e  U.S. and w i l l  
rendezvous w i t h  t h e  Soyuz s p a c e c r a f t  i n  o r b i t  where j o i n t  docked ope ra t ions ,  
inc luding  crew t r a n s f e r  and i n - f l i g h t  experiments w i l l  be  accomplished. 

Development:, test  and mission ope ra t ions  encompasses t h e  b a s i c  engineer ing 
and test: ope1:at:ions conducted by Manned Space F l i g h t  f i e l d  c e n t e r s  i n  
suppor t  of i.t:s programs, t oge the r  w i t h  t h e  p rov i s ions  f o r  crew t r a i n i n g ,  and 
launch, f l iE;ht ,  and o p e r a t i o n a l  suppor t  requi red  f o r  space f l i g h t  missions.  

Space l i f e  s c i ences  complements ongoing and planned space  a c t i v i t i e s  through 
ground-based arid f l i g h t  r e sea rch  p r o j e c t s  involv ing  s t u d i e s  of man as an  
ope ra to r  and c o n t r o l l e r  of hardware i n  space.  Space l i f e  sciences provides  
f o r  t h e  r e q u i s i t e  advanced technology development of  systems designed t o  
suppor t  and p r o t e c t  t h e  l i f e  of man o r  t o  extend h i s  c a p a b i l i t i e s  i n  space. 

Mission systems and i n t e g r a t i o n  encompasses work e s s e n t i a l  t o  t he  planning 
and p repa ra t ion  f o r  f u t u r e  manned space f l i g h t s .  The p r i n c i p a l  a r e a s  of  
a c t i v i t y  a r e :  payload i n t e g r a t i o n  and mission a n a l y s i s ,  spacelab s t u d i e s  
and concept v e r i f i c a t i o n  t e s t i n g ,  advanced development, and t h e  d e f i n i t i o n  
of NASA requ:irements f o r  a space tug.  

The p:lannetl o b j e c t i v e s  f o r  t h e  Skylab program have been accomplished. 
FY 1975 func1:ing i s  n o t  requi red .  
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BASIS OF FUND REQUIREMENTS : --- 

Apol lo  Soyuz T e s t  P r o j e c t  

The hpo1:lo Soyuz T e s t  P r o j e c t  (ASTP) i s  a j o i n t  endeavor o f  t h e  United 
States and the  Sovie t  Union as p a r t  of t h e  agreement on coopera t ion  i n  space  
which P res iden t  Nixon signed i n  Moscow i n  May of  1972. Both c o u n t r i e s  have 
agreed t o  d?velop compatible rendezvous and docking systems which w i l l  pro-  
v i d e  a b a s i s  :€or docking and rescue  on f u t u r e  s p a c e c r a f t  of bo th  n a t i o n s ,  
and t o  cond.,lct a j o i n t  experimental  mission i n  mid-1975 t o  rendezvous and 
dock a mannd Apollo s p a c e c r a f t  wi th  a manned Soyuz-type s p a c e c r a f t  t o  t e s t  
t hese  docking systems i n  o r b i t .  Each n a t i o n  i s  s e p a r a t e l y  developing dock- 
i n g  system:; based on a mutually ag reeab le  s i n g l e  s e t  of i n t e r f a c e  des ign  
spec i f  i c a t i m s .  

The major new U.S. program elements are  a docking module and docking 
system necczssiary t o  achieve  compa t ib i l i t y  of  rendezvous and docking systems 
wi th  t h e  USSR developed hardware t o  be employed on a Soyuz spacecraft. The 
docking module and system toge the r  w i th  an Apollo comand and service module 
(CSM) w i l l  b e  launched on a Saturn I B  launch veh ic l e .  The docking module 
and t h e  docking system w i l l  be  stowed i n  t h e  s p a c e c r a f t  launch v e h i c l e  
adap te r  and e x t r a c t e d  by t h e  CSM whi l e  i n  e a r t h  o r b i t  i n  a manner s i m i l a r  
t o  t h a t  usI3.d wi th  t h e  luna r  module on a n  Apollo l u n a r  mission.  

The ASTP mission w i l l  inc lude  t e s t i n g  a compatible rendezvous system i n  
o r b i t ;  tes t in,g the compatible docking systems; v e r i f y i n g  techniques f o r  
t r a n s f e r  oE a s t r o n a u t s  and cosmonauts; conduct ing experiments w h i l e  docked 
and undocked; developing experience f o r  t h e  conduct of p o t e n t i a l  j o i n t  
f l i g h t s  by U.S. and USSR s p a c e c r a f t ,  i nc lud ing ,  i n  case of  n e c e s s i t y ,  
render ing  <aid i n  emergency s i t u a t i o n s .  

J o i n t  US/USSR working groups have been meeting on a scheduled b a s i s  t o  
review and agree  on t h e  t echn ica l  and o p e r a t i o n a l  a s p e c t s  of t h e  j o i n t  
pro j ec t . 

Apol lo  Soyuz T e s t  P r o j e c t  

1974 1975 - 1973 - 
Command ,and service module..... $12,600,000 $32,300,000 $8 , 000 , Oi30 
Docking module and docking 

system................ ....... 21,000,000 21,700,000 3 ,400,0130 

Launch vehicle. . . . . . . . . . . . . . . . .  --- 9 , 500 , 000 3 2  , 500 , 000 

F l i g h t  support  and opera t ions . .  4,900 , 000 9,600,000 20 , 700,000 -- 

Experiments. ................... --- 8 , 000 , 000 5,000 , 0100 

Launch ope ra t ions  .............. -- - 8,900,000 45,000,0100 

Total.. . . . . . . . . . . . . . . . . . . . .  $38.500.000 $90.000.000 $ 1 1 4 . 6 0 0 . 0 ~ [ ~  _- 
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Command and Serv ice  Module 

The Apollo s p a c e c r a f t  w i l l  b e  a modified v e r s i o n  o f  t h e  command and service 
module (CSM) flown dur ing  t h e  f i r s t  several l u n a r  landing missions.  Major 
CSM modi f ica t ions  i n c l u d e  a d d i t i o n a l  p r o p e l l a n t  t anks  f o r  t h e  r e a c t i o n  con- 
t r o l  system ,and t h e  a d d i t i o n  o f  c o n t r o l s  and d i s p l a y s  requi red  f o r  t h e  
proper  o p e r a t i o n  of t h e  docking module and docking system. 

F i s c a l  Year 1974 funding provides  f o r  s p a c e c r a f t  m o d i f i c a t i o n s ;  space- 
c r a f t  launch v e h i c l e  a d a p t e r  modi f ica t ions  inc luding  a t r u s s  t o  accommodate 
t h e  docking module dur ing  launch; guidance and n a v i g a t i o n  requirements;  and 
requi red  groJnd t e s t i n g .  A l l  t h e  b a s i c  modi f ica t ions  t o  t h e  prime space- 
c r a f t  f o r  t h e  ASTP mission have been completed and experiment i n t e g r a t i o n  
modi f ica t ions  a r e  being performed. FY 1974 funding a l s o  provides  f o r  
engineer ing support  i n  t h e  areas of i n t e g r a t i o n ,  checkout and r e l i a b i l i t y  
o f  t h e  s p a c e c r a f t ;  t h e  maintenance and o p e r a t i o n  o f  s p a c e c r a f t  ground 
equipment ; a.?d c o n t r a c t  adminis t ra t ion .  

F i s c a l  Year 1975 funding w i l l  p rovide  f o r  completion o f  modi f ica t ions  and 
checkout and f o r  d e l i v e r y  of t h e  f l i g h t  s p a c e c r a f t  and launch v e h i c l e  
a d a p t e r s  t o  t h e  Kennedy Space Center ;  modi f ica t ion  of t h e  backup s p a c e c r a f t ;  
and development o €  compatible rendezvous and docked c o n f i g u r a t i o n  guidance 
and nav iga t ion  'programs f o r  t h e  mission,  inc luding  p r e f l i g h t  chec.kout and 
v e r i f i c a t i o n .  

F i s c a l  Year 1'37.5 funding w i l l  a l s o  provide f o r  i n p l a n t  engineer ing support  
f o r  t h e  f l i g h t  s p a c e c r a f t  dur ing  t h e  space v e h i c l e  assembly and checkout,  
t h e  p r e p a r a t i o n s  €o r  launch and t h e  f l i g h t  mission. Cont rac t  a d m i n i s t r a t i o n  
services provid'sd by t h e  Department of  Defense on a reimbursable  b a s i s  a r e  
a l s o  included.  

Docking Module iInd Docking System 

The docking module i s  c y l i n d r i c a l  i n  shape and i s  approximately 1.5 meters 
(about 5 f e e t )  i n  diameter  and 3 meters (about 10 f e e t )  i n  l eng th .  It w i l l  
serve as an  a i r l o c k  f o r  t h e  i n t e r n a l  t r a n s f e r  o f  crewmen between t h e  
d i f f e r e n t  atinz~spheres o f  t h e  Apollo and Soyuz s p a c e c r a f t .  The docking 
module w i l l  be  (equipped w i t h  r a d i o  and TV communications, antennas,  s t o r e d  
gases ,  h e a t e r s ,  and t h e  d i s p l a y s  and c o n t r o l s  necessary  f o r  t r a n s f e r  
opera t ions .  

The docking module i s  designed t o  handle  two crewmen simultaneously.  
Hatches having c o n t r o l s  on both s i d e s  w i l l  b e  i n s t a l l e d  a t  each end of  t h e  
module. A u n i v e r s a l  docking system w i l l  b e  loca ted  a t  t h e  Soyuz end of 
t h e  module am3 w i l l  b e  capable  of func t ion ing  w i t h  s i m i l a r  components on t h e  
Soyuz-type s p a c ~ x r a f t .  
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F i s c a l  Y e a r  1974 funding provides  f o r  f a b r i c a t i o n ,  assembly and checkout 
of t h e  docking module and docking system test  and f l i g h t  a r t ic les ;  requi red  
ground quaYiffication t e s t i n g ;  and engineer ing  suppor t  i n  t h e  areas of  
i n t e g r a t i o n ,  checkout and r e l i a b i l i t y .  J o i n t  US/USSR t e s t i n g  of t h e  
docking system w a s  s u c c e s s f u l l y  accomplished a t  t h e  Johnson Space Center 
l a t e  las t  : E a l : L .  

F i s c a l  Y e a r  1975 funding w i l l  provide f o r  f i n a l  manufacturing checkout o f  
t h e  docking module t e s t  and f l i g h t  a r t i c l e s ;  r equ i r ed  ground t e s t i n g ;  and 
engineer ing  support  involved i n  such a c t i v i t i e s  as  t h e  docking module 
thermal vacuuin q u a l i f i c a t i o n  tests,  t h e  j o i n t  docking system q u a l i f i c a t i o n  
tests-, and the  IJS/USSR f i n a l  j o i n t  docking system equipment acceptance 
review. 

Fiscal  Year 1975 funding w i l l  a l s o  provide  f o r  development c e n t e r  engineer ing 
support  f o r  t h e  f l i g h t  docking module a t  t h e  Kennedy Space Center dur ing  
space v e h i c l e  assembly, f i n a l  j o i n t  US/USSR docking system p r e f l i g h t  
c o m p a t i b i l i t y  tests of t h e  f l i g h t  hardware, and support  o f  t h e  docking 
hardware i n  p repa ra t ion  f o r  launch inc luding  t h e  f i n a l  f l i g h t  r ead iness  
review and the  . € l igh t  mission.  

The docking module des ign  emphasized low c o s t  cons t ruc t ion  made p o s s i b l e  
by t h e  launch weight  margin inhe ren t  i n  the  use  o f  t h e  Saturn I B  launch 
veh ic l e .  Thick aluminum p l a t e  w a s  used r a t h e r  than honeycomb, r e s u l t i n g  
i n  a cons ide rab le  r educ t ion  i n  s t r u c t u r a l  c o s t .  I n  a d d i t i o n ,  t h i s  
docking module design approach w a s  undertaken t o  demonstrate  t h e  payload 
savings o p p o r t u n i t i e s  a f fo rded  by l a r g e  l i f t  c a p a b i l i t i e s  such as w i l l  be  
provided by t h e  space s h u t t l e  i n  t h e  1980 's .  

Experiments 

During t h e  ASTP mission,  t h e  c r e w  w i l l  conduct important  new sc i ence ,  
a p p l i c a t i o n s ,  technology and medical experiments.  

The sc i ence  experiments s e l e c t e d  f o r  t h e  mission inc lude  astronomical  
observa t ions  i n  a reg ion  of t h e  e lec t romagnet ic  spectrum which has  n o t  
been s y s t e m a t i c a l l y  surveyed by s a t e l l i t e  instruments .  The astronomical  
obse rva t ions ,  which a re  i n  t h e  low energy X-ray and extreme u l t r a v i o l e t  
reg ions ,  should s i g n i f i c a n t l y  advance our  understanding of  some of t h e  
spec tacu la r  new classes of o b j e c t s  discovered i n  t h e  l a s t  few yea r s  (such 
as quasa r s ,  p u l s a r s ,  and X-ray sources ) ,  and a l s o  provide  important  
in format ior  on t h e  n a t u r e  of t h e  i n t e r s t e l l a r  medium. I n  a d d i t i o n ,  
atmospheric observa t ions  w i l l  be  conducted us ing  a new technique f o r  
measuring atmospheric c o n s t i t u e n t s  which are  too  chemically reactive t o  
measure d i r e c t l y  wi th  a mass spectrometer .  This  i s  a j o i n t  experiment wi th  
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t h e  USSR and w i l l  b e  accomplished by sending a n  o p t i c a l  s i g n a l  from t h e  CSM 
t o  a ref1ect:or on the  Soyuz. The s i g n a l  w i l l  be  bounced back and scanned 
i n  t h e  Apo1l.o s p a c e c r a f t  t o  s tudy  the  e f f e c t s  of t h e  sun on atomic oxygen 
and n i t r o g e n  at: o r b i t a l  a l t i t u d e s .  These observa t ions  a re  important  f o r  a 
b e t t e r  understainding of t h e  chemistry and t h e  energy ba lance  of  t he  upper 
atmosphere. DaLta from t h e s e  experiments could l e a d  t o  a b e t t e r  understanding 
of  t h e  evolu t ion  of  stars,  o f  t he  emission processes  which could lead  t o  new 
methods of  energy genera t ion ,  and of  t h e  i n t e r a c t i o n  o f  t h e  upper and lower 
atmosphere where weather  i s  generated.  

The experinerits  i n  t h e  f i e l d  of a p p l i c a t i o n s  and technology w i l l  i n v e s t i -  
g a t e  t h e  spa.c:e process ing  of  new material samples i n  zero  g r a v i t y  u t i l i z i n g  
an  improved niul.tipurpose furnace,  and make e a r t h  observa t ions  t o  determine 
d e t a i l e d  grs.vit:y f e a t u r e s  and geo log ica l  s t r u c t u r e s  which could i n d i c a t e  
t h e  presence of' o i l  and mineral  depos i t s .  Also included i n  t h i s  f i e l d  i s  
t h e  experimenta.tion of  e l e c t r o p h o r e s i s  process ing ,  a process  where an e l e c t r i c  
f i e l d  wi.11 l ~ e  used t o  s e p a r a t e  l i v i n g  ce l l s  and o t h e r  b i o l o g i c a l  materials 
from a filowi.ng medium wi thout  decreas ing  t h e i r  a c t i v i t y  t o  determine whether 
t h e  near' zero g r a v i t y  condi t ions  enhance a s i m i l a r  p rocess  now involved i n  
work by t h e  Mar: Planck I n s t i t u t e  i n  Germany on t rea tment  of cancer  by c e l l  
t r ans fus ions  arid t r a n s p l a n t s  . 

The l i . f e  sc:iences experiments i nc lude  ex tens ion  o f  work done i n  t h e  Apollo 
and Skylab programs, such as a d d i t i o n a l  s tudy  of  t h e  phenomena oE t h e  cosmic 
l i g h t  f lasher :  observed by Apollo f l i g h t  crews and s t u d i e s  of t h e  e f f e c t s  of 
zero g r a v i t y  and r a d i a t i o n  on organisms. S tudies  w i l l  a l s o  be conducted on 
p r e  and post: f l i g h t  a s t r o n a u t  blood samples t o  determine,  among o t h e r  t h ings ,  
immunity ret:cmt:ion. 
planned, such a.s a n  experiment designed t o  determine t h e  degree  of t r a n s f e r  
of  micro-organism and mic ro f lo ra  between crew members and t h e  two space- 
c r a f t  involved i n  t h i s  mission. This  experiment i s  designed t o  take 
advantage of a mission involv ing  two s p a c e c r a f t  launched from widely 
separa ted  ground environments. 

There a r e  a l s o  j o i n t  US/USSR l i f e  s c i ence  experiments 

Fiscal.  Yea.]: 1.974 funding provides  f o r  des ign  and development eEfo r t s  on 
t h e s e  experiments.  The experiments have been s e l e c t e d  and approved f o r  
f l i g h t  on t h e  mission. FY 1975 funding w i l l  provide f o r  t h e  cont inued 
development, t e s t i n g ,  q u a l i f i c a t i o n  and i n t e g r a t i o n  of  t h e s e  experiments i n t o  
t h e  command ani! service module and t h e  docking module. 

Fiscal.  Yea.]: 1.975 funding w i l l  a l s o  provide f o r  p a r t i c i p a t i o n  oE t h e  expe r i -  
ment pri .ncipa1 and coinves t i g a t o r s  i n  premission planning,  crew t r a i n i n g  and 
f l i g h t  r ead iness  reviews. Data re t r ieval ,  reduct ion  and a n a l y s i s  f o r  one 
year  a f  t:er t:he mission i s  a l s o  included. 

Launch Vehic.1.e --- 
ASTP w i l l  u t i . l i z e  r e s i d u a l  Apollo-Skylab Saturn IB launch v e h i c l e  hardware. 

The Saturn 13, c o n s i s t i n g  of a n  S-IB s t age ,  an  S-IVB s t a g e ,  and an i n s t r u -  
ment u n i t ,  w i l l .  launch t h e  s p a c e c r a f t  from t h e  Kennedy Space Center i n t o  
e a r t h  o r b i t  for rendezvous and docking wi th  t h e  Soyuz s p a c e c r a f t ,  
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I n  FY 1974, funding provides  f o r  t h e  d e f i n i t i o n  o f  r equ i r ed  launch v e h i c l e  
modi f ica t iona  and f o r  des ign ,  development, and t e s t i n g  of  a d d i t i o n a l  
s p e c i f i c  hardware requi red  t o  meet t h e  launch v e h i c l e  requirements .  

Additionall .y,  FY 1974 funding provides  f o r  launch v e h i c l e  suppor t  and f o r  
t h e  update  o f  launch v e h i c l e  ground suppor t  equipment and of  t h e  system 
development Jiacf-lity. The primary launch v e h i c l e  f i n a l  checkout w a s  com- 
p l e t e d  l a te  1.ast: f a l l .  

F i s c a l  Year 1975 funding w i l l  p rovide  f o r  s t a g e  s u s t a i n i n g  engineer ing  
and systems engjmeering and i n t e g r a t i o n  ac t iv i t ies .  The s t a g e  engineer ing 
c a p a b i l i t y  wi.:ll p rovide  those  engineer ing s k i l l s  necessary  t o  c a r r y  o u t  
c o n t r a c t o r  s t a g e  des ign  r e s p o n s i b i l i t i e s .  These inc lude  cont inuing  
development of checkout c r i t e r i a  and  requirements;  checkout d a t a  a n a l y s i s  
and eva lua t ion ;  requi red  make-it-work changes , f a i l u r e  a n a l y s i s  , l o g i s  t i cs  
management and o t h e r  engineer ing a c t i v i t i e s  r equ i r ed  t o  suppor t  t h e  f i n a l  
f l i g h t  r ead iness  review. 

Systems engineer ing and i n t e g r a t i o n  ac t iv i t i e s  inc lude  launch v e h i c l e  
f l i g h t  mechanics and t r a j e c t o r y  s t u d i e s  f o r  design and development of t h e  
launch vehic1.e f l i g h t  program, f l i g h t  and propuls ion  performance p r e d i c t i o n s  
and struc:tura.l. a.ssessment of t h e  s tacked  launch veh ic l e .  

Launch Operat ions 

Test and ch.eck.out ope ra t ions  of t h e  U.S. space v e h i c l e  w i l l  be  conducted 
a t  t h e  Kennedy Space Center w i t h  launch t o  be  accomplished from Launch 
Complex 39B. 

F i s c a l  Year 1974 funding provides  f o r  i n i t i a t i n g  r equ i r ed  c o n t r a c t o r  
suppor t  t o  mad.ify, tes t ,  and checkout t h e  launch f ac i l i t i e s  and ground 
suppor t  equipnien t and t o  make p repa ra t ions  f o r  t h e  launch ope ra t ions .  

F i s c a l  Year 1975 funding w i l l  p rovide  f o r  t h e  con t inua t ion  of t h i s  
c o n t r a c t o r  support  i nc lud ing  f i n a l  assembly of  t h e  space  v e h i c l e ,  movement 
of  t h e  v e h i c l e  t o  t h e  launch pad, f i n a l  checkout a t  t h e  launch pad, and 
launch. Funds a re  a l s o  provided f o r  f u e l s  and p r e s s u r a n t s  t o  suppor t  t h e  
space v e h i c l e  checkout a t  t h e  Kennedy Space Center,and t h e  f l i g h t  missionl 
and f o r  t h e  systems engineer ing e f f o r t  t o  provide  s t a g e  and connnand service 
module support  necessary  t o  m e e t  a l l  test ,  checkout and f l i g h t  r ead iness  
a c t i v i t i e s  r equ i r ed  f o r  t h e  f i n a l  r ead iness  review and t h e  launch. 

F l i p h t  Suppor t and  Operat ions 

F l i g h t  suppor t  and ope ra t ions  provides  f o r  a broad range of  e s s e n t i a l  
a c t i v i t i e s  which d i r e c t l y  support  t h e  ASTP mission.  

F i s c a l  Year 1974 funding provides  f o r  programmatic engineer ing suppor t  f o r  
t h e  CSM, docking module and docking system; maintenance of camera systems; 
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food and was te  systems; b io ins t rumen ta t ion ;  and CSM f u e l s  and t r a n s p o r t a t i o n .  
Additional:L.y, t h i s  funding provides  f o r  t h e  i n i t i a t i o n  of  procurement of  
Government-furnished equipment inc lud ing  space  s u i t s ,  c r e w  provis ioning ,  
and te levi : ;  ion. 
t h e  u s e  o f  automatic  checkout equipment u t i l i z e d  p rev ious ly  on Apollo and 
Skylab w i l l  a'Lso be  funded. 

Communication and docking system tests and eva lua t ions  and 

F i s c a l  Y e a r  1975 funding provides  f o r  cont inued procurement of Government-. 
furn ished  equipment, communication and docking sys  t e m  tests and eva lua t ions  , 
and t h e  u s e  of checkout equipment t o  suppor t  module and systems t e s t i n g  and 
ch ec kou t . 

F i s c a l  Y e a r  1975 funding w i l l  a l s o  provide  f o r  t r a i n i n g  of  crew and f l i gh t :  
c o n t r o l l e r s  011 ASTP equipment; maintenance of t h e  docking module t r a i n e r ;  
CSM f u e l s  and p res su ran t s  t o  suppor t  test  and checkout of t h e  CSM and docking 
module; module and hardware t r a n s p o r t a t i o n ;  car tography,  and programmatic 
engineer ing suppor t  f o r  t h e  CSM, docking module, and docking system. 

I n  additf-on:, mission a n a l y s i s  and recovery planning;  language t r a n s l a t i o n  
c a p a b i l i t y  inc luding  i n t e r p r e t e r s ;  ope ra t ions  mod i f i ca t ions  t o  t h e  mission 
c o n t r o l  ceriiiei: i.n support  of t h e  f l i g h t  mission;  and t h e  conduct of t h e  
mission inc:!ucling recovery w i l l  be  funded. 

Development, T e s t  and Mission Operat ions 

Development, Test and Mission Operat ions (DTMO) p rovides  f o r  t h e  equipment, 
supp l i e s  and t:he suppor t  c o n t r a c t o r  augmentation of  in-house manpower a t  
Manned Spac:e F l i g h t  Centers  t o  main ta in  t h e  b a s i c  c a p a b i l i t i e s  necessary t o  
conduct: marnied space  f l i g h t  r e sea rch  and development. The nucleus o f  a l l  
Manned Spac.e F l i g h t  space  a c t i v i t i e s  rests i n  t h e  Centers w i t h  t h e i r  comple- 
ment o f  c i v i l  s e rvan t s .  A t  t h e  Centers ,  t h i s  complement, by des ign ,  has  
been he ld  t:o a. minimum t o  accommodate e s s e n t i a l  t e c h n i c a l  and management 
e x p e r t i s e .  These c a p a b i l i t i e s  are augmented through t h e  u s e  of more than  30 
R&D support: c o n t r a c t o r s  who provide  c r i t i c a l  s k i l l s  n o t  o therwise  a v a i l a b l e .  
During FY 151751 DTMO w i l l  fund approximately 6,500 suppor t  c o n t r a c t o r  pe r -  
sonnel  employed as p a r t  o f  Manned Space F l i g h t ' s  i n s t i t u t i o n a l  c a p a b i l i t y  
which i.s rec[ui.red t o  pursue our  ongoing and planned e f f o r t s .  The r e t e n t i o n  
of t h i s  NASA in-house e x p e r t i s e  developed dur ing  t h e  Mercury, Gemini, Apollo,  
and Skylab prc~grams i s  e s s e n t i a l  f o r  a p p l i c a t i o n  t o  and suppor t  of f u t u r e  
programs. 

I n s t i  tuti.cma1 c a p a b i l i t i e s  are  those  common t o  a l l  programs being conducted 
o r  proposed. For in s t ance ,  in-house c a p a b i l i t i e s  must b e  maintained t o  
conduct: l a u r c h  and mission ope ra t ions  and t o  conduct f l i g h t  crew t r a i n i n g .  
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In-house c a p a b i l i t i e s  must a l s o  e x i s t  t o  provide  e a r l 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 ,  advanced development, 
and research  and technology; t o  provide  engineer ing suppor t  f o r  in-depth 
t e c h n i c a l  examination of t h e  work performed by t h e  prime and major sub- 
c o n t r a c t o r  on major programs such as t h e  space  s h u t t l e  and t h e  Apollo Soyuz 
Test P r o j e c t ;  and t o  provide  backup des ign ,  t e s t i n g  and a n a l y s i s  i n  high 
technology areas of  des ign  and development. I n  a d d i t i o n  t o  provid ing  t h e s e  
b a s i c  o v e r a l l  c a p a b i l i t i e s ,  in-house e f f o r t s ,  o f  which development, test  and 
mission ope ra t ions  i s  a p a r t ,  can and do suppor t  s p e c i f i c  programs and t h i s  
support  i s  so  i d e n t i f i e d .  Examples are s p e c i f i c  program t a s k s  r e s u l t i n g  i n  
r equ i r ed  end i t e m s  t h a t  have n o t  been placed under prime c o n t r a c t  b u t  are 
e s s e n t i a l  t o  t h e  s u c c e s s f u l  completion of  t h e  program. 

S p e c i f i c  development, tes t  and mission ope ra t ions  t a s k s  inc lude  ope ra t ion  
and maintenance of Launch Complex 39 as w e l l  as o t h e r  t e c h n i c a l  f a c i l i t i e s  
and ground support  equipment a t  t h e  Kennedy Space Center ;  p rovid ing  h igh ly  
t e c h n i c a l  <and s p e c i a l i z e d  engineer ing  suppor t  t o  t h e  r e sea rch  and developmerit 
l a b o r a t o r i e s  of  t he  Marshall  Space F l i g h t  Center  and t h e  Johnson Space 
Center ;  and maintenance and ope ra t ion  of  t h e  mission c o n t r o l  c e n t e r ,  crew 
t r a i n i n g  s imula to r s  and t r a i n i n g  f a c i l i t i e s  a t  t h e  Johnson Space Center.  
Also included a re  t h e  maintenance o f  a s t r o n a u t  crew t r a i n i n g  a i r c r a f t  a t  
Johnson; reim'bursement f o r  services provided by t h e  A i r  Fo rce ' s  Eas te rn  
T e s t  Range i n  suppor t  of launch a c t i v i t y  conducted by t h e  Kennedy Space 
Center ;  o n - s i t e  t e c h n i c a l  services involv ing  maintenance, f a c i l i t y  r e f u r -  
bishment,  (documentation and t e c h n i c a l  r e p o r t  p repa ra t ion ,  des ign  engineer ing ,  
communications, e l e c t r o n i c  component f a b r i c a t i o n ,  r i g g i n g ,  photographic  
s e r v i c e s  and Ichemical c leaning;  and f a c i l i t y  ope ra t ions  a t  t h e  o f f - s i t e  
l o c a t i o n s :  White Sands T e s t  F a c i l i t y ,  t h e  Mchoud Assembly F a c i l i t y ,  t h e  
M i s s i s s i p p i  T e s t  F a c i l i t y ,  and t h e  S l i d e l l  Computer Complex. 

F i s c a l  Y e s r  1975 funding w i l l  cont inue  suppor t  t o  manned programs , includ.i.ng 
ex tens ive  p r e f l i g h t  ac t iv i t i e s  i n  suppor t  of t h e  ASTP miss ion  i n  J u l y  1975 
and in-house :;upport complementing t h e  e f f o r t  o f  t h e  space  s h u t t l e  c o n t r a c t o r s ,  
as t h e  momentum of  t h e  s h u t t l e  development ac t iv i t i e s  i n c r e a s e s  s i g n i f i c a n t l y ,  
Additional'Ly, suppor t  w i l l  b e  provided t o  f l i g h t  suppor t ing  act ivi t ies  con- 
ducted under l i f e  s c i ences ,  miss ion  systems and i n t e g r a t i o n ,  and advanced 
missioiis. 

Development, T e s t  and Mission Operat ions 

1973 1974 - 1975 - 
Research and tes t  ope ra t ions . .  $64,600,000 $62,100,000 $57,100,000 
C r e w  and f l i g h t  opera t ions . .  . . 73,021,000 60,400,000 40,900 , 000 
Operation:; support . .  . . . . . . . . . . 82,079,000 51 , 800,000 43 , 100,000 
Launch sptcms opera t ions . .  . . . 74,300,000 45,900,000 34,100,00g 

$294.000.000 $220.200.000 $175.200.0O(J -- Tota l .  4,.............0....... 
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Research a n d - E s t  Operations 

1975 - 1973 1974 

Engineering and test........... $56,200,000 $56,800,000 $52,900,000 
R e l i a b i l i t y  , q u a l i t y  and 

s a f e t y  ....................... 8,400,000 5 300 000 4,200 , 000 

Total..o..........o........ $64.600.000 $62.100.000 $57.100.000 

Research and tes t  ope ra t ions  provides  a spectrum of  t e c h n i c a l ,  engineer ing,  
s c i e n t i f i c ,  medical,  r e l i a b i l i t y  and q u a l i t y  assurance  and s a f e t y  suppor t  
opera t ions ,  and complements t h e  a c t i v i t i e s  of  t h e  major development con t r ac -  
t o r s  who a r e  spread ac ross  t h e  country i n  contractor-owned f a c i l i t i e s  o r  
Government p l a n t s .  
t h e  Apollo Soyuz T e s t  P r o j e c t ,  which i s  scheduled f o r  launch i n  .July 1975; 
t h e  r a p i d l y  inc reas ing  space s h u t t l e  ac t iv i t i e s ;  t h e  e f f o r t s  complementing 
t h e  European spacelab development; t h e  s h u t t l e  u t i l i z a t i o n  planning and t h e  
o t h e r  research  and development ac t iv i t i e s  i n  t h e  f i e l d s  of  l i f e  s c i ences ,  
concept  v e r i f i c a t i o n  t e s t i n g ,  advanced development, and advanced miss ions  
s t u d i e s  . 

During FY 1975 r e sea rch  and tes t  ope ra t ions  w i l l  support  

S p e c i f i c  examples of ASTP support  t o  be  provided from FY 1975 funding 
inc lude :  (1) documenting launch v e h i c l e  test  p l ans  and requirements;  
v e r i f y i n g  Saturn I B  v e h i c l e  loads  a n a l y s i s  f o r  l i f t o f f ,  t h r u s t ,  cu to f f  and 
s e p a r a t i o n  time p o i n t s ;  ana lyz ing  f l i g h t  sequence requirements;  and v e r i f y -  
i ng  p r e f l i g h t  launch v e h i c l e  propuls ion  performance p r e d i c t i o n s ;  and (2) 
suppor t ing  a s t r o n a u t  crew t r a i n i n g  i n  t h e  u s e  of  ex t r aveh icu la r  equipment, 
umbi l i ca l s  , cameras, crew equipment; 
equipment; a r d  (4) performing tes ts  i n  small vacuum chambers on a v a r i e t y  of  
f l i g h t  items and components inc luding  c a b l e s ,  cameras, d r i v e  motors,  f i l t e r s ,  
and t o o l s .  

(3) monitor ing s p a c e c r a f t  systems and crew 

Ekamples of FY 1975 space s h u t t l e  suppor t  t o  be  provided a t  t h e  Johnson 
Space Center  include:  
r a d i a t o r  design i n  the  Space Environmental Simulat ion Laboratory;  ( 2 )  t h e  
con t inua t ion  of s h u t t l e  o r b i t e r  technology and d e f i n i t i o n  t e s t i n g  f o r  
propuls ion  s y s t e m s ,  a l t i t u d e  c o n t r o l  and t r a n s l a t i o n  systems, thermal 
p r o t e c t i o n  s y s t e m s ,  s t r u c t u r a l  systems and materials, and s h u t t l e  av ion ic s  
i n t e g r a t i o n ;  (3) in-house suppor t  t o  t h e  o r b i t e r  c o n t r a c t o r  by providing 
hybr id  s imula tor  support ,  o r b i t e r  antenna tes t  and eva lua t ion ,  communications 
and t r ack ing  system ground t e s t i n g ,  s e l e c t e d  components t e s t  and eva lua t ion ,  
sensor  s t u d i e s  and eva lua t ion ,  and development of o r b i t e r  d i s p l a y s  and 
c o n t r o l s ,  o r b i t e r  d a t a  process ing  system hardware, and o r b i t e r  performance 
monitor ing s y s t e m s .  FY 1975 funding u t i l i z e d  a t  t h e  Johnson Space Center 

(1) thermal vacuum chamber t e s t i n g  of t h e  o r b i t e r  
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w i l l  a l s o  provide  f o r  t echn ica l  overview of  checkout systems, electrical  
power systems ins t rumenta t ion ,  communications, t r ack ing  systems, c o n t r o l  
and d i s p l a y  systems, audio systems, te lemet ry  systems, f l i g h t  c o n t r o l  sys-  
t e m s ,  and guidance, naviga t ion ,  and c o n t r o l  systems; and f o r  systems a n a l y s i s  
and i n t e g r a t i o n  e f f o r t s  inc luding  developing mathematical  models f o r  u s e  i n  
mission a n a l y s i s ,  performing thermal environmental  s t u d i e s ,  determining t h e  
drag,  s t a t i c  s t a b i l i t y ,  and c o n t r o l  e f f e c t i v e n e s s  dur ing  a s c e n t ,  and provid-  
i ng  ae roacous t i c  engineer ing f o r  ground wing loads.  

A t  t h e  Marshal l  Space F l i g h t  Center ,  FY 1975 funding provides  f o r  (1) 
a n a l y s i s  of  t h e  dynamics of r e -en t ry  of  t h e  s o l i d  rocke t  boos t e r ,  s tudying  
recovery parachute  aerodynamics, developing test  p lans  and procedures ,  
performing s t r u c t u r a l  ana lyses / t r ade -o f f  s t u d i e s  f o r  des ign  op t imiza t ion ,  
e s t a b l i s h i n g  a n a l y s i s  procedures  and ground r u l e s  f o r  s o l i d  rocke t  motor 
f a i l u r e  mode and e f f e c t s  a n a l y s i s  and suppor t ing  t h e  development of s o l i d  
rocke t  motor design requirements  and c r i te r ia ;  (2) suppor t  t o  t h e  s h u t t l e  
main engine development through p repa ra t ion  and t e s t i n g  of materials , review 
of  d e t a i l  drawings and tes t  d a t a ,  development o f  dynamic math models of 
engine and complonents , eva lua t ion  of  ground handl ing and ope ra t ion  procedures ,  
and es tab l i shment  of a hybr id  s imula t ion  of  t h e  engine c o n t r o l l e r / a c t u a t o r  
system; and (3) support  of t h e  e x t e r n a l  tank  inc luding  performing stress 
a n a l y s i s  o f  s t r u c t u r e s ,  conducting t r ade -o f f  s t u d i e s  t o  opt imize  s t r u c t u r a l  
des ign ,  developing test  p l ans  and procedures ,  formulat ing t e s t  cr i ter ia  f o r  
components and performing c o s t  op t imiza t ion  t r ade -o f f  s t u d i e s  of t h e  propuls ion  
systems. 

I n  a d d i t i o n  t o  t h e  suppor t  o f  program development, t h e  research  and test oper-  
a t i o n s  FY 1975 funds which are  t o  be  provided t o  t h e  Johnson and Marshal l  Space 
Centers  suppDrt (1) s h u t t l e  u t i l i z a t i o n  planning ac t iv i t i e s ;  (2) in-house 
e f f o r t s  t o  demonstrate and v e r i f y  v a r i o u s  manned and automated s h u t t l e  
payload designs and o p e r a t i o n a l  concepts  i nc lud ing  space lab  o r i e n t e d  t r ade -  
o f f  s t u d i e s ,  developing c o s t  d a t a  f o r  systems i n t e g r a t i o n ,  performing man/ 
systems i n t e g r a t i o n  and ope ra t ions  systems ana lyses ,  p rovid ing  materials 
eva lua t ion ,  #and suppor t ing  the  updat ing o f  l o g i s t i c s  suppor t  requirements;  
(3 )  biomedical a c t i v i t i e s  r e l a t e d  t o  ASTP and s h u t t l e  s p a c e c r a f t  des ign ,  
o p e r a t i o n a l  support  t o  manned space f l i g h t  ope ra t ions  such as f l i g h t  crew 
h e a l t h  care .and p r e f l i g h t  h e a l t h  s t a b i l i z a t i o n ,  developing and implementing 
space f l i g h t  medical s t u d i e s ,  conduct ing primary and b a s i c  r e sea rch  i n  space  
l i f e  s c i ences ,  *and d e t a i l e d  des ign  o f  s h u t t l e  t e l e o p e r a t o r  breadboard level 
c o n t r o l  and inftormation t r a n s f e r  subsystems as they are  def ined  through i n -  
house l abora to ry  r e sea rch ;  and (4 )  s a f e t y ,  r e l i a b i l i t y  and q u a l i t y  assurance  
ac t iv i t i e s .  
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C r e w  and FlJ&lt Operat ions 

1974 1975 - 1973 - 
Crew.....,,..................... $15,600,000 $10,100,000 $9 , 400 , 0010 
F l i g h t .  ......................... 20,721,000 16 , 900 , 000 12,100,0010 
Mission c:ont:rol.. .............. 36,700,000 33,400,000 19 , 400 , OO!O_ 

Tota l . . ,  ,..................... 373.021.000 $60.400.000 $40.900,0CQ _- 

C r e w  and Cl ight  ope ra t ions  inc ludes  a l l  ac t iv i t i e s  a s s o c i a t e d  w i t h  a s t r o -  
nau t  t ra ini .ng and p ro f i c i ency ,  f l i g h t  ope ra t ions ,  o p e r a t i o n  of t h e  mission 
control. ceni:er’ and ope ra t ion  of t h e  Data Computation F a c i l i t y .  A l l  
ope ra t ions  are conducted a t  t h e  Johnson Space Center  where t h e  a s t r o n a u t s  
a re  based and t h e  mission c o n t r o l  c e n t e r  i s  loca ted .  The reques ted  funding 
f o r  FY 1975 r e p r e s e n t s  a s i g n i f i c a n t  reduct ion  from p r i o r  yea r s  and r e s u l t s  
from t h e  rcduc:ti.on i n  peak f l i g h t  ac t iv i t i e s  of t h e  Skylab program p a r t i a l l y  
o f f s e t  by t h e  bui ldup i n  s h u t t l e  r e l a t e d  e f f o r t s .  During FY 1975 a major 
port ior i  o f  t h e  e f f o r t s  i n  crew and f l i g h t  ope ra t ions  w i l l  be  devoted t o  
p r e f l i g h t  ac t iv i t i e s  of  t h e  ASTP mission.  P r e f l i g h t  a c t i v i t i e s  inc lude  
ope ra t ion  c ) !  pro f i c i ency  a i r c r a f t ,  ope ra t ion  of procedure and mission 
s imula to r s ,  arid f l i g h t  planning. Other ope ra t ions  ac t iv i t i e s  which w i l l  be  
supported iiicI.ude (1) maintenance, modi f ica t ion ,  and engineer ing support  
services re ’ ta t ing  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 :cero-G a i r c r a f t ;  (2) computation and a n a l y s i s  suppor t  of t h e  
s h u t t l e  program i n  t h e  Cen t ra l  Data Computation F a c i l i t y  and t h e  Software 
Development Laboratory;  (3) ope ra t ion ,  maintenance, and modi f ica t ion  of‘ t h e  
f l i g h t  crew s imula t ion  and t r a i n e r  f a c i l i t y  i nc lud ing  t h e  ASTP configured 
command module s imula tor  (CSM) , t h e  command module t r a i n e r  and t h e  docking 
t r a i n e r  t o  lie u t i l i z e d  f o r  ASTP procedures  development and crew t r a i n i n g ;  
( 4 )  perforntznxe of s h u t t l e  mission des ign  s t u d i e s  inc lud ing  d e t a i l e d  s tudies ,  
o f  mission p r o f i l e s  and sequence of events  cons ider ing  i m p a c t  of nav iga t ion  
c a p a b i l i t y ,  communications, o r b i t e r  maneuver c a p a b i l i t y ,  v ac t iv i t i e s ,  
and systems c o n s t r a i n t s ;  (5) ASTP ope ra t iona l  suppor t  a c t i v i t i e s  ‘ncluding 
updates , a:; r equ i r ed ,  t o  t h e  o p e r a t i o n a l  t r a j e c t o r y  p l a n  and t h e  ope ra t ions  
launch window p lan  along wi th  i n p u t  d a t a  f o r  crew t r a i n i n g  i n  t h e  simul.ators, 
gene ra t ion  of command module computer e r a s a b l e  load,  rea l  t i m e  computer 
complex v e r i f i c a t i o n ,  mission s imula t ion  suppor t ,  p repa ra t ion  f o r  real  t i m e  
mission suppor t ,  v e r i f i c a t i o n  of  t a r g e t i n g  procedures , development and 
implementat ion of t r a i n i n g  f o r  f l i g h t  c o n t r o l l e r s ,  and i n  gene ra l ,  obtaining; 
operat ional-  readiness .  

Operations ,Support 

1975 - 1973 1974 

Tota:L..., ........................ $82.079.000 $51.800.000 $43.100. OCQ -- 
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Operat 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 main ta in  o n - s i t e  t e c h n i c a l  services a t  the  t h r e e  
Manned Space F l i g h t  c e n t e r s  and t h e i r  s a t e l l i t e  ope ra t ions  a t  t h e  Michoud 
Assembly F a c i l i t y ,  t h e  Miss i s s ipp i  T e s t  F a c i l i t y ,  t h e  S l i d e l l  Computer 
Complex and t:he. White Sands T e s t  F a c i l i t y .  
maintenance of  h i g h l y  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  r e f u r -  
bishment: and renovat ion ,  chemical c leaning ,  engineer ing  des ign ,  documentation 
and technical .  r e p o r t  p repa ra t ion ,  telecommunications , component Eabricat ion,  
photographic suppor t  and l o g i s t i c s  support .  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  h e  provided i n  FY 1975 inc ludes  (1) ASTP f l i g h t  c o n t r o l  documen- 
t a t i o n ,  such as prepar ing  f o r  f i n a l  p u b l i c a t i o n  of  t h e  miss ion- re la ted  
document:s r equ i r ed  t o  meet t h e  f l i g h t  c o n t r o l  o p e r a t i o n a l  requirements;  (2)  
prec leaning  E.nd. c l ean ing  of  hoses ,  gauges, tubing,  and r e l a t e d  f l i g h t  items 
t h a t  are  fak'r.ic.ated in-house; (3) ope ra t ion  of shops t o  do m e t a l  f u rb i sh ing ,  
anodizing,  pl.atin.g, s t r i p p i n g ,  and e t ch ing  of s e l e c t e d  items of  :in-house 
fabricat :ed f l i g h t  hardware; (4) engineer ing ,  i n s t a l l a t i o n ,  opera t i o n  and 
maintenance 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 equ i r ed  f o r  
suppor t  and/or  s u r v e i l l a n c e  of  t es t s ;  (5) photographic  sc i ences  inc luding  
q u a l i t y  cont.ro1, s t i l l  and motion p i c t u r e  process ing ,  and audio v i s u a l  
suppor t  f o r  t:he miss ions ;  (6) f a b r i c a t i o n  of  models, breadboards,  and 
s e l e c t e d  itenis of f l i g h t  hardware; (7) r e sea rch  and development supp l i e s  
and materiala which a re  u t i l i z e d  i n  Center l a b o r a t o r i e s  o r  f a c i l i t i e s ;  (8) 
t e c h n i c a l  dc'c:urrientation services , telecommunications , and graphics  and 
models; (9) t:echn.ical services i n  suppor t  o f  Center ope ra t ions  inc luding  
ope ra t ion  a n d  maintenance, r e c e i p t ,  s to rage ,  i s s u e  of supp l i e s  and equipment, 
photographic s e r v i c e s ,  and t r a n s p o r t a t i o n  services; and (10) management 
services i n  !;llPl~ort o f  Center ope ra t ions  , i nc lud ing  e l e c t r o n i c  cornmunications , 
graphics  and rmdels,  r e p o r t s ,  d a t a  management, microf i lming,  s t o r a g e  and 
d i s t r i b u t i o n  of t echnica 1 documentation. 

Serv ices  involved inc lude  

F i s c a l  Year 1975 funds w i l l  a l s o  provide  a b a s i c  level of maintenance, 
ope ra t ion ,  arid suppor t  s e r v i c e s  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 t e s t i n g  and orb i t a1  
maneuvering systems t e s t  support  f o r  t h e  Apollo Soyuz T e s t  P r o j e c t  and space 
s h u t t l e  programs; ope ra t ion  and maintenance of  t h e  computer systems a t  t h e  
S l i d e l l  Computer Complex; a b a s i c  level of maintenance and ope ra t ion  of  t h e  
M i s s i s s i p p i  Test F a c i l i t y  inc luding  t h e  t e c h n i c a l  l a b o r a t o r y  services; and a 
b a s i c  l e v e l  clf 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 fo r  t h e  s h u t t l e  a re  t o  b e  f a b r i c a t e d  and assembled. 

Launch Systems -- Operat ions 

1973 1974 - 1975 

Mechanical ground systems...... $37,300,000 $21,900,000 $19,900,000 
Electrical/instrumentation 

systems...................... 37,000,000 24,000,000 14,200,000 

Total . . . . . . . . . . . . . . . . . . . . . .  $74.300.000 $45.900.000 $34.100.000 
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Launch systems ope ra t ions  a t  t h e  Kennedy Space Center ,  a complex covering 
over  140 thousand acres provides  f o r  t h e  o p e r a t i o n  of  t h e  checkout and launch 
f a c i l i t i e s ,  complexes and a s s o c i a t e d  ground suppor t  equipment as w e l l  a s  
t h e  h igh ly  t:txktnical services requi red  t o  suppor t  t h e  test ,  checkout and 
launch of space: v e h i c l e s  and payloads.  
funds requested w i l l  be  devoted t o  prepar ing  f o r  t h e  Apollo Soyuz T e s t  Pro- 
j ec t  (ASTP) j-aunch scheduled f o r  J u l y  1975. 

During FY 1975 over  two-thirds  of t he  

The fl.ight: ha.rdware flow process ing  a t  Kennedy Space Center  begins  wi th  
r e c e i p t  of  t h e  prime Apollo Soyuz T e s t  P r o j e c t  s p a c e c r a f t ,  t h e  command and 
service mod~~1.e~ i n  October 1974. The docking module w i l l  be  d e l i v e r e d  i n  
November 1954 a.nd t h e  docking system w i l l  be  rece ived  e a r l y  i n  January 1975. 
Erec t ion  of  t h e  launch v e h i c l e  on t h e  mobile launcher  w i l l  occur  i n  mid- 
December 197L.. A docking t e s t  between t h e  command and service module and the 
docking modul.e/docking system i s  scheduled i n  January 1975. 
t h e  f l i g h t  r ead iness  t e s t ,  w i l l  be  conducted i n  May 1975 t o  demonstrate  t h a t  
subsystems a r e  in  a s t a t e  of f l i g h t  readiness .  
countdown demonstrat ion t e s t ,  i s  scheduled f o r  t h e  l a t te r  p a r t  O E  June  1975 
and i s  a f u l l  r e h e a r s a l  t h a t  i nc ludes  t h e  performance of  t h e  sequence of 
operaticlns r equ i r ed  t o  prepare  t h e  space  v e h i c l e  f o r  launch i n  J u l y  1975. 

A major tes t ,  

Another major tes t ,  t h e  

F i s c a l  Year 1975 funding provides  f o r  mechanical ground system a c t i v i t i e s  
involv ing  the ope ra t ion  and maintenance of  launch complex f a c i l i t i e s  and 
r e l a t e d  equiFment such as mobile t r a n s p o r t e r s ,  mobile launchers ,  t h e  con- 
ver ter  compressor f a c i l i t y ,  mobile service s t r u c t u r e ,  a l t i t u d e  chambers , 
p r o p e l l a n t  h a d i n g  systems, pneumatics, and Vehicle  Assembly Building 
mechanical systems. Add i t iona l ly ,  launch r e l a t e d  services such a s  
p r o p e l l a n t  handl ing ,  l i f e  suppor t ,  t e c h n i c a l  shops,  chemical c l ean ing ,  and 
decontamination and systems s a f e t y  a r e  provided. 

F i s c a l  Year 1975 funding a l s o  provides  f o r  t h e  o p e r a t i o n  and maintenance 
of  e l e c t r i c a l / e l e c t r o n i c  and launch in s t rumen ta t ion  systems such as au to -  
matic checkout equipment, ope ra t iona l  v o i c e  and TV communications, compu- 
t a t i o n ,  measurements, t e l e m e t r i c s ,  and o t h e r  e l e c t r i c a l / e l e c t r o n i c  systems. 

Space L i f e  Sciences 

The space  l i f e  sc iences  program provides  t h e  understanding and technology 
necessary  t o  determine man's c a p a b i l i t i e s  and l i m i t a t i o n s  i n  t h e  space 
environment and t o  develop a space environment technology base  f o r  t h e  variou:; 
types of systems which w i l l  p e r m i t  him t o  l i ve  and perform e f f e c t i v e l y .  
Many of t h e s e  research  and technology e f f o r t s  r e l a t e  very  d i r e c t l y  t o  c l i n i c a l  
h e a l t h  care ton ea r th .  Because g r a v i t y  profoundly a f f e c t s  many o f  t h e  body's  
f l u i d  and gas dynamics, problems of b a s i c  physiology can b e  s t u d i e d  i n  a 
d i f f e r e n t  mainer by examining the  changes which occur  when man i s  moved Erom 
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normal g r a v i t y  t o  t h e  we igh t l e s s  state.  For example, g r a v i t y  causes  a 
d i f f e r e n c e  :in v e n t i l a t i o n  between t h e  lower and upper p a r t s  of  t h e  lungs.  
The reasons fo r  t h i s  d i f f e r e n c e  are n o t  g e n e r a l l y  agreed  upon by medical 
s c i e n t i s t s .  Zero g r a v i t y  provides  a n  i d e a l  environment f o r  s tudying  t h i s  
phenomenon. 
t h e  opporturi i t 1 7  t o  c a r r y  ou t  such i n v e s t i g a t i o n s .  

One of t he  dividends of  space  f l i g h t  i n  t h e  f u t u r e  w i l l  b e  

The primairy areas of  a c t i v i t y  i n  t h e  space  l i f e  s c i ences  program are:  
space  l i f e  i :~~search ,  l i f e  suppor t  and p r o t e c t i v e  equipment and b i o i n s t r u -  
mentat ion and rnan-machine technology. 
pursued throiigh ground-based and f l i g h t  r e sea rch  programs , conducts s t u d i e s  
of  man as an ope ra to r  and c o n t r o l l e r  of  space  equipment, and provides  ad- 
vanced technology and development r e l a t e d  t o  l i f e  suppor t  , p r o t e c t i v e  and 
o t h e r  systern:; r equ i r ed  t o  suppor t  man and extend h i s  c a p a b i l i t i e s  i n  space.  
Major program emphasis i s  d i r e c t e d  t o  t h e  development of  in format ion  which 
can be  tran:;:Lal:ecl i n t o  des ign  d a t a  and c r i t e r i a  f o r  advanced manned space 
systems and mission opera t ions .  These d a t a  are t o  provide  t h e  c r i t e r i a  f o r  
choosing shut t l le  crew members. 

This  m u l t i d i s c i p l i n a r y  program, 

Space L i f e  Sciences 

1973 

Space l i f  c: research .  . . . . , . . . . . . 
L i f e  suppor t  and p r o t e c t i v e  

equipment. *.  . . . . . . . . . . . . 
Bioins  trunvmta t i o n  and man- 

machine technology... . . . . .. 

$12 , 021 , 000 

6 , 619 , 000 

4,860,000 

To ta l .  . . . . . . . . . . . . . . $23.500.000 

1975 

$8 , 900 , 000 

6 , 000 , 000 

- 1974 

$10,500,000 

7 , 000 , 000 

3,500,000 3,100, OOC! 

$21.000.000 $18.000. OOC! 

Space L i f e  Research 

Space l i f e  r e sea rch  provides  f o r  t h e  conduct of  ground-based and space 
f l i g h t  reseaii:cfi designed t o  enhance man's a b i l i t y  t o  func t ion  e f f e c t i v e l y  and 
s a f e l y  duriry; space  f l i g h t ,  and t o  conduct l i f e  s c i ences  r e sea rch  us ing  t h e  
unqiue environment of space t o  suppor t  and advance ear th-based sc ience .  This  
multidiscipl.5.ne r e sea rch  program encompasses medical ,  behav io ra l  and b io log-  
i c a l  researc:h , and t h e  d e f i n i t i o n  of space  f l i g h t  biomedical  experiments.  
The primary objective i s  t o  main ta in  a r e sea rch  base  i n v e s t i g a t i n g  a l l  
p e r t i n e n t  as:pec:ts of known and a n t i c i p a t e d  problems o f  human response  t o  space  
f l i g h t  and t:o provide  r ap id  response t o  new problems as they may arise. 

Looking fc~iwa.rd t o  t h e  day when s c i e n t i s t s  wi thout  f u l l  a s t r o n a u t  t r a i n i n g  
can go i.nto spa.ce i n  t h e  s h u t t l e  t o  make s c i e n t i f i c  medical  obse rva t ions ,  
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s t u d i e s  were i n i t i a t e d  i n  t h e  FY 1974 space  l i f e  r e sea rch  program t o  de- 
termine t h e  s d e c t i o n  cr i ter ia  f o r  t h e  s h u t t l e  s c i e n t i f i c  experimenter 
passengers .  Human c a p a b i l i t i e s ,  performance l i m i t a t i o n s ,  r e l a t i o n s h i p s  of 
t h e s e  th ings  to  observed phys io log ica l  changes, and t h e  techniques o r  
mechanisms f o r  coping wi th  adve r se  e f f e c t s  of space  f l i g h t  a r e  a l l  under 
i n v e s t i g a t i o n .  Likewise,  t h e r e  w a s  a con t inua t ion  of  t h e  ground research  
on t h e  phys io log ica l  mechanisms i d e n t i f i e d  by Apollo and Skylab which a p p e a r  
t o  have ia d i r e c t  bea r ing  on man's u l t i m a t e  performance c a p a b i l i t y  i n  space 
f l i g h t .  

Skylab produced more medical in format ion  on man's a d a p t a t i o n  t o  we igh t l e s s  
space f l i g h t  and h i s  r eadap ta t ion  t o  one "GI' fo l lowing  t h e  mission than a l l  
t h e  previous mimed space  f l i g h t s  t o  da t e .  Many o f  t h e  ground-based research  
p o s t u l a t e s  have been p a r t i a l l y  s u b s t a n t i a t e d  by t h e  Skylab i n f l i g h t  and pos t -  
f l i g h t  f ind ings .  The cardiovascular , ,  v e s t i b u l a r ,  neurophys io logica l ,  metabolic., 
endocrine,  e l e c t r o l y t e ,  h a b i t a b i l i t y  and performance f ind ings  have produced 
i n - f l i g h t  d a t a  which w i l l  b e  used by t h e  ground-based r e sea rch  program i n  
focusing i t s  e f f o r t s  on those  f a c e t s  r e q u i r i n g  f u r t h e r  concent ra ted  s tudy i n  
p repa ra t ion  f o r  f u t u r e  manned space f l i g h t s .  

A s  a r e s u l t  o f  biomedical f i nd ings  t o  d a t e ,  FY 1975 emphasis i n  t h e  space 
l i f e  research  area w i l l  concen t r a t e  on demonstrated measurable changes, e.g. ,  
ca rd iovascu la r  system dynamics, minera l  and muscle mass l o s s e s ,  red  blood cel l  
mass l o s s ,  and motion s ickness .  h p h a s i s  w i l l  be  placed on understanding 
t h e  r e l a t i o n s h i p  of t i m e  t o  t h e s e  changes i n  o r d e r  t o  f a c i l i t a t e  counter-  
measures r e sea rch  designed t o  produce e f f e c t i v e  methods of p r o t e c t i n g  f l i g h t  
crews and passengers  a g a i n s t  t h e s e  phys io log ica l  changes o r  any s e r i o u s  r e l a t e d  
consequences. Such e f f o r t s  w i l l  i nc lude  ref inement  of  t h e  lower body nega- 
t i ve  p res su re  stress test  t o  provide  a b e t t e r  assessment of  weight lessness  
adap ta t ion  i n  f l i g h t  and t h e  r e s u l t a n t  e f f e c t s  fol lowing r e -en t ry  t o  a one 

G environment. An improved v e s t i b u l a r  sc reening  test  designed t o  reduce 
t h e  impact of post launch motion s i ckness  w i l l  a l s o  b e  developed f o r  u s e  i n  
s e l e c t i n g  s h u t t l e  passengers .  

I 1  11 

Fundamental t o  t h e  understanding of t h e  e f f e c t s  of  space f l i g h t  on man 
i s  a d e t a i l e d  i n v e s t i g a t i o n  of b a s i c  b i o l o g i c  phenomena as they occur  i n  
o t h e r  l i v i n g  systems. 
on t h e  d e t a i l e d  d e f i n i t i o n  and eva lua t ion  of p o t e n t i a l  b i o l o g i c a l  f l i g h t  
experiments f o r  space  s h u t t l e .  

Therefore ,  i n  FY 1975 emphasis w i l l  a l s o  be  placed 

L i f e  Support-and P r o t e c t i v e  Equipment 

The goa l  of t h i s  element of t h e  program i s  t h e  improvement of  s a f e t y  and 
performance c f  t h e  crew through t h e  development o f  more c o s t  e f f e c t i v e  l i f e  
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support  equipment, and the  cont inued advancement of  technology through t h e  
development and t e s t  of  improved l i f e  suppor t  and a s t r o n a u t  s a f e t y  systems. 
Areas of cont inuing  development and t e s t i n g  encompass regenerable  atmos- 
p h e r i c  c o n t r o l  ( i nc lud ing  humidity and contaminant c o n t r o l ) ,  water reclama- 
t i o n ,  waste rr.anagement, sampling ( f o r  medical r e s e a r c h ) ,  and processing.  
Emphasis i s  being placed on r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  and automated 
c o n t r o l  requirements ,  as w e l l  as improved o p e r a t i o n a l  c h a r a c t e r i s t i c s .  

I n  FY 1974, f a b r i c a t i o n  of a n  8 pounds p e r  square  inch ( p s i )  s p a c e s u i t  w a s  
completed wit.h improvements i n  des ign  and reduced t o o l i n g  c o s t s .  Tes t ing  
of t h i s  advar1ce.d s p a c e s u i t  w i th  a n  improved s u i t  g love  has  been i n i t i a t e d .  
The new glove  f e a t u r e s  min ia tu r i zed  convoluted j o i n t s  of  t h e  thumb and f i n -  
g e r s  and. new glove  s t r u c t u r e  t o  e l i m i n a t e  ba l looning  and i n c r e a s e  hand and 
f i n g e r  mobili . ty.  I n  p o r t a b l e  l i f e  support  systems, a regenerable  thermal 
c o n t r o l  subsyst.em capable  of  r e j e c t i n g  h e a t  i n  t h e  range from 500 t o  3,200 
k i l o j o u l e s  p e r  hour has  been de l ive red  and i s  under tes t .  To meet longer  
range develcmpme.nt.s i n  l i f e  suppor t  systems, a l abora to ry  model which c o n s i s t s  
of an  i n t e g r a t e d  w a t e r  vapor e l e c t r o l y s i s  oxygen gene ra to r  and hyrdogen 
depolar ized  carbon d iox ide  concen t r a to r  has  been completed. This atmospheric 
regenera t ior .  system u t i l i z e s  two operationally-complementary processes  thereby 
minimizing t:he number o f  component p a r t s  through t h e  u s e  of  mul t i func t iona l  
devices  and s i m p l i f i c a t i o n  of  design.  A microbio logica l  sensor ,  f o r  water 
q u a l i t y  measuring us ing  t h e  chemiluminescence method, i s  being t e s t e d  t o  v e r i -  
f y  i t s  c:ompl.etely au tomat ic  f e a t u r e s  and t o  e v a l u a t e  scheduled maintenance 
requirements  as  w e l l  as i t s  performance c a p a b i l i t y .  

I n  FY 1975:, emphasis w i l l  b e  concent ra ted  on: (1) t h e  development of space  
s u i t s  w i th  ftfigh performance c a p a b i l i t y  needed f o r  ex t r aveh icu la r  ope ra t ions  
i n  suppor t  of  f u t u r e  s h u t t l e  miss ion  requirements  and w i t h  more economical 
"universal"  :?it: con f igu ra t ions ,  and s t u d i e s  aimed a t  reducing space s u i t  
c o s t s  f o r  t h e  f u t u r e  space s h u t t l e ;  (2) cont inuing  t h e  i n v e s t i g a t i o n  of 
technology f o r  t h e  r educ t ion  o f  space cab in  atmospheric  contaminant l e v e l s .  
Carbon d iox ide  levels w i l l  b e  reduced through t h e  u s e  o f  a n  e lec t rochemica l  
concen t r a to r  which i n  a d d i t i o n  o f f e r s  s i g n i f i c a n t  r educ t ions  i n  weight and 
volume requirernents.  A new module wi th  optimized e l e c t r o d e s  w i l l  be  com- 
p l e t e d  and fxstecl dur ing  FY 1975. Organic contaminant removal w i l l  be  
accomplished by a c t i v a t e d  carbon impregnated wi th  a nonse lec t ive  ox ida t ion  
c a t a l y s t ,  e!!:iminating t h e  n e c e s s i t y  f o r  c a r r y i n g  l a r g e  q u a n t i t i e s  of 
expendables for  a i r  p u r i f i c a t i o n ;  and (3)  improvements i n  waste management 
technology t o  i n t e g r a t e  medical ins t rumenta t ion  w i t h  t h e  onboard waste 
c o l l e c t i o n  f o r  automated sampling and a n a l y s i s .  

Bio ins t rumenta t ion  and Man-Machine Technology 

Bio ins  trurnenitation and man-machine technology provides  f o r  the. development 
of  technology and procedures  f o r  t h e  measurement of phys io log ica l ,  medical 



and performance responses  of man and o t h e r  s e l e c t e d  l i f e  s p e c i e s  l i v i n g  and 
working i n  t h e  space environment. It f u r t h e r  i nc ludes  s t u d i e s  and t h e  ad-  
vancement of technology i n  t h e  use  of man i n  man-machine systems and t h e  
augmentation of human c a p a b i l i t i e s  through the  use  of devices  such as  
te leopera tor : ;  and robo t s  f o r  s e r v i c i n g  o r b i t i n g  space v e h i c l e s  , suppor t  
experiments imcl space explora t ion .  

The FY 1974 funding has  provided technology f o r  a f r e e - f l y i n g ,  remotely 
c o n t r o l l e d ,  s imulated t e l e o p e r a t o r  l abora to ry  v e h i c l e  w i t h  sensor  and 
manipulat ion subsystems f o r  i n v e s t i g a t i n g  on -o rb i t  s e r v i c i n g  c a p a b i l i t i e s ;  
ana lyses  and p repa ra t ion  of man-machine i n t e r f a c e  des ign  c r i t e r i a  f o r  s h u t t l e  
payloads u t i l i z i n g  Skylab experiences and test  r e s u l t s ;  a p ro to type  blood 
a n a l y s i s  systern t o  provide  i n f l i g h t  real  t i m e  measurements of  blood materials , 
e l e c t r o l y t e s  arid enzymes. Non-invasive and implantab le  ca rd iovascu la r  
ins t rumenta t ion  pro to types  have a l s o  been provided so t h a t  t h e  mechanisms 
involved i n  c a r d i a c  and vascu la r  func t ions  may b e  q u a n t i f i e d .  Major medical 
and r e l a t e d  cormunication l i n k s  f o r  t h e  development, t e s t i n g  and i n t e g r a t i o n  
of subsysteri:; which w i l l  make up t h e  f i e l d  t es t  u n i t  o f  t h e  I n t e g r a t e d  
Medical and 13etiaviora1 Laboratory Measurement Sys t e m  were a l s o  provided i n  
FY 1974 

The FY 197!5 emphasis w i l l  i nc lude  t h e  development of i n s t rumen ta t ion  f o r  
t h e  measurenianl: o f  ca rd iovascu la r ,  metabol ic ,  r e s p i r a t o r y ,  musculoske le ta l ,  
and o t h e r  ptiysfLological func t ions  f o r  space medical r e sea rch  and onboard h e a l t h  
care d e l i v e r y  systems f o r  crew and passengers .  E f f o r t s  w i l l  cont inue  on t h e  
advancement of  technology i n  manipulators ,  s enso r s ,  c o n t r o l s  and d i s p l a y s  and 
d e c i s i o n  making processes  f o r  t e l e o p e r a t o r s  and r o b o t s  i n  space and on e x t r a -  
t e r res t r ia l  su r faces .  An engineer ing model a p p l i c a b l e  t o  t h e  shu t t l e - a t t ached  
manipulator  w i l l 1  b e  completed f o r  test and eva lua t ion .  

Design requirements  and cr i ter ia  f o r  t h e  experiment work s i tes ,  t o  b e  loca ted  
onboard spac:e v e h i c l e s  such as t h e  space  s h u t t l e  and t h e  Spacelab, w i l l  b e  
developed and eva lua ted  i n  ground-based s imula tors .  Ekt ravehicu lar  a c t i v i t y  
(EVA) concepts  involv ing  mob i l i t y ,  r e s t r a i n t  and work s i t e  equipment w i l l  b e  
s tud ied  and i i  b a s e l i n e  document f o r  EVA w i l l  be  developed f o r  t h e  space  
s h u t t l e  and f u t u r e  man-tended veh ic l e s .  

Mission Systems and I n t e g r a t i o n  

Mission systems and i n t e g r a t i o n  program a c t i v i t y  i s  c l a s s i f i e d  i n t o  fou r  
areas of e f f o r t :  Payload i n t e g r a t i o n  and mission a n a l y s i s  , Spacelab/concept 
v e r i f i c a t i o n  t e s t i n g ,  advanced development and space tug. 

The s tudy  and a n a l y t i c a l  e f f o r t  under payload i n t e g r a t i o n  and mission 
a n a l y s i s  asei i res  hardware and ope ra t iona l  c o m p a t i b i l i t y  between payloads and 
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payload c a r r i e r s  such as the  space s h u t t l e ,  t h e  space tug and t h e  Spacelab. 
It a l s o  provides  low c o s t ,  s tandard ized  and r eusab le  equipment t o  accommo- 
d a t e  a wide range of payloads. Spacelab act ivi t ies  involve  ope ra t ions -  
o r i e n t e d  s t u d i e s  and mockup f a b r i c a t i o n  i n  suppor t  o f  t he  European Space 
Research Organizat ion (ESRO) spacelab development a c t i v i t i e s .  The concept 
v e r i f i c a t i o n  t e s t i n g  e f f o r t  d e a l s  w i th  i n t e r f a c e  t e s t i n g  and v e r i f i c a t i o n  of 
ope ra t iona l  concepts  r e s u l t i n g  from t h e  spacelab s t u d i e s .  Advanced develop- 
ment i s  d i r e c t e d  toward development of c r i t i c a l  and long-lead i t e m s ,  
experimental  systems and ope ra t iona l  techniques,  and toward t h e  es tab l i shment  
of des ign  and technology requirements f o r  p o t e n t i a l  f u t u r e  development pro-  
grams. 
which would t r a n s p o r t  payloads t o  o r b i t s  beyond t h e  s h u t t l e ' s  c a p a b i l i t i e s .  

Tug s t u d i e s  support  development of a s h u t t l e  i n i t i a l  upper s t a g e  

Mission Systems and I n t e g r a t i o n  

1973 1974 1975 

Payload i n t e g r a t i o n  and mission 

Spacelab/concep t v e r i f i c a t i o n  
tes t ing.o. . . . . . . . . . .  ......... 6,000 , 000 2 , 500 , 000 2 , 500 , 000 

Advanced development......... .. 9 , 000,000 7 , 500,000 6 , 000,000 
Space tug...................... --- --- 1,500,0010 

a n a l y s i s  ..................... $6,000,000 $5 , 500 , 000 $5 , 500 , 000 

Total.. . . . . . . . . . . . . . . . . . . . .  $21.000.000 $15.500.000 $15.500.00tQ _- 

Payload I n t e s a t i o n  - and Mission Analysis  

The o b j e c t i v e s  of t h e  payload i n t e g r a t i o n  and mission a n a l y s i s  e f f o r t  a r e  
(1) t o  a s s u r e  hardware and ope ra t iona l  compa t ib i l i t y  between payloads and t h e  
space t r a n s p o r t a t i o n  system (STS), which inco rpora t e s  t h e  space s h u t t l e ,  t he  
space tug and t h e  spacelab,  (2)  t o  o b t a i n  t h e  most e f f e c t i v e  u t i l i z a t i o n  and 
economical ope ra t ion  of t h i s  new space t r a n s p o r t a t i o n  system, and (3 )  
t o  provide low c o s t ,  s tandard ized  and r eusab le  equipment t o  i n t e r f a c e  wi th  the  
wide range of payloads t o  be  t r anspor t ed ,  deployed and se rv iced  by these  . 
veh ic l e s .  

The p r i n c i p a l  t a s k s  inc lude  de f in ing  and p r o j e c t i n g  u s e r  payloads t o  
determine t h e  requirements imposed on pay load /ca r r i e r  v e h i c l e  i n t e r f a c e s  and 
on v e h i c l e  accommodation modes; examining hardware des ign  v a r i a t i o n s  and 
schedul ing combinations t o  achieve  the  most economical mission p l ans ;  ex- 
p lo r ing  and de f in ing  low c o s t  concepts f o r  payload des ign  and ope ra t ion  made 
p o s s i b l e  by t h e  c a p a b i l i t i e s  of t he  STS i n  t h e  spacelab conf igu ra t ion ;  
coord ina t ing  wi th  use r s  t o  inco rpora t e  new payload development approaches 
and t o  gene ra t e  new payload a p p l i c a t i o n s  t o  most product ive ly  ope ra t e  t h e  

RD 2-;!7 



STS; formulat ing procedures  and systems f o r  more e f f i c i e n t  ope ra t ion  of t h e  
s h u t t l e ,  tug  ,and space lab ,  and f o r  handl ing payloads both i n  o r b i t  and on 
t h e  ground; and de f in ing  and developing gene ra l  purpose mission equipment 
f o r  u se  wi th  (diverse payloads during a l l  phases of STS ope ra t ions .  

In  FY L974, t h e  payload i n t e g r a t i o n  and mission a n a l y s i s  e f f o r t  involves  
t h e  developmeqt of t h e  1973 payload model as a p r o j e c t i o n  of  u s e r  r equ i r e -  
ments f o r  t h e  s h u t t l e  era. Funding suppor ts  t h e  i n i t i a t i o n  of payload 
d e f i n i t i o n  requirements  t o  e s t a b l i s h  payload/vehic le  i n t e r f a c e s  and payload 
design spec iE ica t ions .  These w i l l  be  incorpora ted  i n  t h e  f i n a l  des ign  
de termina t ions  of t h e  s h u t t l e  and i n  t h e  d e f i n i t i o n  of t h e  spacelab and 
s h u t t l e  upper s t a g e  o r  tug.  FY 1974 e f f o r t  inc ludes  an economic assessment 
of t h e  b e n e f i t s  of t h e  STS ve r sus  expendable systems based on the payload 
model, pay loa l  des ign  s p e c i f i c a t i o n s ,  and b a s e l i n e  c a p a b i l i t i e s  of  t h e  STS. 
S tudies  were i n i t i a t e d  t o  provide  a pre l iminary  i n d i c a t i o n  o f  the most 
a t t r a c t i v e  o E var ious  low c o s t  payload des ign  concepts  and o p e r a t i o n a l  tech- 
n iques  tak ing  advantage of t h e  nove l  c a p a b i l i t i e s  of  t h e  STS. T h e  FY 1974 
e f f o r t s  a1 so inc lude  comparative ana l y  s es t o  e x t r a p o l a t e  o p e r a t i o n a l  expe r i  - 
ence wi th  ear th-based  r e sea rch  such as t h e  A m e s  Research Center CV 990 a i r -  
c r a f t  oplerat i sns ,  A n t a r c t i c  exped i t ions ,  l a r g e  obse rva to r i e s  (Mount Palomar 
Observatory,  Yational Radio Astronomy Observatory) , etc.  t o  s h u t t l e  era 
ope ra t ions .  Slose c o n t a c t  i s  being maintained wi th  t h e  u s e r  community t o  
s t i m u l a t e  i n t e r e s t  i n  s h u t t l e  payload a c t i v i t i e s ,  t o  e s t a b l i s h  an awareness 
of t h e  p o t e n t i a l  o p p o r t u n i t i e s  provided by t h e  STS and t o  develop an 
equitablle approach t o  u s e r  funding r e s p o n s i b i l i t i e s .  I n  a d d i t i o n ,  prel iminary 
s t u d i e s  were i n i t i a t e d  t o  i d e n t i f y  types of  genera l  purpose mission equipment 
needed t o  salt is  Ey t h e  requirements of  t h e  1973 mission model. 

In  FY 1975, emphasis w i l l  cont inue  t o  b e  placed on s tudy e f f o r t  t o  d e f i n e  
payload ( c r i t e r i a  and requirements  f o r  u se  i n  t h e  des ign  o f  STS elements t o  
ensure  payload/vehic le  i n t e r f a c e  compa t ib i l i t y  and maximum payload accommo- 
da t ion .  S e n s i t i v i t y  s t u d i e s  w i l l  be  conducted among t h e  hardware elements 
of t h e  STS t o  determine t h e  most c o s t  e f f e c t i v e  des igns ,  schedules ,  inven- 
t o r i e s  , .md ope.cationa1 concepts .  Examination of low c o s t  payload design 
and o r b i t a l  ope ra t ions  concepts  w i l l  be  cont inued wi th  emphasis on eva lua t ion  
of t he  S'IIS c a p a b i l i t y  t o  service payloads i n  o r b i t .  S tudies  w i l l  a l so  be 
conducted t o  jevelop approaches f o r  payload ope ra t ions  t o  opt imize  t h e  use  
of t h e  s l iu t t  Le ,system dur ing  checkout,  launch, i n - o r b i t  o p e r a t i o n s ,  t e lemet ry ,  
re t r ieval  , and r e  Eurbishment. Deta i led  a n a l y s i s  and planning w i l l  be  performed 
f o r  t h e  paylosd.; and ope ra t ions  of t h e  e a r l y  s h u t t l e  f l i g h t s  t o  ensure  an 
o r d e r l y  IdeveLsprnent and checkout of t h e  spectrum of  c a p a b i l i t i e s  oE t h e  STS. 
Procedures w i l l  b e  developed t o  communicate t h e  c a p a b i l i t i e s  of t h e  STS t o  
t h e  u s e r s  and t o  s t i m u l a t e  ideas  f o r  new a p p l i c a t i o n s  of t h e  STS. Analyses 
t o  develop a soLicy of charges  f o r  t h e  u s e  of t h e  t r a n s p o r t a t i o n  system w i l l  
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cont inue.  
c a t i o n ,  d e f i n i t i o n ,  and i n t e g r a t i o n  planning of  gene ra l  purpose mission 
equipment. 

FY 1975 funds w i l l  a l s o  suppor t  t h e  cont inued i d e n t i f i -  

Spacelab/Concept --- V e r i f i c a t i o n  Tes t ing  

The spacelab w i l l  b e  a ve r sa t i l e  experiments payload carr ier  t:o be  used i n  
conjunct ion  with the  space s h u t t l e .  By providing t h e  oppor tun i ty  t o  dup l i -  
cate  t h e i r  %round-based f a c i l i t i e s  i n  space  a t  low c o s t ,  spacelab w i l l  
a l low re sea rche r s  and s c i e n t i s t s  t o  pe r sona l ly  conduct t h e i r  own experiments 
i n  t h e  s p a t i a l  environment. A s  p a r t  of t h e  P r e s i d e n t ' s  program of promoting 
g r e a t e r  i n t e r n a t i o n a l  p a r t i c i p a t i o n  i n  t h e  U.S. space e f f o r t ,  spacelab i s  
being ass igned  and b u i l t  f o r  NASA by t h e  European Space Research Organiza- 
t i o n  (ESRO).  '!?ine ESRO member n a t i o n s  have mutual ly  agreed t o  fund ESRO 
space lab  hardware development t o  p r o j e c t  completion. 

F i s c a l  Year 1974 funds a re  being used t o  conduct s t u d i e s  a t  NASA's 
Marshall  Space F l i g h t  Center i n  suppor t  of t h e  European Spacelab 
development e f f o r t .  S tudies  being conducted inc lude  engineer ing  c o s t  t r a d e s  :, 
payloads saEety,  payload accommodations, and o r b i t a l  ope ra t ions .  I n  
a d d i t i o n ,  spaclslab funding i s  suppor t ing  t h e  Ames  Research Cen te r ' s  a i r b o r n e  
Science/Shut t : le  Experiment System Simulation (ASSESS) program. N 1975 
funding w i l ' l  cont inue  t h e s e  ope ra t ions -o r i en ted  suppor t ing  s t u d i e s ,  and 
i n i t i a t i o  f a b r i c a t i o n  and use  of engineer ing  mock-ups. 

Concept v e r i f i c a t i o n  t e s t i n g  (CVT) i s  a systems i n t e g r a t i o n  t e s t i n g  project:  
p r e s e n t l y  configured t o  support  planning f o r  e f f e c t i v e  u t i l i z a t i o n  and 
ope ra t ion  o E spacelab.  Through breadboards and s imula to r s ,  CVT provides  t h e  
means f o r  development of  e f f e c t i v e  i n t e r f a c e s ,  t e s t i n g  of experiment payloads,  
and conduct:i ig t o t a l  systems s imula t ions ,  inc luding  sof tware ,  so t h a t  f i n a l  
f l i g h t  hardware can b e  designed f o r  high u t i l i z a t i o n  a t  t h e  lowest p o s s i b l e  
cos t .  

Fisca-L Y e a r  11974 funding provides  f o r  a c q u i s i t i o n  of most of  t h e  subsystems 
requi red  f o r  full .  spacelab suppor t  c a p a b i l i t y .  FY 1975 funding w i l l  complete 
t h e  subsystem a c q u i s i t i o n  and t h e  development of  a s s o c i a t e d  computer sof tware.  
Early demons t r a t i o n  experiment a c t i v i t y  and t e s t i n g  of  commercial equipment 
f o r  u se  i n  spacel-ab by experimenters w i l l  be  c a r r i e d  o u t  dur ing  both years .  

Advanced Development 

The o b j e c t i v e  of  t he  advanced development program i s  t o  select  and c a r r y  
forward i n t o  development those  new technology i t e m s  t h a t  show high promi.se 
of advancing t h e  goa l  t o  provide more e f f e c t i v e  means f o r  u t i l i z a t i o n  and 
advancement of c a p a b i l i t i e s  i n  space w h i l e  reducing t h e  c o s t  of space 
ope ra t ions .  
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This  program serves as a b r idge  between t h e  r e sea rch  conducted by t h e  
Of f i ce  of  Aeronaut ics  and Space Technology and f u t u r e  manned space  f l i g h t  
p r o j e c t s  and covers  key developments n o t  funded elsewhere.  
e f f o r t  i s  made i n  areas where l a r g e  payoffs  i n  c o s t  avoidance are  expected 
by performing e a r l y  development, f a b r i c a t i o n  and t e s t i n g  of subsystems and 
components h e f o r e  they a r e  committed t o  new programs. 
s ign i f icant1 .y  reduces t h e  t echn ica l  r i s k  of  new programs w h i l e  provid ing  
e a r l y  understartding of  o v e r a l l  c a p a b i l i t i e s .  

Concentrat ion of 

This  e a r l y  development: 

Advanced development p r o j e c t s  are, i n  t h e  main, d i r e c t e d  toward f u t u r e  
systems whic:h have m u l t i p l e  program a p p l i c a t i o n  and inc lude  n o t  only hardware 
items b u t  a l s o  sof tware systems, o p e r a t i o n a l  techniques ,  procedures  and 
t e s t i n g  systems. 
technology r e s u l t i n g  from t h e  emphasis on developments where t h e  c u r r e n t  
techno logy i. :; 1. i m i  t ed . 

A major f e a t u r e  of t h e  e f f o r t  i s  t h e  development of new 

This  p r o j e c t  e f f o r t  a l s o  serves t o  provide  a b a s i s  f o r  t echn ica l  dec i s ions  
through program planning and i n t e g r a t i o n  w i t h  t h e  advanced missions s t u d i e s ,  
c o n t r a c t o r s '  independent r e sea rch  and development e f f o r t s  and o t h e r  technology 
r e l a t e d  acti.vit:y. The fol lowing t a s k s  are  among those  supported i n  FY 1974: 

Conmiuniczg.ons Advancements - Development of  f l u s h  mounted antennas f o r  
broad applic.ati .on t o  f u t u r e  s p a c e c r a f t  i nc lud ing  s h u t t l e ,  tug ,  and spacelab.  
The system pernii ts  t h e  t r a n s m i t t a l  o f  wide band d a t a  wi thout  t h e  usua l  l a r g e  
d i s h  s i z e  ant1 deployment problems. The an tennas  could b e  u s e f u l  f o r  e i t h e r  
o r b i t  -to -o rb i t  t r a n s m i t t a l  o r  o r b i t  - to -ground t r a n s m i t t a l .  

S t ruc tu rLEand  Materials Development and Evalua t ions  - Development of high 
s t r e n g t h  mat:eri.als and low weight  s t r u c t u r e s  f o r  d e l i v e r y  of payloads t o  
o r b i t s .  The development of  t h i n  gage tankage and composite s p a c e c r a f t  
s t r u c t u r e s  rc:la. te d i r e c t l y  t o  payload d e l i v e r y  improvement on s p a c e c r a f t  such 
as t h e  t:ug. Proper ty  improvements i n  t h e  more usua l  metal l ic  a l l o y s  and 
improved str 'uct:ural  des ign  cr i ter ia  can l ead  t o  reduced weights  and/or  re- 
duced c o s t s .  

DefinitiL,n, Development and Q u a l i f i c a t i o n  o f  Information Management 
Systems and Software - A r educ t ion  i n  d a t a  management c o s t  through t h e  
development of onboard, u l t r a - r e l i a b l e  computers of module des ign  and low 
weight  which are  compatible  wi th  t h e  so f tware  of a v a r i e t y  of  commercial 
computers and through t h e  improvement o f  r equ i r ed  sof tware  programs. 

Other a c t i v i t : i e s  i n  FY 1974 under advanced development having p o t e n t i a l  
f o r  i nco rpora t ion  i n t o  f u t u r e  f l i g h t  programs inc lude  high performance 
propulsi.on system components; advanced f u e l  ce l l  power systems; advanced 
docking mech.ani.sms; laser systems f o r  scanning r ada r ;  and strapdown i n e r t i a l  
measurement u n i t s .  
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I n  FY 1975 t h e  advanced development program w i l l  i nc lude  new work designed 
t o  advance man's c a p a b i l i t i e s  and performance i n  space.  Some examples are: 

Orbital-*erations - Techniques f o r  r e p a i r  and assembly of l a r g e  
s t r u c t u r e s  i n  space such as l a r g e  antennas and t e l e scopes  w i l l  b e  i n v e s t i -  
gated.  Concepts w i l l  be  developed f o r  assembly, maintenance and r e p a i r  
accomplished e i t h e r  by EVA o r  remote procedures.  With improved techniques , 
experience from Skylab and t h e  payload c a p a b i l i t y  o f  t h e  shatt lc: ,  man w i l l  
be  i n  a pos i t i ' on  t o  more e f f e c t i v e l y  use  h i s  c a p a b i l i t y  f o r  f u t u r e  space  
ope ra t ions  i n  o r b i t .  

Mechanical Systems - On-orbit s e r v i c i n g  and r e t r i e v a l  are  e s s e n t i a l  i n  
t h e  expanding r o l e  of  o r b i t a l  ope ra t ions .  Docking mechanisms, maneuvering 
u n i t s  and de-spin systems w i l l  b e  i n v e s t i g a t e d  t o  suppor t  miss ion  r equ i r e -  
ments. 

1n f l a t a .b l e  Radia tor  System - I n f l a t a b l e ,  deployable  r a d i a t o r  systems 
w i l l  b e  i n v e s t i g a t e d  and demonstrated t o  provide  major advances i n  thermal 
c o n t r o l  teclnniques f o r  s h u t t l e ,  tug ,  space lab ,  and o t h e r  f u t u r e  systems. 
This  w i l l  remove the  c u r r e n t  r e s t r i c t i o n s  of i n s t a l l i n g  r a d i a t o r s  on t h e  
l i m i t e d  su r faces  a v a i l a b l e  on space v e h i c l e s  and g r e a t l y  enhance t h e  
capac i ty ,  perflmnance, and o p e r a t i o n a l  f l e x i b i l i t y  of f u t u r e  spacec ra f t .  

---- Sel f  -Contained Autonomous Operation - Data management and checkout 
func t ions  w'hic'h on p re sen t  s p a c e c r a f t  a re  performed on t h e  ground a re  t o  
be  inves t ig ,a ted  f o r  i nco rpora t ion  i n  advanced spacec ra f t .  On-board checkout 
techniques w i l l  p rovide  f o r  automatic  s t a t u s  monitor ing,  d i a g n o s t i c s ,  control.  
and checkout of subsys t e m s .  

Fiscal Year 1975 a c t i v i t y  w i l l  a l s o  inc lude  developments i n i t i a t e d  i n  p r i o r  
years  t o  minimize weight through t h e  use  of  c r i t i ca l  f a b r i c a t i o n  and inspec-  
t i o n  techniques , improve cryogenic  p r o p e l l a n t  management , develop high 
performance engine components, reduce ope ra t ing  c o s t s  and qualifiy advanced 
computer systems. 

Space T% 

The space tug i s  an  i n t e g r a l  p a r t  o f  t h e  space  t r a n s p o r t a t i o n  system which 
provides  t h e  c a p a b i l i t y  t o  d e l i v e r  payloads t o  h ighe r  energy o r b i t s  and 
t r a j e c t o r i e s  than t h o s e  ach ievab le  by t h e  s h u t t l e  a lone .  NASA and t h e  
Department of  DeEense a re  s tudying  t h e  development o f  a n  i n i t i a l .  s h u t t l e  
upper s t a g e  t o  provide  t h i s  c a p a b i l i t y  on an  i n t e r i m  b a s i s .  This  i n i t i a l  
upper s t a g e ,  a modi f ica t ion  o f  a n  e x i s t i n g  s t a g e ,  w i l l  be  capable  of  meeting 
most mission requirements i n  t h e  e a r l y  yea r s  of  s h u t t l e  ope ra t ions .  NASA i s  
a l s o  s tudyiiig the  longer  range requirement  f o r  a n  advanced technology tug 
wi th  increa,;: ed pe r f  onnanc e inc lud ing  payload re t r ieval  c a p a b i l i  t:y . 
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NASA a c t i v i t y  i n  FY 1975 w i l l  i nc lude  ref inement  i n  d e t a i l  o f  NASA and 
o t h e r  non-DOD requirements  f o r  t h e  i n i t i a l  upper s t a g e  system d e f i n i t i o n  
e f f o r t .  
tug t o  i d e n t i f y  c r i t i ca l  technology requirements ,  conduct components 
ana lyses  and tests,  and perform systems ana lyses  a p p l i c a b l e  t o  t h e  advanced 
tug. NASA w i l l  a l s o  s tudy t h e  requirements  f o r  an  o r d e r l y  t r a n s i t i o n  from 
t h e  i n i t i a l  upper s t a g e  t o  t h e  advanced technology tug. 

I n  a d d i t i o n ,  NASA w i l l  cont inue  t o  s tudy  t h e  advanced c a p a b i l i t y  

Skylab 

Program A c c g 9  1 i s  hmen t s 

The outs tanding  success  of  t h e  Skylab program marks a major t u rn ing  p o i n t  
i n  us ing  the vast  p o t e n t i a l  o f  space  ope ra t ions  f o r  t h e  b e n e f i t  o f  a l l  man- 
kind. The scope of  t h e  Skylab accomplishments n o t  on ly  r e a f f i r m s  t h e  r o l e  
of  man i n  space ope ra t ions  b u t  a l s o  proves t h e  va lue  of  space  i n  advancing 
sc ience  and technology and c o n t r i b u t i n g  t o  t h e  s tudy of t h e  p r e s s i n g  pro-  
blems fac ing  our  p l a n e t .  
which a r e  y i e l d i n g  ex tens ive  s c i e n t i f i c ,  medical ,  t echnologica l ,  and e a r t h  
resources  r e t u r n s ,  i s  a preview of  t h e  tremendous o p p o r t u n i t i e s  ahead i n  t h e  
s h u t t l e  era. 

The unpara l led  p r o d u c t i v i t y  of t h e  Skylab missions:,  

Skylab, t h e  n a t i o n ' s  f i r s t  experimental  space  s t a t i o n ,  o r b i t s  a t  a n  
a l t i t u d e  of approximately 270 m i l e s  above t h e  e a r t h .  The Skylab s t a t i o n  
provided a h igh ly  versat i le ,  s o p h i s t i c a t e d  s e t  of l a b o r a t o r i e s  w i th  a 
c a p a b i l i t y  f o r  multi-pupose s c i e n t i f i c  and a p p l i c a t i o n s  experiments.  During 
i t s  n e a r l y  n ine  months of ope ra t ion ,  Skylab c r i s s c r o s s e d  a n  area 50' nor th  
and south of t h e  equator ,  where most of  t h e  g lobe ' s  popula t ion  i s  concent ra ted .  
The t h r e e  Skylab crews c a r r i e d  o u t  more than f i f t y  major r e sea rch  programs 
and hundreds of  s p e a r a t e  i n v e s t i g a t i o n s  developed by s p e c i a l i s t s  i n  univer -  
s i t i es ,  obse rva to r i e s ,  medical schools ,  i ndus t ry ,  and Government agencies  
throughout t h e  United S t a t e s  and abroad. From i t s  unique vantage  p o i n t  i n  
space--beyond t h e  atmospheric  v e i l  of ear th--Skylab 's  s enso r s  searched o u t  
and recorded new and f a r  reaching  information about  t h e  s o l a r  system, t h e  
sun, t h e  e a r t h ,  and man h imsel f .  

The o b j e c t i v e s  of t h e  Skylab program w e r e  t o  determine man's a b i l i t y  t o  
l i v e  and work e f f e c t i v e l y  i n  space f o r  prolonged pe r iods  of  t i m e ,  t o  extend 
t h e  sc i ence  of  s o l a r  astronomy beyond t h e  l i m i t a t i o n s  of  e a r t h  based 
observa t ions  , t o  develop improved techniques f o r  surveying e a r t h  ' s resources  
and environrr.ent from space,  and t o  advanced knowledge i n  a v a r i e t y  of o t h e r  
s c i e n t i f i c  and technologica l  d i s c i p l i n e s .  

The f i r s t  two Skylab manned missions more than  m e t  t h e s e  o b j e c t i v e s  and 
t h e  t h i r d  and f i n a l  manned mission,  which i s  near ing  completion, i s  progress ing  
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extremely w e l l .  The Skylab 2 miss ion  w i t h  Ast ronauts  Conrad, Kerwin, and 
Weitz as t h e  crew, w a s  launched on May 25, 1973, and completed on June 22. 
During t h e i r  2r3-day s t a y ,  t h e  crew n o t  on ly  c a r r i e d  o u t  a vast  a r r a y  of 
s c i e n t i f i c  i1nd a p p l i c a t i o n s  experiments b u t  a l s o  succeeded i n  r e p a i r i n g  t h e  
Skylab s t a t i o n ,  e r e c t i n g  a sunsh ie ld  t o  lower t h e  temperature  and r e l e a s i n g  
t h e  jammed : s o l a r  c e l l  a r r a y .  Both problems r e s u l t e d  from t h e  l o s s  of  t h e  
Skylab 's  micrometeoroid s h i e l d  s h o r t l y  a f t e r  t h e  launch of t h e  Skylab work- 
shop on May 14, 1973. These r e p a i r s ,  which t e s t i f i e d  t o  t h e  ingenui ty  and 
p e r s i s t e n c e  of a tireless ground and f l i g h t  t e a m ,  s p e l l e d  t h e  d i f f e r e n c e  
between program success  and f a i l u r e .  The Skylab 2 crew demonstrated t h e  
ind i spensab le  v a l u e  of man's judgment and c a p a b i l i t y  t o  respond r a p i d l y  t o  
problems, a s  w e l l  as unforeseen o p p o r t u n i t i e s ,  The 28-day mission confirmed 
man's a b i l i t y  to l i v e  and work comfortably and e f f i c i e n t l y  i n  space.  Despi te  
t h e  e a r l y  d i f f i c u l t i e s ,  t h e  major mi l e s tone  o b j e c t i v e s  w e r e  met. 
of t h e  planned s o l a r  obse rva t ions  t i m e  and 80% o f  t h e  e a r t h  resources  passes  
w e r e  accomplished. 

About 80% 

The second Skylab manned mission--Skylab 3--was launched on J u l y  28,  1973, 
and completed on September 25. During almost  two months (56 days) ,  t h e  
f l i g h t  crew, composed o f  As t ronauts  Bean, G a r r i o t t ,  and Lousma, c a r r i e d  o u t  
a h igh ly  product ive ,  v a r i e d  program of  experiments.  Again, t h e  outs tanding  
e f f o r t s  of t h e  f l i g h t  crew and ground t e a m  surmounted a series of problems 
ranging from t h e  c o m n d  module 's  r e a c t i o n  c o n t r o l  system t h r u s t e r s  t o  t h e  
a i r l o c k ' s  cool ing  system. Among i t s  r e p a i r  a c t iv i t i e s ,  t h e  c r e w  e rec t ed  a 
second, supplementary sunshie ld  and i n s t a l l e d  a s p e c i a l  c l u s t e r  of  ra te  
gyros. A f t e r  an  i n i t i a l  adjustment  per iod ,  t h e  crew found t h a t  they could 
e a s i l y  work ahead of t h e  p r e f l i g h t  plan.  Thei r  e f f i c i e n c y  and f l e x i b i l i t y  
allowed a d d i t i o n a l ,  unscheduled tes ts  and experiments t o  be  conducted. A s  
a r e s u l t ,  t h e  y i e l d  o f  experiment d a t a  from Skylab 3 exceeded even t h e  most 
o p t i m i s t i c  premission expec ta t ions .  The c r e w  sus t a ined  a h igh  level of  
performance and c a p i t a l i z e d  on unforeseen,  unique o p p o r t u n i t i e s  f o r  s o l a r  
and e a r t h  observa t ions .  A l l  s i x t e e n  of  t h e  medical experiments r equ i r ed  by 
t h e  f l i g h t  mission p lans  w e r e  accomplished, measuring t h e  course  of man's 
adapt ion  t o  zero g r a v i t y .  The Skylab l i v i n g  accommodations were h ighly  
s a t i s f a c t o r y  and zero  g r a v i t y  cond i t ions  proved a n  a i d  t o  most ac t iv i t i e s .  
A s  key i n d i c a t o r s  of  t h e  Skylab 3 mis s ion ' s  p r o d u c t i v i t y ,  about  130% of  t h e  
scheduled A'I'M s o l a r  observing t i m e  w a s  accomplished (305 hours of a c t u a l  
observing t i m e )  and a l l  t h e  j o i n t  obse rva t ion  program t a s k s  were c a r r i e d  o u t ,  
I n  a d d i t i o n ,  44 e a r t h  observa t ions  d a t a  runs  were conducted, s i g n i f i c a n t l y  
surpass ing  t:he t o t a l  o f  28 e a r t h  resources  experiment passes  planned. Student 
experiments were a l s o  s u c c e s s f u l l y  conducted. 

The t:hird an.d l a s t  Skylab manned mission--Skylab 4-- w a s  launch on 
November 1 6 ,  1973. The Skylab 4 mission,  w i th  Ast ronauts  Carr, Gibson, and 
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Pogue as t h e  c:rew, i s  adding s i g n i f i c a n t l y  t o  t h e  prev ious  Skylab r e t u r n s .  
Assuming t h a t  a l l  cont inues  t o  go w e l l ,  t h e  mission can las t  up t o  85 days-- 
almost t h r e e  months' exper ience  i n  space and a month longer  than  previous ly  
planned. 
medical- experiments.  I n  a d d i t i o n ,  t h e  crew i s  us ing  t h e  s o l a r  te lescopes  and  
special-  cameras f o r  observa t ions  of  t h e  comet Kohoutek. 

The crew i s  cont inuing  t h e  s o l a r  phys ics ,  e a r t h  resources  and 

With t h e  completion of  t h e  t h i r d  manned mission--February 8 ,  1974, f o r  the 
extended 851.-d2.y mission-- the f l i g h t  phase of t h e  Skylab program comes t o  an 
end. I t s  succ:essful completion s i g n a l s  t h e  beginning of a comprehensive, 
i n t e n s i v e  per iod  of  a c t i v i t y  as the  hundreds of Skylab p r i n c i p a l  i n v e s t i g a t o r s  
a l l  over  t h e  globe ana lyze  and i n t e r p r e t  t h e  r e s u l t s  of t h e  experiments. 
From pre1im::nary i n d i c a t i o n s ,  t h e  r e s u l t s  w i l l  n o t  on ly  exceed a l l  expec ta t ions  
b u t  w i l l  al.:;o test and perhaps r e v o l u t i o n i z e  many s c i e n t i f i c  t h e o r i e s .  The 
h a r v e s t  i s  j u s t  beginning and a new era of i n c r e a s i n g l y  product ive  space 
opera t ions- - - the  s h u t t l e  era--is opening up. The pre l iminary  Skylab r e s u l t s  
are  a preview of t h e  vast  p o t e n t i a l  i n  t h e  s h u t t l e  era. 

Earth Kesow_cc!s Experiments Package 

The q u a l i t y  and v a r i e t y  of  t h e  r e t u r n s  from t h e  Skylab e a r t h  resources  
experiments drama t i c a l l y  demons t ra  t e t h e  down- t o  - ea r th  dividends o f space 
ope ra t ions ,  From a vantage  p o i n t  i n  space,  t h e  Skylab crews have used remote 
sens ing  devices  and high r e s o l u t i o n  cameras t o  s tudy  t h e  e a r t h ' s  environment 
and resources ,  Combined wi th  t h e  crews I knowledge and judgment, t h e  complex 
Skylab equipment: furn ished  an  inva luab le  se t  of t o o l s  f o r  acqu i r ing  c r i t i ca l  
information about  spaceship e a r t h .  The Skylab d a t a  w i l l  extend our  know- 
ledge  about  t h e  e a r t h  w i t h  t h e  purpose of b e t t e r  understanding i t s  resources  
and processc:s, 

During the f i r s t  two Skylab manned missions,  v a l u a b l e  d a t a  on t h e  cont inen-  
t a l  United States and 34 o t h e r  na t ions  was acqui red .  The crews a l s o  c o l l e c t e d  
d e t a i l e d  dai:a on t h e  A t l a n t i c  and P a c i f i c  Oceans, t h e  Gulf of  Mexico, t h e  
Caribbean and t h e  Mediterranean Seas,  t h e  South China Sea, t h e  Sea of  Japan, 
and t h e  Gul.? of Aden. Over 20,000 e a r t h  photographs and 25 m i l e s  o f  computer 
tapes  from :he f:irst two missions w i l l  b e  undergoing ex tens ive  a n a l y s i s  by 
137  p r i n c i p a l  i n v e s t i g a t o r s  throughout t h e  United S t a t e s  and abroad. The 
Skylab 4 ea-:th resources  experiments,  wi th  up t o  50 passes  p o s s i b l e ,  w i l l  
s i g n i f i c a n t  Ly inc rease  t h e  s torehouse  of e l e c t r o n i c  and photographic  da t a .  

The :%ylal) e a r t h  resources  surveys included r e sea rch  p r o j e c t s  i n  geology 
t h a t  could 'Lead t o  the  d iscovery  of p o t e n t i a l  sources  of  o i l ,  c o a l ,  and 
e s s e n t i a l  ni:inerals. A p r i n c i p a l  i n v e s t i g a t o r  has  r epor t ed  t h a t  h i s  s tudy 
of  Nevada geol-ogy uncovered a r eg ion  l i k e l y  t o  con ta in  a s i g n i f i c a n t  mineral  
d e p o s i t ,  !%e Skylab surveys have a l s o  y i e lded  i n i t i a l  in format ion  on 
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p o t e n t i a l  gc:othennal energy resources  i n  t h e  Western p a r t  o f  t h e  United 
S t a t e s  and Ik:xico. Other Skylab geo log ica l  i n v e s t i g a t i o n s  involved t h e  
s tudy  of  vo1~c:arioes i n  Nicaragua and I t a l y  and ear thquake f a u l t s  i n  
C a  1 i f  o r n i a  . 

Urban stuc1:ies are ano the r  important  f a c e t  o f  t h e  Skylab e a r t h  resources  
experiments,  During t h e  f i r s t  two manned missions,  t h i r t e e n  U.S. urban 
c e n t e r s  w e r e  photographed: Ashev i l l e ,  North Caro l ina ;  Aurora and Peor ia ,  
I l l i n o i s  ; Cedar Rapids, Iowa; Denver, Colorado; New Orleans,  Louis iana;  
Phoenix and Tuscon, Arizona;  Pont iac ,  Michigan; Riverside-San Bernadino 
and San Fraricisco, C a l i f o r n i a ;  S a l t  Lake Ci ty ,  Utah; and t h e  Baltimore,  
Maryland-Washington, D.C. area. The Department of  I n t e r i o r ' s  U.  S. Geological. 
Survey w i l l  a t tempt  t o  c a l c u l a t e  popula t ion  growth s i n c e  t h e  1970 Census, 
based on t h e  hLgh spa t i a l  r e s o l u t i o n  Skylab photography. This  type  of  
photography ho1.d~ a g r e a t  promise f o r  r eg iona l  planning and land u s e  i n  
urbanized areas. I n  a d d i t i o n ,  t h e  Skylab remote sens ing  techniques were 
used t o  acqu:ira survey d a t a  on v e g e t a t i o n  p a t t e r n s  i n  states such as 
C a l i f o r n i a  , snow cover  depths  i n  Oregon's Columbia River bas in ,  and poll.utiort 
and weather  d a t a  i n  t h e  Great Lakes area. 

Meteorolog:ica1 i n v e s t i g a t i o n s  r e p r e s e n t  ano the r  major area of  s tudy .  
Photographic arid remote sens ing  d a t a  from Skylab, c o r r e l a t e d  wi th  t h e  
suppor t ing  a i r c r a f t  d a t a ,  w i l l  improve our  understanding of  weather  phenomenal, 
inc luding  t h e  development of hu r r i canes  , tornadoes and h a i l s  t o m s .  The 
Skylab 2 crcw, f o r  example, ob ta ined  ex tens ive  d a t a  on t h e  course  of Hurr icane 
Ava i n  t h e  1':icifi.c and storms i n  Oklahoma and Texas. The in f luence  o f  eddy 
c u r r e n t s  , obseixved o f f  t h e  Yucatan Peninsula  by t h e  Skylab crews , on ocean 
current:; and weather f o r e c a s t i n g  techniques i s  a l s o  being a s ses sed .  

I n  a d d i t i o n ,  t h e  Skylab e a r t h  resources  surveys a re  uncovering d a t a  that: 
can be used 'to s tudy conserva t ion  of prec ious  water resources .  Skylab 
monitor ing o:E the  c e n t r a l  F lo r ida  l akes  i s  uncovering u s e f u l  in format ion  on 
t h e  problem of premature aging of a body of w a t e r  because of excess ive  
n u t r i e n t s .  This information i s  being provided t o  l o c a l  county planning 
a u t h o r i t i e s  a 

The e a r l y  ;Skylab r e s u l t s  have a l s o  y i e lded  v a l u a b l e  d a t a  on sea cond i t ions ,  
sedimentat ion,  and marine b io logy ,  The Skylab 3 coverage o f  t h e  A t l a n t i c  
Ocean's Sarg2isao Sea, w i t h  i t s  m i l l i o n s  of  tons o f  seaweed, i s  a l s o  being 
s tudied , ,  

The Department o f  A g r i c u l t u r e  i s  a l r e a d y  us ing  Skylab photographs t o  
p inpo in t  areas a long  t h e  Texas-Mexico border  where i n s e c t s ,  such a s  f i r e  
a n t s  and f r u i t  f l i e s ,  might c r o s s  t o  i n f e c t  crops.  
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Skylab experiment i n v e s t i g a t o r s  i n  Mali w i l l  u s e  t h e  e a r t h  resources  d a t a  
t o  search  d ry  p l a i n s  f o r  new water sources .  
t o  provide  c l u e s  t o  reverse t h e  southward expansion of  t h e  Sahara Desert, 
which has  brought repea ted  droughts  and famine i n  t h i s  p a r t  of Af r i ca .  

Analys is  of  t h e  da t a  i s  expected 

I n  t h e  f i n a l  Skylab f l i g h t ,  t h e  c r e w  i s  concen t r a t ing  on obse rva t ions  of 

The crew i s  a l s o  conducting 
seasonal  changes,  sea and l a k e  ice  formations,  snow cover  p a t t e r n s ,  and 
major storms, p a r t i c u l a r l y  below t h e  equator .  
comprehensive observa t ions  of changes i n  v e g e t a t i o n  i n  t h e  no r the rn  and 
south e rn  h err i s  pheres  . 

The Skylab e a r t h  resources  experiments,  performed by we l l - t r a ined  crews 
us ing  a s o p h i s t i c a t e d  s e t  of cameras and remote sens ing  dev ices ,  are 
providing a v a s t  s torehouse  of  in format ion  about  t h e  ea r th .  The r e s u l t s  
have g r e a t  p o t e n t i a l  i n  advancing t h e  s tudy  o f  geology, ca r to logy ,  land 
and water planning and management, a g r i c u l t u r e ,  f o r e s t r y ,  weather  f o r e -  
c a s t i n g ,  oceanography, nav iga t ion  and communication, and o t h e r  areas 
a f f e c t i n g  t h e  q u a l i t y  o f  l i f e  h e r e  on e a r t h .  

So la r  Physics -- 

The Skylab i n v e s t i g a t i o n s  of t h e  sun are opening up a modern era of 
astronomy. The Skylab s o l a r  t e l e scopes ,  ope ra t ing  i n  space  above t h e  
d i s t o r t i n g  e f f e c t s  of  t h e  e a r t h ' s  atmosphere, are  y i e l d i n g  new, e x c i t i n g  
d a t a  about  t h e  l i f e - s u s t a i n i n g  sun. The d a t a ,  which are  undergoing de- 
t a i l e d  s c i e n t i f i c  a n a l y s i s ,  promise t o  r e v o l u t i o n i z e  many of t h e  long- 
s tanding  t h e o r i e s  of  s o l a r  physics .  S c i e n t i s t s  are a l r e a d y  p r e d i c t i n g  
t h a t  t h e  Skylab r e s u l t s  w i l l  deepen understanding o f  s o l a r  hea t ing  
c h a r a c t e r i s t i c s  and t h e i r  i n f luence  on t h e  e a r t h .  

The importance of Skylab 's  s o l a r  i n v e s t i g a t i o n s  cannot b e  overest imated.  
A t  a t i m e  when energy problems are  making a n  increased  impact on t h e  world,  
Skylab d a t a  w i l l  l ead  t o  a f a r  b e t t e r  understanding of  t h e  sun ' s  n a t u r e  and 
processes .  This  knowledge may w e l l  l ead  t h e  way t o  new means o f  gene ra t ing  
and c o n t r o l l i n g  s o l a r  energy f o r  u s e  on e a r t h .  The s t agge r ing  power of t h e  
sun i s  i l l u s t r a t e d  by t h e  f a c t  t h a t  i n  a s i n g l e  second t h e  sun r a d i a t e s  
more energy than  man has  used s i n c e  t h e  beginning of c i v i l i z a t i o n .  Y e t  t h e  
e a r t h  receives only one two-b i l l i on th  p a r t  o f  t h i s  energy and uses  under 
one percent  of it. 

The Skylab d a t a  w i l l  a l s o  advance s c i e n t i f i c  knowledge of  how s o l a r  
phenomena a f f e c t  ou r  p l a n e t .  For example, t h e  Skylab i n v e s t i g a t i o n s  should 
h e l p  t o  exp la in  t h e  s o l a r  f l a r e s  t h a t  p e r i o d i c a l l y  d i s r u p t  r a d i o  c o m n i -  
c a t i o n s  and t r i g g e r  magnetic s torms,  r e s u l t i n g  i n  power b lackouts .  The 
observa t ions  o f  sunspots  w i l l  p rovide  s c i e n t i f i c  r e s u l t s  t h a t  w i l l  i n c r e a s e  
i n s i g h t  i n t o  t ' h e  sun ' s  e f f e c t  on weather.  
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Before Skq'l-ab , t h e  s u n ' s  corona w a s  thought t o  be a n  e s s e n t i a l l y  unchanging 
s h e l l  ofi mil.l.ion degree  gases .  In  c o n t r a s t ,  Skylab showed t h a t  t h e  corona 
see thes  wi th  ac: t ivi ty .  The crews observed huge s o l a r  f l a r e s ,  shoot ing  up 
over  100,000 m i l e s .  During Skylab 2 , two "granddaddy" f l a r e s  produced 
a u r o r a l  l i g h t s  on e a r t h .  Each f l a r e ,  reaching a temperature  o f  a b i l l i o n  
degrees ,  cou1.d supply t h e  e a r t h ' s  energy needs f o r  t h e  nex t  500 years. 

The Skylakt s t u d i e s  of  t h e  comet Kohoutek w i l l  t e s t  t h e o r i e s  on t h e  
composition of comets and t h e  o r i g i n  of ou r  s o l a r  system. The Skylab 
t e l e scopes  amd cameras provide  a matchless  oppor tun i ty  t o  i n v e s t i g a t e  t h e  
n a t u r e  and evo lu t ion  of t h e  coma and ta i l s  as Kohoutek approaches,  passes ,  
and recedes  firclm t h e  sun, n o t  t o  r e t u r n  f o r  some 75,000 years .  S c i e n t i s t s  
hope t o  shed new l i g h t  on the  o r i g i n  of  comets. A r e  comets remnants from 
t h e  fomlaticrt  clf our  s o l a r  system o r  a re  they  i n t e r s t e l l a r  matter captured 
by t h e  sun? Does a s o l i d  comet nucleus e x i s t ?  Comprehensive coverage of 
Kohoutek: provides  a rare oppor tuni ty  t o  a c q u i r e  s u b s t a n t i v e  d a t a  t o  he lp  
answer t:hese qu.estions.  

Space Process ing  

The succesE8 of  t h e  Skylab experiments i n  space  process ing  under zero  
g r a v i t y  cond i t ions  adds a n  e n t i r e l y  new dimension t o  t h e  sc i ence  and 
development of materials. The v i t a l  r o l e  of materials i n  t h e  course  of 
c i v i l i z a t i o n  i s  seen i n  t h e  c l a s s i f i c a t i o n  of p r e h i s t o r i c  per iods- - the  Stone, 
t h e  Bronze, and t h e  I r o n  ages--and mirrored i n  t h e  h igh  s t r e n g t h ,  h igh  
temperature  materials, e l e c t r o n i c s ,  p l a s t i c s  and o t h e r  materials t h a t  have 
spur red  rapid advances throughout soc ie ty .  

It w a s  a n t i c i p a t e d  t h a t  ze ro  g r a v i t y  cond i t ions  would provide  a f avorab le  
environment f'or manufacturing m e t a l  a l l o y s ,  composites,  and c r y s t a l s .  Skylab 
i s  proving t h i s  t o  b e  t r u e .  Fourteen space  process ing  experiments have been 
c a r r i e d  o u t  i n  t h e  f i r s t  two Skylab manned missions.  Although in-depth 
a n a l y s i s  i s  cont inuing ,  some h i g h l y  promising pre l iminary  r e s u l t s  a r e  a l r eady  
a v a i l a b l e .  For example, i n i t i a l  r e s u l t s  show t h a t  under two completely 
d i f f e r e n t  process ing  cond i t ions ,  l a r g e ,  p e r f e c t  s i n g l e  c r y s t a l s  of  complex 
subs tances  were grown i n  Skylab. The s i z e ,  p e r f e c t i o n ,  and homogeneity o f  
t h e  Skylab c r y s t a l s  surpassed those  grown on e a r t h .  

I n  a d d i t i o n ,  t h e r e  are i n d i c a t i o n s  t h a t  zero  g r a v i t y  cond i t ions  lead  t o  t h e  
formation of metals and m e t a l  a l l o y s  wi th  h i g h e r  s t r e n g t h  and b e t t e r  
p r o p e r t i e s  than  those  processed under g r a v i t y .  

Experience i n  processes  such as welding,  braz ing ,  and c u t t i n g  i s  a p re -  
r e q u i s i t e  f o r  assembling l a r g e  s t r u c t u r e s  i n  space.  The r e s u l t s  of  t h e  
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Skylab m e t a l s  mel t ing  experiment, i n  which e l e c t r o n  beam c u t t i n g  and 
welding techn:iques w e r e  i n v e s t i g a t e d ,  were e x c e l l e n t .  
techniques w e r e  a l s o  s tud ied .  
w i th  ground-processed samples. 

Exothermic b raz ing  
The Skylab r e s u l t s  were b e t t e r  than experienced 

The r e s u l t s  of t h e  Skylab space process ing  experiments may w e l l  usher  i n  
a new e r a  i n  materials sc i ence  and engineer ing.  
from new a l l o y s  wi th  h igh ly  s p e c i a l i z e d  phys ica l  p r o p e r t i e s  t o  l a r g e ,  
p e r f e c t  crys1:als w i th  va luab le  e lectr ical  and o p t i c a l  p r o p e r t i e s .  
borne l a b o r a t o r i e s  o f f e r  tremendous promise f o r  c a p i t a l i z i n g  on t h e  advantages; 
o f  space ope ra t ions  i n  advancing materials sc i ence  and engineer ing.  

P o t e n t i a l  products  range 

Shu t t l e -  

A s  one Sky;lab experimenter emphasized: "We have a n  oppor tun i ty  t o  u s e  t h e  
unique advantages of  research  i n  space  t o  develop t h e  technology w e  so 
despe ra t e ly  need t o  move forward i n  t h e  sc i ence  of materials process ing .  
The p o s s i b i l i t y  t h a t  w e  can d i r e c t l y  o r  i n d i r e c t l y  t r a n s f e r  t o  e a r t h  t h e  
knowledge der ived  from space r e sea rch  makes t h i s  phase of NASA's Skylab 
program t r u l y  exc i t ing . ' '  

L i f e  Sciences! 

Another key area of  i n v e s t i g a t i o n  dur ing  t h e  Skylab missions w a s  d i r e c t e d  
toward increased  understanding o f  t h e  medical  e f f e c t s  of space  f l i g h t  on 
man and t h e  .2hysiological  f a c t o r s  t h a t  might l i m i t  f u t u r e  manned space  
opera t ions .  13eliore, dur ing  and a f t e r  each mission,  repea ted  tests of t h e  
major body func t ions  were conducted. These i n t e n s i v e  s t u d i e s  covered t h e  
cardiovasculsu: system, n u t r i t i o n  and metabolism, phys i ca l  work capac i ty ,  
weight  l o s s  arid recovery,  equ i l ib r ium of body f l u i d s ,  s u s c e p t i b i l i t y  t o  
motion s i ckness ,  and s i m i l a r  areas. Skylab provided t h e  f i r s t  oppor tun i ty  
t o  make cletai.;!ecl measurements i n  f l i g h t  t h a t  could b e  used t o  c h a r t  t h e  
t i m e  course  of  t:he va r ious  e f f e c t s .  The medical f i n d i n g s  revea led  no 
s p e c i f i c  e f f e c t s  which set an  upper l i m i t  on exposure t o  weight lessness .  
For t h e  n l o s t  p a r t ,  t he  r e s u l t s  confirmed t h e  premission expec ta t ions  of 
moderate weight  l o s s ,  some decondi t ion ing  o f  t h e  ca rd iovascu la r  system, and 
very  minor l o s s  of calcium i n  t h e  bones,  The crews experienced a h ighe r  
l o s s  of red  c.el1.s i n  t h e  blood than had been expected, and some reduc t ion  
i n  t h e  mass of I.eg muscles. 

Vigorous exercise w a s  found t o  b e  an e f f e c t i v e  countermeasure i n  main- 
t a i n i n g  gene ra l  f i t n e s s  and i s  thought t o  account ,  a t  least i n  p a r t ,  f o r  
t h e  f a c t  that:  t h . e  second Skylab crew re tu rned  more r a p i d l y  t o  normal than 
t h e  f i r s t :  crew did.  The longer  missions showed somewhat g r e a t e r  e f f e c t s  
than  t h e  28 days mission,  b u t  t h e  process  appeared t o  b e  l e v e l i n g  o f f .  
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Overall, t h e  h e a l t h  and performance of the  Skylab crews were h i g h l y  
sa t i s f ac . to ry .  
i n  space f o r  extended per iods  of  t i m e  and r eadap t  t o  t h e  e a r t h  environment. 

The Skylab program demonstrated t h a t  men can l ive and work 

Other Experiments 

I n  a d d i t i o n  t o  t h e  major areas of  i n v e s t i g a t i o n  j u s t  descr ibed ,  Skylab 
supported a w i d e  v a r i e t y  of  i n d i v i d u a l  experiments,  ranging a l l  t h e  way 
from u l t r a -v i .o l e t  measurements of stars, nebulae,  and g a l a x i e s  t o  s t u d i e s  
of t h e  flying; c h a r a c t e r i s t i c s  of  a s t r o n a u t  maneuvering u n i t s .  
performed some 19 experiments on behal f  o f  t h e  high school  s t u d e n t s  s e l e c t e d  
i n  t h e  Skylab s tuden t  p r o j e c t .  Al toge ther ,  t h e r e  were more than  70 o t h e r  
a c  t i v i  ti es . 

The crews a l s o  

Sununary 

The Skylab missions a t t a i n e d  almost  a l l  of t h e  i n d i v i d u a l  o b j e c t i v e s ,  and 
s i g n i f i c a n t l y  surpassed i t s  broad goa ls .  The h igh  p r o d u c t i v i t y  of t h e  
Skylab pr0gra.m proves t h a t  space  i s  a r i c h  r e source  t h a t  can b e  used t o  
t h e  b e n e f i t  c f  mankind. The success  o f  t h e  Skylab missions provides  
s c i e n t i s t s ,  engineers ,  phys ic ians  and o t h e r s  wi th  a vast s torehouse  of d a t a  
and paves t h e  way f o r  mul t ip ly ing  t h e  b e n e f i c i a l  r e t u r n s  from space  
opera t ions .  The end of  Skylab marks t h e  beginning of  a whole new era of 
oppor tun i ty  i n  space-- the s h u t t l e  era. 

Skylab 

1973 - 1974 - 1975 - 
Skylab ............................. $502,000,000 $233,300,000 - --- 

Total.................,........... $502.000.000 $233.300.000 - --- - 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE --- OF YUJ"'ED SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 1974 

Advanced mission studies ........ $1,500,000 $1,500,000 

Total ......................... $1,500.000 $1.500.000 

Distribution of Program Amount by Installation: 

Johnson !Space Center.. ......... --- $750,000 
John F. I<~ennedy Space Center, 

Marshall Space Flight Center.. . $1,500,000 500,000 
Headquar 1: cer :; ................... --- 50,000 

NASA.. ........................ -- - 200,000 

Total. .... ,, ................... $1.500 .OOO $1,500 .OOO 

1975 

$1. ,500,000 

$1.500 .OOO - 

$500,000 

200,000 

- 200,000 
600,000 

$1,500,000 

HIGHLIGHTS OF BUDGET PLAN 

Advanced Missions - Studies to 
provide teclinical , cost and 
schedule daka as the basis fo r  
formulating advanced program 
plans, inclluding extension and 
new applications of existing 
systems to ischieve minimum 
cost. Deve'lopment of new and 
improved cos t e s t ima t ing tech - 
niques and independent studies 
of safety ti:spcxts of proposed 
new systems arid operational 
concepts.. . ,.. ................... $1.500.000 $1.500 .OOO $1.500 .OOO 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objective of the Advanced Missions program is to provide 
technical, cost and schedule data that can be used in the realistic 
formulation of future program planning. This includes the extension and 
new applications of existing systems that can be used to advance the 
nation's space capabilities at a minimum cost, as well as the study of 
new missio~~s, systems, and operational concepts that may require totally 
new developinei~ts. In addition, the Advanced Missions program includes the 
development o f  new and improved cost estimating techniques and independent 
studies of the safety aspects of proposed new systems and operational 
Concepts. 

BASIS OF --- FlJI?D REQUIREMENTS: 

1975 - 1974 - 1973 - 
Advanced mission studies.. . . . . . . . $1,500,000 $1,500,000 ~ , 5 0 0 , 0 0 0  

Total.,...., ...................... $1.500 .OOO $1.500 .OOO $1.500 .OOO 

The advanced mission studies are the building blocks for new manned 
space flight: programs. The Skylab, the Shuttle, and the Apollo Soyuz Test 
Project: were originated and carried through Phase A level studies as a 
part of the advanced mission studies Program. 
through 1973, the advanced mission studies were oriented almost entirely 
toward Shutt:le and Tug studies. These included considerations of Shuttle 
interfaces with other systems, Shuttle/Space Tug ground and space 
operations, safety studies, and Space Tug definition studies. 

During FY 1971 

The FY 1974 study program emphasized activity to seek new and more 
beneficial Lses of the space transportation system (STS), to investigate 
methods of improving the performance and cost effectiveness of space 
systems, and to explore new mission concepts. 

An orderly transition into the post-Shuttle initial operating cost 
(IOC) period requires an intensification of our planning efforts now for the 
development of new and beneficial uses of the STS and for the i.mprovement 
and extensfion of the elements of the STS for new applications i n  earth 
orbit and beyond. 

The FY 1975 study program will examine the requirements for extensions 
Use of and improvernents -of the space transportation system. 
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current Shuttle technology and hardware will be considered for the 
design of large-lift adaptations of the Shuttle. New on-orbit facilities 
and operations will be studied, such as extensions of manned space flight 
in low earth orbit and geosynchronous applications of a manned Space 
Tug. Integrated launch site operations will also be studied. The effort 
to improve our cost estimating techniques will be continued by the use of 
contracted studies to develop new procedures and to expand the data base. 
Independent studies will also be conducted to assess the safety aspects 
of new systeims and operational concepts and to recommend appropriate 
safety consi,derations. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF PLWJED SPACE FLIGHT MOLL0 PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1974 1975 -- 1973 - 
$56.700.000 --- --- Tota:L.. ..... ,,. ............................ -- - 

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

Johnson Space Center.....o............. $30,385,000 
John F. Kennedy Space Center ,  NASA.. ... 2,428,000 
Marsha l l  Space F l i g h t  Center. .  ......... 18,370,000 

Langley Research Center................ 85,000 
Headquarters ........................... 5,230,000 

Ames Research Center................... 202,000 

$56.700 .OOO --- - - -  Total.........................,...... -- 

HIGHLIGHTS OF BUDGET PLAN 

The planned o b j e c t i v e s  of t h e  Apollo program have been accomplished. 
FY 1975 funding i s  no t  requi red .  
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Prclgranm; - 

NATIONAL AJIRONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE PROGRAMS 

Budget P l a n  
FY 1973 FY 1974 FY 1975 

Phys ics  and Astronomy ......... $126,200,000 $94,000,000 $140,515,000 
Lunar and P l a n e t a r y  

Explora t ion  ................. 331,969,000 333,000,000 266,000,000 
Launch Vehicle Procurement.... 221,000,000 175,000,000 140,500,000 

Total................... $679.169.000 $602.000.000 $547.015.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE: SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 - 1974 - 1975 - 
Large o b s e r v a . t o r i e s . . . . . . . . . . . . .  $47,935,000 $18,089,000 $50,410,000 
OSO..................O.......oo (20,420,000) (10,663,000) (7,630,000) 
O A O . . . . . . . . . . . . . . . . . . . . . . . . . . .  (5,700,000) (2,426,000) (2,380,000) 
HEAO.. ........................ (21,815,000) (5,000,000) (40,400,000) 

Orb i t  in@; exp ].or er s .............. 33,158,000 32,850,000 33,000,000 
Suborbi ta l  programs. ............ 25,100,000 24,350,000 25,000,000 
Supporting ac : t i v i t i e s . .  ......... 20,007,000 18,711,000 32,105,000 

Total....................... $126.200.000 $94.000.000 -$140.515.000 

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

Johnson Space Center........ 
Marshall Space F l i g h t  Center 
Goddard Space F l i g h t  Center.  
Jet Propulsi.on Laboratory.. 
Wallops S ta t ion . .  ........... 
Ames Research Center. .  ...... 
Langley IXesearch Center..  ... 
Headquart:ers ................ 

$136,000 
23,536,000 
68,435,000 

695,000 
2,643,000 
6,746,000 
4 ,3  15,000 

19,690,000 . 

$180,000 
8,690,000 

54,891,000 
650,000 

2,850,000 
6,705,000 
2,708,000 

17,326,000 

$975,000 
50,280,000 
55,875,000 

650,000 
2,850,000 
6,905,000 
1,705,000 

21,275,000 

Total.O..O.OO............. $126.200.000 $94.000.000 $140.515.000 

HIGHLIGHTS OF BUDGET PLAN 

Large Observaltories : 

Orbi t ing  S;c,r Observator ies  

Spacec.ra f t design,  development 
(OSQ) 

and- t e s t i n g ;  OS80-I t o  b e  launched 
i n  1975 $4,687,000 

OSO-I  and dat:a a n a l y s i s  f o r  OSO-7 
and p r i o r  missions............... 5,392,000 3,538,000 2,943,000 

.......................... $15,028,000 $7,125,000 
Experiment development f o r  
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1974 - 1973 - 
Delta  (La.unc.h Vehic le  

Procurement:) ...................... ($1,000,000) ($3,500,000) 

To ta l ,  O S C ) . . . . . . . . . . . . . . . . O . . .  $20,420,000 $10,663,000 

Orb i t ing  &tronomical  
Observa tor ies  (OAO) 

Spacecraf t  t :esting and support  

Experimerits inc luding  d a t a  
f o r  launch of OAO-Cy 8/21/72.. .... 1 , 931,000 91,000 

a n a l y s i s ,  o r b i t a l  ope ra t ions ,  and 
Guest Observer: Program.. .......... 3,769,000 2 , 335,000 

A t  l a  s / Centaur (Launch Vehicle  
Procurement::). ..................... (100,000) (---) 

Tota l  . OAO. ................... $5,700,000 $2,426,000 

High Enerry_ Astronomy Observa- 

Pre l iminary  des ign  of space- 
c r a f t  and experiments f o r  HEAO-A 
and B and s;tutlies on HEAO-C p r i o r  

t o r i e s  (HIUO) 

t o  suspension,, --- .................... 18,815,000 
Redefini1::ion of HEAO program.. .. 3,000 , 000 5,000,000 
Design and development of 

reconf igured  s p a c e c r a f t  f o r  HFAO-A, 
-B, and -C :€or f i r s t  launch i n  
1977........., ..................... 
experiment payloads f o r  HEAO-A, 

Design and development of 

--- --e -By and -C*, ........................ 
Atlas /Centaur (Launch Vehicle  

Procurement:). ...................... (---) (7,600,000) 

T o t a l ,  1 1 E A O . . . . . . . . . . . . . . . . . . .  $21,815,000 $5,000,000 

Tota!L, l a r g e  Observa tor ies .  $47.935. 000 $18.089, 000 

Orb i t ing  Brplorers  : 

Atmospheir ic Boundary Explorers  
Three miss ions  i n  t h e  Atmospheric 

Explorer (ILE) s e r i e s  scheduled f o r  
launch i n  tilie per iod  1973-1975.. .. 16,000,000 12,711,000 

1975 - 

$7,630,000 

10 , 000 

2,370,000 

(---.) 

$2,380,000. 

22 , 024 , OOCl 

18,376,000 

(8,900, OOC!) 

$40,400 , OOC! 

$50.410. OOC! 

7,480,000 



1973 - 1974 - 1975 - 
Delta  (Lauiiich Vehicle  

Procurement) ....................... ($4,800 . 000) ($4 . 500 . 000) ($4 . 200 . 000)l 

I n  t e r p  l a n  e ~ r y  and Magnetospheric 

Interplancztary Monitoring P l a t -  
form (IMP) series; a l s o  inc ludes  
an in t e rna tGina1  coope ra t ive  e f f o r t  
w i th  ESRO--Magnetospheric Mother/ 
Daughter mi:; s ion and H e l i o c e n t r i c  
nea r  - ea r th  .i I t e r p l a n e t a r y  probe ; 
a n a l y s i s  of data from p r i o r  missions 
and advanced s t u d i e s  of p o t e n t i a l  
f u t u r e  miss im;. .................. 

Boundary@p l o  r e r  s 

9 , 190 , 000 

Procurement). . . . . . . . . . . . . . . . . . . . . .  (2,400,000) (2,300,000) (--- ') 

2 , 927 , 000 2 , 940,000 
Del ta  (Launch Vehicle  

Magnetosplier i c  Explorers  
Dual A i r  'Density and Hawkeye 

missions 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.......................... 4,766,000 3 , 694,000 1,750,000 

Scout (Launch Vehic le  
Procurement) ...................... (3,100,000) (---) (1,650,000) 

Astronomy-and Ast rophys ics  

Small Astronomy S a t e l l i t e  (SAS) 
Exp l o r  e r s 

and Radio Astronomy Explorer  
(RAE) series; a l s o  inc ludes  
i n t e r n a t i o n a l  coope ra t ive  miss ions  
wi th  t h e  Nether lands ( A N S ) ,  United 
Kingdom (UK-5), and ESRO (IUE). 
Analys is  of d a t a  from o t h e r  
miss ions  launched previous ly  and 
f o r  advanced s t u d i e s  of p o t e n t i a l  
f u t u r e  missions................... 9,465,000 13,505,000 14,580,000 

Del ta  (Launch Vehicle  

Scout (Launch Vehicle  
(4 , 100 , 000) (---) (2,000,000) Procurement) ...................... 

Procurement). (2,500,000) ( -- -) (2 , 800 , 000:) ..................... 
Tota l ,  Orb i t ing  Explorers..  ... $33 > 158,000 $32.850.000 $33.000.000 
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1974 - 1973 1975 

Suborb i t a l  Programs: 

Sounding Rockets 
Cont inuat ion of s u b o r b i t a l  

Scout (Launch Vehicle  
rocket-borne experiments .......... 
Procurem.ent) ...................... 

Airborne Research 
Operat ion of an i n f r a r e d  tele- 

scope i n  a C - 1 4 1  a i r c r a f t  and 
cont inued s t u d i e s  i n  i n f r a r e d  
astronomy from o t h e r  a i r c r a f t . . . . .  

Balloon Program 
Support for  bal loon-borne 

experiments of va r ious  types.. .... 
Tota l ,  Suborb i t a l  Programs.. .. 

Supporting A s g v i t i e s  : 

Supportinq-&search and 

Support f o r  t h e  development of 
TechnoloEy (SRT) 
_ _  

theory,  ins t rument  development, 
suppor t ing  l a b o r a t o r y  s t u d i e s ,  
and ground-based observa t ions . . . . .  

Data Analys is  
C o n t i n u a t i o n o f  s t u d i e s  of d a t a  

obtained from v a r i o u s  miss ions  and 
f o r  t h e  p repa ra t ion  and s t o r a g e  of 
d a t a  i n  t h e  Kat iona l  Space Science 
Data C e n t e r  (NSSDC) ............... 

Skylab D a t g A n a l y s i s  
For i n t e r p r e t a t i o n  of d a t a  from 

ATM and o the r  Skylab experiments 
i n  Physics  and Astrono my.......... 

Spacelab Studies and Experiment 

For payloads t o  be flown on t h e  
space  shuttle. . . . . . . . . . . . . . . . . . . . .  

D e f i n i t i o n  

$20,000,000 $19,350,000 $20,000,000 

(---I (---) (1,350,000) 

4 , 100 , 000 4 , 000 , 000 4 , 000 , 000 

1 , 000,000 1,000 , 000 1 , 000 , 000 

$25.100.000 $24.350.000 $25.000.000 

14,819,000 13,330,000 14,390,000 

4 , 880,000 4 , 881 , 000 5 , 000 , 000 

308 , 000 

--- 1 , 500 , 800 

500 , 000 3 , 500,000 
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Large SpaoG'relescope (LST) - 
Advnnc e d z x h n o  log  ica 1 
Dev e loprrg& 

Spacecraf it d e f i n i t i o n  s t u d i e s  , 
m i r r o r  blanlc work and experiment 
definit ion. . . . . . . . . . . . . . . . . . . . . . . .  

1973 - 1974 - 1975 - 

--- $6,200,000 

Solar  Maxghn Mission (SMM) - 
Pro j e c t - E E i n i t i o n . .  .......... -- - --- 1 , 515 000 

To ta l  Supporting Act ivi t ies  $20.007 .OOO $18.711.000 $32.105.000 
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RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1975 ESTIMATES 

O F F I C E  O F  SPACE SCIENCE PHYSICS AND ASTRONOMY PROGWG --- 

FLIGHT SCHEDULE 

PROJECT .--- 

Large Observa tor ies  : 

M I S S I O N  

So la r  Observa tor ies  oso-I 

High Energy Astronomy 
Observa tor ies  HEAO-A 

-B 
-C 

Explorers  ( Including 
I n t e r n a t i o n a l  Cooperat ive 
Sa t  e l  li t es ) 2 - 4 launches pe r  year  

Suborb i t a l  Programs: 

Sounding Rockets 
Balloon F l i g h t s  

About 70 launches p e r  yea r  
About 60 launches pe r  yea r  

CALENDAR 
YEAR 

1975 

1977 
1978 
1979 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF SPACE SCIENCE --- PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM OBJECZ'IES AND JUSTIFICATION: 

The major o b j e c t i v e  of t h e  Physics and Astronomy program i s  t o  i n c r e a s e  
our  knowledge and understanding of t h e  e a r t h ' s  space  environment, t h e  sun, 
t h e  stars, and o t h e r  celestial  bodies .  .Under t h i s  program, r e sea rch  i s  
being conducted t o  i n v e s t i g a t e  t h e  e a r t h ' s  upper atmosphere and ionosphere;  
t h e  magnetosphere 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 ray ,  X-ray, g a m  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 i v e  us a unique oppor tuni 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.  
ou r  knowledge of t h e  fundamental l a w s  of  n a t u r e ,  e s p e c i a l l y  those  which 
c o n t r o l  t h e  environment of  t h e  e a r t h .  

These i n v e s t i g a t i o n s  are t h e  b a s i s  f o r  i nc reas ing  

To ach ieve  t h e  o b j e c t i v e s  of  t h e  Physics  and Astronomy program, NASA uses  
techniques ranging from t h e o r e t i c a l  and l abora to ry  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 exp lo re r  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 .  
t h i s  program a r e  loca t ed  a t  NASA f i e l d  c e n t e r s ,  o t h e r  Government l a b o r a t o r i e s ,  
u n i v e r s i t i e s ,  and i n d u s t r i a l  l a b o r a t o r i e s .  
couraged with t h e  p a r t i c i p a t i n g  country provid ing  i t s  s h a r e  of t h e  c o s t s .  

Research t e a m s  involved i n  

Foreign p a r t i c i p a t i o n  i s  en- 

The informat ion  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 f o r  advancement of s c i e n t i f i c  r e sea rch ,  educa t ion ,  and technology. 
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BASIS OF FUEL REQUIREMENTS : 

Large Ob s erva t o r i  es 

1973 

Orb i t ing  Solar Observator ies  (OSO) 

O S 0  Experiments.. ............... O S 0  Spacec ra f t . .  ................ $15,028,000 
5 , 392,000 

Subtotal  . OSO.. ............... $20,420,000 

Orb i t ing  A s  t:ronomical Observator ies  
(WO) 
Spacecraf t . . .  ................... 1 , 931 , 000 
Experiment.s ..................... 3,769,000 

Sub to ta l ,  OAO... $5,700,000 .............. 
High Energy Astronomy Observa tor ies  

(HEAO) 
Spacecraf t . . .  ................... 
Experiments.......... ........... --- 
Redef in i t i on  of  HEAO program.... 3,000 , 000 
E f f o r t  p r i o r  t o  suspension. .  .... 18,815,000 

-- - 

Sub t o  ta l  . HEAO. ............... $21,815,000 

Sub t o  t a l  , Large Observator ies .  $47,935 .OOO 

(Launch Vehicle  Procurement 
Program) : 
Delta (OSCl). .................... (1,000,000) 
Centaur (OAO).. ................. (100 , 000) 
Atlas /Centaur  (HEAO)... ......... (---) 

Tota l  ( Inc luding  Launch 
Vehicles)  ................... ($49.035.000) 

1975 - 1974 - 

$7,125,000 $4,687,000 
2,943 , 000 

$10,663,000 $7,630,000 

3 , 538,000 

91 , 000 10 , 000 
2,335,000 2 , 370 , 000 

$2,426,000 $2,380,000 

--- 22,024,000 
- -- 18,376,000 

5 , 000,000 --- 

$5,000,000 $40,400,000 

$18.089.000 $5 0.410.000 

(3,500,000) (---> 
(---I (---' 

(7 , 600 , 000) (8,900,000:1 

($29.189.000) ($59.310.000) 
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Orb i t ing  S c C h i :  Observa tor ies  (OSO) 

The o b j e c t i v e  of t h e  OS0 program i s  t o  o b t a i n  new knowledge of t h e  sun, 
t h e  s o l a r  i n t e r a c t i o n s  wi th  t h e  e a r t h ' s  atmosphere, and sun-ac t iva t ed  
terrestrial. phenomena over  a broad range o f  t h e  e lec t romagnet ic  spectrum 
n o t  detectst1,le by ground-based o b s e r v a t o r i e s .  

The OSO'r; 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  
e a r t h ,  and have expanded man's understanding of  t h e  n e a r e s t  s ta r  and i t s  
e f f e c t s  on t h e  e a r t h .  T rans i en t s ,  h o l e s ,  and t h e  dynamics of streamers i n  
t h e  m i l l i o n  degree  corona w e r e  discovered and t h e i r  e f f e c t s  on t h e  e a r t h ' s  
magnetosphere and o u t e r  atmosphere i d e n t i f i e d ;  t h e i r  e f f e c t s  on t h e  weather  
are be ing  i.rivestigated. Other d i s c o v e r i e s  have inc luded  n u c l e a r  r e a c t i o n s  
i n  s o l a r  fl.ctres and many r e l a t e d  high energy phenomena w i t h  terrestrial 
e f f e c t s .  

OSO-7, 1a.imc.hed i n  1971, cont inues  t o  p rov ide  d e t a i l e d  s t u d i e s  of t h e  
s o l a r  cororiit, and t h e  spectrum of s o l a r  and cosmic X-rays. 

OSO-I, t o  be launched i n  1975 nea r  s o l a r  minimum, w i l l  a t t a c k  t h e  problem 
of t h e  temperature  d i f f e r e n c e  between t h e  o u t e r  atmosphere of t h e  sun (one 
m i l l i o n  degrees)  and t h e  lower atmosphere ( t e n  thousand degrees)  through 
s t u d i e s  of t h e  s t r u c t u r e ,  evo lu t ion ,  o s c i l l a t i o n s  and c i r c u l a t i o n  i n  t h e  
t r a n s i t i o n  r eg ion  between t h e  two atmospheric  l a y e r s .  High energy expe r i -  
ments w i l l  explore  t h e  background component of  cosmic X-ray emissions.  

F i s c a l  Year 1974 funds a r e  being used f o r  i n - o r b i t  o p e r a t i o n s  and r educ t ion  
and a n a l y s i s  o f  d a t a  from t h e  OSO-7 miss ion  and f o r  development of t h e  OSO-1. 
s p a c e c r a f t  a n d  s c i e n t i f i c  ins t ruments .  

F i s c a l  Yeax 1975 funds w i l l  be  used f o r  t h e  completion, launch and mission 
o p e r a t i o n  of' OSO-I as w e l l  as t h e  a n a l y s i s  of d a t a  obta ined  from t h e  OSO-7 
mission.  

Orb i t ing  Astronomical -- Observa tor ies  (QAO) 

Since 1968, t h e  QAO program h a s  provided astronomers  wi th  a c c u r a t e l y  
s t a b i l i z e d ,  automated space  o b s e r v a t o r i e s  f o r  t e l e s c o p i c  obse rva t ions  of  
c e l e s t i a l  o b j e c t s  p r imar i ly  i n  t h e  u l t r a v i o l e t  reg ion  of t h e  e lec t romagnet ic  
spectrum. 

The l a s t  of t h i s  series of o b s e r v a t o r i e s ,  aA0-3 (Copernicus) w a s  launched 
i n  August 1972. 040-3 carries t h e  P r ince ton  Un ive r s i ty  81  cen t ime te r  (32 
inch)  t e l e s c o p e  system and t h e  Un ive r s i ty  Col lege  of London instrument  t o  
i n v e s t i g a t e  celestial  X-ray sources.  The UV ins t rument  provides  h ighe r  
s p e c t r a l  r e s o l u t i o n  than those  flown on QAO-2 i n  o r d e r  t o  s tudy  i n  d e t a i l  
t h e  composition, t h e  abundance, and t h e  temperature  d i s t r i b u t i o n  of t h e  
i n t e r s t e l l a r  g,as from which stars are formed. 
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F i s c a l  Year. 1974 funds suppor t  t h e  o p e r a t i o n  of t h e  OAO-3 and t h e  a n a l y s i s  
of  d a t a  obta ined  by t h e  Pr ince ton  experiment;  i n  a d d i t i o n ,  OAO-2 d a t a  a n a l y s i s  
i s  cont inuing  f o r  t h e  Wisconsin experiment. Support w a s  a l s o  provided f o r  a 
Guest Observer Program which enabled a d d i t i o n a l  astronomers t o  u s e  OAO t o  
s tudy c e l - e s t i a l  o b j e c t s .  

F i s c a l  Year 1975 funds w i l l  suppor t  OAO-3 i n - o r b i t  ope ra t ions  and provide 
f o r  d a t a  proc:essing and a n a l y s i s  of d a t a  obta ined  by t h e  Pr ince ton  experiment. 
Support f o r  t h e  Guest Observer Program w i l l  a l s o  b e  cont inued.  

High Energy A:; tronomy Program (HEAO) 

The b a s i c  s c i e n t i f i c  o b j e c t i v e  of  t h e  High Energy Astronomy Observatory 
program i s  t o  explore  t h e  prev ious ly  i n a c c e s s i b l e  r eg ions  of celest ia l  X-ray 
and gammi r ay  sources  and of cosmic ray  f lux .  This  program has  t h e  p o t e n t i a l  
subs t a n t i a l l y  t c )  enhance ou r  understanding of  newly discovered energy 
processes  and of t h e  c r e a t i o n  of  matter. 

It w i l l  a l s o  g r e a t l y  improve o u r  understanding o f  observed phenomena such 
as quasars ,  p u l s a r s ,  novae, and supernovae. Various advisory  boards , 
inc luding  t h e  P r e s i d e n t ' s  S c i e n t i f i c  Advisory Council and t h e  Nat iona l  
Academy of Sc:iences (Woods Hole Summer Study) have given t h i s  program t h e  
h i g h e s t  p r i o r i t y .  

A s  p a r t  o f  .the a c t i o n s  r equ i r ed  t o  reduce Government spending i n  FY 1973, 
development e f f o r t  on t h e  HEAO p r o j e c t  w a s  suspended. The a c t i o n  taken w a s  
l i m i t e d  t o  suspension because of  t h e  importance o f  t h e  program o b j e c t i v e s ,  
and a c t i o n  WEL:; immediately i n i t i a t e d  t o  r e d e f i n e  and r e d i r e c t  t h e  s p e c i f i c  
approach <, 

The re:;truci:ured program c o n s i s t s  of  two segments o r  "Blocks". Block I 
i s  planned as t h r e e  sa te l l i t es  t o  b e  launched on At las /Centaur  rocke t s  from t h e  
Eastern Test Range. Block I1 w i l l  b e  proposed as a f u t u r e  new s t a r t  t o  be  
launched by t h e  space  s h u t t l e  and c a r r y  those  heav ie r  and l a r g e r  ins t ruments  
which Block :I: cannot accommodate. 

The Block I[ s p a c e c r a f t  uses  t h e  b a s i c  s t r u c t u r a l  des ign  p rev ious ly  d e t a i l e d  
f o r  t h e  origIha:L HEAO by TRW Systems, Inc . ,  t h e  prime c o n t r a c t o r .  

About 80% o E t h e  HFAO subsystem components u s e  e x i s t i n g  f l i g h t  hardware 
des igns  from on-going programs such as Orb i t ing  S o l a r  Observa tor ies  (OSO),  
Apollo Telescope Mount (ATM), Smal l  Astronomy S a t e l l i t e  (SAS) ,  and F l e e t  
Sa t e l l i t e  Connnuriications (FLTSATCOM). The f i r s t  launch i n  1977, HEAO-A, 
w i l l  be  an  X-:cay survey f o r  which t h e  payload has  been s e l e c t e d .  
mission,  HEAO-B:, w i l l  c a r r y  a graz ing  inc idence  X-ray t e l e scope  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 .  The t h i r d ,  HEAO-C, w i l l  c a r r y  
a combination of gamma ray  and cosmic r ay  ins t ruments .  This  s a t e l l i t e  i s  
planned t o  b e  r e t r i e v e d  by t h e  s h u t t l e ,  r e fu rb i shed ,  equipped wi th  a new se t  
of ins t ruments ,  and launched a g a i n  on a n  e a r l y  s h u t t l e  mission.  

The second 
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The r e s t r u c t u r e d  program h a s  been reviewed and endorsed by t h e  Space 
Science Board oE t h e  Nat iona l  Academy of  Sciences and by t h e  Phys ica l  Sciences 
Committee of t he  Space Programs Advisory Council (SPAC) . 

F i s c a l  Year 1974 funds are being used f o r  d e f i n i t i o n  and des ign  a c t i v i t y  
pursuant  t o  t 'he  e f f o r t  t o  ach ieve  t h e  approved HEAO o b j e c t i v e s  through a 
lower c o s t  approach. 

The FY 197.5 budget r eques t  w i l l  a l low f o r  d e t a i l e d  des ign  and i n i t i a t i o n  
of  development of t h e  s p a c e c r a f t  and t h e  HMO-A s c i e n t i f i c  payload. 
of t h e  HEAO-13 i i istruments w i l l  begin,  and d e f i n i t i o n  of t h e  HEAO-C payload 
w i l l  cont inue .  I n  a d d i t i o n ,  long-lead items, such as t e l e s c o p e  mi r ro r  
b lanks ,  l a r g e  sodium i o d i d e  c r y s t a l s ,  star senso r s ,  and t ape  r eco rde r s  w i l l  
be  procured. Second tier subcon t rac t s  f o r  vendor items w i l l  be  nego t i a t ed .  

Design 

Orb i t ing  Explorers  

Atmospheric boundary e x p l o r e r s , .  .. 
I n t  erp1aneta:r y iand magneto s p h e r i c  

b0unda.q explorers . .  ............ 
Magnetospheric (explorers. .  ........ 

explorers....................... 
Astronomy and a s t r o p h y s i c s  

Sub to ta l ,  0 , rb i t i ng  Explorers..  

(Launch Vehic le  Procurement 
Program) : 
Delta.......................... 

T o t a l  ( Inc luding  Launch 
Vehic 1 les ) ................... 

1973 - 
$16,000,000 

2 , 927,000 
4,766,000 

9,465,000 

$33,158,000 

(11 , 300,000) 
(5,600,000) 

($50.058.000) 

1974 - 
$12,711,000 

2,940 , 000 
3 , 694,000 

13,505,000 

$32,850,000 

(6,800,000) 
(---) 

($39.650.000) 

1975 - 
$7,480,000 

9,190,000 
1 , 750,000 

14,580,000 

$33,000,000 

(6,200,000) 
(4,450,000) 

($43.650.000) 

The Explorer  jprogram makes use  of r e l a t i v e l y  small s p a c e c r a f t ,  each 
dedica ted  t o  s p e c i f i c ,  problem-oriented o b j e c t i v e s ,  t hus  enabl ing  t h e  
des ign  of  t h e  s p a c e c r a f t  and t h e  parameters  of t h e  o r b i t  t o  be optimized 
t o  m e e t  each o b j e c t i v e .  Problems i n  X-ray, gamma ray  and r a d i o  astronomy, 
a tmospheric  innd ionospher ic  phys ics ,  r a d i a t i o n  b e l t s ,  magnetospheric 
boundaries ,  and i n t e r p l a n e t a r y  space are be ing  i n v e s t i g a t e d  i n  t h i s  way. 
This program a l s o  provides  a major means f o r  coope ra t ive  miss ions  wi th  o t h e r  
Government agencies  and o t h e r  c o u n t r i e s  , where mutual program o b j e c t i v e s  
can be  met w i t h  t h e  coopera t ing  p a r t y  paying i t s  own c o s t s .  
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Explorer s p a c e c r a f t  are launched a t  a rate of about  two t o  fou r  missions 
p e r  year ,  wi th  both Delta and Scout launch veh ic l e s .  

I n  FY 1975, funds w i l l  be  used f o r  t h e  fol lowing Explorer missions:  

Atmospheric Boundary Explorers 

Atmospheric Explorers (AE) a r e  aimed a t  i n v e s t i g a t i n g  t h e  d e t a i l e d  pro-  
ces ses  which occur as a r e s u l t  of s o l a r  energy abso rp t ion  by t h e  e a r t h ' s  
upper atmosFhere. Three missions a r e  planned f o r  launch dur ing  t h e  1973- 
1975 t i m e  per iod.  The f i r s t  mission (AE-C) w a s  s u c c e s s f u l l y  launched i n  
December 1973.  Each mission w i l l  be  equipped wi th  a n  on-board propuls ion  
system t o  p e r m i t  v a r i a t i o n s  i n  o r b i t a l  a l t i t u d e  a t  t h e  upper limits of t h e  
e a r t h ' s  atmosphere. 
atmosphere than any previous sa te l l i t e ,  thus  making p o s s i b l e ,  f o r  t h e  f i r s t  
t i m e ,  sys temat ic  s t u d i e s  of  t he  reg ion  where most of  t h e  s o l a r  r a d i a t i o n  i s  
absorbed and where most of t h e  sun-induced photochemistry occurs .  
reg ion  has  Frevious ly  been inves t iga t ed  only by sounding rocke t s ,  which are 
l i m i t e d  by the  du ra t ion  of t h e  f l i g h t  and t h e  area of coverage. 

This 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  

This  

F i s c a l  Year 1975 funds w i l l  be used f o r  i n - o r b i t  ope ra t ion  of  AE-Cy 
a n a l y s i s  of d a t a  from AE-C experiments,  completion and launch o E AE-D, and 
cont inua t ion  of work on AE-E. 

I n t e r p l a n e t a r y  and Magnetospheric Boundary Explorers  

The I n t e r p l a n e t a r y  Monitoring Platform (IMP) series w a s  e s t a b l i s h e d  f o r  
t he  purpose of long-term observa t ions  of ear th-sun r e l a t i o n s ,  p a r t i c u l a r l y  
t h e  o u t e r  magnetosphere, t h e  magnetosheath, and t h e  i n t e r p l a n e t a r y  medium. 
The las t  s p a c e c r a f t  i n  t h e  IMP series (IMP-J - Explorer  50) was success fu l ly  
launched i n  October 1973. Hardware d e f i n i t i o n  s t u d i e s  are underway f o r  both 
a magnetospheric physics  mission and a h e l i o c e n t r i c  nea r -ea r th  i n t e r p l a n e t a r y  
probe. These two p r o j e c t s ,  which toge ther  form an  i n t e r r e l a t e d  mission,  
involve a coopera t ive  e f f o r t  wi th  the  European Space Research Organizat ion 
(ESRO) . 

F i s c a l  Year 1975 funds w i l l  provide f o r  a n a l y s i s  of  d a t a  from IMP-J and 
IMP-H (Explorer  47, launched i n  September 1972), and f o r  development and 
procurement of hardware f o r  t h e  magnetospheric mother/daughter s p a c e c r a f t  
and the  h e l i o c e n t r i c  near -ear th  i n t e r p l a n e t a r y  probe. 

Magnetospheric Explorers 

Magnetospheric Explorers  a r e  used f o r  i n v e s t i g a t i o n s  of  t h e  uppermost 
l a y e r s  of t h e  e a r t h ' s  atmosphere, t h e  Van Al l en  r a d i a t i o n  zones,  and 
e l e c t r i c  and magnetic f i e l d s  around t h e  ea r th .  These missions a l s o  s tudy 
ques t ions  such a s  how charged p a r t i c l e s  e n t e r  and leave t h e  e a r t h ' s  
magnetosphere, and how changes i n  t h e  energy ou tpu t  from t h e  sun a f f e c t  t h e  
nea r -ea r th  environment. 
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This category of Explorer-class missions inc ludes  AEROS (launched i n  
December 1972), a coopera t ive  mission wi th  West Germany, as w e l l  as t h e  
Hawkeye mission scheduled f o r  launch i n  1974 and t h e  Dual A i r  Density missicln 
scheduled f o r  launch i n  1975. Also included f o r  FY 1975 funding i s  t h e  
ana1ysi.s o f  da.ta from o the r  missions prev ious ly  launched. 

Astronomy a,r.rAstrophysics Explorers 

These exp1.orers provide t h e  means f o r  ca r ry ing  o u t  as t ronomical  s t u d i e s  
r e l a t i n g  t o  thie  sun, stars, ga l ax ie s  and p l a n e t s  which do n o t  r e q u i r e  com- 
p l ex  astronomical  observa tor ies .  Included h e r e  are t h e  Smal l  Astronomy 
S a t e l l i t e s  (SAS) ; t h e  Radio Astronomy Explorers;  t h e  I n t e r n a t i o n a l  Ultra- 
v i o l e t  Explcmer (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  the: 
United Kingdom and ESRO; and coopera t ive  astronomy missions wi th  t h e  United 
Kingdom and th .e  Netherlands (UK-5 and ANS). The most r ecen t  mission w a s  
Explorer 49 (RAE-B) , which w a s  success fu l ly  launched i n  June 1973. 

F i s c a l  Y e a r  1975 funds w i l l  support  t h e  completion and launch of SAS-Cy 
UK-5, and A P E ;  t h e  cont inua t ion  of a c q u i s i t i o n ,  processing, and a n a l y s i s  
of data. from olperational sa te l l i tes ;  and t h e  development and cons t ruc t ion  
of t h e  IUE.  

Suborbi ta l  Programs 

1973 - 1974 - 1975 

Sounding roc.kets.. ................ $20,000,000 $19,350,000 $ ~ o , o ~ ~ , o o o  
Airborne research..  ............... 4,100,000 4 , 000,000 4,000,000 
Balloon program.................... 1,000,000 1,000,000 1,000,000 

Sub to  t a l  . Suborbi ta l  Program. ... $25,100,000 $24 . 350,000 $ 2 5 , ~ 0 ~ , 0 ~ 0  

(Launch Vehicle  Procurement 
Program) : 
Scout............................ (---) (---) (1,350,000) 

To ta l  (Including Launch 
Vehicle) .................... ~$25.100.000) ($24.350.000) ($26.350.000) 

Sounding Rockets 

A s  i n  pas t  years ,  sounding rockets  w i l l  b e  u t i l i z e d  as a va luab le  and 
v e r s a t i l e  t oo l  f o r  s c i e n t i f i c  research  i n  t h e  space environment. S tudies  
w i l l  cont inue  i n  t h e  t r a d i t i o n a l  s c i e n t i f i c  d i s c i p l i n e s ,  inc luding  t h e  
study of cosmic dus t  and i n t e r p l a n e t a r y  matter, magnetospheric phys ics ,  
s te l lar  astronomy, s o l a r  astronomy, and high energy a s t rophys ic s .  
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The s p e c i f i c  o b j e c t i v e s  of  t he  Sounding Rocket program are as fol lows:  

1. To conduct a coord ina ted  r e sea rch  program u t i l i z i n g  experiments wi th  
f l i g h t  requirements which cannot be  covered by lesser performance v e h i c l e s  
and do n o t  r1zqu:ire long d u r a t i o n  sa te l l i t e  observa t ion .  Spec i f i c  areas of 
s tudy inc lude  : 

ia. t'ne n a t u r e ,  c h a r a c t e r i s t i c s ,  and composition o f  t h e  upper 
atmosphere, i lmosphere,  and near  space;  

b. t'ne 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 te l la r  r a d i a t i o n  on t h e  upper atmosphere and ionosphere;  

( 3 .  ,the n a t u r e ,  c h a r a c t e r i s t i c s ,  and s p e c t r a  o f  r a d i a t i o n  of  t h e  
sun, stars, ;%.id o t h e r  ce les t ia l  o b j e c t s .  

2. To support  t h e  b a s i c  o b j e c t i v e s  of  t h e  Physics and Astronomy pro- 
grams by providing t h e  means f o r  ob ta in ing  measurements a t  a l t i t u d e s  too  
low f o r  sate:tlites b u t  too  h igh  f o r  ba l loons  o r  a i r p l a n e s ;  f o r  f l i g h t  
t e s t i n g  instrhiments and experiments being developed f o r  f l i g h t  on satel l i tes ,  
observator ie : ; ,  and space probes;  and f o r  c a l i b r a t i n g  o r  ob ta in ing  v e r t i c a l  
p r o f i l e s  i n  cor i re la t ion  wi th  c u r r e n t l y  o r b i t i n g  spacec ra f t .  

3 .  To s i n p o r t  personnel  i n  space sc i ence  experimentat ion,  bo th  on a 
domestic and an i n t e r n a t i o n a l  coopera t ive  b a s i s  a t  minimum expense. 

The c u r r e n t  level  of  funding i n  t h e  Sounding Rocket program provides  f o r  
about  70 f l i gh t : ;  p e r  year .  

I n  t h e  magnetospheric phys ics  area, cont inued emphasis has  been placed on 
lower ionospher ic  measurements (low a l t i t u d e  measurements which can only be  
done w i t h  so~inding rocke t s )  and ver t ica l  scans  c o r r e l a t e d  w i t h  s a t e l l i t e  
measurements ,, Inc reas ing  emphasis i s  being placed on t h e  coord ina t ion  of 
near-simultan~zous launching of several rocke t  payloads.  

Continuing $emphasis i s  placed on s te l la r  astronomy i n  both t h e  W and X- 
r a y  reg ions .  Many observa t ions  w i l l  fo l low up t h e  earlier measurements on 
s a t e l l i t e s  such as UHURU and OAO-2. 

Of s i g n i f i c i m t  i n t e r e s t  t o  s o l a r  astronomy w a s  t h e  launch of sounding 
rocke t s  dur ing  t h e  Skylab mission. They w e r e  used f o r  c o r r e l a t i v e  measure- 
ments and f o r  t h e  c a l i b r a t i o n  of  s o l a r  ins t ruments  aboard t h e  Skylab 
spacec ra f t .  

F i s c a l  Year 1974 a c t i v i t y  a l s o  included an  expedi t ion  t o  A u s t r a l i a  f o r  
southern sky observa t ions ,  and a series of some 30 launches from Wallops 
I s land ,  t o  s tudy i.n d e t a i l  t he  atmosphere s t r u c t u r e  and dynamics i n  t h e  
upper atmosphere between 70 and 160 km (43 and 100 m i l e s ) .  
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The Gravi ty  Probe-A p r o j e c t ,  which w a s  i n i t i a t e d  i n  FY 1972 t o  confirm 
wi th  imp roved accuracy the  g r a v i  t a  t iona 1 r e d s h i f t  (rela t iv i s  t i c  frequency 
s h i f t )  p red ic t ed  by E i n s t e i n ' s  Theory of R e l a t i v i t y ,  has  proceeded through 
t h e  design s t age ,  and hardware i s  now under development and test. I n  
FY 1975, erwironmental tests w i l l  be  completed, t h e  f l i g h t  w i l l  b e  performed 
us ing  a Scout launch v e h i c l e ,  and da ta  a n a l y s i s  w i l l  be  i n i t i a t e d .  

Airborne R.esearch 

Airborne r e sea rch  wi th  instrumented j e t  a i r c r a f t  b r idges  t h e  gap between 
ground-based experiments and those  r equ i r ing  ba l loons ,  r o c k e t s ,  and space 
v e h i c l e  systems. The o p e r a t i o n a l  f l e x i b i l i t y ,  t he  d i r e c t  p a r t i c i p a t i o n  of 
s c i e n t i s t s ,  and t h e  l a r g e  payload capac i ty  wi th  t h e  a b i l i t y  f o r  extended 
observa t ions  over any geophysical  area have made p o s s i b l e  e x c e l l e n t  
s c i e n t i f i c  r e s u l t s  and c o r r e l a t i o n s  wi th  NASA's s a t e l l i t e  systems. The 
Airborne Research program i s  demonstrating a n  approach which may be a p p l i -  
cab le  t o  space s h u t t l e  ope ra t ions  i n  t h e  f u t u r e .  

The Physics and Astronomy Airborne Research p r o j e c t  emphasizes t h e  support  
of i n f r a r e d  astronomy and i n v e s t i g a t i o n s  of  t h e  physics  of  t h e  au ro ra  and 
a i r f low.  I n f r a r e d  (IR) astronomy of t h e  sun, p l a n e t s ,  and g a l a x i e s  wi th  
small te lescopes  has  been undertaken from t h e  CV-990 and Lear J e t  a i r c r a f t .  
A l a r g e  I R  t e l e scope ,  91 cent imeters  (36 inches ) ,  has  been b u i l t  f o r  
observa t ions  from a C-141A j e t  a i r c r a f t .  This  I R  observa tory  i s  a f u l l -  
s c a l e ,  manned f a c i l i t y .  The t e l e scope  ope ra t e s  through an  open p o r t  and 
i s  separa ted  from t h e  astronomers by a p res su r i zed  w a l l .  This  pe rmi t s  t h e  
astronomers t o  work i n  a comfortable,  s h i r t - s l e e v e  environment. The 
Airborne I R  Observatory became a dedica ted  n a t i o n a l  f a c i l i t y  f o r  i n f r a r e d  
astronomy i n  l a te  1973. 

I n f r a r e d  astronomers 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  Lear Jet program 
u t i l i z i n g  $3 313 cent imeters  (12-inch) te lescope .  This  program c u r r e n t l y  
involves  t e n  groups of  astronomers.  Based on the  l a r g e  number of proposals  
f o r  t h e  use  of  t he  new 91-cent imeters  Airborne I R  Observatory,  as many as 
20 groups isill probably be using t h i s  f a c i l i t y .  A s tudy i s  planned t o  
compare t h e  ope ra t iona l  c a p a b i l i t y  of t h e  Airborne I R  Observatory wi th  t h a t  
of a Sortie-N>de Space Science Laboratory.  

The FY 1974 Airborne Research program funds have been used t o  complete 
t h e  ope ra t iona l  t e s t i n g  and i n i t i a l  ope ra t  h n s  of t h e  Airborne I R  Observatory 
on t h e  C-1li.U. FY 1974 funds a l s o  provided f o r  con t inua t ion  of t h e  Lear Jet: 
as tronomica 1 program. 

The FY 1975 a i r b o r n e  r e sea rch  budget w i l l  b e  used mainly t o  cont inue  
ope ra t ions  of t h e  Airborne I R  Observatory. These ope ra t ions  inc lude  support: 
f o r  t h e  asi~ronomical  groups , t h e  a c q u i s i t i o n  of an  i n e r t i a l  nav iga t ion  
system and an observatory s imula tor  system, and the  ope ra t ion  of t he  C-l4lA,, 
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Balloon Pro&=! 

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  tes t  t h e  instrumen- 
t a t i o n  i n  t h e  space  environment and t o  make obse rva t ions  a t  a l t i t u d e s  which 
are access ib ' l e  t o  rocke t s  and spacec ra f t .  I n  many ins t ances ,  i t  i s  less 
expensive and riore e f f i c i e n t  t o  f l y  t h e s e  payloads on ba l loons .  Approximate1.y 
one m i l l i o n  dol.lars has  been expended annual ly  t o  suppor t  about  60 ba l loon  
f l i g h t s  a ycvir., This  estimate inc ludes  ba l loons ,  launch services, t r ack ing ,  
and recovery .  Funding f o r  t h e  experiments i s  provided from Supporting 
Research and Technology (SR&T). The FY 1975 r eques t  w i l l  suppor t  a level 
of  e f f o r t  approximately equal  t o  FY 1974, a l though some decrease  i n  t o t a l  
number of fl.:ights may be experienced due t o  t h e  increased  emphasis on more 
complex payl.oacls, h ighe r  a l t i t u d e  requirements ,  and correspondingly l a r g e r  
bal loons.  Ilie new "superpressure"  ba l loons  , i n  p a r t i c u l a r ,  o f f e r  unique 
o p p o r t u n i t i e s  for: long d u r a t i o n  missions.  

Supporting Act ivi t ies  

Supporting research  and 

Data analysj.:;. .................... 
Spacelab s t u d i e s  and experiment 

Large Space Yel.escope (LST) - 

technology (SR&T) ............... 
Skylab d a t a  ana lys i s . .  ............ 

d e f i n i t i o n  ....................... 
advanced t:ecfmo l o g i c a l  
development., ................... 
pro jec:t d e f i n i t i o n . .  ............ Solar  Maximum EIission (SMM) - 

T o t a l ,  Supporting Act ivi t ies . .  

1973 

$14,819,000 
4,880,000 

1974 

$13,330,000 
4,881 , 000 

308 , 000 500,000 

$20.007.000 

Supporting Fksearch and Technology (SR&T) 

This  e f f o r t  enhances t h e  o v e r a l l  s c i e n t i f i c  and 

$18,711.000 

technologica l  

1975 

$14,390,000 
5,000,00@ '' 
1,500,OOCl) IL 

3,500,000 

6 , 200,000 

1 , 515,000 

$32.105.000 

r e t u r n  from 
NASA f l i g h t  p r o j e c t s  and he lps  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  
research  prc1gra.m i n  space science.  The o b j e c t i v e s  can b e  s t a t e d  i n  t h e  
fol lowing t h r e e  broad c a t e g o r i e s :  (1) enhancement of t h e  v a l u e  of c u r r e n t  
space miss ions  by supplementary simultaneous ground-based observa t ions  ; (2) 
development of  t h e o r i e s  t o  exp la in  observed phenomena and p r e d i c t  new ones; 
and (3) op t i r i i za t ion  of t h e  r e t u r n  expected from f u t u r e  miss ions  by problem 
def in i t i .on ,  development oE advanced experiments and concepts ,  and t h e  
c a r e f u l  defir1it:ion of  proposed new miss ions .  
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The work i n  space phys ics  i s  l a r g e l y  devoted t o  suppor t  o f  r e sea rch  r e l a t e d  
t o  phys ics  of t h e  e a r t h ' s  environment. It inc ludes  s tudy  of t h e  sun-ear th  
environment f a c t o r s ,  as w e l l  as e x t r a s o l a r  f a c t o r s  such as cosmic r ays .  
Research supported i n  t h e  f i e l d  of astronomy involves  t h e  s tudy  of t h e  sun 
and o b j e c t s  c u t s i d e  t h e  s o l a r  system. Research t a s k s  inc lude  s t u d i e s  of t h e  
s o l a r  spectru.m and t h e  i n f l u e n c e  of t h e  sun on i n t e r p l a n e t a r y  and p l a n e t a r y  
environments, ins t rument  development, and l a b o r a t o r y  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. Also  included are s o l a r  
r a d i o  astronclmy, r e sea rch  t a s k s  r e l a t e d  t o  o b j e c t s  o u t s i d e  of t h e  s o l a r  
system inc lud ing  obse rva t ion  by ground-based and bal loon-borne t e l e scopes ,  
and r a d i o  astronomy and instrument  development. T h e o r e t i c a l  s t u d i e s  of 
stars, g a l a x i e s ,  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  tests of t h e  v a l i d i t y  of E i n s t e i n ' s  Theory 
of R e l a t i v i t y  are a l s o  supported i n  t h i s  area. 

About 250 t a s k s  are be ing  supported a t  u n i v e r s i t i e s ,  n o n 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 c e n t e r s ,  and o t h e r  Government agencies  
i n  27 states and t h e  District  of  Columbia. These i n c l u d e  cont inuing  s t u d i e s  
and Advanced Technological  Development (ATD) of  subsys t e m s  f o r  t h e  Large 
Space Telescope inc luding  mechanical and s t r u c t u r a l  system concepts ,  s t u d i e s  
of t h e  primary t e l e s c o p e  o p t i c a l  subsystem, and t echno log ica l  development 
r equ i r ed  f o r  t h e  primary mi r ro r  blank, t h e  t e l e scope  suppor t  system, and 
t h e  t e l e scope  ins t rumenta t ion .  

During FY 1975, continued suppor t  w i l l  b e  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  base  f o r  a v i a b l e  Physics  and Astronomy 
program, Of s p e c i a l  s i g n i f i c a n c e  is  t h e  con t inua t ion  o f  s t u d i e s  f o r  advanced 
in s t rumen ta t ion  involv ing  image tubes and s o l i d  state devices  which w i l l  
i n c r e a s e  s e n s i t i v i t y  and r e s o l u t i o n  of d e t e c t o r s .  Super f lu id  helium re sea rch  
i s  being cont inued f o r  cryogenic  systems f o r  f u t u r e  a p p l i c a t i o n  i n  cosmic ray,, 
r e l a t i v i t y ,  and i n f r a r e d  astronomy. Other t echno log ica l  problems concerning 
p o i n t i n g  and s t a b i l i z a t i o n ,  on-board process ing ,  on-board d a t a  s t o r a g e ,  and 
d e t e c t o r  backgr'ound w i l l  be  s tud ied .  I n  a d d i t i o n ,  s t u d i e s  w i l l  be  made of 
advanced tec'hnimques f o r  r e l e a s i n g  tracers i n t o  t h e  upper atmosphere and of 
such ins t ruments  f o r  i n t roduc ing  c o n t r o l l e d  p e r t u r b a t i o n s  i n t o  t h e  space  
environment (as space-borne r a d i o  t r a n s m i t t e r s ,  e l e c t r o n  and i o n  a c c e l e r a t o r s  
and lasers. Basic s t u d i e s  w i l l  b e  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  t h a t  w i l l  r e q u i r e  t h e  c a p a b i l i t i e s  of 
e a r l y  s h u t t l ' e  missions.  

Data Ana lys i s  

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  i n v e s t -  
ment r ep resen ted  by t h e  d a t a  ga thered  i n  t h e  Space Science program, inc lud ing  
t h a t  from a iimlber 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 ,  
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Limited ope,rat ion of s p a c e c r a f t ,  beyond t h e  t i m e s  o r i g i n a l l y  planned, 
has  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 ,  p reference  
being 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  phys i ca l  
problems, iand the  e x p l o i t a t i o n  of unusual and unexpected o p p o r t u n i t i e s  such 
a s  comets. 

The operiation of t h e  Nat ional  Space Science Data Center (NSSDC) i s  a l s o  
supported i n d e r  t h i s  p r o j e c t .  
Center ,  w a s  e s t a b l i s h e d  to  se rve  as a c e n t r a l  r e p o s i t o r y  and c lear inghouse  
of 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 .  I n v e s t i g a t o r s  are 
expected t o  prepare  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  NSSDC. 

The NSSDC, loca ted  a t  t h e  Goddard Space F l i g h t  

F i s c a l  Year 1975 funds w i l l  provide support  f o r  about 100 p r i n c i p a l  
i n v e s t t g a t o r s  a t  approximately 46 i n s t i t u t i o n s  , inc luding  NASA f i e l d  cen te r s  

Skylab Data Analys is  

Skylab a c t i v i t i e s  through FY 1974 were funded under t h e  Of f i ce  of Manned 
Space F l i g h t .  This p r o j e c t  w i l l  suppor t  t h e  i n t e r p r e t a t i o n  of da t a  from 
ATM and o t h e r  Skylab experiments i n  Physics  and Astronomy, t h e  ATM Guest 
1nvestigato:r  program, and symposia and workshops on ATM r e s u l t s .  The ATM 
has acquired t h e  most comprehensive set of h igh  r e s o l u t i o n  s o l a r  da t a  
s imultaneously a t  more wavelengths than ever  before .  An a n a l y s i s  of t hese  
da t a  promises t o  advance man's knowledge of s o l a r  atmospheric s t r u c t u r e  
and dynamics f a r  beyond i t s  p resen t  s t a t e .  It i s  a l r eady  ev ident  t h a t  t he  
ATM da ta  csin se t t le  a number of ques t ions  about  phys i ca l  connect ions between 
many srnal l -s ide s t r u c t u r e s  i n  t h e  chromosphere and corona. I n  a d d i t i o n ,  
t he  e x c e l l e n t  f l a r e  da t a  obtained w i l l  i n c r e a s e  ou r  understanding t o  a point: 
where a n  extremely f r u i t f u l  observing program can be  designed f o r  f u t u r e  
space e f f o r t x  planned t o  h e l p  understand t h e  f l a r e  problem. Obtaining these  
r e s u l t s  from t h e  d a t a  w i l l  r e q u i r e  vigorous implementation of  an  i n t e n s i v e  
program fo r  da t a  a n a l y s i s ,  an  investment which i s  v i t a l  t o  reaping  t h e  r i c h  
h a r v e s t  thsi t t he  Skylab mission has made poss ib l e .  

Spacelab Studies  and Experiment Def in i t i on  

Payloads t o  be  flown i n  t h e  space s h u t t l e  must be designed t o  f i t  t he  
s tandard i n t e r f a c e  conf igu ra t ion  of t h e  s h u t t l e .  
va r ious  opt ions  must be  made on t h e  b a s i s  of  r e l i a b l e  c o s t  e s t ima tes  and a 
f u l l  understanding of  t h e  c a p a b i l i t y  of  t h e  ins t ruments  which are, i n  
general.,  mcrre complex than i n  earlier years .  The space s h u t t l e  w i l l  p e r m i t  
new, low-cost cons t ruc t ion  methods and ope ra t ing  procedures.  It i s  e s s e n t i a l  
t h a t  f u l l  advantage be taken of t hese  c a p a b i l i t i e s  t o  lower t h e  c o s t  of 
space i n v e s t i g a t i o n s .  
flown on t h e  space s h u t t l e  t o  be operated by s c i e n t i s t s  on t h e  s h u t t l e  and 

D i f f i c u l t  choices  among 

Physics and astronomy research  f a c i l i t i e s  w i l l  be  
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on t h e  ground. 
would have an o p e r a t i o n a l  l i f e  comparable t o  t r a d i t i o n a l  ground-based 
f a c i l i t i e s ,  Basic r e s e a r c h  w i l l  b e  performed i n  astronomy, s o l a r  phys ics ,  
a s t r o p h y s i c s ,  magnetospheric phys ics ,  and atmospheric  physics .  
r e sea rch  w t 1 1  r e q u i r e  both p a s s i v e  obse rva t ions  and t h e  performance of  
a c t i v e  experiments which can be conducted most e a s i l y  from t h e  space  s h u t t l e .  

Each payload could be  flown several t i m e s  p e r  y e a r  and 

The proposed 

This program w i l l  b u i l d  on t h e  exper ience  and accomplishments of  on-going 
f l i g h t  p r o J e c t s ,  i nc lud ing  t h e  Skylab miss ion ,  
used f o r  t h e  i d e n t i f i c a t i o n  and d e f i n i t i o n  of s c i e n t i f i c  ins t ruments ,  s enso r s ,  
and s p e c i a l i z e d  equipment, and t h e  d e f i n i t i o n  and s p e c i f i c a t i o n  of  l abora to ry /  
observa tory  modules and s p e c i a l  purpose s p a c e c r a f t  subsystems such as 
s c i e n t i f i c  i1i1:10ck, s t a b i l i z e d  p la t form,  and s u b s a t e l l i t e s .  

Fy 1975 funding w i l l  be 

Large SpaceTe lescope  (LST) - Advanced Technological  Development 

The IST ,  i i  nu l t ip l e -pu rpose  3-meter (118 inch )  t e l e scope ,  w i l l  p rovide  the  
c a p a b i l i t y  f o r  pursuing a ve ry  broad range of  problems. 
be ing  plann.ed as a payload t o  b e  launched and se rv iced  by t h e  space  s h u t t l e .  
Designed tci p rovide  high r e s o l u t i o n  and a l a r g e  l i g h t  c o l l e c t i n g  area wi th -  
o u t  suf fe r i .ng  from atmospheric  d i f f u s i o n  of  l i g h t  which hampers ground 
observations; ,  t h i s  ins t rument  w i l l  be  a b l e  t o  reach  g a l a x i e s  a t  d i s t a n c e s  
a s  g r e a t  a s  t e n  t i m e s  t hose  a v a i l a b l e  t o  t h e  200-inch t e l e scope  a t  t h e  Hale 
Observatory at: M t .  Palomar. The h igh  r e s o l u t i o n  w i l l  enable  as t ronomers  t o  
overcome d i s  ta.nce l i m i t a t i o n s  which have long  cons t r a ined  t h e  s tudy  of 
quasar  redsdiift .  

The s p a c e c r a f t  i s  

In  FY 197!j, t h e  p r o j e c t  d e f i n i t i o n  s t u d i e s  cont inue .  These inc lude  
s t u d i e s  of t h e  o p t i c a l  t e l e s c o p e  assembly and t h e  suppor t  systems module. 
Cont inuat ion of t h e  work s t a r t e d  on t h e  mi r ro r  blank w i l l  p rovide  v e r i f i -  
c a t i o n  t h a t  t h e  s u r f a c e  can be po l i shed  t o  t h e  e x t e n t  r equ i r ed  f o r  t h e  LST. 
Experiment d e f i n i t i o n  w i l l  involve  t h e  s c i e n t i f i c  community i n  developing 
t h e  instrunients  t o  be  placed behind t h e  primary mir ror .  Advanced techno- 
l o g i c a l  development of items such as t h i r d  gene ra t ion  gyros f o r  t h e  p r e c i s e  
p o i n t i n g  arid s t a b i l i z a t i o n  requirements ,  o p t i c a l  performance senso r s ,  and 
s t r u c t u r a l  and thermal subsystems w i l l  a l s o  cont inue.  

Solar  MaxingsMission (SMM) - P r o j e c t  D e f i n i t i o n  

The SMM will. 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  research 
dur ing  t h e  nex t  maximum i n  s o l a r  a c t i v i t y ,  p ro j ec t ed  f o r  t h e  1978-1979 
pe r iod ,  Th.e nrajor s c i e n t i f i c  o b j e c t i v e s  of S M M w i l l  be  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 w i t h  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 hardware w i l l  be  s h u t t l e -  
compat ible  t:o provide  rendezvous, retrieval, re furb ishment  and r e t u r n  t o  
o r b i t .  I n i t i a l  launch w i l l  be  by t h e  D e l t a  launch v e h i c l e .  

RD 5-19 



The e a r l y  CSO's and ATM have demonstrated t h a t  t h e  c r i t i c a l  observa t ions  
f o r  t h e  f l a r e  mechanism can b e  made from space. These inc lude  gamma ray  
spectroscopy,  X-ray and W spectroscopy,  measurements o f  magnetic f i e l d s  i n  
t h e  corona, and c e r t a i n  types of  po lar imet ry  and suppor t ing  ground-based 
observa t ions .  With t h e  ATM experience,  w e  a re  i n  a p o s i t i o n  t o  select  a 
s o l a r  maximum payload which w i l l  cover a l l  of those  f l a r e  and p r e f l a r e  
emissions of t h e  sun which are important  f o r  t h e  

- determina t ion  o f  phys i ca l  cond i t ions  i n  t h e  f l a r i n g  reg ion  

- i d e n t i f i c a t i o n  of  t h e  phys ica l  mechanisms a t  work 

- i d e n t i f i c a t i o n  of conf igu ra t ions  which a re  l i k e l y  t o  produce f l a r e s  

- poss ib ly  p r e d i c t  f l a r e s  and t h e i r  e f f e c t s  on e a r t h  and i t s  
environnien t 

S tudies  performed in-house i n d i c a t e  t h e  f e a s i b i l i t y  of  developing a 
s p a c e c r a f t  system f o r  t h i s  mission based on maximum u t i l i z a t i o n  of 
components and subsystems t h a t  were designed f o r  o t h e r  f l i g h t  systems. 
In  FY 1975, Firclject d e f i n i t i o n  s t u d i e s  w i l l  be  performed t o  d e f i n e  i n  
d e t a i l  t:he i n t e r f a c e s  of t h e  complete SMM system. This  e f f o r t  w i l l  permit  
d e t a i l  des ign  and development t o  proceed i n  subsequent yea r s  w i th  f ixed  
requirements t o  minimize des ign  changes and c o s t s  and t o  hold t h e  1978 
planning da t e.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Mariner .......................... 
Viking ........................... 
Outer p l a n e t s  missions ........... 
Support ing r e sea rch  and tech- 
nolo gy / advanced s t ud ies ........ 

Plane ta ry  at.tronomy .............. 
Data ana ly  . . .:' LS ..................... 

Pioneer/Hel.j.os;. .................. 

P l a n e t a r y  qua ran t ine  ............. 
Plane ta ry  Ji:Light suppor t  ......... 
Lunar sample a n a l y s i s  ............ 
Lunar sc i ence  ope ra t ions  ......... 

1973 

$37.683. 000 
232.249. 000 
6.064. 000 
11.573. 000 

19.364. 000 
4.800. 000 
3.036. 000 
2.200. 000 
15.000. 000 

... 

... 

1974 

$11.115. 000 
224.655. 000 
30.610. 000 
7.370. 000 

15.018. 000 
4.200. 000 
9.251. 000 
1.500. 000 

22.000. 000 
5.667. 000 
1.614. 000 

1975 . 
$4.119. 000 
89.016. 000 
69.761. 000 
33.500. 000 

17.800. 000 
4.200. 000 
10.473. 000 
1.500. 000 

25.500. 000 
5.798. 000 
4.333. 000 

T o t a l  ....... ,. ................... $331.969 . 000 $33 3.000.000 $266.000.000 

Dis t r ibu iLkn of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ......... $150. 000 

Goddard Space F l i g h t  Center  .. 4.819. 000 
Jet Propuls ion  Laboratory .... 62.452. 000 
Wallops S t a t i o n  .............. 65. 000 
Ames Reseaarch Center  ......... 15.901. 000 
Langley Research Center  ...... 229.060. 000 

Marshal l  Space F l i g h t  Center  . ... 

Headquarters ................. 19.522. 000 

$8.102. 000 $12.726. 000 

6.009. 000 8.090. 000 
60.947. 000 91.700. 000 

55. 000 50. 000 
10.501. 000 35.722. 000 

224.286. 000 94.110. 000 
23.075. 000 . 0 0 0  23.602. 

25. 000 ... 

Tota l  ...................... $33 1.969.000 $33 3.000.000 S266.000.000 
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HIGHLIGHTS OF BUDGET PLAN 

1973 - 
Marine E. 

Mariner Mars 1971 
Mission opera t ions  and p r o j e c t  
----- 

management.....,.................. $7,176,000 

S u b t o t a l ,  Mariner Mars 1971.. . $7.176.000 

---- Mariner Venus/Mercury 1973 
Spacecraf t  des ign ,  development, 

and t e s t i n g .  ...................... 25,683,000 
Science instruments  t o  r e t u r n  

u l t r a v i o l e t  and v i s u a l  t e l e v i s i o n  
p i c t u r e s ,  atmosphere and iono- 
sphere d a t a ,  and thermal maps 
from both Venus and Mercury.... ... 
wi th  t h e  November 1973 launch... . .  2,012,000 

2,812,000 
Mission cpe ra t ions  beginning 

Subtcltal ,  Mariner Venus/ 
Mercury 1973.............. $30.507.000 

Atlas  /Centaur (Launch ---- 
Vet!icle Procurement) ...... (6,800,000) 

T o t . a l  Mariner. . . . . . . . . . . . .  $37.683.000 

Vikinp; 

Orb i. t er 
Spacecra.ft des ign ,  development , 

and test leacling t o  d e l i v e r y  of two 
spacec:raft t o  KSC i n  e a r l y  1975... 61,300,000 

Science ins,truments t o  o b t a i n  
p1anet:ary dat.a, inc luding  water 
vapor and thermal mapping.. ....... 8,800,000 

1974 - 

$5,265,000 

2 , 303 , 000 
3,547,000 

(---) 

$11,115.000 

62,700,000 

9,000,000 

1975 

$1,332,000 

2 , 134 , 000 
653,000 

$4.119.000 

$4.119.000 

26,000,000 

4 , 000,000 
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1973 1974 1975 - 
Lander 
Spacecraf t  design,  development, 

and test l ead ing  t o  d e l i v e r y  of 
t h r e e  spacec ra f t  t o  KSC e a r l y  i n  
1975.. ............................ $107,000,000 $91,000,000 $27,008,000 

b i o l o g i c a l ,  geologica l ,  meteoro- 
l o g i c a l ,  and o the r  d a t a  from t h e  
s u r f a c e  of M a r s  t o  ear th . . . . . , . . . .  42,640,000 35,255,000 14,808,000 

Science ins t r Jments  t o  t ransmi t  

P r o j e c t  Manaaement, I n t e g r a t i o n ,  
---- and Mission Operations... . . . . .  12,509,000 26,700,000 17,200,000 

Ti tan/Centaur  --- (Launch Vehicle  
Procurement).. . . . . . . . . . . . . . . . .  (33,000,000) (27,000,000) - (2,400,000) 

To ta l ,  Viking............... $232,249,000 $224.655.000 ,$89.016.000 - 

Outer Planet: ;  Missions 

Spacecraft-Design and Development 
Spacecraf t  system design,  us ing  

e x i s t i n g  Mariner/Viking subsystem 
des ign  w h e r e  poss ib l e ;  procurement 

Science_ - ' Instruments t o  c o l l e c t  
d a t a  on composition and s t r u c t u r e  
of atmospheres, r a d i a t i o n  b e l t s  and 
magnetic f i e l d s  of J u p i t e r  and 
Sa turn ;  n a t u r e  (of Sa tu rn ' s  r i n g s  
and i t s  s a t e l l i t e ,  Titan. . . . . . . . . .  1,300,000 11,372,000 17,141,000 

of spacec ra f t  s Jbsys t e m s  .......... $3 . 314,000 $16 . 336,000 $47,503,000 

Pro j ec t M a n ~ s m e n t  and 
I n t e g r a t i o n  .................... 1 , 385,000 2,497,000 4,144,000 

Mission Operat ions - D e f i n i t i o n  
of t r ack ing  ;and f a c i l i t i e s  r equ i r e -  
ments, mission ;and sequencing 
design...  ......................... 65,000 405 , 000 973,000 

T i t a d c e n t a u r  (Launch Vehic le  
P r ocur e m e  n t 1) . I, ................ (---) (11,300,000) - (9,100,000) 

...... $6,064.000 $30,610.000 $69,761,000 To ta l ,  13uteic P lane t s . .  - 
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1973 

Pioneer/Hel i. 

Pioneer  V g n u , ~  
De ta i l ed  des ign ,  exper i -  - -  

ment and s p a c e c r a f t  development 
init iated. . . . . . . . . . . . . . . . . . . . . . . . .  --- 

Pioneer  6,:- 
Spacecraf t  

F l i g h t  pe r  Eormance 
a n a l y s i s ,  csontractor f e e  pay- 
ments f o r  Pioneer. .  ............... $4,190,000 

Science -- 
Analysis  of  s c i e n t i f i c  d a t a  

c o l l e c t e d  dur ing  t h e  10 and 11 
missions.......................... 2,065,000 

Opera t ions  
Support  of t h e  6-11 missions 

a t  t h e  Spacle F l i g h t  Operat ions 
Facil i ty. . . . . . . . . . . . . . . . . . . . .  ..... 3,053,000 

S u b t o t a l ,  Pioneer  6-11.. .. $9, ,308 ,00~ 

Hel ios  A and B --- 
Science 

Test ,and i n t e g r a t i o n  i n t o  
s p a c e c r a f t  Iof 'experiments f o r  f i r s t  
mission. A:sseinbly and test  of 
experiments f o r  second mission.... 1,375,000 

Opera t i g E  
Software des ign  f o r  mission 

opera t ions ,  da t a  a n a l y s i s ,  p r o j e c t  
management........................ 890,000 

S u b t o t a l ,  Hel ios  A and B.. $2,265,000 

-- Centaur (Launch Vehic le  
Procuremen$. ............... (18,200,000) 

Tota l ,  Pioneer/Helios. . . .  . $11.573.000 

1974 

$1,125,000 

2,415,000 

2,330 , 000 

$5,870,000 

615,000 

885 , 000 

$1,500,000 

(20,000,000) 

$7.370.000 

1975 

$27,100,000 

180,000 

2,275,000 

2,545,000 

$5,000,000 

755,000 

645,000 

- $1,400,000 

(7,100,000) 

$33.500.000 
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Support ing Research -- and 
Technology/Atlvanced -- Stud ies  

Lunar S c i c 2 ~ t i  
Scientifi:i.c s t u d i e s  t o  under- 

s t and  t h e  o r i g i n  of t h e  moon and 
t h e  e a r t h . .  ......................... 

P l a n e t a r y  lkiience 
Research i n  p l a n e t a r y  atmo- 

s p h e r i c  phenomtma ; p l a n e t a r y  
geology, inc'luding geochemistry, 
geophysics ,  imd photogeology.. .... 

Plane  t a r v  Advanced Technical  
Deve 1 opput; 
Tec hnolog i c a  1 read  i n e s  s and 

d e t a i l e d  advanced planning f o r  

P lane ta ry  & v a n c e d  S t u d i e s  
F e a s i b i l i t y  of p o t e n t i a l  

f u t u r e  !;cienti:Eic missions t o  
p l a n e t s  ; development of up- to -  
d a t e  m i s s  i on  oppor tun i ty  
c a t a l o g  ........................... 

candida te  p l imetary  missions. .  .... 

Exobiologr 
Researcl; toward understanding 

t h e  control i l ing f a c t o r s  i n  t h e  
o r i g i n  of l i f e ,  and determining 
the  uniqueness of l i f e  on ear th . . .  - 

1973 - 

$3,364,000 

4,700,000 

6,200,000 

1,200,000 

3,900,000 

T o t a l ,  Support ing Research 
and Techno 1 ogy/Advanced 
S tud ie s .  .................. $19.364. 000 

P l a n e t a r y  As tronom 
Ground-l,Zed as tllonomy 

suppor t  of the  p l a n e t a r y  explo- 
r a t i o n  program o b j e c t i v e s  ......... $4.800.000 

Data Analysis  
s upp o r t of -s c i en t i s  t s 

ana lyz ing  d a t a  of f l i g h t  programs 
a f t e r  t h e  i n i t i a l  per iod  funded 
i n  t h e  basic  mission.............. 3.036.000 

1974 - 

$2,918,000 

4,500,000 

3,100,000 

1,200,000 

3,300,000 

$15,018.000 

$4.200.000 

9.251 .OOO 

1975 

$3,500,000 

4,600,000 

5,200,000 

1,200,000 

- 3 300 000 

$17.800. OQO 

- $4.200.000 

10.473.000 
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1973 1974 1975 

Planetary Quarantine 
All feasible measures to 

avoid the transfer of viable 
terrestrial life forms to the 
planets........... ................ $2.200.000 $1.500.000 $1,500,000 
Planetary Egpht Support 
Basic computer processing 

and display capability to support 
telemetry, tracking, and command 
functions for all planetary space- 
craft............................. 15.000.000 22.000.000 25.500.000 
Lunar Samp ie.Analys is 
Scientific analysis of the 

lunar materials returned to earth 
by ApOllo.... ..................... - - -* 5 ,667,000 - 5.798 .OOO 
Lunar Science Operations 
Operation of the still 

functioning Apollo ALSEP's and 
subsatellite, and the Lunar Laser 
Ranging experiment................ ---* 1.614.000 - 4.333 .OOO 

*Fiscal Year 19'73 and prior funding was included in the Apollo program. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF SPACE SCIENCE LUNAR AND PLANETARY EXPLORATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION 

The objective of the Lunar and Planetary Exploration program is the 
scientific exploration of the moon, the planets and their satellites, aster- 
oids, comets, and the particles and fields of interplanetary space. The 
goal of this exploration is to understand the origin and evolution of the 
solar system, the origin and evolution of life, and the dynamic processes 
that shape ran's terrestrial environment. The planetary program employs 
automated spacecraft which fly by, orbit, enter the atmosphere, and/or land 
on other bodies, as well as ground-based observations t o  investigate our 
solar system. The lunar program utilizes ground-based observations, labo- 
ratory studies and data from the Apollo, Ranger, Lunar Orbiter, and Surveyor 
missions to investigate the composition and nature of lunar materials and 
phenomena. 

The planetary and interplanetary flight missions undertaken to date have 
been highly successful, beginning with the first visit to another planet-- 
the Mariner 2 flyby of Venus in 1962-- and continuing with the first suc- 
cessful orbiting of Mars in November 1971 by the Mariner 9. Pioneer 10, 
launched in March 1972, has now successfully traversed the Asteroid Belt 
and survivec the radiation belts of Jupiter. It has provided valuable data 
on this first mission to this giant planet. Pioneer 11 was launched in 
April 1973 s.nd is now about halfway through the Asteroid Belt and on its 
way to a second flyby of Jupiter. Mariner 10 launched in November 1973, 
is on course to fly by Mercury utilizing the increased velocity to be 
achieved by its close swingby of Venus in February. Two cooperative US/ 
German spacecraft, Helios A and B, will be launched in 1974 and 1976 to 
investigate tbe properties in interplanetary space in close proximity to 
the sun. Knowledge of Mars and its environment will be greatly advanced 
by the two Viking spacecraft to be launched in 1975 which will orbit and 
land on the Ma.rtian surface in 1976. In 1977, two Mariner spacecraft will 
be launched to fly by Jupiter and Saturn and their satellites, thereby 
extending man's frontier of knowledge about the solar system farther into 
the outer p1.anets. The heavy veil of the planet Venus will be penetrated 
by instruments carried on two Pioneer spacecraft scheduled to be launched 
in 1978. The probe and orbiter missions will investigate the nature, 
dynamics anti evolution of the Venusian atmosphere. 
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BASIS OF FUI1;DREQUIREMENTS : 

Mariner 

1973 1974 - 1975 - 
Mariner Venu.s/Mercury 1973........ $30,507,000 $11,115,000 $4,119,000 --- --- Mariner Mars 1971................ . 7,176,000 

To ta l ,  Spacec ra f t  and Support . .  . $37,683,000 $11,115,000 $4,119,000 

Procurement program) ............ (6,800,000) (---) (---) 
A t l a s /  Centau r (Launch Vehic 1 e 

To ta l ,  ( i nc lud ing  launch 
vehic le ) . . .  ................. ($44.483.000) ($11,115.000) ($4, 119.000) 

The Mariner series of s p a c e c r a f t  has  been and cont inues  t o  be  a most 
important t c o l  i n  p l a n e t a r y  exp lo ra t ion .  These s p a c e c r a f t  have evolved 
from t h e  204 kg (450 lb . )  Mariner 2,  used f o r  man's f i r s t  success fu l  f l yby  
mission t o  another  p l a n e t ,  t o  t h e  1,000 kg (2,200 lb . )  Mariner Mars 1971 
(Mariner 9) which w a s  s u c c e s s f u l l y  i n s e r t e d  i n t o  Mars o r b i t  i n  November 1971. 
During FY 1973, Mariner 9 completed i t s  extended mission,  ope ra t ing  suc- 
c e s s f u l l y  over  259 days i n  o r b i t  a f t e r  completion of i t s  90-day primary 
mission. Mariner 9 has  proven Mars t o  be a h igh ly  act ive p l a n e t ,  both 
me teo ro log ica l ly  and geo log ica l ly ,  and has  mapped 100% of i t s  s u r f a c e  t o  a 
r e s o l u t i o n  of 1 km (0.6 m i l e s ) .  

I n  FY 1974 primary Mariner a c t i v i t i e s  focused on t h e  f i n a l  t e s t i n g ,  launch,  
and f l i g h t  ope ra t ions  of Mariner 10. This  s p a c e c r a f t  w i l l  be  t h e  f i r s t  t o  
f l y  a two p l a n e t  mission as w e l l  as making observa t ions  of t h e  e a r t h ,  t h e  
moon, and t h e  comet Kohoutek i n  t r a n s i t  t o  i t s  rendezvous wi th  Venus and 
Mercury. 

Mariner VenudMercury 1973 

Spacecraf t  .................... $25,683,000 $5,265,000 $1,332,000 
Science instruments. . . . . . . . . . .  2,812,000 2,303,000 2,134,000 
Mission operat ions. . . . .  ....... 2,012,000 3,547,000 653,000 

Total . . . . . . . . . . . . . . . . . . . . . . .  $30.507.000 $11,115,000 $4.119.000 

A s i n g l e  modified Mariner s p a c e c r a f t ,  launched on November 3, 1973, w i l l  
f l y  by both Venus and Mercury i n  1974 becoming t h e  f i r s t  two-planet mission. 
Using s o l e l y  t h e  rocke t  boos t  needed t o  reach  Venus, t h e  MVM 1973 (Mariner 
10) s p a c e c r a f t  w i l l  u t i l i z e  Venus' g r a v i t y  t o  o b t a i n  a change i n  speed and 
t r a j e c t o r y  t h a t  w i l l  enable  i t  t o  cont inue  t o  Mercury, t h e  c l o s e s t  p l a n e t  
t o  our  sun. The s p a c e c r a f t ,  launched by an A t l a s  / Centaur,  w i l l  t r ansmi t  
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u l t r a v i o l e t  m d  v i s u a l  t e l e v i s i o n  p i c t u r e s ,  atmospheric d a t a ,  and thermal 
maps of t h e  p l a n e t s  Venus and Mercury. Add i t iona l ly ,  i t  w i l l  i n v e s t i g a t e  
t h e  space e~raironment a t  both p l a n e t s  and t h e  unexplored r eg ion  between 
Venus and Mtzrcury. This mission w i l l  p rovide  va luab le  exper ience  f o r  f u t u r e  
mul t ip lane t : ,  g r a v i t y - a s s i s t  type  t r a j e c t o r i e s .  Following i n i t i a l  Mercury 
encounter 011 March 29, 1974, t h e  s p a c e c r a f t  w i l l  go i n t o  a h e l i o c e n t r i c  Qrbii. 
i n  which i t  wi3!1 aga in  encounter Mercury (September 22 ,  1974) 176 days a f t e r  
t h e  f i r s t  encounter.  This  w i l l  a f f o r d  a va luab le  oppor tuni ty  t o  v e r i f y  and 
expand t h e  L n i t i a l  s c i ence  measurements , and t o  i n v e s t i g a t e  t h e i r  t i m e  
dependence. The mapping of Mercury w i l l  be  g r e a t l y  enhanced by t h e  second 
f lyby.  

Funds reques ted  w i l l  be used as fol lows:  

Spacecraft: - Major a c t i v i t i e s  concluded i n  FY 1974 are t h e  completion of 
environmenta:t t e s t i n g ,  t r a n s f e r  of t h e  test  and f l i g h t  s p a c e c r a f t  to t h e  
Kennedy Space Center  f o r  prelaunch ope ra t ions ,  and launch of t h e  f l i g h t  
s p a c e c r a f t  cm November 3, 1973. 

Science 1m;uments - Immediately a f t e r  launch s c i e n t i f i c  d a t a  were 
re turned  dur ing  nea r -ea r th  sequence ope ra t ions ,  inc luding  some 1,100 real 
t i m e  TV pict:ures f o r  c o n s t r u c t i n g  e a r t h  and moon mosaics. These TV p i c t u r e s  
were used f o r  c a l i b r a t i o n  of t h e  t e l e v i s i o n  subsystem, checkout of image- 
process ing  soft:ware, and t r a i n i n g  of t h e  mission ope ra t ions  t e a m s .  Data 
cont inue  t o  be re turned  dur ing  t h e  i n t e r p l a n e t a r y  t r a n s i t  phase. Over 
7,000 TV p i c t u r e s  are planned dur ing  t h e  observa t ion  of t h e  comet Kohoutek 
and t h e  flytry encounters  of t h e  p l a n e t s  Venus and Mercury. FY 1974 and 1975 
sc i ence  funds w i l l  be  used f o r  a n a l y s i s  of t h e  d a t a  obtained dur ing  these  
f lyby  o~ierati .ons,  and f o r  t h e  product ion of s c i e n t i f i c  r e p o r t s  and papers  by 
t h e  sc i ence  i n v e s t i g a t o r s .  

Mission 0pera.t ions - During FY 1974, Mission Operat ions Systems (MOS) 
a c t i v i t i e s  a r e  concen t r a t ing  on t r a i n i n g  f o r  encounters  and conducting f l i g h t  
Operations.  F l i g h t  opera t ions  inc lude  t h e  command and c o n t r o l  of t h e  space- 
c r a f t  dur ing  i t s  i n t e r p l a n e t a r y  f l i g h t  i n  o rde r  t o  r e t u r n  d a t a ,  inake t ra-  
j e c t o r y  c o r r e c t i o n  and c a l i b r a t i o n  maneuvers, and update  t h e  automatic  
mission modes s t o r e d  i n  t h e  on-board computer. Navigat ion and t r ack ing  
a c t i v i t i e s  mike c e r t a i n  t h e  s p a c e c r a f t  arrives a t  t h e  proper  aiming p o i n t  
a t  t h e  c o r r e c t  t i m e  t o  i n s u r e  p l a n e t a r y  encounter.  The MOS teams w i l l  
support  24-hour ope ra t ions  dur ing  the  encounters  of Venus and Mercury. 
FY 1975 funding w i l l  p rovide  mission ope ra t ions  t o  a t t a i n  t h e  va luab le  
second f lyby of t h e  p l a n e t  Mercury, and w i l l  support  t h e  i n i t i a l  a n a l y s i s  
of t h e  data. 
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Viking 

1975 - 1973 1974 - 
O r b i t e r  spacec ra f t .  .......... $61,300,000 $62,700,000 $26,000,000 
O r b i t e r  science. . . . . . . . . . . . . .  8,800,000 9 , 000,000 4,000,000 
Lander spacec ra f t . . .  ......... 107,000,000 91,000,000 27,008,000 
Lander science. . . . . . . . . . . . . . .  42,640,000 35,255,000 14,808,000 
P r o j e c t  management and 

p r o j e c t  i n t e g r a t i o n .  ....... 12,509,000 26,700,000 - 17,200,000 

Total . . . . . . . . . . . . . . . . . . . .  $232,249,000 $224,655,000 S89,016,000 

Titan/Cent a u r  (Launch Vehic le  
Procurerr.ent program). ...... (33,000,000) (27,000,000) . (2,400,000) 

Tota l  ( i nc lud ing  launch 
v e h i c l e s  ............... ($265.249.000) ($251.655.000) ($91.416.000) 

The o b j e c t i v e  of t h e  Viking program i s  t o  s i g n i f i c a n t l y  advance our  
knowledge of t he  p l a n e t  Mars by means of observa t ions  from Mart ian o r b i t  
and d i r e c t  measurements i n  the  atmosphere and on t h e  su r face .  The Viking 
1975 mission w i l l  g r e a t l y  expand the  exp lo ra t ion  of Mars i n i t i a t e d  by t h e  
earlier Mari.ners. Emphasis w i l l  be p laced  on ob ta in ing  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  ques t ions  about t h e  e x i s t e n c e  of l i f e  on 
t h e  p l a n e t .  

Two Viking, s p a c e c r a f t  w i l l  be  launched i n  mid-1975 by T i t a d c e n t a u r  launch 
veh ic l e s .  Each s p a c e c r a f t  w i l l  c o n s i s t  of an  O r b i t e r  and a Lander. 
t h e  spacec ra f t  a r r i v e  a t  Mars i n  the  summer of 1976, each O r b i t e r  w i l l  p l a c e  
i t s e l f  and the a t t ached  Lander i n t o  an o r b i t  around Mars. Each Lander w i l l  
s e p a r a t e  from i t s  O r b i t e r  s h o r t l y  a f t e r  arr ival  a t  Mars and descend through 
t h e  atniosphLere t o  t h e  sur face .  A f t e r  s o f t  landing,  t he  Lander w i l l  conduct 
biologi.ca1, geo log ica 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 .  
Instruments  on t h e  O r b i t e r s  w i l l  o b t a i n  d a t a  on dynamic p l a n e t a r y  processes ,  
and the  O r b i t e r  w i l l  ac t  as a communications r e l a y  s t a t i o n  f o r  both O r b i t e r  
and Lander s c i . e n t i f i c  da t a .  

When 

During Fk' 1974, funds are be ing  used c h i e f l y  t o  complete t h e  peak a c t i v i t y  
i n  t h e  desi.gn, f a b r i c a t i o n ,  and t e s t i n g  of t h e  hardware f o r  both t h e  Orb i t e r  
and t h e  Lander. By t h e  end of FY 1974, assembly e f f o r t  w i l l  begin f o r  t h e  
f i r s t  f l i g h t  model and t e s t i n g  w i l l  have been completed f o r  t h e  thermal and 
dynamic: test: models of t h e  Orb i t e r .  Q u a l i f i c a t i o n  of t he  O r b i t e r  des ign  
w i l l  be  completed through t h e  accomplishment of t h e  system and environmental 
tes t  of t h e  Proof T e s t  O r b i t e r  model. Also by t h e  end of t h i s  f i s c a l  yea r ,  
assemb1.y of t h e  t h r e e  f l i g h t  models of t h e  Lander w i l l  be  w e l l  underway. 
E f f o r t  will .  be  completed on t e s t i n g  t h e  dynamic and s t a t i c  Lander models, 
and most of t h e  q u a l i f i c a t i o n  t e s t i n g  w i l l  be  completed for  t h e  Lander 
Proof 'Xes t Capsule. 
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Also i n  FS! 1974, t h e  b a s i c  planning f o r  t h e  mission des ign  and f l i g h t  
ope ra t ions  w i l l .  be  completed. The ma jo r i ty  of t h e  computer sof tware  programs 
needed f o r  f l i g h t  ope ra t ions  w i l l  be  prepared. A proof test  launch of t h e  
r e c e n t l y  mated T i t a d c e n t a u r  v e h i c l e ,  w i th  a Viking s p a c e c r a f t  Mars s imula tor ,  
i s  scheduled f o r  e a r l y  1974. 

Funds reques ted  f o r  FY 1975 w i l l  be  used as follows: 

Spacecraft;&-velopment - The Proof T e s t  O r b i t e r  w i l l  be  used wi th  a Lander 
model t o  conduct c o m p a t i b i l i t y  tests.  Later, t h e  O r b i t e r  model w i l l  be  s e n t  
t o  KSC to p a r t i c i p a t e  i n  p a t h f i n d e r  ope ra t ions ,  a d r e s s  r e h e a r s a l  f o r  t h e  
real launch opera t ions .  Assembly and t e s t i n g  of t h e  two f l i g h t  O r b i t e r s  
w i l l  be  comp:Let:ed and they  w i l l  be  shipped from JPL t o  KSC f o r  launch prepa- 
r a t i o n s .  The launch per iod  f o r  Viking begins  on August 11, 1975 and extends 
f o r  approxinuitely 40 days. 

Science 1r;;tl:uments - O r b i t e r  s c i ence  instruments  are two t e l e v i s i o n  
cameras, an  i n f r a r e d  spectrometer  f o r  water vapor mapping, and a n  i n f r a r e d  
radiometer f o r  thermal mapping. During FY 1975, t h e  f l i g h t  instruments  
w i l l  be ins1:alI.ed and t e s t e d  i n  t h e  f l i g h t  model O r b i t e r s .  

Lander 

Spacecraft;&-velopment - Q u a l i f i c a t i o n  - e s t i n g  w i l l  be  completed on t h e  
Proof T e s t  Capsule dur ing  FY 1975. 
completely assembled and w i l l  undergo t h e i r  acceptance t e s t i n g .  One of t h e  
models w i l l  go t o  JPL f o r  s p a c e c r a f t  c o m p a t i b i l i t y  tests and then  be shipped 
t o  KSC f o r  pa th f inde r  opera t ions .  The o t h e r  two Landers w i l l  a l s o  be shipped 
t o  KSC. All .  t h r e e  Landers w i l l  be prepared f o r  launch. Only two w i l l  be  
launched, t h e  t h i r d ,  a backup spa re ,  i s  r equ i r ed  t o  i n s u r e  t h a t  two f u l l y  
s t e r i l i z e d  Iiinclers w i l l  be  a v a i l a b l e  f o r  launch, should t h e  opening of one 
be  r equ i r ed  :!or repairs. 

The t h r e e  f l i g h t  model Landers w i l l  be  

Science Irl!;ttl:uments - Lander sc i ence  o b j e c t i v e s  inc lude  i n v e s t i g a t i o n  of 
whether l i f e  exists, has e x i s t e d ,  o r  can exist  on Mars. Three s e p a r a t e  
biology expwir ien ts  w i l l  s u b j e c t  s o i l  samples t o  va r ious  b a s i c  tests t o  
determine i f  metabol ic  processes  are t ak ing  p lace .  The e n t i r e  Lander w i l l  
be  s t e r i l i z e d  t o  ensure  t h a t  on ly  t r u e  Martian o r g a n i s m  are  de tec t ed ,  as 
w e l l  as t o  pireserve the  p l a n e t  f o r  f u t u r e  i n v e s t i g a t i o n s .  

Other scic!nt i f ic  i n s t rumen ta t ion  inc ludes  a gas chromatograph/mass spec- 
t rometer  f o r  molecular a n a l y s i s  of t h e  s o i l  and atmosphere, two facsimile 
cameras, an X-ray f l u o r e s c e n t  spectrometer  f o r  inorganic  a n a l y s i s  of t h e  
s o i l ,  meteorology ins t ruments ,  a seismometer, a mass spectrometer  and r e t a r d -  
i ng  poten t ia : t  ana lyze r  t o  determine upper atmosphere composition, and 
p res su re  and temperature  sensors  t o  determine atmospheric s t r u c t u r e .  
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An important activity during FY 1975 will be a full rehearsal of the total 
science test sequence conducted with the instruments on a complete Lander 
under simulated Martian conditions. The flight instruments installed on 
the three flight Landers will undergo final acceptance testing, environmen- 
tal testing, and calibration as integral parts of these spacecraft. 

Mission Operations - FY 1975 will see an increase in effort on mission 
design and flight operations planning as the fixed launch opportunity nears. 
All computer software will be integrated so that the ground system compat- 
ibility tests, flight crew training, and flight operation simulation tests 
can be conducted. Planning and many details will be completed for the 
flight sequences, trajectories, navigation, and science data reduction. 
Emphasis will be placed on the launch and cruise phases of the mission 
since personnel will be available after launch to complete the encounter 
phase of the mission planning. 

Management attention will be concentrated on schedule performance during 
this period to insure that final hardware assembly, integration, and required 
testing occur. 

Outer Planets Missions 

1974 1975 - 1973 - 
Pro jec t management.. ............ $1,385,000 $2,497,000 $4,144,000 
Spacecraft Ides ign and 
developmeit ................... 3,314,000 16,336,000 47,503,000 

Science...,..,.................. 1,300,000 11,372,000 17,141,000 
Miss ion ope rat ions. ............. 65,000 405,000 - 973,000 

Total. ........................ $6,064,000 $30,610,000 $69,761,000 

Ti tan/Cen tmr (Launch Vehic le 
Pro cur emen t program) .......... (---) (11,300,000) (9,100,000) 

Total ( :in(: lud ing 1 aunc h 
7rehic:Les) ................. ($6. 064.000) ($41,910,000) ($78,86 1 000) 

In 1977, two Pfariner-class spacecraft will be launched on a trajectory to 
Jupiter, and from Jupiter will continue on to Saturn on a space flight made 
possible only by a rare alignment of Jupiter and Saturn. 
permits a spacecraft launched to Jupiter to reach Saturn and eventually 
escape from t:he solar system through the acceleration provided by Jupiter’s 
gravity. The opportunity to carry out such a gravity-assisted swingby 
mission occur:; approximately every 20 years. The spacecraft will encounter 
Jupiter about: 1979 and Saturn about 1981. This important mission affords 
the chanc:e to conduct comparative studies of the Jupiter and Saturn systems, 

This alignment 

RD 6-13 



including their' satellites and the nature of the rings of Saturn, as well 
as to perform investigations in the interplanetary and interstellar media. 
One exciting ta.rget will be the Saturn satellite Titan, which is comparable 
in size to the planet Mercury and is the only satellite in the solar system 
known to possess an atmosphere. 
our understamding of the origin and evolution of the solar system and the 
processes that shape man's environment. With their differences in mass and 
density, atmospheric composition and circulation, and exposure to solar 
radiation, Jupiter and Saturn can provide significant new data on the 
physical prccesses at work on the earth. 

This mission should substantially enhance 

The FY 1974. activities consist primarily of the design and compatibility 
investigations involving the mission, spacecraft and science experiments 
and the development of their detailed implementation plans which culminated 
in a major review and confirmation of mission scope, spacecraft capability 
and science Fayload. Procurement actions were initiated for the add-ons to 
the Viking Orbiter procurements for some of the spacecraft subsystem hard- 
ware, for the long-lead time development of new spacecraft subsystems and 
science instrurn.ents, and for long-lead time electronic piece parts. 
end of FY 1974, the spacecraft design will be completed along with initiation 
of the spacecraft subsystem and science instrument detail design efforts. 

By the 

Funds requested for FY 1975 will be used as follows: 

Project Man.apement - The activities necessary to establish the final 
mission and system design will be completed, and work will be continued in 
trajectory, navigation, maneuver, and ephemeris analysis, and the develop- 
ment of a detailed mission profile. 

Spacecraft-&sign and Development - The MJS77 spacecraft detailed design 
will be completed in mid-FY 1975. 
be completed by mid-year and hardware work will be in progress on all parts 
of the spacecraft by the end of the year. Flight hardware fabrication will 
be completed for those items being obtained from add-ons to the Viking 
Orbiter procurements such as the Command Detector, Star Tracker and Inertial 
Reference Unit. 
in FY 1975 from the Viking Orbiter add-on buy . Some of these processors 
will be used for the programable attitude and articulation control subsystem. 
Design breadboard fabrication of new items, such as telemetry modulation, 
antenna, power conditioning, attitude control electronics, and flight data 
subsystem will be completed early in FY 1975. Prototype fabricat:ion will 
be completed by the end of the year for new subsystem elements such as wide 
angle sun sensors, antennas, traveling wave tube assemblies and propulsion 
thrusters. By the end of FY 1975 the hard design of all spacecraft sub- 
systems will be complete, parts will have been acquired and preparation 
for fabrication of the flight hardware will be underway. The testing of 
subsystem prototypes will be in process to provide the basis for the crit- 
ical design reviews. 

All subsystem preliminary designs will 

The first: Command Control Computer units will be obtained 
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Science - Activit ies w i l l  be  p r i m a r i l y  focused on t h e  d e t a i l e d  des ign  and 
development o f  t h e  sc i ence  ins t ruments .  
a l l  t h e  scitence instruments  are t o  be  he ld  dur ing  t h e  f i r s t  h a l f  of t h e  
f i s c a l  yea r .  
have been b u i l t  and t e s t e d  and t h e  ma jo r i ty  of t h e  c r i t i ca l  des ign  reviews 
w i l l  be  coqpleted.  

The pre l iminary  des ign  reviews of 

By t h e  end of FY 1975, t h e  sc i ence  instrument  pro to types  w i l l  

Mission Operat ions - The primary mission ope ra t ions  t a s k  i n  FY 1975 i s  
t h e  func t iona l  des ign  of t h e  mission ope ra t ions  complex and t h e  i d e n t i f i c a -  
t i o n  of requir 'ements f o r  t r ack ing  and d a t a  systems and mission c o n t r o l  
systems f a c i l i t i e s .  Some e f f o r t  w i l l  be  expended i n  d e f i n i n g  mission 
s equenc ing  IC oncep t s and techniques.  

Pioneer/Hel i o s  

1973 1974 1975 

Pioneer  Venulj. --- --- $27,100,000 

Pioneer  6-11.................. $9,308,000 $5,870,000 - 5,000,000 
Spacecraf t . .  ................ 4,190,000 1,125,000 180,000 
Science... . . . . . . . . . . . . . . . . . .  2,065,000 2,415,000 2,275,000 
Operat ions. .  ................ 3,053,000 2,330,000 2,545,000 

................ ----- 

---- 

Helios  A and B................ 2,265,000 1,500,000 - 1,400,000 
Science... . . . . . . . . . . . . . . . . . .  1,375,000 615,000 755,000 
Operat ions. .  ................ 890,000 885,000 - 645,000 

Subtotal . .*. . . . . . . . . . . . . . .  $11,573,000 $7,370,000 $33,500,000 

Centaur (1L.susch Vehicle  
Procureinen t program). ....... (~18,200,000) ($20,000,000) ($7,100,000) 

Pioneer  ll.................... (1.000.000) (---I (---I 
Hel ios  A i2nd B.... . . . . . . . . . . . .  (17,200,000) (20,000,000) - (7,100,000) 

Tota l  ( i nc lud ing  launch 
vehicles) ............... (929,773,000) ($27,370,000) ($40,600,000) - 

Pioneer  Ve i l . i s  

The o b j e c t i v e  of t h e  P ioneer  Venus program i s  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  p l a n e t  Venus, i t s  atmosphere and i t s  environment. 
There are tw3  missions i n  t h e  program: a mult iprobe atmospheric mission 
and an  o r b i t e r  mission. 
and composit:ioii of t h e  c louds ;  t h e  composition and s t r u c t u r e  of t h e  atmo- 
sphere ,  inc:Lud:ing t h e  minor c o n s t i t u e n t s ;  t h e  gene ra l  atmospheric c i r c u l a -  
t i o n  p a t t e r n ;  and t h e  s t r u c t u r e  of t h e  ionosphere.  The o r b i t e r  mission 
w i l l :  deteiriniiie t he  d e t a i l e d  s t r u c t u r e  of t h e  upper atmosphere; i n v e s t i g a t e  
t h e  s o l a r  w<ind/ionosphere i n t e r a c t i o n  reg ion;  determine atmosphere and 

The mult iprobe mission w i l l  determine: t h e  n a t u r e  
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surface characteristics on a planetary scale by remote sensing; and measure 
the gravitational field harmonics. The primary thrust of these missions 
is to determine the nature, dynamics and evolution of the Venusian atmo- 
sphere. This goal has profound significance with respect to one of the 
objectives of the NASA Planetary program, namely, that of "determining the 
dynamic processes that shape earth's environment by investigation of other 
bodies of the solar system.'' Dynamic modeling of earth's atmosphere for 
prediction of atmospheric weather, climatic changes, and of pollution effects 
should be materially aided by the Pioneer Venus program. 
of this mission is to provide data to understand the origin and evolution 
of the solar system, by determining the relative abundances of the con- 
stituents of the Venus atmosphere and the mass properties of the planet. 

A second objective 

pzop,L.am concept is structured to yield the science objectives at the 
lowest possible cost. Ample weight margins are being allowed to minimize 
the need for new development--the spacecraft will be largely comprised of 
existing sublsys tems . 
This spacec:ra.ft will also be "standardized" for easy adaptation to either 

This commonality concept will 

The orbiter mission will be launched with an Atlas/Centaur launch vehicle 

a probe carrier or an orbiter configuration. 
serve to minimi.ze the total development cost for the two missions. 

in May 1.978, The orbiting spacecraft will weigh 320 kg (706 lb.) in orbit 
and will. carry 37 kg (81 lb.) of science. The multiprobe mission will be 
launched with an AtlaslCentaur in August 1978. A probe bus carrying 12 kg 
(26 lb.) of sci.ence will deliver one large probe with 28 kg (62 lb . )  of 
science and three small probes with 2.1 kg (4.6 lb.) of science into the 
Venus at:mosphere. Both missions will encounter Venus in December 1978 to 
provide synei-gi.st ic study of the planet. 

Project definition studies with competitive contractors were completed at 
the end of E'Y 1.973 utilizing advanced technical development funds. Probe 
experiments have been selected and orbiter experiment selection is imminent. 
The experiment definition phase will continue through FY 1974. Preliminary 
design activity at a low level will also be carried on through N 1974; 
hardware development is scheduled to begin in FY 1975. FY 1975 activity 
will conmenc:t? with a design review of the conceptual and preliminary designs 
previously accomplished and will then proceed with detailed design and 
development, EIxperimenters will be funded for instrument development and 
fabrication of breadboard hardware. Procurement of spacecraft hardware 
will begin, and some qualification testing of components and/or subsystems 
will be init::iat:ed. Project management for Pioneer Venus will be at the 
Ames Research Center. 
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Pioneers  6111 

The Pioneer  6 ,  7 ,  8, and 9 s p a c e c r a f t ,  launched 1965-1968, are cont inuing  
t o  o b t a i n  va luab le  d a t a  on t h e  n a t u r e  of t h e  i n t e r p l a n e t a r y  environment i n  
t h e  r eg ion  0.75 and 1.1 AU from t h e  sun. (One Astronomical Un i t ,  o r  AU, i s  
93 m i l l i o n  mi les ,  t h e  mean d i s t a n c e  between e a r t h  and t h e  sun.) FY 1974 
funds and the funds reques ted  f o r  FY 1975 w i l l  be  used t o  support  f l i g h t  
ope ra t ions  and t o  p repa re  magnetic d a t a  tapes .  These d a t a  r ep resen t  t h e  
informat ion  r .ecessary t o  cont inue  t h e  s tudy  of t h e  n a t u r e  of t h e  i n t e r -  
p l a n e t a r y  entironment near  e a r t h  as w e l l  as t o  provide  a c o r r e l a t i o n  wi th  
s i m i l a r  in format ion  obta ined  from t h e  P ioneer  10 and 11 spacecraEt .  

Objec t ives  of t h e  P ioneer  10 and 11 missions are t o  conduct exp lo ra to ry  
inves t iga t i0 r . s  of t h e  i n t e r p l a n e t a r y  medium beyond t h e  o r b i t  of Mars, t o  
determine the n a t u r e  ( d i s t r i b u t i o n ,  s i z e  and v e l o c i t y  of a s t e r o i d s  and 
meteoroids) c f  t h e  Astero id  B e l t ,  and measure t h e  environmental  and atmo- 
s p h e r i c  c h a r a c t e r i s t i c s  of t h e  p l a n e t  J u p i t e r .  A s  t h e  Pioneer  s p a c e c r a f t  
pass  near J u p i t e r ,  ins t ruments  measure t h e  magnetic f i e l d s ,  e lec t romagnet ic  
emissions,  charged p a r t i c l e s  and thermal ba lance  a s s o c i a t e d  wi th  t h i s  
l a r g e s t  p l a n e t  of t h e  s o l a r  system. P ioneer  10 w a s  launched i n  March 1972 
and has now s u c c e s s f u l l y  t r ave r sed  t h e  Aster iod  B e l t  and surv ived  t h e  r a d i -  
a t i o n  b e l t s  a t  J u p i t e r .  Exce l len t  d a t a  have been obta ined  both dur ing  t h e  
t r i p  t o  J u p i t e r  and i n  t h e  v i c i n i t y  of t h e  p l ane t .  Pre l iminary  r e s u l t s  
have revealed new informat ion  about  J u p i t e r ' s  magnetic f i e l d  and i n t e n s e  
r a d i a t i o n  b e l t s  much d i f f e r e n t  from those  of ea r th .  Helium has been de tec ted  
i n  J u p i t e r ' s  atmosphere f o r  t h e  f i r s t  t i m e ,  and va luab le  new d a t a  on t h i s  
p l a n e t ' s  mass and shape c h a r a c t e r i s t i c s  and i t s  energy balance have been 
obtained.  
cons iderably  changing previous  concept ions of mass, d e n s i t y  and s i z e .  
Tracking of Pioneer  10 wi1.1 cont inue  as i t  moves i n t o  i n t e r p l a n e t a r y  space 
beyond J u p i t e r .  Pioneer 1.1 w a s  launched i n  A p r i l  1973 and i s  now pass ing  
through t h e  .Asteroid B e l t  on t h e  way t o  J u p i t e r .  

New information concerning J u p i t e r ' s  moons has a l s o  been ga thered ,  

Spacecraf t  - EY 1974 funds are being used t o  support  t h e  f l igh t :  perform- 
ance a n a l y s i s  of P ioneers  10 and 11 and f o r  performance f e e  awards t o  the  
s p a c e c r a f t  con t r ac to r .  FY 1975 funding provides  f o r  c o n t r a c t u a l  f e e  awards. 

Sc ience  - FY 1974 and FY 1975 funds are being used t o  suppor t  t h e  a n a l y s i s  
of t h e  s c i e n t i f i c  d a t a  from Pioneers  10 and 11. 

Operat ions - FY 1974 funds are being used f o r  f l i g h t  ope ra t ions  and f o r  
product ion  of d a t a  tapes  f o r  P ioneers  6-11. This  e f f o r t  w i l l  cont inue  i n  
FY 1975, when Pioneer  11 w i l l  reach J u p i t e r  whi le  Pioneer  10 cont inues  on 
i t s  way out  of t he  s o l a r  system. 
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Helios  A and B --- 
The Hel ios  p r o j e c t  i s  an  i n t e r n a t i o n a l  coope ra t ive  p r o j e c t  between t h e  

Governments clf t h e  United S t a t e s  and West Germany. I ts  s c i e n t i f i c  objec- 
t i v e s  are t o  i n v e s t i g a t e  t h e  p r o p e r t i e s  of  and processes  i n  i n t e r p l a n e t a r y  
space i n  the  reg ion  near  t h e  sun, t o  w i t h i n  about 0.3 AU. The s p a c e c r a f t ,  

United S t a t e s ,  w i l l  weigh about 364 kg (800 lbs . )  and w i l l  c a r r y  about 55 kg 
(120 lb s . )  of s c i e n t i f i c  instruments .  Three of  t h e  t e n  s c i e n t i f i c  i n s t r u -  
ments w i l l  be  suppl ied  by U.S. i n v e s t i g a t o r s .  NASA w i l l  p rovide  t h e  launch 
v e h i c l e  and the t r ack ing  and d a t a  suppor t  f o r  t h e  f i r s t  phase of t h e  mission. 
West German t e c h n i c a l  personnel  w i l l  conduct t h e  s p a c e c r a f t  ope ra t ions  and 
w i l l  opera te  t h e  t r ack ing  systems and a c q u i r e  t h e  d a t a  dur ing  t h e  l a t e r  
mission phases.  

t o  be developed and b u i l t  i n  West Germany u t i l i z i n g  c o n s u l t a n t s  from t h e  

Science - F'iscal Year 1974 funds are being used t o  suppor t  cons t ruc t ion  
and t e s t i n g  clf t he  pro to type  and f l i g h t  models of t h e  U.S. ins t ruments  f o r  
Hel ios  A. Technical  suppor t  i s  a l s o  provided f o r  i n t e g r a t i o n  and t e s t i n g  
of t h e  equipment on t h e  s p a c e c r a f t  and f o r  development of t h e  necessary  
instrument  t e s t i n g  and ope ra t ions  sof tware.  During FY 1975 t h e s e  e f f o r t s  
w i l l  cont inue.  I n  a d d i t i o n  t e c h n i c a l  suppor t  w i l l  be  provided f o r  Hel ios  
A instruments  during launch and f l i g h t  ope ra t ions ,  and f a b r i c a t i o n  and t e s t  
of Hel ios  B instruments  w i l l  proceed. 

Operat ions - Mission ope ra t ions  planning and development of  procedures  
and sof tware  are being supported i n  FY 1974. I n  FY 1975, t h i s  work w i l l  
cont inue ,  and launch and f l i y h t  o p e r a t i o x  f o ~  Hel ios  A w i l l  be  supported.  

- Support ing Research and Technology/Advanced S tud ie s  

1973 - 
Lunar science. . . . . . . . . . . . . . . . . .  $3,364,000 
P lane ta ry  science. . . . . . . . . . . . . .  4,700,000 
Exobiology.. ................... 3,900,000 
P lane ta ry  advanced s t u d i e s  ..... 1,200,000 
P lane ta ry  advanced t echn ica l  

development.. ................ 6,200,000 

Total . . . .  .................. $19.364.000 

The Support ing Research and Technology (SR&T) 

1974 1975 - 
$2,918,000 $3,500,000 
4,500,000 4,600,000 
3,300,000 3,300,000 
1,200,000 1,200,000 

3,100,000 - 5,200,000 

$15,018.000 $17,800,000 

and Advanced S tud ie s  programs 
f u r n i s h  essential  support  f o r  planning and conduct ing t h e  f l i g h t  missions.  
They provide a base f o r  d e f i n i n g  s c i e n t i f i c  o b j e c t i v e s  and mission concepts ;  
and they e s t a b l i s h  s c i e n t i f i c  competence which can be drawn upon f o r  f l i g h t  
experiments;  and they  a s s u r e  technologica l  and planning r ead iness  a t  t h e  
t i m e  of p r o j e c t  starts.  
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Lunar Sciem,e 

This program i s  d i r e c t e d  t o  s c i e n t i f i c  r e sea rch ,  w i t h  emphasis on s t u d i e s  
t h a t  w i l l  p rovide  a broader ,  sounder s c i e n t i f i c  base  f o r  t h e  s c i e n t i s t s  i n  
t h e i r  a n a l y s i s  and s y n t h e s i s  of l una r  da t a .  With t h e  except ion  of  t h e  s t i l l  
ope ra t ing  Apo:Llo Lunar Surface  Experiment Package (ALSEP) experiments,  t h e  
program i s  prescmtly t h e  only  source  of s i g n i f i c a n t  new luna r  da t a .  I n  
FY 1975 activ:itj.es w i l l  emphasize s t u d i e s  i n  t h e  fol lowing sc i ence  areas: 

(a) ear th-based obse rva t ions , (b )  Analog s t u d i e s , ( c )  Theore t i ca l  s t u d i e s ,  
(d) Laboratory s imula t ions ,  and e) E x t r a t e r r e s t r i a l  materials (p r imar i ly  
me teo r i t e s )  s t u d i e s .  E f f o r t s  w i l l  be  inc reased  i n  t h e  area of ear th-based,  
multispec:tral.:, t :e lescopic  s t u d i e s  of t h e  luna r  near  s i d e  us ing  promising 
new i n f r a r e d  1:ec:hniques and equipment. The "ground t r u t h "  d a t a  provided by 
Apollo sample:; o r i l l  thus  be ex t r apo la t ed  t o  t h e  unexplored v i s i b l e  r eg ions  
of t h e  moon. 

The r a p i d l y  expanding knowledge gained from Apollo and previous  luna r  
f l i g h t  programs has  enabled us  t o  i d e n t i f y  t h e  remaining h ighes t  p r i o r i t y  
unanswered s c i e n t i f i c  ques t ions  about  t h e  moon. Our advanced mission s tud-  
ies, u t i l i z i n g  t h e s e  ques t ions ,  are aimed a t  i d e n t i f y i n g  t h e  optimum systems 
( f l i g h t  and e a r t h  observa t ions)  needed t o  c o l l e c t  t h e  r equ i r ed  d a t a .  
o b t a i n  a comprehensive understanding of a p l a n e t  such as t h e  moon r e q u i r e s  
a g loba l - sca l e  knowledge of c e r t a i n  a s p e c t s  of i t s  composition, s t r u c t u r e  
and f i e l d s .  This  can be  accomplished by mapping from p o l a r  o r b i t  both t h e  
r a d i o a c t i v e  arid major rock-forming elements and t h e  g r a v i t y  and magnetic 
f i e l d s  over t h e  80 pe rcen t  of t h e  moon no t  covered by Apollo,  e s p e c i a l l y  
t h e  c r i t i c a l  f ' a r s ide  and p o l a r  reg ions .  A r e l a t i v e l y  inexpensive method of 
accomplishing t h i s  i s  by means of a small automated s p a c e c r a f t  i n  l una r  p o l a r  
o r b i t .  A stud.y w i l l  be  undertaken i n  FY 1975 t o  d e f i n e  mission parameters ,  
requirements  a.nd c o n s t r a i n t s ;  perform pre l iminary  s p a c e c r a f t  and subsystem 
design;  and develop mission implementation, c o s t ,  and p r o j e c t  p lans .  

To 

This  p r o j e c t  a l s o  suppor ts  t h e  a c t i v i t i e s  of  t h e  Lunar Science I n s t i t u t e  
(LSI) ad jacent  t o  t h e  Johnson Space Center  (JSC) and opera ted  by t h e  Uni- 
v e r s i t i e s  Space Research Assoc ia t ion  (USRA). The LSI acts 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 s i n c e  i t  serves as an  important  d a t a  
r e s p o s i t o r y  and r e s e a r c h  f a c i l i t y  open t o  a l l  q u a l i f i e d  s c i e n t i s t s .  

P l ane ta ry  Sc ience  

This  program i s  subdivided i n t o  two major areas of r e sea rch ,  p l a n e t a r y  
atmospheres and planetology.  Research conducted under t h e  p l a n e t a r y  atmo- 
spheres  program w i l l  emphasize t h e  d iscovery  and development of new tech-  
niques and experiments r equ i r ed  f o r  exp lo ra t ion  and s tudy  of comets and t h e  
major p l a n e t s  i n  t h e  l a t e  1970's and e a r l y  1980's. The suppor t ing  theo re t -  
i ca l  s t u d i e s  and l abora to ry  r e sea rch  necessary  t o  l a y  t h e  sc i ence  foundat ion 
f o r  f u t u r e  missions w i l l  be  cont inued as w i l l  s imilar  t a s k s  e x p l o i t i n g  t h e  
r e s u l t s  of prev ious  f l i g h t  experiments t o  a r r i v e  a t  a b e t t e r  understanding 
of t h e  p l a n e t s  and t h e i r  atmospheres. I n  pursuing the basic o b j e c t i v e  of 
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ob ta in ing  a n  understanding of p l a n e t a r y  atmospheres,  cons ide rab le  progress  
has been made i n  understanding t h e  n a t u r e  and dynamics of t h e  e a r t h ' s  
atmosphere, and i n  desc r ib ing  t h e  gross  c h a r a c t e r i s t i c s  of t h e  atmospheres 
of Mars and Venus. Experiments developed over  t h e  p a s t  f i v e  years  are now 
ass igned  t o  o r  planned f o r  f l i g h t  missions t o  Mars and Venus t o  o b t a i n  a 
more d e t a i l e d  mder s t and ing  of t h e i r  atmospheres. S i m i l a r l y ,  t h e  knowledge, 
techniques,  inatruments ,  and experiments being developed i n  t h e  mid-1970's 
w i l l  form t h e  b a s i s  f o r  f l i g h t  missions t o  comets and t h e  major p l a n e t s  i n  
t h e  e a r l y  1930 ' s .  

Tasks i n  pLanetology are d i r e c t e d  a t  developing experimental  concepts  f o r  
determining the  composition and s t r u c t u r e  of p l a n e t a r y  s u r f a c e  materials 
and the  n a t u r e  and composition of p l a n e t a r y  bodies.  During FY 1975, p a r t i c -  
u l a r  emphas:i,; :is being d i r e c t e d  toward experiments t o  determine t h e  p l a n e t a r y  
s u r f a c e  composition by i n - s i t u  and remote sens ing  techniques;  such exper i -  
ments are  candida tes  f o r  f u t u r e  Mars and comets and a s t e r o i d s  missions.  
During IT 1975:, emphasis will.  a l s o  be p laced  on t h e  development of imagery 
experiments s u i t e d  t o  p a r t i c u l a r  requirements  of i n v e s t i g a t i o n s  of Mars, 
Venus, and t h e  ou te r  p l a n e t s ,  and on Mars-Earth comparative geology s t u d i e s .  
E f f o r t s  w i l l .  be  d i r e c t e d  toward Mars-Earth ana log  s t u d i e s  t o  determine 
s i m i l a r i t i e s  between these  two p l a n e t s .  

This program i s  d i r e c t e d  toward producing t h e  answers t o  t h e  fundamental 
ques t ions  of 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 .  The Mariner 9 
r e s u l t s  have heightened t h e  p rospec t s  of f i n d i n g  l i f e  on Mars and have 
f u r t h e r  confirmed the  va lue  of t h e  Viking missions.  I n  p a s t  yea r s ,  t h e  
program brought t o  breadboard s t a t u s  t h e  key ins t ruments  t h a t  were s e l e c t e d  
f o r  f l i g h t  cm the  Viking Mars landers .  Work i s  now being d i r e c t e d  toward 
follow-on Viking exp lo ra t ion  of Mars as w e l l  as toward i n v e s t i g a t i o n s  of t h e  
complex and F o t e n t i a l l y  "organic" atmospheres of J u p i t e r  and T i t an .  During 
FY 1975, p l a c e t a r y  b io logy  w i l l  cont inue  t o  suppor t  s p e c i f i c  t a s k s  i n a p p r o x i -  
mately 60 u n i v e r s i t i e s  and two NASA Centers  i n  t h e  areas of organic  chemistry,  
o rganic  geochemistry,  t h e  biology of environmental  extremes, and t h e  develop- 
ment of techniques of l i f e  de t ec t ion .  These t a s k s  pursue  t h e  o v e r a l l  objec-  
t i v e  of s tudying  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  molecules. I n  a d d i t i o n ,  f e a s i b i l i t y  demonstrat ion 
ins t ruments  w i l l  b e  developed f o r  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  b e  aimed a t  a i d i n g  i n  t h e  u l t i m a t e  i n t e r p r e t a t i o n  of 
d a t a  re turned  from such i n v e s t i g a t i o n s .  
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Planetary-Advanced Studies  

The purpose of t h e  advanced s t u d i e s  p r o j e c t  is  t o  d e f i n e  mission concepts  
t h a t  are f e a s i b l e  f o r  performing a sys temat ic  exp lo ra t ion  of t h e  s o l a r  
system and t o  develop a r a t i o n a l e  wi th  schedule  and resource  requirements  
f o r  planning such missions i n  a l o g i c a l ,  t imely,  and c o s t - e f f e c t i v e  manner. 
Only wi th  such advance e f f o r t  can new mission o p p o r t u n i t i e s  be i d e n t i f i e d  
(e.g. m u l t i p l e  ou te r  p l a n e t  f lyby  oppor tun i t i e s )  and new f l i g h t  p r o j e c t s  
def ined  t o  t h e  p o i n t  where r e a l i s t i c  c o s t  estimates can be made. Advanced 
s t u d i e s  a r e  performed both in-house a t  NASA c e n t e r s  and under c o n t r a c t .  
The s t u d i e s  cover the  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  pre l iminary  mission design and engineer ing.  

The FY 19'74 ,and FY 1975 program inc ludes  mission s t u d i e s  f o r  t h e  inne r  
and ou te r  p lan ,e t s ,  t h e i r  sa te l l i tes ,  and small bodies  of t h e  s o l a r  system 
and genera l  s t u d i e s  on adapt ing p l a n e t a r y  s p a c e c r a f t  t o  t h e  Space S h u t t l e /  
Tug. 

Emphasis i n  t he  mission s t u d i e s  w i l l  be placed on t h e  u s e  of t h e  P ioneer  
Venus spacecraEt  f o r  extended exp lo ra t ion  of t h e  inne r  s o l a r  system, on 
t h e  use  of t h e  Pioneer  Saturn/Uranus Probe t o  i n v e s t i g a t e  t h e  Sa tu rn ian  
sa te l l i t e  T i t an ,  and on the  use of a modified Mariner J u p i t e r l S a t u r n  space- 
c r a f t  t o  o r b i t  J u p i t e r .  Missions t o  the  comets (e.g. Encke) w i l l  be  
s tud ied  a l s o .  

Planetary.,!Janced Technical Development 

The Advanced Technical Development (ATD) program suppor ts  t h e  planning 
and the  a d v a x e d  development of new and improved s p a c e c r a f t  t echnologies  
c r i t i c a l l y  rfeqii ired 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  detai : led planning 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 ireatliness 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 he  
development Iof r e a l i s t i c  schedules  and c o s t  estimates. Methods f o r  achiev-  
ing  cost-ef:Eective missions through optimum u t i l i z a t i o n  of e x i s t i n g  space- 
c r a f t  arid subsystem design w i l l  be a p r i m e  cons ide ra t ion .  

During FY 1974, t he  major emphasis i s  on completing t h e  p r e p a r a t i o n  f o r  
t he  Pioneer  Venus p r o j e c t  i n i t i a t i o n .  I n  FY 1975, emphasis w i l l  be placed 
on t h e  ex tens ion  of P ioneer -c lass  c a p a b i l i t y  t o  probe missions t o  Uranus, 
Sa turn  and Si3turn's moon Ti tan .  

P l ane ta ry  Astronomy 

1975 - 1974 - 1973 - 
Plane ta ry  astronomy............. $4,800,000 $4,200,000 $4,200,000 

Tota l .  .. ,,. * .... ... ..... .. . .. $4 .  800.000 $4.200.000 $4.200.000 
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This cont inuing  program makes important  c o n t r i b u t i o n s  t o  t h e  s c i e n t i f i c  
exp lo ra t ion  of t h e  s o l a r  system by observa t ions  of t h e  p l a n e t s  and o t h e r  
s o l a r  system o b j e c t s  from the  v i c i n i t y  of e a r t h .  
ins t ruments ,  and p la t forms  xake i t  p o s s i b l e  t o  a c q u i r e  more informat ion  
about t h e  p1a.rtet.s from t h e  v i c i n i t y  of e a r t h  than  p rev ious ly  poss ib l e .  
Observat ions itre now made from a i r p l a n e s ,  ba l loons ,  rocke t s ,  and ea r th -  
o r b i t i n g  sa t e1 . l i t e s  as w e l l  as from ground-based obse rva to r i e s .  Using t h e  
techniques of o p t i c a l ,  i n f r a r e d ,  r a d i o  and r a d a r  astronomy, observa t ions  
can be  made a t :  a.lmost a l l  wavelengths.  
program both supplement and complement t h e  p l a n e t a r y  f l i g h t  programs. 

New obse rva t ion  techniques,  

Resu l t s  from t h e  P lane ta ry  Astronomy 

The object i l res  of t h e  program are accomplished through r e sea rch  p r o j e c t s  
which a r e  c a r r i e d  ou t  by astronomers and o t h e r  s c i e n t i s t s  l oca t ed  a t  NASA 
c e n t e r s ,  u n i v e r s i t i e s ,  obse rva to r i e s ,  and o t h e r  o rgan iza t ions .  I n  FY 1975, 
approximately 40 r e sea rch  p r o j e c t s  w i l l  be  conducted, ranging i n  s i z e  from 
t h e  work of a s i n g l e  i n v e s t i g a t o r  t o  l a r g e  mul t i f ace t ed  r e sea rch  p r o j e c t s  
a t  major obse rva to r i e s .  The ma jo r i ty  of t h e  r e sea rch  p r o j e c t s  are of a 
cont inuing  n a t u r e  and are supported over s e v e r a l  years .  

Major empha.sis w i l l  be  on s t u d i e s  of t h e  o u t e r  p l a n e t s  from J u p i t e r  
through P lu to .  T h i s  emphasis r e f l e c t s  our  increased  knowledge of Venus 
and Mars and E.  need f o r  a d d i t i o n a l  information on t h e  o t h e r  p l a n e t s  t o  
support  upcomi.ng f l i g h t  programs. 

P r e s e n t l y  underway i s  a NASA-supported a d d i t i o n  of a h igh  power r ada r  
system a t  the  Nat iona l  Astronomy and Ionosphere Center a t  Arecibo, Puer to  
Rico, a Nat ional  Science Foundation (NSF) f a c i l i t y .  The r ada r  system w i l l  
i nc rease  p l ane ta ry  astronomy r a d a r  c a p a b i l i t y  t o  t h e  po in t  where s c i e n t i s t s  
w i l l  be  a b l e  t o  "map" t h e  s u r f a c e  of Venus i n  cons iderably  g r e a t e r  d e t a i l  
than present ly .  p o s s i b l e ,  as w e l l  as st.idy t h e  s u r f a c e  p r o p e r t i e s  of  Mars, 
Mercury, and s e v e r a l  Jovian  s a t e l l i t e s .  The completion of t h e  i n s t a l l a t i o n  
and t e s t i n g  i s  scheduled f o r  mid-FY 1975 and Venus w i l l  be  t h e  f i r s t  p l ane t  
t o  be examined a t  h igh  s p a t i a l  r e s o l u t i o n  w i t h  t h i s  system. 

Data Analysis  

1973 1974 - 1975 

Lunar d a t a  ana lys i s . . . .  ......... $1,636,000 $7,851,000 $9,073,000 
P lane ta ry  d a t a  a n a l y s i s .  ........ 1,400,000 1,400 , 000 1,400,000 

Total . . . . . . . . . . . . . . . . .  ........ $3.036.000 $9.251.000 $10.473.000 
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The Data Ana1:ysis program provides  f o r  t h e  suppor t  of s c i e n t i s t s  ana lyz ing  
t h e  r e s u l t s  of El ight  experiments a f t e r  t h e  e x p i r a t i o n  of t h e  per iod  of 
funding by t h e  El ight  p r o j e c t .  It a l s o  provides  suppor t  f o r  s c i e n t i s t s  n o t  
a s s o c i a t e d  wi th  t h e  f l i g h t  p r o j e c t  t o  ana lyze  d a t a  obta ined  from f l i g h t  
i n v e s t i g a t i o n s .  

The long t e r m  o b j e c t i v e  of Data Analysis  i s  t o  i n t e r p r e t  t h e  s c . i e n t i f i c  
d a t a  acqui red  by s p a c e c r a f t  missions and t o  inco rpora t e  t h e  r e s u l t s  i n t o  
t h e  growing b o d y  of knowledge about t h e  c h a r a c t e r i s t i c s  and h i s t o r y  of t he  
moon and t h e  p lane ts .  

Lunar Data -- h i a l y s i s  and Synthes is  

The immediate o b j e c t i v e  of t h i s  program i s  t o  i n t e r p r e t  t h e  l a r g e  and 
s t i l l  growing body of d a t a  acqui red  by luna r  missions and SR&T r e sea rch  and, 
by i n t e g r a t i n g  these  r e s u l t s ,  t o  enhance our  knowledge of t h e  o r i g i n ,  p re sen t  
C h a r a c t e r i s t i c s ,  and h i s t o r y  of t h e  moon. The loiize:: : e .  - o\ : jec t ive  i s  t o  
i n t e g r a t e  such Itnowledge wi th  t h a t  from terrestr ia l ,  p l a n e t a r y  and s o l a r  
s tud ies ,  i n  o rde r  t o  ga in  a b e t t e r  understanding of t h e  e a r t h  and t h e  s o l a r  
sys  t e m .  

During t h e  Appollo phase of t h e  luna r  program, t h e  primary s c i e n t i f i c  e f f o r t  
w a s  l i m i t e d  Largely t o  r educ ing  and ana lyz ing  t h e  r e s u l t s  of i n d i v i d u a l  
experiments.  However, t h e  vast  body of acqui red  Apollo d a t a ,  a d d i t i o n a l  
d a t a  from t h e  s t i l l  ope ra t ing  Apollo luna r  experiments,  and d a t a  from t h e  
p a s t  automated lunar  f l i g h t  programs now r e q u i r e  a new program of i n t e r d i s -  
c i p l i n a r y  ani%lyr;is and s y n t h e s i s  which w i l l  p rovide  t h e  major s c i e n t i f i c  
pay-off from the  luna r  f l i g h t  programs. This  new and growing d a t a  a n a l y s i s  
and s y n t h e s i s  program i s  r ece iv ing  e n t h u s i a s t i c  suppor t  from re sea rche r s  
w i th  broad s c i e n t i f i c  backgrounds who d e s i r e  t o  u t i l i z e  t h e s e  d a t a  i n  
a t t a c k i n g  t h e  major problems of l una r  o r i g i n  and h i s t o r y .  This  w i l l  cont inue  
t o  be  t h e  m a f o r  t h r u s t  i n  FY 1975. 

P l a n e t a r y  I).st;2 Analysis  

During J?Y 1'375 major emphasis i n  P l a n e t a r y  Data Analys is  w i l l  be  p laced  
on con t inua t ion  of a n a l y s i s  of t h e  weal th  of d a t a  obta ined  dur ing  t h e  11- 
month pe r iod  i n  which Mariner 9 s tud ied  Mars, and on t h e  a n a l y s i s  of d a t a  
obta ined  by itne very  s u c c e s s f u l  Pioneer  10 s p a c e c r a f t  on i t s  J u p i t e r  f l yby .  
Espec ia l ly  mer i to r ious  t a s k s  ana lyz ing  t h e  r e s u l t s  of earl ier Mariner and 
Pioneer  miss.ion:; t o  t h e  p l a n e t s  and i n  i n t e r p l a n e t a r y  space w i l l  be con- 
t inued  as w i l l  r a sks  involv ing  t h e  i n t e r d i s c i p l i n a r y  c o r r e l a t i o n  and i n t e r -  
p r e t a t i o n  of d a t a  obta ined  by sa te l l i t es  and rocke t s  i n v e s t i g a t i n g  e a r t h ' s  
upper atmosphere. 
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Plane ta ry  Quarant ine 

1973 1974 1975 

P lane ta ry  quarant ine . .  ......... $2,200,000 $1,500,000 $1,500,000 

Tot:al.. , , . , . . . . . . . . . . . . . . . . . . .  $2.200.000 S1.500.000 ,$ 1,500.000 

The o b j e c t i v e s  of t h e  P lane ta ry  Quarant ine program are t o  i n s u r e  t h a t  no 
detr imental .  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 t h e r  p l a n e t  i s  d e t r i m e n t a l l y  contaminated by terrestrial .  
organisms t:hrough opera t ions  by U.S. s p a c e c r a f t .  The h igh  p r i o r i t y  of t h i s  
ac t iv i t :y  has been r epea ted ly  emphasized by t h e  Space Sc ience  Board and t h e  
I n t e r n a t i o n a l  Committee on Space Research. The r e s u l t s  of t h i s  program are 
a l s o  r equ i r ed  f o r  compliance wi th  Ar t i c l e  I X  of t h e  Space T r e a t y  of 1966. 

P l ane ta ry  Quarant ine r e sea rch  i n  FY 1975, as i n  FY 1974, w i l l  emphasize 
lower-t:emparat:ure s t e r i l i z a t i o n  and i n v e s t i g a t i o n  of f a c t o r s  t h a t  m i t i g a t e  
against:  t h e  s u r v i v a l  and growth of organisms i n  space  w i t h  p a r t i c u l a r  regard: 
t o  qua ran t ine  problems unique t o  t h e  o u t e r  p l a n e t s .  S tud ie s  begun i n  FY 
1973 arid cclritinued i n  FY 1974 w i l l  be  expanded i n  FY 1975 toward s o l v i n g  
t h e  problems t:hat w i l l  be encountered i n  main ta in ing  e f f e c t i v e  qua ran t ine  
against:  any de t r imen ta 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 .  1.n EY 1974 r equ i r ed  P lane ta ry  Quarant ine ope ra t ions  (b ioassays ,  
s t e r i l i . z a t i o n ,  p r e -  and pos t -  launch ana lyses)  have been c a r r i e d  out  i n  
support: of t:he Mariner-Venus/Mercury launch and have begun i n  p r e p a r a t i o n  
f o r  t h e  Viking 1975 mission. During FY 1975 P l a n e t a r y  Quarant ine opera t ions  
w i l l  i n c r e a s e  t o  provide adequate  support  t o  t h e  Viking mission.  

P l ane ta ry  F l i g h t  Support  

1975 - 1974 - 1973 

P l a n e t a r y  f l i g h t  support . . . . . . . .  $15,000,000 $22,000,000 $25,500,000 

To ta l  ......................... $l5.000.000 $22.000.000 $25,500.000 

Plane tary  F l i g h t  Support provides  t h e  i n t e g r a t e d  computing and computer- 
related a c t i v i t i e s  p e r t a i n i n g  t o  t h e  mission c o n t r o l  of deep-space automated 
s p a c e c r a f t  z.nd gene ra l  purpose s c i e n t i f i c  and engineer ing  computing a t  the  
J e t  Propulsion. Laboratory.  

FY 1974 funds are being used t o  suppor t  P ioneers  6 through 11, inc luding  
t h e  hig,hly success fu l  Pioneer  10 f lyby  of J u p i t e r  i n  December 1073; t h e  
Mariner 10 mission t o  Venus and Mercury; f i n a l  p repa ra t ions  f o r  t h e  Hel ios  A 
mission t o  k e  launched i n  l a t e  1974; and cont inuing  p repa ra t ions  f o r  t h e  
Viking A and B launches i n  mid-1975. The communications and computer f a c i l -  
i t i e s  a r e  being upgraded as necessary  t o  accommodate t h i s  i nc reas ing  level 
of p lane tary  a c t i v i t y .  
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During F J L  1!375 t h e  funds w i l l  be  used t o  con t inue  suppor t  of P ioneer  6 
through ll:, t h e  Mariner 10 mission,  and t h e  He l ios  A mission.  P repa ra t ions  
f o r  t h e  Viking A and B launches w i l l  peak dur ing  FY 1975 and p repa ra t ions  
w i l l  s t a r t  :€or suppor t  of t h e  Mariner J u p i t e r / S a t u r n  1977 missions.  

Support  o . E  t h e  t r ack ing  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 ,  t h e  formula t ion  
of t h e  p l a n e t a r y  programs d a t a  systems s t anda rds ,  and management of opera- 
t i o n s  suppor t  a t  t h e  J e t  Propuls ion  Laboratory w i l l  con t inue  du r ing  FY 1975, 
Also,  suppor t  w i l l  cont inue  f o r  gene ra l  s c i e n t i f i c  and engineer ing  computing 
needs, and :€or s e l e c t e d  p r o j e c t - p e c u l i a r  ac t iv i t i e s  such as p r e p a r a t i o n  of 
d a t a  record:;. 

The a c t i v : i t i e s  a s s o c i a t e d  wi th  P l a n e t a r y  F l i g h t  Support  are n o t  l eve l -o f -  
e f f o r t  act i -vi t : ies ,  b u t  vary  from year  t o  year  depending upon t h e  p l a n e t a r y  
program con ten t .  The inc rease  i n  funding from FY 1974 t o  FY 1975 r e f l e c t s  
i nc reas ing  program support  requirements (Pioneer ,  Mariner,  Hel ios  , Viking) ,  
buizd up i n  suppor t  f a c i l i t i e s ,  and t h e  developmental e f f o r t  involved i n  
t h e  planned repl.acement of obso le t e  equipment and equipment which i s  no 
longer  servf-ce!able. 

Lunar Sample Analysis  

1973 ' - 1974 1975 

Lunar s a n q i l e  ana lys i s . .  ................ --- $5,667,000 $5,798,000 

Tot:al......................,.......... --- $5.667.000 $5.798.000 - 
Among t h e  most important s c i e n t i f i c  in format ion  so f a r  ob ta ined  from t h e  

moon i s  t h e  ex tens ive  set of d a t a  on t h e  chemical,  i s o t o p i c ,  and phys ica l  
cha rac t e r i s t : i c s  of t h e  lunar  rocks and s o i l  samples. These samples have ' 

a l r e a d y  provided t h e  e s s e n t i a l  elements of an  a b s o l u t e  luna r  chronology, 
and have l e d  t o  models of l una r  composition and evo lu t ion  q u i t e  d i f f e r e n t  
from those  a n t i c i p a t e d  p r i o r  t o  t h e  r e t u r n  o f  l u n a r  samples. I n  a d d i t i o n ,  
d a t a  on the i n t e r a c t i o n s  of s o l a r  and i n t e r s t e l l a r  products  w i t h  luna r  
s u r f a c e  materials i s  l ead ing  t o  a f a r  b e t t e r  understanding of t h e  h i s t o r y  
of  t h e  sun 2 n d  s te l la r  processes  i n  genera l .  I n  o rde r  t h a t  t h e s e  major 
l una r  ques t ions  can cont inue  t o  be answered, d e t a i l e d  i n v e s t i g a t i o n s  are 
being c a r r i e d  ou t  by h igh ly  q u a l i f i e d  P r i n c i p a l  I n v e s t i g a t o r  teams a t  
i n s t i t u t i o n s  where unique r e sea rch  c a p a b i l i t i e s  and s k i l l s  have been devel-  
oped. The success  of  t h e  luna r  sample program depends on our a b i l i t y  t o  
fund and main ta in  t h e s e  cen te r s .  I n  a d d i t i o n ,  keeping t h e s e  c e n t e r s  v i a b l e  
w i l l  i n s u r e  t h a t  t h e i r  s k i l l s  and c a p a b i l i t i e s  are adopted by t h e  s c i e n t i f i c  
community acd app l i ed  t o  s i g n i f i c a n t  e a r t h  a p p l i c a t i o n s .  
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This  p r o j e c t  involves  over 130 domestic p r i n c i p a l  i n v e s t i g a t o r s  and 55 
fo re ign  i n v e s t i g a t o r s  as w e l l  as over 700 co - inves t iga to r s .  The funds are  
used t o  f u r n i s h  s a l a r y  suppor t ,  computer e f f o r t s ,  s u p p l i e s ,  and instruments  
f o r  only t h e  U , S .  i n v e s t i g a t o r s .  I n  FY 1974 t h e  program w a s  s i g n i f i c a n t l y  
reduced by e;.iniinating s u c c e s s f u l l y  completed s t u d i e s  such as t h e  search  
f o r  biol.ogic:il material i n  t h e  luna r  samples and o the r  less s i g n i f i c a n t  
invest igat ic i t is .  This  r e s u l t e d  i n  some 30 p r i n c i p a l  i n v e s t i g a t o r s  no 1on:er 
being fundec!, FY 1975 funds w i l l  be  used t o  b r i n g  i n t o  t h e  program new 
i n v e s t i g a t o r s  w i th  f r e s h  approaches and ideas .  Program funding Sor FY 1975 
a l s o  inc ludes  funds t o  update many of t h e  instruments  t h a t  a re  now over 
f i v e  years  01 d. 

Lunar Science Ouerat ions 

1975 - 1973 1974 

.............. --- $1,614,000 $4,333,000 Lunar scier.ce opera t ions . .  - 
Total. . . . . . . . . . . . . . . .  ................. --- $1.614.000 $4,333.000 

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 s i x  success fu l  Apollo missions c l e a r l y  
cannot b e  r e a l i z e d  without: 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  l a s e r  rang- 
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 landing s i tes .  
Most of t h e  ALSEP ins t ruments ,  t h e  ma jo r i ty  of which w e r e  designed f o r  a 
minimum l i f e t i m e  of 12  moriths, are s t i l l  fl ir i i ishing important ,  v a l i d  sci-  
e n t i f i c  information.  We w i l l  cont inue  t o  o p e r a t e  these  luna r  systems as 
long as they f u r n i s h  va luab le  s c i e n t i f i c  da t a .  Continued observa t ions  
under t h i s  t a sk  r e q u i r e  support  a t  Johnson Space Center  (JSC): (I) t o  
ope ra t e  these  ins t ruments  and t o  record  and format r a w  d a t a  f o r  p r i n c i p a l  
i n v e s t i g a t o r s ,  (2;) 'for p r i n c i p a l  i n v e s t i g a t o r s ,  who are f a m i l i a r  w i th  i n s t r u -  
ment c h a r a c t e r i s t i c s  t o  reduce r a w  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(3) f o r  t h e s e  d a t a  t o  be p laced  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  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  i s  a major component of t h e  pos t -kpol lo  
s c i e n t i f i c  e f f o r t .  I t s  implementation involves  suppor t  of JSC f o r  handl ing,  
s t o r i n g ,  prepar ing  and d i s t r i b u t i n g  luna r  materials as w e l l  as documenting 
t h e  h i s t o r y  ,and d a t a  obta ined  on each sample and a s su r ing  t h e i r  s e c u r i t y .  
This p r a c t i c e  w i l l  cont inue  i n  o rde r  t o  p re se rve  these  unique m a t e r i a l s  f o r  
s tudy  by innovat ive  techniques which may be developed i n  t h e  f u t u r e  as w e l l  
as f o r  slecond genera t ion  ana lyses .  The C u r a t o r i a l  F a c i l i t y  w i l l  remain the  
r e p o s i t o r y  oE t h e  major p o r t i o n  of l una r  samples. As a n  added precaut ion  
a s m a l l ,  seleI:ted p o r t i o n  of t h i s  i r r e p l a c e a b l e  material w i l l  be placed i n  
CY 1974 in  an  e s p e c i a l l y  prepared secondary s t o r a g e  s i t e  a t  White Sands, 
New Mexico. 
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The laser ranging program i s  cont inuing  a t  McDonald Observatory and t h e  n e w  
observa tory  a t  M t .  Haleakala  i n  H a w a i i  i s  scheduled t o  begin  i t s  observing 
program i n  l a . t e  FY 1974. The primary o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  
inc lude  th.c! s tudy  of phys ics  of t h e  moon, g r a v i t a t i o n  and r e l a t i v i t y ,  and 
t h e  physics> of t h e  e a r t h .  S i g n i f i c a n t  secondary 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  underst:an.ding of t h e  e a r t h  are more a c c u r a t e  measurements of t h e  wobbles 
of t h e  ea r t . h ' s  axis of r o t a t i o n ,  which could enhance our  c a p a a i t y  f o r  
earthquake p r e d i c t i o n ;  and measurements of t h e  relative motions between 
t h e  c o n t i n e n t a l  United S t a t e s  and H a w a i i ,  which would r e f i n e  our t h e o r i e s  
on c o n t i n e n t a l  d r i f t .  

FY 1975 funds w i l l  suppor t  t h e  con t inua l  c o l l e c t i o n  and process ing  of 
ALSEP d a t a ,  cont inued c h a r a c t e r i z a t i o n ,  ca t a log ing  and d i s t r i b u t i o n  of t h e  
luna r  samples, and t h e  ope ra t ions  of t h e  McDonald and Haleakala  observ- 
a t o r i e s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE LAUNCH VEHICLE PROCUREmNT PROGRAM 

1973 1974 1975 

Scout......................... $15,700,000 $8,300,000 $13,800,000 
Centaur....................... 120,700,000 112,200,000 75,000,000 
Delta......................... 76,000,000 50,500,000 47,700,000 
T i t a n  I I I C . . . . . . . . . . . . . . . . . . . .  
Supporting research  and 

technology/advanced s t u d i e s .  

--- - - -  5 , 500 , 000 

3,100,000 4,000,000 - 4 , 000 , 000 

Total..................... $221.000.000 $175.000.000 &140.500.000 - 

--_- 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 :  

Kennedy Space Center.. . . . .  $3,388,000 $3,880,000 S10,415,000 
1 , 790,000 Marshal l  Space Flight:  Center 1,107,000 

Goddard Space F l i g h t  Center 74,464,000 49,300,000 42,890,000 
Jet Propuls ion  Laboratory. 762,000 610 , 000 1 , 0  15 , 000 
Langley Research Cent:er... 15,774,000 8,265,000 13,465,000 
Lewis Research Center.. . . .  117,773,000 108,774,000 68,675,000 

7,732,000 1,925,000 - 2 , 250,000 

2 , 246,000 

Headquarters .............. 
Total.. . . . . . . . . . . . . . . . . .  $221.000.000 $175.000.000 &L40.500.000 - 

HIGHLIGHTS OF BUDGET PIAN 

s c o u t  
Incremental  funding of hard- 

--- $5,800,000 

ware prccurement i n  support  
of SAS, UK, San Marco, Dual 
A i r  Density,  German, A N S ,  
Hawkeye, and R e l a t i v i t y  
Probe missions. . . . . . . . . . . .  $5,600,000 

Manag,ement and engineer ing 
suppor t ,  test  and checkout,  
launch clperations , mainte- 
nance, and f i e l d  support . .  10,100,000 8,300,000 

f o r  FY 1975.. . . . . . . . . . . . . .  --- 
8 , 000 , 000 

N o  improvements are planned - -- --- - 
............. $8.300.000 !23.800.000 T o t a l  Scout $15,700.000 - 
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1973 

Centaur 
Incremental funding of hard- 

ware procurement i n  support  
of Viking, HEAO, Mariner 
Venus/Mercu.ry 1973, Heli.os, 
Pioneer ,  an.d Mariner 
Jupi.ter/S:aturn missions.. . $58,065,000 

Management and engineer ing 
support ,  t e s t  and checkout, 
launch operat ions,  main- 
tenance, and f i e l d  support  31,509,000 

M a  j o r  imp r ovemen t s enc om- 
passing t:he improved 
Cent.aur, T i t an  Centaur 
i n t e g r a t i o n  and proof 
f l i g h t ,  and. selective 
redundanc:y and q u a l i t y  
cont:rol t:o improve veh ic l e  
reli.abil,j .ty.. ............. 31,126,000 

Total  Centaur.. ......... $120,700,000 

Delta 
Incremental. funding of hard- 

w a r e  procurement i n  support  
of RAE, Atmosphere Explor- 
ers, Nimbus:, GEOS , IMP, OSO, 
ERTS, SMS, LAGEOS, W E ,  and 
CAS missions.. ............ $23,370,000 

Management: arid engineer ing 
support ,  test and checkout, 
launch opera t ions ,  mainte- 
nance, arid f i e l d  support..  38,670,000 

R e l i a b i l  i t:y improvements t o  
f i r s t  and second s t a g e  
pneumatics, second s t age  
hydraul ics  ,, guidance 
components :, POGO 
suppression..  .............. 13,960,000 

Tota l  Del-ta.. ........... $7 6.000.000 

1974 

$65,875,000 

40,210,000 

6,115,000 

$112.200.000 

$24,304,000 

21,196,000 

5,000,000 

$50.500.000 

1975 

$27,500,000 

47,200,000 

- 300,000 

$75.000.000 

$12,800,000 

32,900,000 

2,000,000 - 
$47.700.000 
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1973 - 
Ti tan  I I I C  

Incremental  funding of hard- 
w a r e  procurement and re la t -  
ed s e r v i c e s  from USAF f o r  
t h e  AT8S-F mission.. . . . . , . .  $5,500,000 

Tota l  T i t a n  I I I C . . . . . . . .  $5,500,000 

Support ing Research and 
Technoloiy/Advanced S tud ie s  
Exploratory and app l i ed  re- 
search  and s p e c i f i c  s t u d i e s  
i n  t h e  fol lowing launch 
v e h i c l e  rxchnological  
d i s c  i p l i n e s  : 

Advanced I; tudies . .  ........ 
Propulr; ion and Energy 

Guidance, Control  and 

I n s  trument:at i on  and 

$1 . 135,000 

Conveirsi-on. ............. 1,375,000 

Navigation. ............. 112,000 

Elec t.i-onic s ............. 90 , 000 
S t r u c t u r e s  and Materials.. 100,000 
Vehicle  Engineering. ...... 288,000 

Total. suppor t ing  Research 
and. Tech.no 1 ogy / Advanced 
S t u.C1 ies ................ $3.100,000 

1974 1975 

$1,310,000 

1,650,000 

605,000 

125,000 
100,000 
210,000 

$4.000.000 

$1,535,000 

1,330,000 

735,000 

125,000 

- 175,000 
100,000 

- - $4.000.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF SFACE SCIENCE 
MUNCH VEHICLE 
PROCUREMENT PROGRAM 

PROGRAM OB J_EXCJ'IVES AND JUSTIFICATION : 

Launch Vehicle Procurement provides for the centralized procurement of 
launch vehicle and launch support services for NASA's automated spacecraft 
missions. This includes the procurement of vehicle hardware, launch 
services, engineering and maintenance, and, as required, development of 
improved vehicle systems including the necessary ground support equipment. 

In additi.on, efforts have been undertaken and are continuing in the area 
of Supporti.rtg Research and Technology/Advanced Studies to investigate new 
technological developments. Launch vehicles currently being procured are: 
Scout, Delta, Atlas Centaur, and Titan III/Centaur. 

The budget: request for each launch vehicle includes three major categories: 
(I) Vehicle hardware, (2) Supporting activities, and (3) Product improve- 
ment. Funding related to vehicle hardware is identifiable with specific 
missions and includes such items as solid rocket motors, boosters, upper 
stages, shrouds, adapters and mission peculiar hardware. The supporting 
activities c:at:egory includes preparation of hardware for launch, guidance 
and control. services, prelaunch and postlaunch engineering analysis, trans- 
portation, propellants, and range support costs. 

The suppoi:tj.ng activities effort differs from the vehicle hardware 
category in that resource requirements are directed to recurring costs 
which are operational in nature, rather than to the procurement of a 
specific number of end items of hardware produced. Product improvement, 
the third c:ategory, provides support to insure the reliability of the 
launch vehicle system and its associated ground support equipment. 

BASIS OF FZRJD REQUIREMENTS: 

scout 

1975 - 1974 - 1973 

Hardware. ...................... $5,600,000 --- $5,800,000 
Supporting iic tivi ties. ........ 10,100,000 $8,300,000 8,000,000 
Major improvements ............ --- --- --- 
Total., ...................... $15.700.000 $8.300.000 $13.800.000 
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The Scout :Launch v e h i c l e  w a s  i n i t i a t e d  by NASA i n  1959 w i t h  t h e  goa l  of 
launching economically a l a r g e  v a r i e t y  of s m a l l  s c i e n t i f i c  s a t e l l i t e s ,  
space p robes ,  and r e - e n t r y  experiments. 

The f i r s t  !;tout: launch occurred i n  J u l y  1960. I n  t h e  ensuing 13 yea r s ,  
t h e r e  have been 84 launches. The v e h i c l e  has s u s t a i n e d  a 100 percent  
launch recoi:d i n  i t s  l a s t  29 launches. 

The Scout vehic:le i s  t h e  smallest launch v e h i c l e  employed by NASA. It i s  
a four  :;tagc:, al l .  s o l i d  p r o p e l l a n t  launch v e h i c l e .  The v e h i c l e  i s  approxi- 
mately ;!2.4 meter's i n  l eng th  (73 f e e t )  and t h e  f i r s t  s t a g e  boos te r  has  a 
diameter of 11.1.4 meters (3.75 f e e t ) .  It i s  capable  of p l a c i n g  a 180 
kilograrn (400 pound ) payload i n  a 556 k i lome te r  (300 n a u t i c a l  m i l e  ) orbi t - .  

The Langley ELesearch Center,  l oca t ed  nea r  Hampton Roads, V i r g i n i a ,  has 
managed t h e  Scout: p r o j e c t  s i n c e  i t s  incep t ion .  The prime c o n t r a c t o r  f o r  
t h e  product ion ,  c.heckout, and launch of Scout i s  t h e  Ling-Temco-Vought 
Aerospace Corporation loca ted  i n  Dallas, Texas. 

Scout v e h i c l e s  are launched from t h e  Western T e s t  Range, C a l i f o r n i a ;  from 
Wallops I s l a n d ,  V i r g i n i a ;  and from t h e  San Marco P la t fo rm o f f  t he  Afr ican  
c o a s t  near  Kenya. 

Funds requc!st:ed f o r  FY L975 w i l l  be used as fo l lows:  

-- Hardware - Funds w i l l  be  u t i l i z e d  t o  con t inue  hardware procurement t o  
suppor t  Small. Astronomy S a t e l l i t e - C ,  Dual A i r  Dens i ty ,  Hawkeye/Neutral 
Po in t  Explorer ,  R e l a t i v i t y  Probe, and coope ra t ive  s c i e n t i f i c  missions w i t h  
t h e  I t a l i a n ,  German and Dutch governments. 

Support ing,&tivi t ies  - Engineering and t e c h n i c a l  suppor t ,  v e h i c l e  t e s t  
and checkout,  launch ope ra t ions ,  and maintenance of launch f a c i l i t i e s  and 
ground equipment w i l l  be funded t o  suppor t  t h e  launch schedule.  

1mprovement.s - No improvements are planned i n  FY 1975. 

Centaur 

1973 1974 1975 

Hardware.......... ........... $58,065,000 $65,875,000 $27,500,000 
Supporting a c t i v i t i e s . .  ...... 31,509,000 40,210,000 [+7,200,000 ..... ..... 300,000 Major imprclvements ., 31,126,000 6,115,000 - 

Total.. . . . . . . . . . . . . . . . . . . . .  ~ 1 2 0 , 7 0 0 , 0 0 0  $112.200,000 $15.000.000 - 
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Centaur is a high performance upper stage, the most powerful upper stage 
used by NASA for automated missions. It is currently being used with the 
Atlas booster .€or high energy missions, particularly lunar, planetary, and 
synchronous Iorbits. The Atlas Centaur vehicle is 40 meters (131 feet) in 
length and has a diameter of 3.1 meters (10 feet). 

A new configuration, the Titan Centaur, is being developed to support the 
Viking mission:, and for other heavy payloads or high energy missions beyond 
the lifting capability of Atlas Centaur. A proof flight development test 
launch is planned for early 1974 and the first operational launch is 
scheduled with the Helios-A mission in the third quarter of 1974. The 
Titan Centaur is 49 meters (160 feet) high and has a payload shroud diameter 
of 4.3 meter:; (14 feet). 

Funds requested for FY 1975 will be used as follows: 

Hardware - Funds are required to continue incremental procurement of 
hardware to support Helios-A and -B, Viking-A and -B, Mariner Jupiter/ 
Saturn A andl B, and High Energy Astronomy Observatory (HEAO) -A and -B 
miss ions. 

Supporting Activities - Funding will be utilized to purchase management 
and engineering support, Launch support operations, field services, and to 
maintain facilities and ground equipment. 

Improvemen;:.t - A small improvement effort is continuing in FY 1975 pri- 
marily i.n quality control and workmanship to improve vehicle reliability. 

Delta 

1975 - 1974 - 1973 - 
Hardware.. ................... $23,370,000 $24,304,000 $Z2,800,000 
Supporting activities........ 38,670,000 21,196,000 32,900,000 
Major improvements.... ....... 13,960,000 5,000,000 - 2,000,000 

Total...................... $76.000 .OOO $50.500.000 $47.700.000 

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 lOOlaunches and has experienced a success record of 90 percent. It 
is presently operational with two and three stage configurations and a 
multiburn second stage capability. The first stage is an e1ongat:ed Thor 
booster with 3, 6, or 9 strap-on solid motors for thrust augmentation. 

The second stage Delta, which provides a multiple restart capability, 
uses an inertial guidance system for guiding the first stage booster and 
the second stage Delta. The third stage utilizes the Thiokol TE-364 solid 
motor which is spin stabilized. This vehicle in its three stage configura- 
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t i o n  i s  approximately 35.05 meters i n  l eng th  (115 f e e t )  and has a diameter 
of 2.44 met,er:; (8 f e e t ) .  It i s  capable  of p l a c i n g  a 1,772 kilogram payload 
(3,900 pourid) i n t o  a 556 k i lometer  (300 n a u t i c a l  mi l e )  o r b i t .  

Fundi; reque:;ted f o r  FY 1975 w i l l  be  used as follows: 

-- Hardware '- Funds w i l l  be  used t o  con t inue  t h e  hardware procurement con- 
tracts i n i t i a t e d  i n  FY 1973 and FY 1974 i n  suppor t  of Atmosphere Explorer-D 
and - E ,  Coopei:at:ive Ap-plications S a t e l l i t e ,  Nimbus G ,  Ea r th  Resources Tech- 
nology Sa teLl i te -B,  Lageos-A and 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-A. 

Supporting Act : iv i t ies  - Necessary t e c h n i c a l  and engineer ing  suppor t ,  t o  
s u s t a i n  veh:icl.e t es t  and checkout and launch ope ra t ions  and t o  suppor t  
maintenance of launch f a c i l i t i e s  and ground equipment, w i l l  be provided. 

Improvements - R e l i a b i l i t y  improvements f o r  t h i s  v e h i c l e  system dur ing  
t h i s  pe r iod  inc lude  r edes ign  of t h e  a t t i t u d e  c o n t r o l ,  h y d r a u l i c ,  and pneu- 
matic syst~!r is  of t h e  second s t a g e  Delta. Add i t iona l ly ,  p l ans  inc lude  pro- 
curement of second source  f l i g h t  guidance computers t o  i n s u r e  t h a t  t h e  
launch schet1ul.e commitments can be m e t .  

T i t an  I I I C  

19'74 1975 -- 1973 

- ._ - --- Hardware................................... $5,500,000 -- 
-._- --- .................................. -- -- Tota l .  $5.500.000 

The T i t an  I I I C  i s  a fou r  s t a g e  s o l i d  and l i q u i d  f u e l  v e h i c l e  developed 
and managed by t h e  United States A i r  Force. NASA i s  us ing  t h i s  v e h i c l e  f o r  
t h e  synchrocous a l t i t u d e  Appl ica t ions  Technology S a t e l l i t e  (ATS-F) mission 
t o  take  advantage of i t s  performance f o r  d i r e c t  i n j e c t i o n  i n t o  synchronous 
o r b i t .  The ATS-F mission i s  planned t o  be  launched i n  t h e  second q u a r t e r  
of 1974. 

No FY 1974 o r  FY 1975 Sunds are  r equ i r ed  t o  complete t h e  v e h i c l e  procure- 
ment and suppor t  of t h i s  miss ion ,  and no o t h e r  NASA miss ions  a r e  planned t o  
be launched by t h i s  v e h i c l e  a t  t h i s  t i m e .  
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- Support ing Research and Technology/Advanced S tud ie s  

1973 1974 1975 

Advanced :;-:udies.. .................. $1,135,000 $1,310,000 $1,535,000 
Propuls ion arid energy conversion..  .. 1,375,000 1,650,000 1,330,000 

S t r u c t u r e s  arid materials.. .......... 100,000 100,000 100,000 

Guidance, c o n t r o l  and naviga t ion . .  .. 112,000 605,000 7 35 , 000 
Ins t rumenta t fon  and e l e c t r o n i c s . .  ... 90,000 125,000 125,000 

Vehicle  engineer ing.  ................ 288,000 210,000 175,000 

Tota l . . .  ............................ $3.100.000 $4.000.000 $4.000.000 

The ob ject:.ive of t h e  Support ing Research and Technology (SR&T) /Advanced 
S tud ie s  p r o j e c t  is t o  provide pre l iminary  d a t a  and a l t e r n a t i v e s  t o  manage- 
ment s o  that: dec i s ions  concerning t h e  space t r a n s p o r t a t i o n  system may fo l low 
a w e l l  def ined: ,  i n t e g r a t e d  course  i n  f u t u r e  years .  

I n  FY 1974, t h e  Advanced S tud ie s  program i s  d i r e c t e d  toward i n v e s t i g a t i o n s  
of a s o l a r  e:Lec:tr-ic propuls ion  s t a g e  f o r  u se  w i t h  t h e  Shut t le /Tug o r  con- 
ven t iona l  1aiinc:h v e h i c l e s ,  and t h e  adap ta t ion  of e x i s t i n g  v e h i c l e s  f o r  u se  
as upper s t a g e s  t:o the  Space S h u t t l e .  The SR&T program i s  d i r e c t e d  a t  
improving rc? l iab i . l i ty ,  c o s t ,  and s a f e t y  of launch v e h i c l e s  and determining 
t h e i r  erivironment:al e f f e c t s .  A c t i v i t i e s  i nc lude  t e s t i n g  and eva lua t ion  of 
t h e  use  of ma1-1 l i q u i d  dua l  mode rocke t  engines  f o r  s p a c e c r a f t  u s e ,  inves-  
t i g a t i o n  of pyi:ot:echnic r e l i a b i l i t y ,  and eva lua t ion  of c o s t  e f f e c t i v e  use  of 
new astr ionic:  technology i n  guidance a p p l i c a t i o n s .  

Funds reques ted  f o r  FY 1975 w i l l  be  used as fol lows:  

----- Advanced Stiuclies - Space S h u t t l e  upper s t a g e  a p p l i c a t i o n s  and s o l a r  
e lec t r ic  prcq)ul.si.on advanced s t u d i e s  w i l l  be  continued. 
phase out  st:udFes w i l l  be  i n i t i a t e d  i n  o rde r  t o  i n s u r e  an o r d e r l y  and c o s t  
e f f e c t i v e  ut::ilFzation of t h e  Space S h u t t l e .  

Launch v e h i c l e  

Propul-siori arid Energy Conversion - S o l a r  a r r a y  technology f o r  s o l a r  
electric: prcq)ul.si.on and r e sea rch  i n  s o l a r  e lec t r ic  propuls ion  system capa- 
b i 1 i t  i e  t; w i  I. :l 1) e cont inued . 

Guidance, j a t t r o l ,  and Navigat ion - Development, tes t ,  and eva lua t ion  of 
s t rap down guidance system components c o n s i s t i n g  of i n e r t i a l  s enso r s  and 
computer t ec:lino 1 ogy w i  11 b e  cont inued . 

---- 1nstrument:ation and E l e c t r o n i c s  - Research w i l l  be  cont inued i n  nondestruc- 
t i v e  t e s t i n g  techniques f o r  e l ec t ro -exp los ive  devices ,  inc luding  both squibs  
and fuses .  
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Structuresand Materials - Continue to provide the technology required 
for effective design, fabrication, maintenance and operation of thermal 
protection systems for use with cryogenic propellants. 

Vehicle Esdneering - Continued investigation during FY 1975 of atmo- 
spheric effects resulting from effluents produced during vehicle launching 
activities. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AI? PLICATIONS SPACE APPLICATI.ONS PROGRAM --- 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 1974 1975 

Weather and c l i m a t e . .  . . . . . . . . . . . . 
P o l l u t i o n  moni~toring . . . . . . . . . . . . . 
Ear th  rc:source:; survey. . . . . . . . . . . 
Ear th  and ocean physics .  . . . . . . . . . 
Space proce:; s i n g ” .  . . . . . . . . . . . . . . . 
Energy app 1 :i tca 1: i ons  . . . . . . . . . . . . . . 
Communications.. .,. . . . . . . . . . . . . . . . 
Data managernenr:. (I . . . . . . . . . . . . . . . . 
E a r  t h  observatory s a t  e l  1 i t e 

de f infi t ion .  . ,. . . . . . . . . . . . . . . . . . . 
S h u t t l e  experiment d e f i n i t i o n . .  . . 
Advanced app 1 i c  a 1: i ons  experiment 

s t u d i e s  . . . . . ,. . . . . . . . . . . . . . . . . . . 
Appl ica t ions  systems a n a l y s i s . .  . . 
App 1 i ca 1: ions  exp1.orer s h e a t  

capac i ty  niapping mission..  . . . . . 

$60,345,000 
2 , 300 , 000 

55,155,000 
7 , 200 , 000 

58,106,000 

900 , 000 
--- 

4,694,000 
- - -  

$51,100,000 $35,000,000 
11,800,000 29,800,000 
47,400,000 58,600,000 
10,400,000 18,500,000 

3 , 500 , 000 

22,100,000 8,300,000 
4 , 000 , 000 

3 , 000 , 000 
2,000 , 000 2,000,000 

- - -  

3,000 , 000 1 , 000,000 
4,500,000 4 , 500,000 

4,700,000 4,700 , 000 
1 , 000 , 000 5 , 000 , 000 

--- - 2 , 600,000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . .  $188.700.000 $161.000.000 - S177.500.000 

---- 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 . .  . . . . . . . 
John F. Kennedy Space Center .  
Marshall. Space F l i g h t  Center.  
Godclard Space F l i g h t  Center .  . 
Je t  Propii1:;ion Laboratory.  . . . 
Wa1:Lops Stati-on..  . . . . . . . . . . . . 
Ames Reswarchl Center. .  . . . . . . . 
Langley Research Center .  . . . . . 
Lewi.s Research Center.  . . . . . . . 
NASA Hea.tlquarters . . . . . . . . . . . . 

$13,979,000 
150 , 000 
642 , 000 

148,549,000 
1 , 058 , 000 
5 , 522 , 000 
3 , 273 , 000 
6,779,000 
3 , 332 , 000 
5,416 , 000 

$18,818,000 
255 , 000 

4 , 320 , 000 
80,863,000 

3 , 884 , 000 
6 , 457 , 000 
7,502,000 
8 , 469 , 000 
3 , 840 , 000 

26,592,000 

$31,700,000 
1 , 400,000 
5 , 000,000 

89 , 100,000 
3 , 200,000 
7 , 700 , 000 
7 , 100 , 000 
8 , 400 , 000 

- 21,800,000 
2,100,000 

Tota l . . . . . . . . . . . . . . . . . . . . . .  s188.700.000 $161.000,000 S177.500.000 
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HIGHLIGHTS OF BUDGET PLAN 

1973 1974 1975 

Weather and Climate 

A l l  Weather &tlrlospheric Soundings 
Experiment S a t e l l i t e  (NIMBUS 5&F) 

Spacecraf t  des ign ,  f a b r i c a t i o n  and 
tes t  1ea.ding t o  t h e  launch of NIMBUS 
F i n  1974 ........................... 

Advanced ins t ruments  f o r  d e t e r -  
mination of the  v e r t i c a l  s t r u c t u r e  
of t h e  a.tmosphere ................... 

Ground c o n t r o l  opera t ions  f o r  
missions beginning i n  l a t e  1972... . .  

Delta (Launch Vehicle  Procure- 
ment) ............................... 

T o t a l ,  NIMBUS 5&F.... ........... 
Cloud Imagingfrom Synchronous 

Sa te l l i t es  (SMS A&B) -- 
Spacecraf t  design, development 

and test lead ing  t o  launch of  two 
s p a c e c r a f t  i n  1974... . . . .  ........... 

Sensors  t o  provide continuous 
h igh  r e s o l u t i o n  day and n i g h t  
c loud cover data .................... 

Fabr ica t ion  and i n s t a l l a t i o n  of 
ground s t a t i c n  equipment ............ 

Delta (Launch Vehicle  Procure- 
ment) ............................... 

Tota l ,  SMS...................... 

$15,388,000 $9,538,000 $3,430,000 

12,330,000 5,466,000 2,270,000 

1,082,000 1,396,000 1,300,000 

(3,500,000) (1,000,000) - - -  

$28.800.000 $16.400.000 $7.000.000 

2,627,000 500,000 - - -  

839,000 540,000 - - -  

(3,800,000) (5,500,000) - - -  

$16.700.000 $10.000.000 $1.400.000 
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1973 - 1974 - 1975 

0 per a t  ional. Temper a t  u r  e S ound i n q  
S a te l .  1 i t e  (TIROS -N) ---- 
Spacecraf t  design and development 

lead ing  t o  :.atinch i n  1977.. .......... 
Sensor dc:veI.opment t o  provide 

c a p a b i l i t y  €01: nlaking advanced 
atmospheric soundings and sea-  
s u r f a c e  teripei:at:ure measurements.. ... 

T o t a l  . 'CIROS-N. .................. 
Opera t :iona:l S a t  e l  1 i t  e Improvement s 

Advance :jI?n:;or design work and 
s t u d i e s  t o  improve subsystem and 
o p e r a t i o n a l  procedures f o r  'CIROS 
and SMS o p e r a t i o n a l  systems i n -  
c luding adv snced i n s  trument s t o  
provide ve : r t ica l  temperature 
soundings f roin synchronous 
a l t i t u d e s . . . . . .  ...................... 
G 1  ob a1 A tmos pb e r i c R e s  ea* 

Program (GARP) 

Data systems tes t  support . .  ........ 
Simulation s t u d i e s . . . . . . . . . .  ....... 
F i r s t  GARP g l o b a l  experiment.. ..... 
GARP A t  1 a n t i c  tr op i ca 1. experiment 

support  (GATE) ....................... 
Technology development: ............. 

T o t a l ,  G A R P . . . . . . . .  .............. 

---  $3 , 000 , 000 $7,000 , OClO 

$4,250,000 7,000 , 000 e 2,000 , 000 _- 

$4.250.000 $lO.OOO.OOQ - $9.OOO.O(!Q -- 

$1.755.000 $2.500.000 - $3.500.OQQ _- 

$642,000 $1,359 , 000 $1 , 340,000 

2 , 299,000 3 , 100,000 3,601 , 000 

- - -  400 , 000 956 , 0130 

- -- 624 , 000 1 , 165 , 0'00 

299 , 000 217 , 000 - 338 , 000 

$3.240.000 $5.700.000 - $7.400,0@ -- 
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1973 - 1974 1975 - 
Meteorological  Sounding Rocket 

Programs 

Procurement and launch of r e sea rch  
sounding rockets . . . . . . . . . . . . . . . . . . . . . .  

Development of sounding rocket  
systems. ............................. 

Fie ld  experiment support  ........... 
Tota l ,  Meteorological  Soundings.. 

Advanc.ed Techniques i n  Observing 
and Forec:asting .................... 

Tota l ,  Weather and C l i m a t e . . . . . . .  

Po l lu  t:ion l k n t i  t o r i n g  

Oceanograpk& and A i r  P o l l u t i o n  
-- O b s e r v i n r S a t e  11 i te (NIMBUS G) 

Spacecra:ft design and development 
f o r  launch i n  1977 ................... 

Continuat ion of  sensor  development 
which will. a l low measurements of 
atmospheric and oceanographic 
parameters 011 a g loba l  b a s i s  ......... 

I n i t i a t i o n  of development of  
ground suppoi: t equipment ............. 
Del ta  (Launch Vehicle  Procurement). .. 

T o t a l ,  NIMBUS G. .  ................ 
Sensor D e f k i t i o n  and F e a s i b i l i t y  

Evaluat ions.  ....................... ----- 
T ' o t a l  . Po1:Lution Monitoring..  .... 

$200,000 $500 , 000 $700 , 000 

350,000 200,000 100 , 000 
650,000 800 , 000 900, OOcJ 

$1.200.000 $1.500.000 - $1.700.000 - 

$4.4oo.ooa $~.OOO,OOO $~.OOO.OQQ - 
$60.345.000 $51.100.000 .$35.000.000 _- 

$520 , 000 $11,800, ClOO 

- - -  *8 , 480 , 000 14 , 700,000 

- - -  - - -  500 , 000 

--- - - -  (400,000) 

--- $9.000.000 $27.000.000 - 

$2.300.000 $2.800.000 $2.800.000 

&300,000 $11.800.000 $29.800,000 

- 

- 
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1973 1974 1975 

Ear th  I:esoui~ct!s Survev 

Earth Resoui:ces Technology S a t e l l i t e s  
( E R T s ) ~ - -  

Spa cecr  a fi 1: Cleve 1 opmen t and f ab r  i - 
c a t i o n  f o r  ISR’IS-,B mission i n  1975.. . .  

Sensor deveI.opment t o  provide 
imagery and e a r t h  resources  d a t a  f o r  
agr icu l . tu re!  geology, hydrology, 
oceanography and geography ........... 

Ground da.t:a handl ing  and mission 
ope ra t ions  and! gene ra t ion  of image 
product:s ............................. 

Support of i.nves t i g a t o r s  conducting 
experiments and developing techniques 
t o  u t i l i z e  E:R?’S da ta . .  ............... 

Delta (Launch Vehicle  Procurement). 

Tot:al . E:R?’S.. .................... 
Mu 1 t i s  p ec t r it 1 S c anner - 5 t h Band 

Development 

Continue Levelopment of an ad- 
vanced mu1 t i spectral  scanner  
conta in ing  a. thermal channel 
capable  of observing resources  
cha rac t e r i zed  by temperature  
and thermal p o l l u t i o n  ........... I .  

Earth Observat ions --- A i r c r a f t  Program 

A i r c r a f t  ope ra t ions  and l o g i s t i c s  
i n  support  c f  ERTS, EREP and 
r eg iona l  programs.. . . . . . . . . . . . . . . . . . .  

A i r c r a f t  sensor  development and 
procurement .......................... 

$5,997,000 $7 , 569,000 $3,200,000 

4,411,000 1,700,000 

6 , 929,000 1 , 131,000 2 , 300,000 

15 , 263,000 6 , 000,000 5,600,OOO 

--- ( 3  , 500,OOg) ( 1,000 , OC!O_) 

$32.600.000 $16.400. OOQ - $11,1OO,OO~Q _- 

$6,710,000 $6,733,000 $7,255,000 

1 , 100,000 1,491 , 000 1,505 , 000 
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1975 - 1973 1974 - 
A i r c r a f t  equipment and maintenance 

and modi f i ca ti on. .................... 
Data tiandl.:ing and processing. .  ..... 
CV 990 replacement. .  ............... 

T o t a l ,  I L r c r a f t  Program. ......... 
Ear th  Resources Experiment 

Package Imttigations 

Support of i n v e s t i g a t o r s  conducting 
experiments u t  j.1i.z ing  d a t a  acqui red  
by Skylab senscrs . .  .................. 
Data Interprj-ttion Techniques, 

Special I n v e s t i g a t i o n s  and 
Data AnalyseEi.. .................... 
Ear th  resourc:es survey d a t a  pro- 

cess ing ,  evail.uation and a n a l y s i s ,  
photographic: s e r v i c e s  , re Lated 
s u p p l i e s ,  anti equipment.. ............ 

Total . . .  ......................... 
Tota l ,  E:art:h Resources Survey.. .. 

Ear th  and Ocean. Physics  --- 
GEOS 1&2 

Completion. of ope ra t ions ,  d a t a  
r educ t ion ,  a.rtd ana lyses . .  ............ 
Geodynamic Experimental Ocean 

Sa te l1 . i t e  (GE:OS -C) 

$3,050 , 000 $2,173,000 $2,300,000 

2,140,000 4,403,000 5,340,0001 

- - -  2 , 000,000 900 , 0001 

$13.000.000 $16.800.000 $17.300.000~ 

($2.500.000) ($3.200.000) $3,800.000 

$9,555,000 $13,200,000 $13,000,000 

(8 ,500,000)  (9 ,500,000)  9,400,000 

$9.555.000 $13.200.000 $22.400.000 

$55.155.000 $47.400.000 $58.600.000 

Spacecraf t  design,  development 
and t e s t .  l ead ing  t o  launch i n  1974.. .  $2,400,000 $2,400,000 $70 , 000 
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1973 1974 - 1975 

Ins t rumenta t ion  t o  dete.rmine the  
f e a s i b i l i t y  of measuring the  ocean 
topography and t o  provide more 
accu ra t e  geoscience d a t a  ............. 

Ground support  p repa ra t ion  f o r  
mission beginning i n  1974 ............ 

Delta  (Launch Vehicle  Procurement). 

To ta l ,  C.EOS-C.... . . . . . . . . . . . . . . . .  

Laser Geodyrlanic S a t e l l i t e  (LAGEOS) 

Spacecraft: d.esign, development and 
test  lead ing  t o  launch i n  1976 ....... 

Ground support: p repa ra t ion  f o r  
mission beg::nning i n  1976.. .......... 

Delta (Laimch Vehicle  Procurement). 

Tota l  . LAGEOS. ................... 
Ocean Dynamic:; S a t  e 1 li t e  S SEASAT-A) 

SpacecraEt des ign ,  development and 
tes t  lead in2  to  launch i n  1978 ....... 

Instrument  (design, development and 
t e s t i n g  .............................. 

T o t a l ,  S E A S A T - A . . . . . . . . . . . . . . . . . .  

Tectonic  P l a t e  Motion 

Measurement and a n a l y s i s  of 
t e c t o n i c  p l a t e  and c r u s t a l  motions. . .  

Measurement Systems Forecas t ing  ............ 

$1,595,500 $600 , 000 $402,001:) 

200 , 000 400 , 000 428 , 000 

--.- - - .- (3 ,800,000)  _- 

$4.195.500 $3.400,00Q - $900,OC!Q -- 

---  $8 30 , 000 $1 , 455 , 00'0 

--- 47 0,000 845, OClO 

- - -  (3,000 , 000) (1 , 600,000) -- 

- - -  $1.300.00Q - $2.300.0C@ _- 
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1974 - 1973 1975 - 
Experiment 1);gta Analysis 

Data analysis; of GEOS, LAGEOS, 
SEASAT and related ground-based 
experiments,, ......................... 

Total, Earth and Ocean Physics.. . 
Space Proce:;sirig 

Ground-based investigations.. ..... 
Sounding :c ocke t miss ions. ......... 

T o t a l  . Space Processing., ....... 
Energy Applications 

Studies of solar power conversion 
and delivery systems; hydrogen pro- 
duction and utilization systems; 
and energy and environment con- 
servation systems..... ............... 
Communications 

Canadian CooErative Satellite 
(CAS-C) 

Spacecraft testing ................. 
Experiments ........................ 
Mission analysis and operations .... 
Delta (Launch Vehicle Procurement). 

Total, CAS-C..................... 

--- $2.700.000 $2.700. OOC! 

$7.200.000 $10.400.000 $18.500.009 

($3,100,000)  $3,000,000 $3,100,000 

($3.100.000) $3.000.000. $3,500. OOQ 

$2.000.000 $2.000. OOQ --- 

$339,000 $460,000 $7 90,001:) 

2 , 247,000 2 , 200,000 560 , 001U 

100 , 000 100 , 000 200,000 

--- (1,000,000) (3 ,600,000)  

$2.686.000 $2.760.000 $1.550.00Q -- 
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1973 1974 1975 

Multi-User Ctsnuunications Experiment 
S a t e l l i t e  (ATS-F) --- 
Spacecraf t  des ign ,  development and 

t e s t  lead ing  t o  launch of t he  space-  
c r a f t  i n  1974. ,, ....................... 

I n s  tr urnen t a t  :i on deve 1 opmen t f o r  
cormnunica t ions  experiments a t  syn - 
chronous a l t i t u d e s  such as h e a l t h  
and educa t i 011 r: e 1 ecommuni c a t ions  
experiments and advance s p a c e c r a f t  
subsystems demonstrat ion. .  ........... 

Procurement and modi f ica t ion  o f  
ground s t a t i o n  equipment.. ........... 

Ti tan  1 1 1 - ( 2  i:Launch Vehic le  
Procurement) ........................... 

Tota l ,  A'CS-F., .................... 
Experiments _c&)rdina t i on and 

Operat ions Support 

Provides  suppor t  t o  u s e r s  i n  com- 
muni ca t ions  experiments v a l i d a t i o n  
and opera t ions  f o r  ATS-F and CAS-C.. 

Technical  Consul t a t i o n  and Support  
S tud ie s . .  ............................ -- 

Advanced Cornrnunications Research.. .. 
ATS 1-5 

Operat ions arid d a t a  a n a l y s i s . .  .... 
Systems --- Technol-ogy and Techniques. .. 
T r a f f i c  Managerlent S tud ie s  

S tud ie s  i n  suppor t  of  DOTIFAA.. ... 

$40,189,000 $12,174,000 - - -  

9 , 477,000 1 , 819 , 000 --- 

2,188,000 2,007,000 - - -  

- - -  (5 ,500,000)  - - -  

- -- . -  $51.854.000 $16.000.000 

- - -  $800.000 $3.700 .OOC) 

($720.000) $2.540.000 $1.650. OOC) 

- - -  ($1.000.000) $1.400.00() 
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1974 - 1973 1975 - 
Cooperative & p l i c a t i o n s  S a t e l l i t e s  

( C A S - A ) -  

Completion of ope ra t ions ,  d a t a  
--- - - ._. reduct ion  and a n a l y s i s  ............... $46,000 

To t a1 . IConnnun ica t i ons ............ $58.106.000 $22.100.000 $8.300.00Q 

Data Management 

Systems requirements  s t u d i e s . .  ..... 
Conduct r e sea rch  i n  onboard pro- 

ces s ing  t o  opt imize s p a c e c r a f t  and 
ground s t a t i o n  systems requirements  
and hardware conf igu ra t ions .  ......... 

Develop technology and t e c h n i c a l  
d a t a  t o  impmve d a t a  transmi s s ion  
l i nks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - -  1 , 000,000 

- -- 1,000,000 

Improve ground process ing  systems 
through a p p l i c a t i o n  of d i g i t a l  d a t a  
systems .............................. ---  --- 1,500 , 000 

Tota l ,  D i I t Z i  Management.. ......... --- --- $4.000. OOC! 

Ear th  Observatory S a t e l l i t e  (EOS) - 
Def in i t i on -  --- 

Cant inuati-on of t h e  d e f i n i t i o n  
s t u d i e s  f o r  an e a r t h  observing 
s a t e l l i t e  (ISOS) ..................... $900,000 $3.000.000 $l,OOO,OOC! 

Shut t 1 e Expel: -- inien t D e  f i n  i t ion  

I d e n t i f y  and d e f i n e  t h e  a p p l i -  
c a t i o n s  experiments t o  be conducted 
during t h e  pe:ri.od when t h e  space 
s h u t t l e  w i l l .  be t h e  p r i n c i p a l  space 
t ranspor  t a t  i.on sy  s t e m  (STS ) .......... --- $4.500.000 $4.500.000 
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1974 - 1973 - 1975 - 
Advanced Appl ica t ions  F l i g h t  

Experiments 

Design and development of expe r i -  
mental  f l i g h t  ins t ruments  t o  m e e t  
f u t u r e  instrument  requirements .  This  
inc ludes  the f a b r i c a t i o n  of engineer-  
ing models . . . . . . . . .  .................. $4.694.000 $4.700.00() $4.700.00(1 _- 

Appl ica t ions  Systems Analyses 

Inc ludes  advanced s t u d i e s  of 
new d i r e c t i o n s  i n  c u r r e n t  a p p l i -  
c a t i o n s  programs and t h e  s tudy of 
e n t i r e l y  new a p p l i c a t i o n s  i n  o rde r  
t o  e s t a b l i s h  need and economic or  
o t h e r  p rac  t i c a l  b e n e f i t  jus t i  f i c a  t ion  
i n  the  early l i f e  of a program....... --- $1.000.000 $5.000, OOQ _- 

Appl ica t ions  Explorers :  Heat 
Capacity Mapping Mission 

I n i t i a t i o r .  of s p a c e c r a f t  sub- 
system des ign  and instrument  
modi f ica t ic r .  l ead ing  t o  launch 
i n  1977 --- - - -  $2,600.00Q _- .............................. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF --- APPLICATIONS 

PROJECT ---- 
Weather and C l i m a t e :  

A l l  Weathw Atmospheric 
Sounding Experiments 

Operat ional  Temperature 
Sound ing 

Cloud Imaging from Syn- 
chr onous Sa te  11 i tes 

Global Atinos.pheric 
R e s  earch Program 

Meteor o 1 o:g i c  a1 S ounding 
Rockets 

Po l lu t ion  Monitoring: 
Oceanographic and A i r  

Po l lu t ion  3bserving 
Sa  t:e 11 i t:e 

Earth Kesouc-ces Survey: 
Earth Resources 

Techno logy Sa t  e 1 l i t e s  

Earth and (&an Physics:  

Monitoir ing Sate 11 i t e  
Ocean D y n a m k s  

Ocean Dyiiam:ics 
Sa t e l l i t e  

Terrestrial  Measurement 
R e  f e r  encing S a t  e 11 i t  e 

SPACE APPLICATIONS PROGRAM 

FLIGHT SCHEDULE 

MISS I O N  
CALENDAR 
YEAR 

Launch of NIMBUS F 1974 

Launch of  TIROS-N 1977 

Launch of SMS-A 1974 
Launch of SMS -B 1974 

DST, GATE, FGGE 1974, 1977-78 

Launch about 280 annually 

Launch of NIMBUS G 

Launch of ERTS-B 

Launch of GEOS-C 

Launch of SEASAT-A 

Launch of LAGEOS 

1978 

1975 

1974 

1978 

1976 
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PROJEC r ----- MISS I O N  

Space Proce:; s ing:  
Sounding l<xlcet Missions Launch about  6 annual ly  

Communicatio~is : 
Mu 1 t i  .-Us el: Communications 

Experiment S a t e  11 i t e  Launch of ATS-F 

Canadian Cooperative 
S a t e l l i t e  Launch of  CAS-C 

Appl ica t ions  Explorers :  
Heat Capac:ity Mapping 

M i  slj ion 

R e  imbur S ab 1 c! M i  s s ions  : 
ITOS;? 

GOES* 

Launch of HCMM 

Launch of ITOS D - I  

Launch of GOES A-C 

CALENDAR 
YEAR -- 

1974 

1975 

1977 

1973-1978 
(Subjec t  t o  
c a l l - u p  by 
NOAA) 

1974-1976 
(Subjec t  t o  
c a l l  -up by 
NOM) 

;:National Oceimic and Atmospheric Adminis t ra t ion (NOAA) Funded. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFF I C E  OF API’L K A T 1  ONS --- SPACE APPLICATIONS PROGRAM 

PROGRAM OBJ E:CTI:VES AND JUST1 FICATI ON : --- 

The major o b j e c t i v e  of  t he  Space Appl ica t ions  program i s  t o  conduct re- 
search  and clwalopment a c t i v i t i e s  t h a t  demonstrate  t h e  a p p l i c a t i o n  of  
space - re l a t ed  technology, systems and o t h e r  c a p a b i l i t i e s  which can be 
e f f e c t i v e l y  app1i.ed and used i n  the  c i v i l  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. Genera l ly ,  t h e s e  R&D ac t iv i t i e s  are grouped i n  t h e  fol lowing 
areas: Weather: and C l i m a t e ,  P o l l u t i o n  Monitoring, Ear th  Resources Survey, 
Ear th  and Ocxan Physics  Appl ica t ions  , Space Processing,  Communications , 
Energy I~eseai:ch, Data Management, and Appl ica t ion  Experiments and Studies .  

The Fx 197!j Appl ica t ions  program i s  d i r e c t e d  toward the  success  f u l  
accomplishmmt of  t he  o b j e c t i v e s  of a number of f l i g h t  p r o j e c t s  which were 
i n i t i a t e d  i n  previous yea r s .  These f l i g h t  p r o j e c t s  have progressed through 
the  va r ious  developmental phase.  I n  CY 1974 the  launch schedule  c a l l s  
f o r  a t o t a l  of f i v e  launches;  t he  NIMBUS F and Synchronous Meteorological  
Sa te l l i t es  fUiB i n  t h e  Weather and C l i m a t e  area; GEOS-C i n  t h e  Ear th  and 
Ocean Physic:; area; and t h e  Appl ica t ions  Technology S a t e l l i t e  F i n  t h e  
Communications area. 

I n  add i t ion ,  several new o r  augmented ac t iv i t i e s ,  both f l i g h t  and ground- 
based, which provide i n t e r e s t i n g  and unique f u t u r e  a p p l i c a t i o n  o p p o r t u n i t i e s ,  
are inc:Luded i n  the  proposed program. 
cu s sed h e 1 ow. 

The most noteworthy of t hese  are  d i s -  

SEASAT-A M i s s o n -  -Earth and Ocean Physics:  
have been j o i n t l y  conceived and def ined  by NASA and t h e  oceanographic use r  
community as the  f i r s t  r e sea rch  and development s a t e l l i t e  address ing  t h e  
s c i e n t i f i c  m d  a p p l i c a t i o n s  a s p e c t s  of Ocean Dynamics. 

The SEASAT-A mission and system 

S c i e n t i f i c a l l y ,  SEASAT-A w i l l ,  f o r  t h e  f i r s t  t i m e ,  provide synopt ic ,  g loba l  
d a t a  on wave he igh t s  and d i r e c t i o n s ,  s u r f a c e  winds, and ocean temperatures.  
This  information w i l l  be  e s p e c i a l l y  va luab le  i n  improving our understanding 
of a i r / sea  , i n t e rac t ions  both on a worldwide b a s i s ,  and i n  l o c a l  reg ions ,  f o r  
example, where hu r r i canes  are evolving.  This  r e sea rch  w i l l  l e ad  t o  b e t t e r  
models fo r  fo recas t ing  ocean s u r f a c e  condi t ions .  SEASAT-A w i l l  a l s o  provide 
our  f i r s t  d a t a  on deep ocean t i d e s ,  t h e  t o t a l  ocean topography, and new 
information about t h e  dynamics of p o l a r  ice formations.  

RD 8-14 



The assessment and experimental  use  of a p p l i c a t i o n  information obtained by 
SEASAT-A w i l l  i nc lude  t h e  monitoring and f o r e c a s t i n g  of sea s t a t e ,  c u r r e n t s ,  
s torm surges ,  and ocean s u r f a c e  winds. This  in format ion  can be used f o r  
such purposes as improved s h i p  r o u t i n g ;  t h e  s i t i n g  and design of o f f shore  
s t r u c t u r e s ;  t h e  ex tens ion  of worldwide weather f o r e c a s t i n g  (14-day);  long- 
range c l imate  p r e d i c t i o n ;  and the  monitor ing of  ocean p o l l u t i o n ,  t o  mention 
a few. 

Appl ica t ions  Explorer--Heat Capacity Mapping Mission: 
Mapping mission i s  designed t o  c o l l e c t  medium s p a t i a l  r e s o l u t i o n  d a t a  f o r  t h e  
development clf thermal maps of t h e  s u r f a c e  of t h e  e a r t h .  This  information 
i s  of major va lue  and has  many a p p l i c a t i o n s .  It i s  u s e f u l  i n  mineral  ex- 
p l o r a t i o n ,  a rd  i n  major c i v i l  works such as highway development. I n  a d d i t i o n ,  
thermal image d a t a  has  g r e a t  p o t e n t i a l  f o r  monitoring t h e  l o c a t i o n  of t he  
ocean c u r r e n t s  and the  temperature  v a r i a t i o n s  of c o a s t a l  waters. To d a t e ,  
thermal imagery has  demonstrated e f f e c t i v e n e s s  i n  d e t e c t i n g  and monitoring 
r i v e r  and p o l l u t i o n  plumes, sea ice and s o i l  moisture .  The b a s i c  instrument  
( radiometer)  t o  accomplish these  t a sks  has been developed and t e s t e d  under 
our Advanced Appl ica t ions  F l i g h t  Experiment (AAFE) program. 

The Heat Capacity 

Tectonic. Pla.t:e Motion Experiments: For t h e  p a s t  y e a r ,  experimental  d a t a  has  
been c o l l e c t e d  and major progress  has  been made i n  p r e c i s i o n  measurement 
systems and niod.eling c a p a b i l i t i e s  f o r  t h e  purpose of measuring the  almost 
infinitesima.1.  movements o.E t h e  t e c t o n i c  p l a t e s  which make up the  c r u s t a l  
s u r f a c e  of t h e  ea. r th .  The hypothes is  f o r  experimentat ion i s  represented  
by the  fro1lcwin.g: When two o f  t hese  p l a t e s  are moving a t  c e r t a i n  places 
and are lock.ed elsewhere,  s t r a i n  b u i l d s  up and u l t i m a t e l y  an ear thquake 
occurs .  The FY 1975 funds w i l l  be used t o  cont inue  those p r o j e c t s  and 
experiments alrea.dy s t a r t e d  t o  determine our a b i l i t y  t o  measure these  p l a t e  
motions w i t h .  t he  r equ i r ed  p rec i s ion .  These t h r e e  experiments a r e  involved: 
The San Andreas, F a u l t  Experiment i n  C a l i f o r n i a  which i s  t o  demonstrate the  
f e a s i b i l i t y  of us ing  s a t e l l i t e - t r a c k i n g  lasers t o  determine r e l a t i v e  s u r f a c e  
motion ac ross  t:he. f a u l t ;  the  Astronomic Radio I n t e r f e r o m e t r i c  Earth Surveying 
(ARIES) experin1en.t which w i l l  use  t h e  d i s t a n t  stars as an a l t e r n a t i v e  t o  l a s e r  
t r ack ing  of sat:el.lites f o r  t h e  measurement of r eg iona l  c r u s t a l  motion; and, 
t he  P a c i f i c  Plate Motion Experiment (PPME), t h e  primary o b j e c t i v e  of which 
w i l l  be  t o  determine t h e  r e l a t i v e  motion of t he  P a c i f i c  p l a t e ,  t h e  North 
American p l a t e  and t h e  Eu.rasian p l a t e .  Data from these  experiments w i l l  be 
used as input: fo r  the  development of a t e c t o n i c  p l a t e  motion model on a 
g loba l  scale .  

Energy @li.c:at:ions: Systems s t u d i e s  i n  the  p o s s i b l e  use  of s o l a r  power, 
hydrogen fue:_, and microwave energy d i s t r i b u t i o n  a r e  being conducted i n  M 
1974. These s t u d i e s  w i l l  cont inue  i n  FY 1975, and some of t he  most 
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promising systems and r equ i r ed  technologies  w i l l  be  pursued i n  more d e t a i l .  
Study 0bject. ive.s are c u r r e n t l y  o r i e n t e d  toward t h e  f e a s i b i l i t y  of u s ing  t h e s e  
p o t e n t i a l  sources  of power. From t h e s e  s t u d i e s ,  p l ans  w i l l  be  developed f o r  
s e t t i n g  f o r t h  t h e  need f o r  advanced technology and system development e f f o r t s ,  

Ea r th  O b s e r v i x  - S a t e l l i t e s  (EOS) Def in i t i on :  Work w i l l  cont inue  i n  t h e  
the  EOS d e f i n i t i o n  e f f o r t  i n i t i a t e d  i n  FY 1973. The primary objec-  
t i v e  i n  I?Y 1975 i s  t o  e s t a b l i s h  t h e  d e t a i l e d  hardware f e a s i -  
b i l i t y  and approach t o  second-generation senso r s  t h a t  may be r equ i r ed  f o r  
t e r r a i n  observa t ions .  Such instruments  can extend t h e  a p p l i c a t i o n s  of remote 
sens ing  from space t o  permit  more d e t a i l e d  c l a s s i f i c a t i o n  and monitor ing of 
land  use.  Agr i cu l tu re  y i e l d  p r e d i c t i o n  accuracy can be increased  by t h e  
a b i l i t y  t o  recognize  more s u b t l e  d i f f e r e n c e s  i n  crop type and crop v i g o r ,  
and t h e  ex tens ion  of accu ra t e  i d e n t i f i c a t i o n  from f i e l d s  of 20 a c r e s  i n  
s i z e  t o  those c l o s e  t o  an a c r e ,  The work proposed i n  t h i s  e f fo r t :  i s  d i r e c t e d  
toward long- lead ins t rumenta t ion  development w i t h  t h e  i n t e n t  of phasing t h i s  
work i n t o  a f u t u r e  Earth Observatory s p a c e c r a f t .  

Data Managemcs: Data Management act ivi t ies  are d i r e c t e d  towards the  s tudy ,  
des ign ,  developinelit and demonstration of t h e  technology f o r  improving t h e  
flow of d a t a  fram onboard sa te l l i t e  systems t o  u s e r  te rmina ls  and/or  
f a c i l i t i e s .  S a t e l l i t e  systems now being developed i n  t h e  Appl ica t ions  pro-  
gram r e q u i r e  the  extension of c u r r e n t  d a t a  management technology t o  accomo- 
d a t e  the  increased  volume, complexity,  and exceedingly h igh  rates of d a t a  
involved;  t o  reduce o r ig in - to -use r  d a t a  t ransmiss ion  t i m e s ;  and t o  provide  
improved c a p a b i l i t i e s  f o r  t h e  r a p i d  s to rage ,  maintenance and r e t r i e v a l  of 
d a t a  products .  Within t h i s  contex t ,  t he  planned o b j e c t i v e s  are t o  s tudy 
and i d e n t i f y  t o t a l  systems requirements  f o r :  (1) c o l l e c t i n g ,  process ing ,  
compressing and s t o r i n g  most e f f i c i e n t l y ,  w i th  r e s p e c t  t o  u s e r s  needs,  
t h e  senso r -co l l ec t ed  d a t a  aboard t h e  s p a c e c r a f t  and prepar ing  f o r  t r a n s -  
mission t o  tlie :ground; (2)  improving d a t a  t ransmiss ion  from sa t e1  l i t e - t o -  
s a t e l l i t e ,  s a t e l l i t e - t o - g r o u n d  s t a t i o n s ,  and ground s t a t i o n - t o - d a t a  p r o -  
cess ing  f a c i l i t y ;  and ( 3 )  improving ground d a t a  process ing  systems. 

Appl ica t ions  -- % s t e m s  A n a l y E :  The Appl ica t ions  Systems Analyses 
e f f o r t  i:; airnt2d a t  a s su r ing  t h a t  t he  r e sea rch  and development a c t i -  
v i t i e s  d e f i n i n g  tlie c u r r e n t  and f u t u r e  Appl ica t ions  program are p r a c t i c a l  
and c o s t  e f f e c t i v e ,  and based on e s t a b l i s h e d  u s e r  needs and requirements .  
To accomplish t h i s  o b j e c t i v e ,  s p e c i a l  emphasis i s  placed on u s e r - o r i e n t e d  
economic analyslss and assessment of on-going programs and p r o j e c t s ,  and on 
new a p p l i c a t i o n s  i2nalyses and eva lua t ions .  A major cons ide ra t ion  i n  a l l  
such i n v e s t i g a t i o n s  i s  t o  e s t a b l i s h  need and economic j u s t i f i c a t i o n  as 
e a r l y  i n  t h e  l i f e  of a program a c t i v i t y  as p o s s i b l e  and t o  update  these  
assessments through follow-on s t u d i e s  as more d e t a i l e d  information and 
d a t a  are developed. 
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During 197'4 s t u d i e s  w i l l  be  conducted t o  assess and ana lyze  t h e  c o s t  
effectivenes,s:  and c o s t  b e n e f i t s  of several a p p l i c a t i o n s  programs and pro- 
jects ,  ~ : . g . ,  Communications as a S u b s t i t u t e  f o r  T ranspor t a t ion ;  t he  
P r a c t i c a l  Ut:Fli.ty of Ear th  Resources Remote Sensing;  and the  I d e n t i f i c a t i o n  
of Benef;icial- Space Processing Techniques. S t u d i e s  f o r  FY 1975 w i l l  en- 
compass addi.1:ional ana lyses  and assessments ,  e.g. , Water and Waste Manage- 
ment; SatelI .Lte  Census and Demographic Systems; t h e  Appl ica t ion  of  Tele- 
ope ra to r  Systenls t o  I n d u s t r i a l  Processes ;  community Sa fe ty  and C i t i z e n  
C onven i a c e s  . 
Sumary :  The b a s e l i n e  NASA Appl ica t ions  program i n  FY 1975 inc ludes  R&D 
e f f o r t s  i n  each of t h e  d i s c i p l i n e  areas d e l i n e a t e d  i n  t h e  opening paragraph 
t o  t h i s  statement:. Each of t hese  d i s c i p l i n e s  and t h e i r  a t t e n d a n t  p r o j e c t s  
are descr ibcd  i n  d e t a i l  i n  t he  appendages t o  t h i s  summary. 

BASIS O F  --- FUN11 REQUIREMENTS : 

Weather and C l i m a t e  

1975 - 1974 - 1973 - 
A l l  weathe:: atmospheric soundings 

exparimen tal sat  e l  1 i t  es 
(NIMBUS 'S&F) ................... 

Cloud imaging from synchronous 
sa te l l i lx  (SMS A&B) ............ 

OperationaL temperature  sounding 
sat  e 1 1 i t 1s (TI ROS - N) ............ 

Oper a t  i ona L IS a t  e 11 i te  
impr ovemen t s ....... 

Globa L a t rmspher ic  r e sea rch  

Meteorological  sounding rocke t  

Advanced tecliniques i n  observing 

........... 
program (GAEU') ................. 
program.. . . . . . . . . . . .  ........... 
and foreca,St:ing.. .............. 

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

$28,800,000 $16,400,000 $7,000,000 

16,700,000 10,000,000 1,400,000 

4,250,000 a 10,000,000 9,000,000 

1,755,000,  2,500,000 3,500,000 

3,240,000 5,700,000 7,400,000 

1,200,000 1,500,000 1,700,000 

4,400,000 5,000,000 5,000,000 

$60.345.000 $51,100.000 $35.000.000 

Polar  o r b i t i n g  s a t e l l i t e s  of t h e  ITOS/NOAA series developed by NASA are I' 

providing q u a n t i t a t i v e  soundings of t he  g l o b a l  atmosphere f o r  u s e  i n  numerical  
weather p r e d i c t i o n ,  and g loba l  viewing of c louds and s torm systems, wi th  d i -  
r e c t  readout  t o  l o c a l  ground s t a t i o n s .  With t h e  launch of t h e  Synchronous 
Meteorological  S a t e l l i t e  (SMS) s p a c e c r a f t  i n  e a r l y  1974, t h e  second basic 
o b j e c t i v e  of t ' ne  n a t i o n a l  program f o r  o p e r a t i o n a l  u se  of meteoro logica l  
sa te l l i t es  w i l l  have been achieved. These geos t a t iona ry  o r b i t i n g  satel l i tes  
of t he  SMS/Geostationary Operat ional  Environmental S a t e l l i t e  (GOES) series 
w i l l  add the c a p a b i l i t y  f o r  continuous s u r v e i l l a n c e  of changing weather 
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f e a t u r e s  over most of t h e  P a c i f i c  and A t l a n t i c  Oceans and t h e  American 
Continen.ts. 
Operat ional  Meteorological  S a t e l l i t e  System, wi th  both t h e  g loba l  moni- 
t o r i n g  a.nd ccmtinuous s u r v e i l l a n c e  components i n  ope ra t iona l  use .  

This w i l l  mark t h e  inaugura t ion  of t h e  t o t a l  Nat ional  

I n  FY 1975 and ensuing yea r s ,  t he  main t h r u s t s  of t he  Weather and C l i m a t e  
program w i l l  be d i r e c t e d  toward t h e  a p p l i c a t i o n  of s a t e l l i t e  dat:a t o  v i t a l  
problems i n  (I-) the  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 severe 
s torms,  (2)  t he  improvement of  our c a p a b i l i t y  f o r  long-range weather p re -  
d i c t i o n ,  and ( 3 )  t h e  development of advanced senso r s  and s a t e l l i t e  systems 
f o r  a p p l i c a t i o n  t o  these  two major environmental  problems. 

I n  FY 1975 a t t e n t i o n  w i l l  focus on major a p p l i c a t i o n s  of s a t e l l i t e  systems 
t o  s h o r t -  alnd long-term weather p r e d i c t i o n .  Opera t iona l  use  of t h e  SMS/GOES 
s p a c e c r a f t  by the  n a t i o n a l  weather services w i l l  permit  continuous s u r v e i l -  
l ance  of t r o p i c a l  hu r r i canes ,  thunderstorms, tornadoes,  snow storms, and 
o t h e r  severe  storms providing e a r l y  warning c a p a b i l i t y  as w e l l  as d a t a  f o r  
research  on these  phenomena. Imaging sensors  a t  geos t a t iona ry  a l t i t u d e  
w i l l  provide t h i s  c a p a b i l i t y  t o  monitor cont inuous ly ,  on a day-and-night 
b a s i s ,  t he  occurrence,  development, and t r a c k  of s eve re  storms a f f e c t i n g  
most of  t he  U.S. and i t s  surrounding oceans. Q u a n t i t a t i v e  temperature  pro- 
f i l e  sensors  w i l l  be under development f o r  u se  a t  geos t a t iona ry  a l t i t u d e  
f o r  t h e  accu ra t e  measurement of t h e  thermal s t r u c t u r e  which causes  and fue l s  
t hese  storms, providing information e s s e n t i a l  t o  t h e i r  understanding and 
p red ic t ion .  I n  FY 1975 two h igh ly  important  f i e l d  e x e r c i s e s  of t he  i n t e r -  
n a t i o n a l  Global Atmospheric Research program--the GARP A t l a n t i c  T rop ica l  
Experiment (GATE) and the  Data Systems Test (DST)--will c o n t r i b u t e  t o  t h e  
GARP o b j e c t i v e  of  improved long-range p r e d i c t i o n .  NASA p a r t i c i p a t i o n  i n  
the  World Weather program and GARP, where N O M  i s  t h e  l ead  agency, inc ludes  
the  development of space weather ins t ruments  and t h e  development: of tech-  
n iques  f o r  handl ing  t h e  l a r g e  q u a n t i t i e s  and v a r i e d  sources  of d a t a  r equ i r ed  
f o r  ex tens ion  of weather f o r e c a s t  per iods .  

Important  e f f o r t s  i n  s p a c e c r a f t  systems and sensor  subsystems development 
w i l l  a l s o  be conducted i n  FY 1975, c o n t r i b u t i n g  t o  t h e  r e sea rch  ob jec t ives  
of t he  GARP program and t o  t h e  ope ra t iona l  requirements  o f  the  Nat iona l  
Weather Serv ice .  Data from the  NIMBUS 5 and NIMBUS F experiment:al sa te l -  
l i t e s  w i l l  be used i n  suppor t  o f  GATE and the  DST. I n  a d d i t i o n ,  advanced 
techniques f o r  sounding the  atmosphere by both  remote and i n - s i t u  sensors  
a s soc ia t ed  w i t h  NIMBUS F w i l l  be  t e s t e d ;  t h e  High Resolu t ion  Inf ' rared 
Sounder (HIRS), conta in ing  channels  i n  t h e  4 . 3  micrometer channel,  i s  ex- 
pected t o  provide a s i g n i f i c a n t  improvement i n  accuracy of t h e  measurements 
of  t h e  temperature s t r u c t u r e  a s s o c i a t e d  wi th  severe storms; and the  Scanning 
Microwave Sounder (SCAMS) w i l l  provide near -g loba l  coverage of t h e  atmospheric 
s t r u c t u r e ,  even through cloud l a y e r s ,  a l l  t h e  way t o  t h e  e a r t h ' s  su r f ace .  
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Design o f  a th i rd -gene ra t ion  ope ra t iona l  p o l a r  s a t e l l i t e  series, TIROS-N, 
w i l l  be  i n i t i a t e d  and instrument  development w i l l  be cont inued t o  m e e t  
o p e r a t i o n a l  requirements  of t h e  n a t i o n a l  weather s e r v i c e s  and the  research  
requirements  of t h e  F i r s t  GARP Global Experiment of 1977-78. 
t i o n a l  Sa t e l l i t e  Improvements Program (OSIP) w i l l  concen t r a t e  on the  develop- 
ment of improved temperature  sounders fo r  use  wi th  both t h e  TIROS-N po la r  
o r b i t i n g  s a t e l l i t e  series and the  SMS/GOES and o t h e r  geos t a t iona ry  o r b i t i n g  
s a t e l l i t e s .  A modif ica t ion  of  t h e  V i s i b l e  and I n f r a r e d  Spin S c a n  Radiometer 
(VISSR) of t h e  SMS/GOES s a t e l l i t e s  w i l l  provide the  c a p a b i l i t y  f o r  determining 
temperature  p r o f i l e s  on a near-cont inuous b a s i s ;  s tudy w i l l  a l s o  be made 
of t he  f e a s i h i l i t y  of advanced temperature  sounders f o r  u se  wi th  3-ax is  
s t a b i l i z e d  geos t a t iona ry  s a t e l l i t e s  in orde r  t o  provide the  improved 
h o r i z o n t a l  and v e r t i c a l  r e s o l u t i o n  and abso lu te  accuracy r equ i r ed  f o r  
d e f i n i t i o n  o'i smal l -sca1e Severe l o c a l  storms. 

The Opera- 

Supporting r e sea rch  and technology development w i l l  be  cont inued on advanced 
techniques i n  observing and f o r e c a s t i n g  t o  improve t h e  meteorological  va lue  
of  space seri!;oi:s and t h e i r  acqui red  d a t a  and the  a p p l i c a t i o n  of t h e s e  d a t a  
t o  weather p:retlic:tion. 
sounding roclteiss w i l l  be c a r r i e d  out  i n  suppor t  of upper-atmosphere research  
and t h e  impi:iwement of space-borne atmospheric sounding technology. 

The development and employment of meteoro logica l  

All-Weather Atmospheric Sounding 
Experiment Sa te l l i t es  (NIMBUS 5&F) 

1973 - 1974 1975 - 
Spacecraf t  ........................ $15,388,000 $9,538,000 $3,430,000 

Groun'd ope ra t ions . .  ............... 1,082,000 1,396,000 1,300,000 
Senso-rs and (data a n a l y s i s  ......... 12,330,000 5,466,000 2,270,000 

To ta l . .  ......................... $28,800,000 $16,400,000 $ 7 , ~ 0 ~ , 0 0 0  

Delta (Laundh Vehic le  Procure- 
ment) (---) ........................... (3,500,000) (1,000,000) 

To ta l  ( i nc lud ing  launch 
v e h i c l e s ) .  ................. ($32.300.000) ($17.400.000) $7 .OOO.OOO 

For the  f i r s t  t i m e ,  sa te l l i t e  measurements of t h e  atmosphere's  v e r t i c a l  
temperature  and moisture  p r o f i l e s  have been extended t o  t h e  s u r f a c e  i n  
cloud covered areas and t o  t h e  upper reaches  of the  s t r a t o s p h e r e .  This w a s  
accomplished us ing  sensors  aboard NIMBUS 5, launched i n  December 1972. 
NIMBUS F, t c  be launched i n  mid-CY 1974, w i l l  f l i g h t  test  advanced i n f r a r e d  
and microwave sensors  designed t o  provide f u l l y  g l o b a l  a l l -weather  d a t a  wi th  
improved v e r t i c a l  r e s o l u t i o n .  These experimental  sa te l l i t es  w i l l  c o n t r i b u t e  
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v i t a l  d a t a  t o  t h e  i n i t i a l .  phases of t h e  Global Atmospheric Research Program 
(GARP), being conducted i n  t h e  1974 per iod.  NIMBUS F a l s o  carries a Trop ica l  
Wind, Energy Conversion and Reference Level Experiment (TWERLE), and suppor ts  
t h e  Carrier Balloon System Test. 
in format ion  on t r o p i c a l  and southern hemisphere wind and temperature  s t r u c t u r e s  
f o r  t h e  GARP f i e l d  experiments.  

These two experiments w i l l  p rovide  e s s e n t i a l  

I n  FY 1974 t h e  f i n a l  f a b r i c a t i o n ,  i n t e g r a t i o n ,  systems t e s t  arid launch of 
t he  NIMBUS F s p a c e c r a f t  and i t s  payload w i l l  be  completed. Funds are a l s o  
being used f o r  spacecraf t :  opera t ion  and the  a c q u i s i t i o n  and a n a l y s i s  of 
NIMBUS 4&5 data .  

FY 1975 funds w i l l  provide f o r  NIMBUS F s p a c e c r a f t  ope ra t ion ,  d a t a  acqui -  
s i t i o n ,  and a n a l y s i s .  Operation and d a t a  a c q u i s i t i o n  and a n a l y s i s  of 
NIMBUS 4&5 , w i l l  also be continued as a p p r o p r i a t e  depending upon r e q u i r e -  
ments f o r  t h e  d a t a  and the  ope ra t ing  s t a t u s  of t h e  s p a c e c r a f t  and sensors .  

.-- Cloud Imaging from Synchronous Sa te l l i t e s  (SMS A&B) 

1975 - 1974 - 1973 

Spacecraf t  ........................ $13,234,000 $8,960,000 $1,400,000 
Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,627,000 500 , 000 - - -  
Ground s t a t i o n  equipment .......... 839,000 540 , 000 - - -  

Tota l . . . . . . . . . . . . . . . . . .  ......... $16,700,000 $10,000,000 $1,400,000 

Delta (Launch Vehic le  Procure- 
ment) ........................... (3,800,000) (5,500,000) (---) 

Tota l  ( i nc lud ing  launch 
v e h i c l e s )  ................... ($ 20.500.000 ($15.500.000 $1.400 .OOO 

During lT 1974 the  SMS pro to type  model geso ta t iona ry  meteoro logica l  s a t e l -  
l i t e  (SMS-A and SMS-B) and t h e  f i r s t  o p e r a t i o n a l  f l i g h t  model (GOES-A), are 
being f a b r i c a t e d ,  assembl.ed, i n t e g r a t e d ,  and t e s t e d .  The primary in s t rumen t ,  
t h e  V i s i b l e  I n f r a r e d  Spin-Scan Radiometer (VISSR), has  been d e l i v e r e d  f o r  
each of t h e s e  s p a c e c r a f t .  The two pro to type  s p a c e c r a f t  w i l l  be  launched 
from t h e  Eas te rn  T e s t  Range i n  t h e  f i r s t  h a l f  of CY 1974, followed by t h e  
launch of GOES-A i n  t h e  second h a l f  of CY 1974. 

During FY 1975 ope ra t iona l  c o n t r o l  of t h e s e  s p a c e c r a f t  w i l l  be  t r a n s f e r r e d  
t o  t h e  Nat ional  Environmental S a t e l l i t e  Se rv ice  where they w i l l  be  employed 
as the  geos t a t iona ry  s a t e l l i t e  a r m  of our Nat iona l  Weather Se rv ice .  By 
being s t a t i o n e d  over t h e  A t l a n t i c  Ocean and over t h e  P a c i f i c  Ocean, t hese  
sa te l l i t es  w i l l  provide cont inuous,  day-and-night s u r v e i l l a n c e  of both 
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oceans ,and most of t h e  North American and South American con t inen t s .  This 
c a p a b i l i t y  w i l l  be used fo r  t he  monitor ing and p r e d i c t i o n  of severe storms 
such as tornadoes and thunderstorms, as w e l l  as provid ing  t imely da t a  f o r  
d e t e c t i n g  and t r ack ing  l a r g e r  and longe r - l i ved  d i s tu rbances  such as 
hu r r i canes .  

_- 0 ~ r  a t iona  1 Temper a t u r  e Sounding S a t  e 1 1 i t  e ( TIROS -N) 

1974 1975 - 1973 - 
Spacecraf t  and suppor t .  ........... --- $3,000,000 $7,000,000 
Sensor development ................ $4,250,000 7,000,000 2,000,000 

Tota l  ........................... $4.250.000 $10.000.000 $9.000.000 

Increas ing  demands f o r  more accu ra t e  measurements of atmospheric s t r u c t u r e  
f o r  both ope ra t iona l  and r e sea rch  a spec t s  of g l o b a l  numerical  weather p r e -  
d i c t i o n  have outpaced t h e  c a p a b i l i t i e s  of t h e  c u r r e n t  ope ra t iona l  s a t e l l i t e s  
and t h e i r  ins t ruments .  TIROS-N,  a t h i rd -gene ra t ion  p o l a r - o r b i t i n g  ope ra t iona l  
s a t e l l i t e  i s  t o  b e  developed i n  response t o  t hese  demands. I t  w i l l  i nco r -  
po ra t e  recent advances i n  i n f r a r e d  and microwave sounders f o r  tlie h igh - re -  
s o l u t i o n ,  a l l -weather  measurement of temperature  and mois ture  p r o f i l e s .  
Microwave soundings i n  the  5mm band are of  g r e a t  importance s i n c e  they 
p resen t  t h e  only means of  pene t r a t ing  cloud f i e l d s  which cover much of t h e  
e a r t h ' s  s u r f a c e .  Microwave soundings a l s o  augment and improve the  accuracy of  
temperature  and moisture  p r o f i l e s  which are based on i n f r a r e d  soundings. 
The a b i l i t y  t o  sound the  lower t roposphere when such ex tens ive  c loudiness  
e x i s t s  i s  of utmost importance f o r  diagnosing and f o r e c a s t i n g  tlie evo lu t ion  
of severe weather because clouds always p r e v a i l  around a s torm system 
dur ing  i t s  e n t i r e  l i f e  cyc le .  TIROS-N w i l l  a l s o  inc lude  an o p e r a t i o n a l  
d a t a - c o l l e c t i o n  system f o r  t h e  a c q u i s i t i o n  of i n - s i t u  d a t a  from buoys, b a l -  
loons , a i r c r a f t  , and remotely- located ground s t a t i o n s .  The c a p a b i l i t y  t o  
t r a c k  cons t sn t  -dens i ty  superpressure  ba l loons  provides  very important  
support  t o  the Global Atmospheric Research Program (GARP) s i n c e  t h e r e  i s  
no o the r  f e s s i b l e  way t o  ob ta in  meteoro logica l  measurements i n  t r o p i c a l  
and Sou the r r  Hemisphere ocean reg ions .  

I n  Fir' 197'4 t h e  des ign  and development of  new sensor  subsystems--the Ad- 
vanced Very High Resolut ion Radiometer (AVHRR) and t h e  TIROS-N Opera t iona l  
Vert ical  Souintler (TOVS) --were s t a r t e d .  I n  F Y  1975 t h e  s p a c e c r a f t  develop- 
ment arid i n t e g r a t i o n  c o n t r a c t s  w i l l  be  awarded; t h e  execut ion phase f o r  
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s p a c e c r a f t  hardware development w i l l  begin,  and t h e  hardware development 
f o r  t h e  sensor  subsystem w i l l  cont inue.  

TIROS-N i s  planned f o r  launch i n  1977 t o  meet ope ra t iona l  requirements Of  

t he  Nat ional  Weather Service and t h e  r e sea rch  requirements  of t h e  i n t e r -  
nationa:L G1oba:L Atmospheric Research Program (GARP) . 

Opera t iona l  S a t e l l i t e  Improvements 

1973 1974 1975 

Operat iona 1 s a t e l l i t e  improvements. $1,755,000 $2,500,000 $3,500,000 

Tota l . .  .... ...................... $1,755,000 $2.500.000 $3.500.000 

Through the Opera t iona l  S a t e l l i t e  Improvements Program (OSIP) , NASA con- 
duc t s  r e sea rch  and development f o r  t h e  improvement o f  s enso r s ,  equipment 
and subsystems a s s o c i a t e d  wi th  o p e r a t i o n a l  s a t e l l i t e  programs t o  ensure t h a t  
advance:; i n  technology r e l a t e d  t o  so lv ing  c r i t i c a l  problems, such as severe  
s torm d e t e c t i o n ,  a r e  a v a i l a b l e  f o r  i nco rpora t ion  i n t o  t h e  ope ra t iona l  pro- 
grams. 

I n  FY 1974,  ,st NOAA's r eques t  t o  provide temperature  sounding from geo- 
synchronous torbit ,  development w a s  i n i t i a t e d  on a Vert ical  Atmospheric 
Sounder (VAS) ias a modi f ica t ion  of  t h e  V i s i b l e  I n f r a r e d  Spin-Scan Radio- 
m e t e r  (VISSII) o f  t he  ~ ~ ~ / ~ ~ ~ S , s p a c e c r a f t .  I n  Fy 1975 an engineer ing model 
of  t h e  VAS wil:l be completed, and procurement w i l l  be  placed f o r  long-lead 
i t e m s  f o r  th? Elight  pro to type  instrument .  FY 1975 funds w i l l  a l s o  be used 
t o  determine modi f ica t ions  necessary  t o  t h e  SMS/GOES s p a c e c r a f t  t o  accommodate 
the  VAS. 

Work is to be i n i t i a t e d  i n  FY 1975 on a geosynchronous sounding instrument  
t o  ope ra t e  in conjunct ion  wi th  a t h r e e  -axis s t a b i l i z e d  s a t e l l i t e  fo r  p o s s i b l e  
u s e  i n  the Lste 2 9 7 0 ' s .  This  approach a f f o r d s  much g r e a t e r  measurement 
accuracy t h m  is a v a i l a b l e  wi th  a sp inning  s a t e l l i t e ,  such as SMS, and i s  
needed for  adequate d a t a  a c q u i s i t i o n  i n  small s c a l e ,  bu t  very severe  storms 
such as torrisdoe:;. I n  a d d i t i o n ,  funds w i l l  be used t o  cont inue  the  ET 1974 
work on spaozc ra f t  systems improvements and achievement of b e t t e r  ground 
d a t a  haiidlin3 systems. 

G 1 ob a 1 A t  mo s ph er  i c R e s  ear ch Pr og r a m  (GARP ) 

1973 - 1974 1975 - 
Data sys t ens  tes t  support  ......... $642,000 $1,359,000 $1,340,000 
Simulat ion s tud ies .  ............... 2,299,000 3,100,000 3,601,000 

Techn~:,logy s ilppor t ................ 299 , 000 217,000 338 , 000 
F i r s t  GARP g loba l  experiment. .  .... --- 400 , 000 956,000 

GARP A t l a n t i c  t r o p i c a l  experiment.  --- 624,000 1,165,000 

Tota l  ........................... $3.240.000 -$5.700.000 $7.400.000 
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I n  FJ! 19i’li two major f i e l d  experiments of t h e  i n t e r n a t i o n a l  Global Atmos- 
phe r i c  Research program w i l l  be  conducted--the Data Systems Test (DST) and 
the  GARP At: Lar1ti.c Trop ica l  Experiment (GATE). 
t o  provide esc;ent ia l  s teps  toward t h e  GARP o b j e c t i v e s :  (1) t h e  improvement 
of t he  accuracy and t i m e  e x t e n t  of  g loba l  numerical  weather p r e d i c t i o n s ;  
(2 )  assessment of t he  f e a s i b i l i t y  of l a r g e - s c a l e  weather mod i f i ca t ions ;  and 
( 3 )  determina t ion  of t h e  long-term e f f e c t s  of p o l l u t a n t s  on t h e  e a r t h ’ s  
atmosphere, 
heav i ly  on t h e  space technology of NASA‘s experimental  satel1it:e program 
and the  ope ra t iona l  s a t e l l i t e  program of  t h e  Nat iona l  Oceanic and Atmospheric 
Adminis t ra t ion (NOAA). 

Both experiments are designed1 

Both experiments and the  e n t i r e  GARP program w i l l  depend 

The DST w i l l  r each  i t s  maximum level of e f f o r t  w i th  the  rece i -p t  o f  d a t a  
from NIMBUS F i n  t h e  summer of 1974. This  test  w i l l  i n t e g r a t e  elements 
of experimental  and ope ra t iona l  s a t e l l i t e  systems and s p e c i a l  experimental  
observing systems, wi th  convent ional  obse rva t iona l  systems a v a i l a b l e  
i n  1974. The DST, a precursor  t o  the  F i r s t  GARP Global Experiment (FGGE) 
during 1977-78, w i l l  focus a t t e n t i o n  on problems r e l a t e d  t o  t h e  a c q u i s i t i o n  
and processing of global  d a t a  from many d a t a  sources  f o r  t he  l a r g e s t  CO- 

o rd ina ted  i n t e r n a t i o n a l  weather r e sea rch  e f f o r t  y e t  attempted. 

During FY 1975 the  DSI’ w i l l  focus on t h e  a c q u i s i t i o n ,  p rocess ing  and 
nea r - r ea l - t ime  assimi1at:ion of g loba l  d a t a  i n  atmospheric c i r c u l a t i o n  models, 
t e s t i n g  the  e f f e c t i v e n e s s  of t he  a c q u i s i t i o n  and process ing  systems and t h e  
use fu lness  of t hese  d a t a  i n  g loba l  numerical  weather p r e d i c t i o n  schemes. 

Computing e f f o r t s  w i l l  concen t r a t e  on the  development of new techniques 
f o r  i n s e r t i o n  of meteorological  s a t e l l i t e  d a t a  i n  atmospheric c i r c u l a t i o n  
models and ope ra t iona l  weather f o r e c a s t  models i n  producing and expe r i -  
menting with gllobal d a t a  se t s  of h igher  q u a l i t y  than previous ly  obta ined .  
They w i l l  a l s o  t e s t  the  e f f e c t i v e n e s s  of  combinations of d a t a  from satell i tc:!s 
and o the r  sources  i n  reducing e r r o r s  i n  p red ic t ed  wind f i e l d s  i n  planning 
f o r  the  obse rva t iona l  systems f o r  FGGE. This  involves  cont inuing  research  
on numerical methods f o r  so lv ing  the  equat ions  of  atmospheric dynamics, and 
the  development of computer hardware and sof tware  f o r  t hese  s p e c i a l i z e d  
app l i ca t ions .  NASA has the  o v e r a l l  r e s p o n s i b i l i t y  f o r  t he  conduct of the 
DST. 

The GARP A t l a n t i c  Tropica l  Experiment, t o  be conducted June-September 1974, 
w i l l  i n v e s t i g a t e  the  h igh  energy a i r  c u r r e n t s  and clouds and severe  t r o p i c a l  
storms, and t h e i r  i n f luence  on t h e  gene ra l  motions of t h e  atmosphere, as an 
e s s e n t i a l  research  s t e p  toward an understanding of t he  g loba l  c : i rculat ion.  
NASA w i l l  cont inue t o  provide obse rva t iona l  suppor t  t o  t he  GATE: dur ing t h i s  
per iod.  Meteorological  d a t a  from the  geos t a t iona ry  SMS s a t e l l i t e  w i l l  pro- 
v ide  e s s e n t i a l  da t a  both f o r  r e sea rch  purposes and f o r  t he  ope ra t iona l  
deployment of p r o j e c t  sh ips  and a i r c r a f t  dur ing  the  conduct of t h e  experiment.  



The NASA Convair 990 a i r c r a f t  w i l l  be  used f o r  i n - s i t u  observa t ions  i n  sup- 
p o r t  of t h e  GAIIE as w e l l  as serve as the  a i r b o r n e  command c e n t e r  f o r  t h e  
inve  s t i  g a t o r t eain . 

Technology support  during FY 1975 w i l l  be d i r e c t e d  toward the  e s t a b l i s h -  
ment of an atmospheric r e fe rence  l e v e l  i n  t h e  southern  hemisphere and t h e  
de te rmina t ion  of wind a t  a l l  a l t i t u d e s  i n  the  t r o p i c s .  The Trop ica l  Wind, 
Energy Conversion and Reference Level Experiment (TWERLE) on NIMBUS F i s  the  
most promising method f o r  ob ta in ing  meteoro logica l  information a t  a l t i t u d e s  
both i n  the  t r o p i c s  and i n  t h e  southern  hemisphere. F l i g h t  t e s t i n g  of a 
s a t e l l i t e - c a r r i e r  ba l loon  subsystem, f o r  t he  measurement of wind p r o € i l e s  
i n  t h e  t r o p i c a l  r eg ions )wi l l  a l s o  be condtlcted during t h e  GATE per iod .  
Fur ther  e f f o r t s  t o  develop techniques f o r  t h e  de te rmina t ion  of wind f i e l d s  
from a continuous sequence of s a t e l l i t e  cloud p i c t u r e s  are a l s o  planned. 

Planning and a s soc ia t ed  r e sea rch  f o r  t h e  FGGE w i l l  be a c c e l e r a t i n g  i n  
FY 1975 and NASA w i l l  p rovide  d e t a i l e d  planning f o r  t h i s  experiment,  as w e l l  
as space - re l a t ed  technology development t o  suppor t  t h e  experiment.  

Meteorol.ogica1 Sounding Rocket Program 

1975 - 1974 - 1973 - 
Research sounding rocke t s  ........... $200,000 $500 , 000 $700,000 
Development of  sounding rocke t s  .......................... 100 , 000 systems. 350 , 000 200 , 000 
Fie ld  experiment suppor t . .  .......... 650,000 800,000 900,000 

To ta l  .............................. $1.200.000 $1,500.000 $1.700.000 

I n  FY 1975', development: and test of  advanced meteorological  sounding rocke t s  
w i l l  be: cont:inued, and rocke t  soundings will be conducted t o  o b t a i n  d a t a  on 
t h e  che.mica1 c o n s t i t u e n t s  and meteoro logica l  parameters o f  t he  upper atmos- 
phere.  

Research i.s u rgen t ly  needed t o  determine t h e  e f f e c t  of h igh -a ' l t i t ude  a i r -  
c r a f t  and spacec ra f t  on the  composition and chemical processes  of t h e  upper 
po r t ions  of th .e  atmosphere, and t h e  e f f e c t  o f  changes i n  t h i s  composition 
on ear t :h 's  atmosphere and human h e a l t h .  I n  N 1975, Nike Cajun, Arcas, and 
boos ted-dart: t.ype meteorological  sounding rocke t s  w i l l  be launched from 
va r ious  s i t : es  t o  o b t a i n  these  da t a .  Data w i l l  a l s o  be obta ined  by rocke ts  
launched from Wa.llops I s l a n d  t o  i n c r e a s e  the  worldwide upper-atmosphere 
climatologi.c:al. da t a  base and our knowledge of t h e  g l o b a l  s t r a t o s p h e r i c  
c i r c u l a t i o n .  Th . i s  program i s  conducted i n  accordance wi th  i n t e r n a t i o n a l  
agreements f o r  t:he acqu i s i t i . on  and exchange of  rocke t  d a t a  on the s t r a t o -  
sphere and nesosphere.  
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Agreement:; between t h e  U . S .  and USSR f o r  space coopera t ion  inc lude  an agree-  
ment on t h e  es tab l i shment  of an Eas te rn  and Western Hemispheric Meridional  
Network of meteorological  rocke t  s t a t i o n s ,  and t h e  exchange of d a t a  and i n -  
v e s t i g a t i o n  of t he  processes  c h a r a c t e r i z i n g  t h e  s ta te  of  the  s t r a t o s p h e r e  
and meosphere. 
e f f o r t s  d i r e c t e d  toward t h e  es tab l i shment  of an expanded Western Hemispheric 
Meridional Rocket Network. 
and i n  Argentina i n  a coope ra t ive  program. 

'To m e e t  t:he i n t e n t  of  t h i s  agreement, t h e  program inc ludes  

New si tes are  planned t o  be e s t a b l i s h e d  i n  Brazil. 

Data Erom ~ne~ teo ro log ica l  sounding rocke t s  are a l s o  h ighly  u s e f u l  i n  c a l i -  
b r a t i n g  d a t a  obtained by s a t e l l i t e  remote temperature  sensors .  This 
comparative d a t a  provides  c o r r e c t i o n s  t o  t h e  s a t e l l i t e  r ad iance  weight ing 
func t ions ,  1:hei:eby inc reas ing  t h e  accuracy of  temperatures  de r ived  from 
s a t e l l i t e  ob3ei:vations. Sounding rocke t s  a l s o  provide a more d e t a i l e d  
v e r t i c a  t r e s o l u t i o n  of atmospheric temperature  p r o f i l e s ,  complementing d a t a  
obta ined  by sa t e l l i t e .  

There w i l l  a l s o  be cont inued e f f o r t  on t h e  development and f l i g h t  tests 
of  s o l i d  s ta te  p res su re  t ransducers  and t h i n - f i l m  temperature  sensors  f o r  
use on an improved rocke t  system. This system i s  designed t o  provide d a t a  
up t o  about 30 km in s t ead  of t h e  e x i s t i n g  60 km h e i g h t  system. Measure- 
ments o13taint.d a t  t hese  a l t i t u d e s  w i l l  be much more u s e f u l  i n  ana lyz ing  
and evatuat:ing d a t a  obtained from s a t e l l i t e  systems and are a l s o  important  
f o r  support  a f  aerospace v e h i c l e s  and i n  s t u d i e s  of  t h e  t o t a l  atmospheric 
a f f e c t s  on Inan. 

Advanced Techniques i n  Observing and Forecas t ing  

1974 19 75 - 1973 - 
Advanced 1xchniques i n  observing 

and fo recas t ing . .  .................. $4,400,000 $5,000,000 $5,000,00(!, 

T o t a l ,  ........................... $4.400.000 $5.000.000 $5.000.00(1 

Within t h i s  program are conducted t h e  suppor t ing  r e sea rch  and technology 
e f f o r t s ,  which in t e rconnec t  t h e  s c i e n t i f i c  requirements  and t h e  a b i l i t y  t o  
achieve hardware des ign  and developments capable  of meeting the  needs of 
both researoh  and ope ra t iona l  meteorology. It c o n s i s t s  of two major 
e f f o r t s  - -  t he  development of the  phys ica l  p r i n c i p l e s  upon which remote 
sensors  can '38 developed and employed, and t h e  development of techniques 
f o r  t h e  a p p l i c a t i o n  of d a t a  acqui red  by remote senso r s  t o  t h e  d e f i n i t i o n  
and p r e d i c t i o n  of t he  e a r t h ' s  atmospheric s ta te .  

During FY 19:75 t h e  focus of a c t i v i t i e s  w i l l  c e n t e r  on advanced techniques 
f o r  observing and f o r e c a s t i n g  the  sho r t - t e rm problems of severe l o c a l  storms--- 



i n  par t icu1i . r  thunderstorms, tornadoes,  and hur r icanes- -and  on the long-term, 
problems of c l i m a t i c  v a r i a t i o n s .  The shor t - t e rm seve re  s torm problems w i l l  
be addresset!  i n  conjunct ion wi th  r e sea rch  us ing  a i r c r a f t  observa t ions  and 
concurren t  developments i n  geos t a t iona ry  s a t e l l i t e s  and in s t rumen ta t ion ,  
such as q u a r . t i t a t i v e  sounders f o r  use  from geos t a t iona ry  a l t i t u d e .  Our 
c a p a b i l i t y  t o  cont inuously monitor from space t h e  genes i s ,  growth and decay 
of t hese  s h o r t - l i v e d  s torms,  and t h e  a b i l i t y  t o  q u a n t i t a t i v e l y  probe the  
i n t e r i o r  s t r u c t u r e  and the  d r i v i n g  fo rces  of  t h e s e  s torms,  w i l l  p r e sen t  
u s  w i t h .  new and poss ib ly  r evo lu t iona ry  t o o l s  f o r  t h e  understanding and p r e -  
d ic t ion .  of t h e i r  behavior .  Techniques f o r  t h e  process ing ,  d i s p l a y ,  and 
app l i ca t ion  o f  t hese  d a t a  w i l l  be developed, and s t u d i e s  w i l l  be conducted 
on the  a s s i m i l a t i o n  of t he  d a t a  i n t o  models of severe s torm dynamics. These 
t a sks  w i l l  r e q u i r e  t h e  development of  unique equipment f o r  t he  monitoring 
of s m a l l - s c d e  phenomena i n  nea r - r ea l - t ime ,  and r e sea rch  i n t o  models of 
intense,  atricispheric behavior  involv ing  t h e s e  s h o r t  t i m e s  and s m i 3 l l  scales. 

A t  t h e  o t t e r  extreme, q u a n t i t a t i v e  measurements from space of t he  f a c t o r s  
which in f luence  the  long-term v a r i a t i o n s  i n  c l ima te  a re  being introduced 
through advances i n  remote sens ing  technology, such as are found on NIMBUS 
5 ,  NIMBUS F ,  and NIMBUS G.  A new l i n e  of  i n v e s t i g a t i o n  i s  being opened 
wi th  t h e  a v z . i l a b i l i t y  from these  s a t e l l i t e s  of s o p h i s t i c a t e d  measurements 
of atmospheric composition, s o l a r  r a d i a t i o n ,  s ea - su r face  temperature ,  and 
t h e  thermal s t r u c t u r e  of the  e a r t h ' s  e n t i r e  atmosphere. Appl ica t ion  of 
t hese  d a t a  i n  long-term models of atmospheric behaviqr  can be expected t o  
provide a new i n s i g h t  i n t o  the  causes  and e f f e c t s  of dev ia t ions  i n  r eg iona l  
and g loba l  climates, and may l e a d  t o  p r e d i c t i o n  of  such v i t a l  problems as 
drought o r  f l o o d s .  I n  order  t o  make optimum u s e  of t hese  d a t a ,  techniques 
must be developed f o r  t h e i r  p rocess ing ,  d i s p l a y  and a p p l i c a t i o n  t o  numerical  
models. At t h e  same t i m e ,  research  must be conducted t o  adapt  and r e f i n e  
sho r t - t e rm numerical p r e d i c t i o n  models t o  accept  long-term in f luenc ing  
parameters and t o  comply wi th  t h e  l a w s  of c l i m a t i c  behavior .  

E f f o r t s  w i l l  a l s o  be cont inued i n  FY 1975 f o r  t h e  a p p l i c a t i o n  of advanced 
techniques i.n i n f r a r e d  and microwave sounding of atmospheric mois ture  pro- 
f i l e s .  Methods f o r  the  a s s i m i l a t i o n  of t h e s e  d a t a  i n t o  numerical  p r e d i c t i o n  
models must be improved, and d a t a  r educ t ion  and inve r s ion  techniques must be 
re f ined  i n  order  t o  produce a maximized y i e l d  wi thout  s a c r i f i c e  of accuracy 
and r e s o l u t i o n .  Research w i l l  a l s o  be cont inued on t h e  phys ica l  p rocesses  
of  r a d i a t i v e  t r a n s f e r  as i t  a f f e c t s  t h e  e a r t h ' s  h e a t  budget and t h e  q u a l i t y  
of  t h e  environment. 
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P o l l u t i o n  Monitoring 

1973 - 1974 - 1975 - 
A i r  p o l l u t i o n  and oceanographic 

Sensor d e f i n i t i o n  and f e a s i b i l i t y  
observing s a t e l l i t e  (NIMBUS G )  .... ---  $9,000,000 $27,000,000' 

eva lua t ions ,  modeling, o p e r a t i o n a l  
methodology ....................... 32,300,000 2,800,000 2,800,000 

Tota l  ........................... $2.300.000 $11.800.000 $29,800.000 

Both man and n a t u r e  c o n t r i b u t e  s i g n i f i c a n t  q u a n t i t i e s  of gaseous and 
p a r t i c u l a t e  p o l l u t a n t s  i n t o  t h e  atmosphere causing p o s s i b l e  changes i n  a t -  
mospheric ccmposition, thereby a f f e c t i n g  t h e  h e a t  ba lance  of t h e  e a r t h  
and the a b i l i t y  of t he  e a r t h ' s  atmosphere t o  suppor t  l i f e ,  and producing 
o t h e r  de t r imen ta l  e f f e c t s  on p l ane t  e a r t h .  Therefore ,  t he  concent ra t ions  
and the d i s t r i b u t i o n s  of c o n s t i t u e n t s ,  inc luding  p o l l u t a n t s ,  must be 
determined and monitored f o r  changes which might prove annoying and/or  
harmful t o  man, t h e  b iosphere  o r  o the r  a spec t s  of t he  e a r t h ' s  environment. 
The Polluti .on Monitoring program i s  applying space technology and 
remote sens:-ng from space t o  the  problems of monitor ing t h e  q u a l i t y  
of  our atmosphere. Knowledge of changes i n  atmospheric composition 

w i l l  a l s o  c c n t r i b u t e  t o  c l ima to log ica l  p r e d i c t i o n  and can provide  a sc i en -  
t i f i c  b a s i s  f c r  t h e  es tab l i shment  of c r i t e r i a  f o r  p o l l u t i o n  c o n t r o l .  Inad-  
v e r t e n t  c1Finat:ic: changes have occurred as a consequence of p o l l u t a n t  emissions 
from i n d u s t r i a l  complexes, u l t i m a t e l y  having e f f e c t s  on pub l i c  h e a l t h ,  a g r i -  
c u l t u r e ,  t r m s p o r t a t i o n ,  hydrology, beauty,  r e c r e a t i o n ,  etc. I n  some cases ,  
con t ro l  of p o l l u t a n t s  a f f e c t i n g  weather can be used f o r  b e n e f i c i a l  purposes.  
A l a r g e  s c a l e  overview, and i n  depth s t u d i e s  us ing  remote sens ing  techniques,  
should be brought t o  bear  t o  e f f e c t i v e l y  understand these  phenomena and 
processes ,  s i n c e  they occur on a g loba l  scale. 

Earth o r b i t i n g  sa te l l i t es  c o n s t i t u t e  an i d e a l  p l a t fo rm f o r  t h e  o v e r a l l  
measurement ar.d synopt ic  monitor ing of a i r ,  water, and l and  p o l l u t a n t  con- 
c e n t r a t i o n s  ar.d d i s t r i b u t i o n s  as demonstrated by t h e  dramatic  ERTS-1 r e s u l t s  
ob ta ined  over t h e  p a s t  year  and a h a l f .  An A i r  P o l l u t i o n  and Oceanographic 
Observing S a t e l l i t e  (NIMBUS G )  i s  being developed t o  explore  t h e  f e a s i b i l i t y  
and u t i . l i t y  of t h i s  concept and t o  provide e s s e n t i a l  d a t a  on the  c u r r e n t  
l e v e l s  of a.t:mclspheric contaminants.  Models of  t h e  photochemistry and dynamics 
of t he  atmosptere  f o r  s tudying t h e  space and t i m e  v a r i a t i o n s  of minor 
atmospheric: c o n s t i t u e n t s  are under development. Information on sources ,  
magnitudes, and d i s t r i b u t i o n s  of atmospheric c o n s t i t u e n t s  i s  a l s o  needed 
f o r  incorpcra t  ion  i n t o  atmospheric c i r c u l a t i o n  models and r e l a t e d  environ-  
mental q u a l i t y  models. F l igh t  ins t ruments  capable  of d e t e c t i n g  c e r t a i n  of 
t he  importatrit c o n s t i t u e n t s ,  inc luding  contaminants , have been developed 
under the  PSiFE: program, and t h e i r  f e a s i b i l i t y  has  been v e r i f i e d  by tes ts  on 
a i r c r a f t  and a t  ground-based s t a t i o n s .  
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Research i s  a l s o  needed t o  develop t h e  technology f o r  remote sensing of 
water q u a l i t y .  To e s t a b l i s h  sensor  des ign  c r i t e r i a ,  b a s i c  l abora to ry  
measurements w i l l  be c a r r i e d  out  t o  d e f i n e  t h e  phys ica l  and chemical 
cha rac t e r i s t . i c s  of w a t e r  conta in ing  known p o l l u t a n t s .  The oceanographic 
r o l e  of' NIMLUS G o f f e r s  t h e  oppor tuni ty  t o  explore  t h e  p o s s i b i l i t i e s  f o r  
g loba l  monitor ing of such important  water q u a l i t y  f a c t o r s  as ch lorophyl l  
con ten t ,  sediment d i s t r i b u t i o n ,  s a l i n i t y ,  and temperature .  

A i r  P o l l u t i o n  and Oceanographic Observing 
S a t e l l i t e  (NIMBUS G)  

-- 1973 1974 1975 

S p ac E! cr a f 1: .......................... - - -  $520,000 $11,800,000 
.......... 8,480,000 ~ 4 ~ 7 0 ~ ~ 0 ~ ~  

500,000 G r  ourtd suq)por t e qu ipmeri t ............ 
Sensors  arid d a t a  a n a l y s i s .  - - -  

- - -  - - -  

Tota l . . ,  .......................... 
D e l t a  (Larunch Vehicle  Procurement 

p r  ogr  ani:^ .......................... (--- 1 (--- 1 (400 , 000) 

Total. ( inc luding  launch 
ve t i ic1 .e~) .  .................... (-- -1 ($9,000,000) ($27.400.000 ) 

NIMBUS G wil.1 provide the  f i r s t  c a p a b i l i t y  f o r  g loba l  a c q u i s i t i o n  of w e l l  
i n t e g r a t e d  r e p e t . i t i v e ,  synopt ic ,  remotely-sensed d a t a  r equ i r ed  f o r  atmospheric 
p o l l u t i o n  and oceanography i n v e s t i g a t i o n s .  Data acqui red  by the  sensors  on 
NIMBUS G wi.l.l be appl ied  t o  s t u d i e s  on t h e  concen t r a t ion ,  d i s t r i b u t i o n ,  and 
time-variat::-oris of atmospheric and oceanographic contaminants.  

Five senso r s  on NIMBUS G w i l l  provide measurements of important  atmospheric 
gaseous and pa r t : i cu l a t e  p o l l u t a n t s .  
r e l a t e d  t o  :;uc:h l a r g e  scale p o l l u t i o n  problems as the  use  of f o s s i l  f u e l s  
and t h e  effect:  of h igh  a l t i t u d e  a i r c r a f t  ope ra t ions  on t h e  s t r a t o s p h e r e .  
The gases  t:o be measured inc lude  ozone, methane, n i t r i c  a c i d ,  n i t r i c  oxide,  
n i t rogen  di.oxj.de, carbon monoxide , carbon d iox ide ,  water vapor ,  s u l f u r  
d ioxide  and anmonia. I n  a d d i t i o n ,  concen t r a t ion  of p a r t i c u l a t e s  w i l l  be 
s tud ied  t o  measure long term e f f e c t s  on climate; and another  experiment 
w i l l  ob t a in  heat: budget measurements of t h e  e a r t h  f o r  t h e  es tab l i shment  of 
thermal b a s e l i n e s  and t o  d e t e c t  changes, p a r t i c u l a r l y  those  a t t r i b u t a b l e  
t o  the  acti i7it : ies of man. I%e o t h e r  t h r e e  ins t ruments  w i l l  ob ta in  d a t a  
f o r  use  i n  oceanography i n v e s t i g a t i o n s  t o  support  s t u d i e s  i n  ocean-food 
source:; and surveys of ocean p o l l u t i o n ,  and t o  improve our knowledge of 
t h e  interacI i ions between the  ocean and the  atmosphere. The measurements 
t o  be obtai-net1 are (1) very h igh  accuracy sea - su r face  temperature  measure- 
ments; ( 2 )  h igh  s p a t i a l  r e s o l u t i o n  ocean co lo r  measurements near  t he  coas t -  
l i n e s  ( re la is ing t o  n u t r i e n t s ,  p o l l u t a n t s ,  and s a l i n i t y )  ; and (3) microwave 
measuremenl::; of t h e  ocean/atmosphere i n t e r f a c e  c h a r a c t e r i s t i c s .  

The gases  t o  be measured are d i r e c t l y  
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During FY 1974 c o n t r a c t s  f o r  sensor  development of engineer ing and f l i g h t  
models, and the  s p a c e c r a f t  long-lead t i m e  work e s s e n t i a l  t o  accomplish 
launch i n  CY 1978, w i l l  be i n i t i a t e d .  During FY 1975 work w i l l  cont inue  
on t h e  sensors  and spacec ra f t .  

- Sensor D e f i n i t i o n  and F e a s i b i l i t y  Evalua t ions ,  
Modeling, Opera t iona l  Methodology 

1974 - 1973 1975 - 
Sensor de f ' i n i t i on  and f e a s i b i l i t y  

eva lua t ions ,  modeling, ope ra t iona l  
methodology ........................ $2,300,000 $2,800,000 $2,800,000 

T o t a l . . . . . . . .  .................... $2.300.000 $2,800.000 $2.800.000 

This  e f f o r t  i s  the  foundat ion f o r  t h e  NASA program of applying aerospace 
technology f'or a s ses s ing  the  q u a l i t y  of our environment and eva lua t ing  t h e  
impact of candida te  s t r a t e g i e s  f o r  enhancing the  q u a l i t y  of our a i r ,  water ,  
and land. The primary emphasis i s  on remote sens ing  techniques ;  however, 
t h e  need i s  a l s o  recognized f o r  a p p l i c a t i o n  of  i n - s i t u  sens ing  .and a n a l y s i s  
as a means for  v a l i d a t i n g  and c a l i b r a t i n g  remote senso r s .  

The development of techniques and senso r s  t o  measure atmospheric trace 
constit:uent:r; i.s based on the  unique phys ica l  and chemical p r o p e r t i e s  of 
t he  gases  i.rivolved. Laboratory i n v e s t i g a t i o n s  i n i t i a t e d  i n  FY 1974 on t h e  
propert: ies of some key gases  w i l l  be  completed i n  FY 1975 and o the r  c o n s t i -  
t uen t s  w i l l .  be i d e n t i f i e d  f o r  d e t a i l e d  s tudy.  These d a t a  w i l l  b e  combined 
wi th  theorei:ic:al. models to  d e f i n e  the  s i g n a l  levels a v a i l a b l e  f o r  remote 
sensing.  Twftr,i.ques w i l  I a l s o  be developed t o  a l low t h e  sepa ra t ion ,  
qual i ta t ive1.y and q u a n t i t a t i v e l y ,  of p a r t i c u l a t e  e f f e c t s  from those  of  t h e  
gaseous c o n s t i t u e n t s .  For the  d e f i n i t i o n  of t h e  p a r t i c l e s  themselves , 
techniques rmst  be developed t o  permit  t h e  in fe rence  of p a r t i c l e  s i z e  and 
d i s t r i b u t i o n ,  p a r t i c l e  composition, and chemical r e a c t i o n s  l ead ing  t o  and 
caused by the p a r t i c l e s .  The remote senso r s  f o r  making such measurements 
w i l l  be eva:luated i n  a i r c r a f t  tests wi th  i n - s i t u  sampling and a n a l y s i s  
providing t:i:uth d a t a  f o r  v e r i f i c a t i o n  and a n a l y s i s  of t h e  e f f e c t i v e n e s s  
o f  t he  techniques.  

The remote sens ing  of water q u a l i t y  has  rece ived  less emphasis than t h a t  
f o r  a i r  qua Lity,  and, consequent ly ,  more fundamental r e sea rch  i s  r equ i r ed .  
Basic  Laboratory measurement of t he  absorp t ion  and r e f l e c t a n c e  s p e c t r a  of 
water conta in ing  known p o l l u t a n t s ,  and combinations of p o l l u t a n t s ,  are 
c u r r e n t l y  :inadequate t o  p e r m i t  s c i e n t i f i c  judgments concerning t h e  s p e c i -  
f i c a t i o n  of? s p e c t r a l  bands f o r  p o l l u t a n t  d i sc r imina t ion ,  o r  engineer ing  
judgments concerning d e t e c t o r ,  o p t i c s ,  and f i l t e r  technology f o r  t h e  r e -  
qu i red  mea:;umments. 
regard  t o  lmth remote and i n - s i t u  sens ing  of water p o l l u t a n t s .  't'hese 

N e w  techniques need t o  be developed and testecl wi th  
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i n v e s t i g a t i o n s  should a l s o  be va luab le  f o r  a p p l i c a t i o n  t o  the  d e t e c t i o n ,  
i d e n t i f i c a t i o n ,  and d i f f e r e n t i a t i o n  of municipal and i n d u s t r i a l  wastes, 
as w e l l  as understanding the chemical r e a c t i o n s  involved i n  c r e a t i n g  new 
p o l l u t a n t s  arid t o x i c  substances.  This technology w i l l  a l s o  be of va lue  
i n  conjuncti.on wi,th urban and r e g i o n a l  w a t e r  q u a l i t y  surveys.  

Ear th  Resources Survey 

1974 1975 - 1973 - 
Earth resourc:es technology 

Mu1tispect:i:al. scanner  5 th  

Ear th  obsr!i:vati.ons a i r c r a f t  

Ear th  resources  experiment package 

Data i n t e r p r e t a t i o n  techniques,  

s a t e1 l i t . e  (ERTS-lfiB) ............. $32,600,000 $16,400,000 $11,100,000 

band development. ................ --- 1,000,000 4,000,000 

program (EON') ................... 13,000,000 16,800,000 17,300,000 

(EREP) i n v e s t i g a t i o n s  ............ - - -  - - -  3,800,000 

s p e c i a l  i n v e s t i g a t i o n s  and d a t a  
ana lyses  ......................... 9,555,000 13,200,000 22,400,000 

To ta l  ............................ $55.155.000 $47.400.000 - $58.600.000 

Today, more than ever ,  man recognizes  t h a t  t h e  c a p a b i l i t y  of t h e  e a r t h  t o  
support  l i f e  has l i m i t s  and t h a t  t o  su rv ive  he  must seek  more e f f i c i e n t  
ways t o  manage h i s  l imi t ed  resources .  The o b j e c t i v e  of t h e  Ear th  Resources 
Survey program i s  t o  provide technologica l  means f o r  acqu i r ing  and i n t e r p r e t i n g  
t h e  informal: ion which such l a r g e - s c a l e  management w i l l  r e q u i r e ,  l ead ing  t o  
the  identif: ication and development of p r a c t i c a l  a p p l i c a t i o n s .  NASA' s r o l e  
i s  t o  determine the  uses  of space technology i n  accomplishing these  o b j e c t i v e s .  
A s i z a b l e  commitment of  many o rgan iza t iona l  elements has  been made and enthu- 

v s i a s t i c  cao lx ra t ion  developed wi th  use r  agencies  a t  f e d e r a l ,  s t a t e ,  and loca l  
l e v e l s ,  as w21'L as i n  the  i n t e r n a t i o n a l  area. 

Because oE t h e  h igh  q u a l i t y  of t h e  d a t a  from t h e  Ear th  Resources Technology 
S a t e l l i t e ,  113T!;-Il, and the  favorable  r e s u l t s  of t he  i n v e s t i g a t o r s '  ana lyses ,  
t h e r e  e x i s t s  confidence t h a t  such space technology w i l l  p lay  a v a j o r  r o l e  
i n  the  inonit:ortng, t imely eva lua t ion ,  and management of t he  e a r t h ' s  re-  
sources .  Th3 i n v e s t i g a t i o n ~  conducted wi th  the  d a t a  from t h e  ERTS-1 satel-  
l i t e  hage a l r e ( ~ d y  i d e n t i f i e d  a g r e a t  many p o t e n t i a l  uses  f o r  the  d a t a ,  a 
s i g n i f i c a n t  7urnbt.r of which have a l r eady  been o r  are being pu t  t o  p r a c t i c a l  
use.  A d d i t i m a l  e f f o r t  w i l l  be made i n  FY 1975 t o  broaden the  scope of t h e  
i n v e s t i , s a t i o i s  being c a r r i e d  out  t o  the  p o i n t  where they can be used t o  
evaluatle t he  u t i l i t y  of t h e  d a t a  wi th  a c l o s e r  approach t o  p r a c t i c a l  oper- 
a t i o n a l  condi t ions .  
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One very i r .por tan t  conclusion r e s u l t i n g  from t h e  i n v e s t i g a t i o n s  i s  t h e  g r e a t  
v a r i a t i o n  of many classes of observable  phenomena w i t h  t h e  t i m e  of year  and 
weather and c l i m a t i c  condi t ions .  This has  emphasized t h e  va lue  of r e p e t i t i v e  
and continuous d a t a  and i s  one of  several reasons t h a t  has caused NASA t o  
change i t s  plan of launching ERTS-B i n  1976 t o  one of being i n  a p o s i t i o n  t o  
launch a s  socln as p o s s i b l e  a f t e r  f a i l u r e  of t h e  ERTS-1 s a t e l l i t e .  It  i s  
planned t o  he.ve t h i s  replacement c a p a b i l i t y  a v a i l a b l e  by l a t e  1974, a t  which 
t i m e  ERTS-1 would have been i n  o r b i t  n e a r l y  2 1 /2  years - -wel l  over twice 
i t s  design l i f e .  The thermal channel ,  which w i l l  n o t  be incorpora ted  i n  
ERTS-B, w i l l  ccn t inue  i n  development f o r  p o s s i b l e  use  on a subsequent e a r t h  
observing s a  t:e1 l i t e .  

I n  p a r t ,  t h e  loss of experimental  information caused by d e l e t i o n  of the  
thermal channel w i l l  be regained by the  launch of t h e  H e a t  Capacity Mapping 
Mission proposed as a new s t a r t  i n  FY 1975. This mission w i l l  u t i l i z e  a 
Scout launch v e h i c l e  and a s m a l l  r e l a t i v e l y  low-cost s p a c e c r a f t ,  instrumented 
wi th  the  s u r f a c e  Composition Mapping Radiometer flown on NIMBUS 5.  The s m a l l  
s ing le-purpose  s a t e l l i t e  w i l l  be flown i n  a s p e c i a l  o r b i t  t o  maximize the  
p r e c i s i o n  of measurement of s u r f a c e  temperatures  f o r  many s p e c i a l  a p p l i -  
cat ions: .  par.tic:ul.arly those a s soc ia t ed  wi th  geothermal e f f e c t s .  

Skylab ' s  success fu l  missions have provided t h e  experimenters  on t h e  Earth 
Resources Experiment Package (EREP) wi th  a g r e a t  q u a n t i t y  of very va luab le  
d a t a  taken wi th  instruments  t h a t  extend the  observa t ions  of t he  ERTS system 
i n t o  new areas of t he  v i s i b l e  and i n f r a r e d  spectrum and i n  spectrum r e s o l u t i o n .  
The FY 1975 program w i l l  enable  the  f u r t h e r  a n a l y s i s  of t hese  d a t a ,  which 
i s  expected 10 provide NASA wi th  t h e  s p e c i f i c  requirements  f o r  i t s  nex t  
genera t ion  o E  e a r t h  r e source  senso r s ,  as w e l l  as i n d i c a t e  new areas f o r  t h e  
a p p l i c a t i o n  of remote sens ing .  

The FU 1975  program inc ludes  funds t o  i n i t i a t e  t h e  e a r l y  s t a g e  of t h e  devel-op- 
ment of two second-generat ion senso r s  t o  observe from space man's use  o f ,  ancl 
impact on, t ne  land. One w i l l  i nc rease  t h e  s p e c t r a l  r e s o l u t i o n  ( 7  bands) be- 
yond the  ER'IIS m u l t i s p e c t r a l  scanner  ( 4  bands) wi th  increased  s p a t i a l  r e s o l u t i o n  
f o r  i nves t ig s t - ions  of land use management and p o l l u t i o n  monitoring. The 
o the r  i s  a p3 in tab le ,  h igh  r e s o l u t i o n  (10 m e t e r )  imager f o r  i n v e s t i g a t i o n s  
of urban lanlrl iise and planning. Both ins t ruments  are being funded i n  Fy 
1973 and 19'72 in the  AAFE program; f i n a l  s p e c i f i c a t i o n s  w i l l  be def ined  
by r e s u l t s  of 13RCS and Skylab EREP i n v e s t i g a t i o n s .  
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Ear th  Resources Technology S a t e l l i t e  (ERTS 1&B) 

1973 1974 - 1975 

Spacec ra f t . .  ........................ $5,997,000 $7,569,00O $3,200,000 

Ground ope ra t ions  ................... 6,929,000 1,131,000 2,300,000 
I n v e s t i g a t i o n s  ...................... 15,263,000 6,000,000 5,600,OOQ 

--._ Sensor s . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,411,000 1,700,000 

Tota l . .  ........................... $32,600,000 $16,400,000 $11,100,00~) 

Del ta  (Launch 'Vehicle Procurement 
program) .......................... (--- ) (3,500,00(~) (1,000,00!~) 

T o t a l  ( inc luding  launch 
v e h i c l e s ) .  .................... ($32.600.000) ($19.900.000) ($12.100.000>. - 

The Earth Resources Technology S a t e l l i t e  (ERTS-l), launched i n  J u l y  1972, 
has  proven e f f e c t i v e  i n  i d e n t i f i c a t i o n  and acreage  measurement of major 
crops on a g loba l  b a s i s ,  and the  m u l t i s p e c t r a l  scanner  imagery has  exceeded 
Nat iona l  Map Accuracy s tandards  a t  t he  1:1,000,000 scale. Many "photo-maps" 
have been made a t  s c a l e s  of 1:250,000 from ERTS-1 imagery, and c l a s s i f i c a t i o n  
of  land use  has  been accomplished f o r  18 n a t i o n a l  and r e g i o n a l  c a t e g o r i e s  
proposed by t h e  U.S. Department of t h e  I n t e r i o r  f o r  Nat iona l  Land Use Mapping 
(C i rcu la r  671); previous ly  unrecognized major f a u l t s  have been i d e n t i f i e d  
and c o r r e l a t e d  wi th  ear thquake e p i c e n t e r s  from convent ional  d a t a ;  mineral  
a l t e r a t i o n  ha los  have been enhanced near  Go ld f i e ld ,  Nevada; and p o l l u t i o n  
plumes, s t r i p  mining and rec lamat ion  e f f o r t s  have been i d e n t i f i e d .  Mapping 
of f loods  ( inc luding  the  e n t i r e  M i s s i s s i p p i  R i v e r ) ,  snow covered areas, 
and r eg iona l  water r e sources ,  has  been accomplished. The l o c a t i o n  of 
menhaden f i s h  schools  has  been p r e c i s e l y  c o r r e l a t e d  wi th  coastaZ water  
t u r b i d i t y  imaged by ERTS-1 and sea i c e  a f f e c t i n g  ocean shipping h a s  been 
de tec t ed  and i t s  movement: mapped. 

Comprehensive a c t i o n s  are i n  progress  t o  e x p l o i t  those  a p p l i c a t i o n s  which 
r e q u i r e  f u r t h e r  development of a n a l y t i c a l  techniques and assessment of c o s t  
e f f e c t i v e n e s s  f o r  ope ra t iona l  use.  Follow-on ERTS i n v e s t i g a t i o n s  t o  develop 
t h e s e  o p e r a t i o n a l  a p p l i c a t i o n s  w i l l  be conducted dur ing  l a t e  FY 1974 and 
FY 1975. 

R e v i e w  by t h e  f e d e r a l  u se r  agencies  concluded t h a t  c o n t i n u i t y  of d a t a  i s  
necessary  f a r  p r a c t i c a l  use of ERTS information.  Experience w i t h  repe t i t ive  
coverage of tes t  s i t e s  has  shown t h e  importance of understanding changes 
caused by t h e  seasons and the  weather.  
r e a l i s t i c  ope ra t ion  modes and t o  implement personnel  t r a i n i n g  and ground 
equipment. 
f o r  launch a s  soon as p o s s i b l e  a f t e r  f a i l u r e  of ERTS-1. 

Cont inui ty  i s  needed t o  e s t a b l i s h  

These are t h e  f a c t o r s  i n  NASA's d e c i s i o n  t o  prepare  ERTS-B 
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The FY 197ti. and 1975 e f f o r t  i nc ludes  cont inued ope ra t ions  of the  ERTS-1 
and support  of ongoing and follow-on i n v e s t i g a t i o n s ,  as w e l l  as t h e  pre-  
p a r a t i o n s  f o r  launch of ERTS-B. I n  FY 1975 t h e  i n t e g r a t i o n  of t he  senso r s  
wi th  t h e  s p a c e c r a f t  w i l l  be completed and t e s t e d  t o  be a v a i l a b l e  f o r  launch 
when ERTS-1 fay-ls, providing such f a i l u r e  does n o t  occur ear l ie r  than near  
t he  end of 1-97h. 

M u l t i s p e c t r a l  Scanner - F i f t h  Band Development 

1973 1974 1975 

Mu1tir;pect:ral. scanner  - 
f i f t h  band development. ........... --- $1,000,000 $4,000,000 

To ta l .  .......................... - -- $1.000.000 $4.000.000 

The purpose of adding a thermal i n f r a r e d  channel on t h e  M u l t i s p e c t r a l  
Scanner i s  t:o provide t h e  c a p a b i l i t y  r equ i r ed  t o  observe those  r e sources  
and condi t ions  cha rac t e r i zed  by temperatures  t h a t  r e q u i r e  intercomparison 
of thermal d a t a  wi th  those  s imultaneously obta ined  a t  v i s i b l e  o r  near  
i n f r a r e d  wavelengths. Such information has  h igh  u t i l i t y  f o r  l o c a t i n g ,  
mapping, and measuring thermal p o l l u t i o n  of  l a r g e  l a k e s ,  bays and e s t u a r i e s ;  
and providing information about t he  h e a t  capac i ty  of s o i l s  and geo log ica l  
s t r u c t u r e s .  I t :  should,  i n  a d d i t i o n ,  p rovide  important  in format ion  on 
stresses i n  veget:ation. Observat ions of ocean c u r r e n t s  from t h e i r  tempera- 
t u r e  d i f f e r e n c e s  w i l l  provide d a t a  needed f o r  i n v e s t i g a t i o n s  of ocean 
s h o r e l i n e  cl-imges and e f f e c t s  upon c o a s t a l  l and  and water uses .  

Funding i n  FEI 1.975 w i l l  provide f o r  cont inued development and t e s t i n g  
of f l i g h t  hardware components and i n i t i a t i o n  of f l i g h t  model assembly. 
The f l i g h t  hardware w i l l  be completed i n  t i m e  f o r  f l i g h t  i n  t h e  1977-78 
t i m e  per iod .  While t h e r e  i s  no s p e c i f i c  s a t e l l i t e  s e l e c t e d  f o r  t h i s  
ins t rument  a i :  t h e  p re sen t  t i m e ,  t h e  importance of i t s  p o t e n t i a l  u se  makes 
i t  impera t ive  t h a t  i t s  development be cont inued.  

I t s  conf igu ra t ion  as p a r t  o f  t h e  M u l t i s p e c t r a l  Scanner i n s u r e s  
t h a t  i t  would be capable  of being launched on an ope ra t iona l  
satellit:e, such as t h a t  being s tud ied  f o r  development by t h e  Department 
of  t h e  I:nter':.or, o r  on a follow-*on R&D sa te l l i t e .  

Ear th  Observat ions A i r c r a f t  Program 

1973 1974 1975 

Ear th  obsE:I:vations a i r c r a f t  
p rogram. . . . . . . . .  ................. $13,000,000 $14,800,000 $16,400,000 

CV 990 rep1.ac:ement. ................ ---  2,000,000 900 , OOC! 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . .  $13.000.000 $16,800,000 $17.300.00C! 
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NASA remote sens ing  a i r c r a f t  w i l l  focus on developing measurement and i n -  
t e r p r e t i v e  techniques,  d e f i n i n g  and eva lua t ing  new space senso r s ,  and de- 
monstrat ing t:he a p p l i c a t i o n  of  remote sensing.  

I n  FY 1.974 and FY 1975, a t o t a l  o f  approximately $2.9 m i l l i o n  has  been 
added f o r  t he  a c q u i s i t i o n  and modi f ica t ion  of  a replacement a i r c r a f t  f o r  
t he  NASA Convair 990 l o s t  in  a c ra sh  i n  A p r i l  1973. The Convair 990 
a v a i l a b i l - i t y  as a r e sea rch  a i r c r a f t  i s  keyed t o  t h e  GARP A t l a n t i c  T rop ica l  
Experiment (CATE:) , which w i l l  be conducted i n  e a r l y  FY 1975. The remaining 
funds inc1icat:t:d f o r  FY 1975 ($16.4 m i l l i o n )  w i l l  be  used t o  support  Appli-  
c a t i o n  programs r e sea rch  e f f o r t s  and w i l l  involve  more v a r i e d  e f f o r t s  than 
i n  t h e  p a s t ,  vhhere a i r c r a f t  f l i g h t s  were l a r g e l y  confined t o  E a r t h  Resources 
Survey. Spec:i-fically, t h e  FY 1975 budget provides  f o r  a i r c r a f t  opera t ions  
r e l a t e d  t o  environmental  p o l l u t i o n  monitoring, inc luding  s t r a t o s p h e r i c  s u r -  
v e i l l a n c e  and s t u d i e s  of severe storms. 

Continuing support  f o r  ERTS follow-on i n v e s t i g a t i o n s  w i l l  be provided 
i n  EY 1974 and PY 1975, i n  a d d i t i o n  t o  new u n d e r f l i g h t  requirements 
a s s o c i a t e d  wi.i:h SMS and NIMBUS-F. An inc reas ing  number of f l i g h t s  re- 
qui red  f o r  NIIIBUS-G are planned beginning i n  FY 1975 t o  f a c i l i t a t e  the  
planned inveai:igat:ive programs , and the  development and eva lua t ion  of 
s enso r s ,  t o  be flown i n  t h i s  spacec ra f t .  For NASA Support ing Research 
and Technology programs, cons iderable  a i r c r a f t  c a p a b i l i t y  w i l l  be devoted 
t o  Appl ica t ions  Systems V e r i f i c a t i o n  Tests. These Appl ica t ions  Systems 
V e r i f i c a t i o n  ‘rests involve  p r i n c i p a l l y  r eg iona l  land use  s t u d i e s ,  tornado 
s t u d i e s ,  w a t e r  and atmospheric p o l l u t i o n ,  ice  monitor ing,  c o n t i n e n t a l  
she1  f c ir c u l a  1: ion  and l a k e  eu t roph ica t ion .  

--- Ear th  Resources Experiment Package (EREP) I n v e s t i g a t i o n s  

1975 __- 1974 - 1973 - 
Data ana1ys::s. .................... ($2,500,000) ($3,200,000) $3,800,= 

Total ............................. ($2.500.000) (S3.200.000) $3.800.000 

The EREP, 1.aunched aboard Skylab I on May 24, 1973, has  been used t o  
a c q u i r e  d a t a  dur ing  t h e  t h r e e  manned Skylab missions f o r  150 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 .  The 150 i n v e s t i g a t i o n s  inc lude  s t u d i e s  r e l a t e d  t o  a g r i c u l t u r e ,  
range land ,  and f o r e s t r y ;  geo log ica l  a p p l i c a t i o n s ;  c o n t i n e n t a l  water resources ;  
oceans; atmospheres; c o a s t a l  zones , shoa l s  and bays; r eg iona l  planning and 
development; car tography;  and remote sens ing  technique development. Data 
i n  t h e  form of measurements i n  t h e  v i s i b l e ,  i n f r a r e d ,  and microwave p o r t i o n s  
of t h e  spectrum have been acqui red  us ing  a v a r i e t y  of sensor  techniques.  
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Developmen;: of t h e  EREP senso r s ,  a c q u i s i t i o n  and processing of t h e  d a t a  
c o l l e c t e d ,  and funding of t h e  i n i t i a l  d a t a  a n a l y s i s  and i n v e s t i g a t i o n s  have 
been supported by t h e  Skylab program i n  t h e  O f f i c e  of Manned Space F l i g h t  
through FY 1.974. 

The OEfice oE Appl ica t ions ,  t h e  sponsor f o r  EREP, i s  r e spons ib l e  fo r  sup- 
po r t ing  the  i n v e s t i g a t i o n s  and managing the  i n v e s t i g a t o r ' s  d a t a  a n a l y s i s  
s t a r t i n g  i n  FY 1975. The FY 1975 funds are  r equ i r ed  f o r  completing t h e  EREP 
s t u d i e s  and r epor t ing  on the  r e s u l t s  of t h i s  very s i g n i f i c a n t  e a r t h  obser-  
va t ions  e f f o r t .  

--- Data I n t e r p r e t a t i o n  Techniques, S p e c i a l  Inves t iga t ions -  
and Data Analyses 

1974 - 1973 1975  - 
Data i n  t e:r p r  e t a t  ion  t e c  hn i  que s , 

s p e c i a l  i n v e s t i g a t i o n s  and 
d a t a  an.alyses . .  .................. $9,555,000 $13,200,000 $13,000,000 

Earth resources  survey d a t a  
process ing ,  eva lua t ion  and 
a n a l y s i s ,  phot0graphi.c services, 
r e l a t e d  s u p p l i e s ,  and equipment.. (8,500,000) (9,500,000) 9,400,000 

T o t a l . . . . . . . . . . . . . . . .  .......... ( $  9.555.000)($13.200.000) $22.400.000 

This  e f f o r t  forms t h e  research  and technology base  f o r  t h e  Ear th  Resources 
Survey program and as such i s  fundamental t o  t h e  cont inuing  development and 
ex tens ion  of remote sens ing  techniques and t h e i r  a p p l i c a t i o n  t o  p r a c t i c a l  
problems. The scope of  t h e  work covered inc ludes  the  fol lowing:  (1)  
d e f i n i t i o n ,  development, and tests t o  inc rease  t h e  r e l i a b i l i t y  and r e s o l u t i o n  
of scanners  and o the r  imaging systems t o  ob ta in  microwave sensors  lead ing  
t o  a l l  w e a t h e r  sens ing  c a p a b i l i t y ;  (2)  d e f i n i t i o n ,  development, and tes t  of 
d a t a  handl ing  techniques and d a t a  process ing  equipment f o r  i nc reas ing  e f f i -  
c iency ,  throug,hout, and p r e c i s i o n ;  and preprocess ing  techniques t o  s e rve  
the  r a p i d l y  inc reas ing  need of t h e  use r  community t o  apply the  d a t a  i n  d i t i g a l  
form; (3) development of i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n  techniques i n -  
c luding improved speed and accuracy of machine-aided c l a s s i f i c a t i o n  and the  
documentation of procedures  f o r  u s e r s ;  and (4)  t he  c l a s s i f i c a t i o n ,  v e r i f i c a t i o n ,  
and demonstrat ion of  t h e  a p p l i c a t i o n  of remote sens ing  d a t a  t o  e a r t h  resources  
informa.tion needs.  This  a c t i v i t y  inc ludes  experimental  v e r i f i c a t i o n ,  docu- 
mentat ion c~li  methodologies and a n a l y s i s  of t h e  c o s t  e f f e c t i v e n e s s  and b e n e f i t s  
of the  use of  t he  developed techniques.  

RD 8-35 



The t h r u s t  of Ear th  Resources Survey r e sea rch  i n  FY 1975 i s  s h i f t i n g  from a 
m u l t i p l i c i t y  of  explora tory  a p p l i c a t i o n s  experiments toward fewer l a r g e - s c a l e  
tests of p o t e n t i a l  information ga the r ing  systems under r ea l i s t i c  condi t ions .  
Analyses of t h e  r e s u l t s  of t hese  tests and t h e  r equ i r ed  implementation pro-  
cedures  w i l l  be documented t o  enable  u s e r  agencies  t o  reach dec i s ions  on t h e  
d e s i r a b i l i t y  of implementing ope ra t iona l  programs. System v e r i f i c a t i o n  tests 
are being planned f o r  a p p l i c a t i o n s ,  such as crop acreage  inven to r i e s  and land 
use  surveys.  

A g r i c u l t u r a l  remote sensing r e sea rch  i s  planned i n  corn,  soybeans, and 
wheat acreage  inventory ;  i n  d e t e c t i o n  of crop stress due t o  drought and 
d i s e a s e ;  i n  s o i l s  survey; and i n  s o i l  mois ture  measurement f o r  i r r i g a t i o n  
c o n t r o l .  

Land use  survey r e sea rch  w i l l  concen t r a t e  on c l a s s i f i c a t i o n  and mapping, 
us ing  automated remote sensing da ta .  These r e s u l t s  are r equ i r ed  for  manage- 
ment and planning dec i s ions .  

Mineral  r e sources  research  w i l l  cont inue  involv ing  the  promising re- 
l a t i o n s h i p  between image r a t i o  mapping and d i s t i n c t i o n  of  rock type.  
Successfu l  development of t h i s  technique has  a p p l i c a t i o n  t o  mineral  ex- 
p lora t . ion ,  planning of major engineer ing  works, and exp lo ra t ion  f o r  geo- 
thermal a reas .  Other geo log ica l  eva lua t ions  w i l l  cont inue  i n  areas of h igh  
promise su.c:h as petroleum exp lo ra t ions .  

Water resources  surveys inc lude  snow l i n e  mapping f lood  assessment,  i n -  
c luding  sn.ow m e l t  monitor ing,  d a t a  r e l a y  of stream flow parameters and 
modeli.ng of l a r g e - s c a l e  water systems. Remote sens ing  provided r e p e t i t i v e  
d a t a  t:o ea.ch of  t hese  important app l i ca t ions .  A s i g n i f i c a n t  e f f o r t  i s  
planned t o  use  ice  surveys i n  t h e  Great Lakes t o  extend t h e  win te r  nav iga t ion  
season. The Coast Guard, t h e  Corps of Engineers ,  sh ipping  i n d u s t r y ,  and 
Canada w i l  I. use r a d a r  imagery techniques developed by NASA. 

F i s h e r i e s  r e sea rch  w i l l  cont inue  on the  sens ing  and s tudy  of ocean co lo r ,  
which i n d i c a t e s  n u t r i e n t - r i c h  upwell ings,  and ch lo rophy l l  de t ec t ion - -a  
measure of plankton concent ra t ion .  Currents  and wave processes  w i l l  be 
modelled i.n (:ombination wi th  r e p e t i t i v e  obse rva t ions ,  inc luding  r a d a r .  

The deve:lopment of  microminia tur iza t ion  and modular des ign  of instruments  
f o r  l o c a t i o n  and t r ack ing  of w i l d l i f e  w i l l  c o n t r i b u t e  t o  monitor ing food 
r e sources  ant1 endangered spec ie s  (e.g. ,  whales) i n  t h e  fu tu re .  

Cooperat ive e f f o r t s  w i l l  cont inue  wi th  t h e  S t a t e s  (Texas, C a l i f o r n i a ,  
Mississ ipp: i ,  Arizona) and Federal  agencies  (USDI, USDA, USACE, TVA) i n  
t r a n s f e r r i n g  technology developed by NASA t o  t h e  r e spons ib l e  ope ra t ing  
department:;. I n t e r n a t i o n a l  i n t e r e s t  and involvement i s  extremely high, 
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FY 1975 funding a l s o  provides  f o r  program support  services p r i m a r i l y  a t  
Johnson Space Center,  t h e  l o c a t i o n  of t he  Ear th  Resources Program Of f i ce  
( l ead  c e n t e r ) .  The s e r v i c e s  involve  computer ope ra t ions ,  engineer ing ,  
photographic  s e r v i c e s ,  and d a t a  a n a l y s i s .  

_--- Ear th  and Ocean Physics  Appl ica t ions  Program (EOPAP) 

1973 1974 1975 

Geodynamic eKperimenta1 ocean 

Laser geodynsmic s a t e l l i t e  (LAGEOS) - - -  1,300,000 2,300,000 
Ocean dynamics s a t e l l i t e  (SEASAT-A) - - -  - - -  8 , 000 , 000 

Measurement systems, fo recas t ing  

sa t e l l  i t  e (GEOS -C) ............... $4 . 195 . 500 $ 3  . 400 . 000 $900 , 000 

Tectonic  plate mot ion . . . . . . . . . . . .  .. ---  - - -  2 , 000 , 000 

techniques and modeling/ advanced 
s t u d i e s  .......................... 1 , 859 , 000 3,000,000 2,600,000 

Experiment d a t a  a n a l y s i s  ........... ---  2,700,000 2,700,000 
Geodet ic  s a t e l l i t e s  (GEOS 1&2). .... 1,145,500 - - -  - - -  

T o t a l  .......................... $7.200.000 $10.400.000 $18.500.000 

The Ear th  and Ocean Physics  Appl ica t ions  program (EOPAP) provides  t h e  focus 
f o r  those  a p p l i c a t i o n s  which make use  of space and space der ived  techniques 
fo r  very p r e c i s e  monitoring of t he  e a r t h  c r u s t a l  motion, po la r  movement and 
changes i n  r o t s t i o n  ra te ;  as w e l l  as monitor ing numerous ocean phenomenon, 
such as sea s t a t e ,  c u r r e n t s ,  s u r f a c e  winds and gene ra l  ocean c i r c u l a t i o n  
on a g loba l  b a s i s .  

The Geodynsmic Experimental Ocean S a t e l l i t e  (GEOS-C) p r o j e c t  has  t h e  ob- 
j e c t i v e  of demonstrat ing a much improved alt imeter which can not. only measure 
t h e  topograpny oE t h e  e a r t h ' s  oceans t o  an accuracy of approximately 30 cm, 
but  which C i z 1  < s l ! j O  measure the  wave h e i g h t  (or  sea s t a t e ) .  The measurements 
of  the  ocean topography w i l l  provide the  c a p a b i l i t y  t o  make a more p r e c i s e  
mathematical  d e s c r i p t i o n  of t he  e a r t h ' s  g r a v i t y  f i e l d  and improve t h e  
measurements o E t h e  v a r i a t i o n s  i n  s o l i d  e a r t h  geometry and o t h e r  geophysical  
areas. In  a d d i t i o n ,  i t  w i l l  a l s o  lead  t o  a b e t t e r  understanding of t he  
ocean ciirreii ts  and the  genera l  ocean c i r c u l a t i o n .  

The Laser  Geodynamic S a t e l l i t e  (LAGEOS) p r o j e c t ,  w i th  i t s  very dense 
s p h e r i c a l  s a t e 1 l . i t e  covered wi th  laser r e f l e c t o r s ,  has  the  o b j e c t i v e  of 
providing t h ?  Icapabili ty t o  make very accu ra t e  measurements of t h e  e a r t h ' s  
c r u s t a l  motisn:; ( ( t ec ton ic  p l a t e  movement, f a u l t  motions,  po la r  wobble and 
r o t a t i o n  r a t ' ) .  These d a t a  w i l l  l e a d  t o  a b e t t e r  understanding of e a r t h -  
quake mechanisms by providing extremely accu ra t e  knowledge of ckanges i n  
p o s i t i o n s  oE ci:ustal elements on t h e  s u r f a c e  of  t he  e a r t h .  I n  s d d i t i o n ,  
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t h e  d a t a  c o l l e c t e d  from r e f l e c t i n g  laser beams o f f  t h e  s a t e l l i t e  w i l l  permit  
t r a c i n g  t h e  movements of t h e  t e c t o n i c  p l a t e s  which make up the  e a r t h ' s  su r f ace :  
and determining how t h e  r o t a t i o n a l  a x i s  and s p i n  o f  t he  e a r t h  about t h i s  a x i s  
are a f f e c t e d  by these  movements. 

The f i r s t  Ocean Dynamics S a t e l l i t e  (SEASAT-A) w i l l  demonstrate  on a g loba l  
s c a l e  an i n t e g r a t e d  monitor ing and d a t a  ga the r ing  c a p a b i l i t y  f o r  a wide range 
of phys i ca l  ocean c h a r a c t e r i s t i c s ,  inc luding  wave h e i g h t  and shape, t h e  
l o c a t i o n  and motion of c u r r e n t s ,  g loba l  c i r c u l a t i o n  p a t t e r n s ,  ocean wind, 
and t h e  ocean geoid (topography of t he  oceans) .  SEASAT-A w i l l  provide d a t a  
f o r  u se r  a p p l i c a t i o n s ,  inc luding  p r e d i c t i o n s  of sea s t a t e  and ocean wind 
f i e l d s  f o r  s h i p  r o u t i n g ;  improved des ign  informat ion  f o r  s h i p s ;  c o a s t a l  
d i s a s t e r  warning; c o a s t a l  p r o t e c t i o n  and development; and des ign  and s i t i n g  
c r i t e r i a  f o r  deep water p o r t s  and o f f shore  f a c i l i t i e s ,  such as nuc lea r  
power p l a n t s  and l a r g e  o i l  d r i l l i n g  r i g s .  
i n  determining t h e  d i s t r i b u t i o n  of fo re ign  materials dumped i n  t h e  oceans 
as w e l l  as lcng t e r m  ( seasonal )  climate p r e d i c t i o n  and weather fo recas t ing .  

The same d a t a  w i l l  be very u s e f u l  

The Tectonic  P l a t e  Motion p r o j e c t  i s  concerned wi th  t h e  use  of e x i s t i n g  
c a p a b i l i t i e s  t o  measure p r e c i s e  motions between def ined  p o i n t s ,  us ing  both 
laser t r ack ing  and very long b a s e l i n e  in t e r f e romet ry .  This p r o j e c t  w i l l  
commence i n  FY 1975 a f t e r  d a t a  from s p e c i f i c  pre l iminary  f i e l d  experiments 
and f e a s i b i l i t y  demonstrat ions a l r eady  conducted are completely analyzed. 

Measurements Systems and Forecas t ing  Techniques ac t iv i t i e s  involve  t h e  
planning and implementation of  s c i e n t i f i c  and t e c h n i c a l  r e sea rch  and o the r  
suppor t ing  a c t i v i t i e s  i n  u n i v e r s i t i e s ,  non-p ro f i t  and i n d u s t r i a l  organiza-  
t i o n s ,  NASA c e n t e r s ,  and o the r  Government agencies .  These ac t iv i t i e s  i n -  
c lude:  planning and conducting f i e l d  experiments and f e a s i b i l i t y  demon- 
s t r a t i o n s ,  conducting s t u d i e s  aimed a t  improvement i n  va r ious  measurement 
c a p a b i l i t i e s ,  and suppor t ing  r e sea rch  d i r e c t e d  toward improvement i n  e a r t h  
and ocean dynamics model development. 

Experiment Data Analysis  provides  f o r  t he  a n a l y s i s  and s y n t h e s i s  of d a t a  
obtained i n  EOPAP i n v e s t i g a t i o n s ,  e .g . ,  t h e  process ing ,  eva lua t ion  and 
i n i t i a l  a n a l y s i s  of pre l iminary  San Andreas F a u l t  Experimentation d a t a  
taken during a f e a s i b i l i t y  demonstrat ion i n  1973; and t h e  a n a l y s i s  and 
eva lua t ion  of t he  d a t a  taken during a i r c r a f t  experimental  f l igh t : ;  which 
c a r r y  developmental instruments  t o  be used i n  f u t u r e  miss ions ;  e . g . ,  
an imaging r ada r  planned f o r  SEASAT-A. 
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-- Geo&namic Experimental Ocean S a t e l l i t e  (GEOS-C) 

1973 1974 1975 - 
Spacecraft:.  ........................ $2,400,000 $2,400,000 $70,000 

402,000 
Ground ope ra t ions .  ................. 200,000 400,000 428,000 
Sensors ............................ 1 , 595,500 600,000 

T o t : a l . . . . . . . . . . . . . . . . . . . . . .  ...... $4,195,500 $3,400,000 $900,000 

D e l t a  (Launc:h Vehicle  Procurement 
( - - - )  ( - - - )  progranizl ......................... (3 ,800,000)  

Tota l  (,inc:luding launch 
vehic:!.es) ...................... ($7 : 995 a5001 ($3.400 .OOO) ($900. OOC!) 

The GEOS-(2 program w i l l  demonstrate t h e  f e a s i b i l i t y  of s a t e l l i t e  r ada r  
a l t i m e t r y  t o  measure general. sea s u r f a c e  topography t o  an accuracy of 0.5 
meters,, as we1.1 as determine wave he igh t .  
r e f i n e  the  geodet ic  and geophysical  r e s u l t s  of t h e  Nat ional  Geodet ic  
S a t e l l i t e  program. Fur the r ,  i t  w i l l  be used i n  provid ing  d a t a  t o  i n v e s t i -  
g a t e  s o l i d  e a r t h  dynamic phenomena such as p o l a r  motion and e a r t h  r o t a t i o n  
v a r i a t i o n s : ,  e a r t h  t i d e s ;  and c o n t i n e n t a l  d r i f t  theory ,  employing p r e c i s i o n  
1 as e r  rang iiig ,, 

It w i l l  a l s o  provide d a t a  t o  

Experiments inc lude :  (1) a p r e c i s i o n  r a d a r  a l t imeter  t o  measure the  ocean 
su r face  top’graphy and sea s t a t e  (wave h e i g h t ) ,  (2)  s a t e l l i t e - t o - s a t e l l i t e  
t r ack ing ,  u t i ’ t i z i n g  ATS-F i n  synchronous o r b i t  t o  demonstrate t h e  d i r e c t  
measuri3ment oE t h e  e a r t h ’ s  g r a v i t y  f i e l d ,  ( 3 )  p r e c i s i o n  laser t r ack ing  t o  
determine p r e c i s e  l o c a t i o n s  on t h e  e a r t h ’ s  s u r f a c e ,  and (4) intercomparisons 
of new and 2s t ab l i shed  techniques.  The major FY 1975 e f f o r t s  inc lude  the  
launch operst: ions a t  t h e  Western Tes t  Range e a r l y  i n  FY 1975, mission 
support  during t h e  year  fo r  d a t a  c o l l e c t i o n ,  and t h e  s t a r t  of d a t a  a n a l y s i s .  

---J Laser Geod rnamic S a t e l l i t e  (LAGEOS) 

1974 1975 - 1973 

Spacecraf t  .......................... - -- $830 , 000 $1,455,000 
Ground ope r s t ions  ................... - - -  470, OOC! 845 , OOC! 

T o t a l . . , . . .  ....................... - - -  1,300 , 000 2,300,000 

Delta (Launch Vehic le  Procurement 
program) .......................... - - -  ( 3  , 000 , OOC!) ( 1,600 , 000) 

Tota l  ( inc luding  launch 
veh ic l e s )  ..................... - - -  ($4.300.000)  ( $3.900.0C!Q) __ 
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The LAGEOS program w i l l  provide t h e  c a p a b i l i t y  f o r  making extremely accu ra t e  
de te rmina t ions  of t he  e a r t h ' s  c r u s t a l  and r o t a t i o n a l  motions by means of l a s e r  
t r ack ing  techniques.  It w i l l  be  a major advance over GEOS-C and o t h e r  current:  
c a p a b i l i t i e s  fin t h i s  r e spec t .  LAGEOS w i l l  be employed t o  observe a number of 
phenomena a s soc ia t ed  wi th  ear thquakes,  inc luding  f a u l t  motion; r e g i o n a l  s t r a i n  
f i e l d s ;  d i l a t a n c y ;  t e c t o n i c  p l a t e  motion; po la r  motion; e a r t h  r o t a t i o n ;  and 
s o l i d  e a r t h  t i d e s ,  as w e l l  as t o  determine accu ra t e  s t a t i o n  l o c a t i o n s  f o r  
use  i n  o the r  e f f o r t s  such a s  t h e  EOPAP ocean dynamics program. 

The LAGEOS program inc ludes  t h e  bu i ld ing  and launching of a very  accu ra t e  
r e fe rence  sate1:Lite inco rpora t ing  p r e c i s i o n  r e t r o r e f l e c t o r s  , t he  development 
and use  of accu ra t e  laser ground t r ack ing  s t a t i o n s ,  and t h e  a p p l i c a t i o n  of 
t h e  laser d a m  i n  connection wi th  t h e  gene ra t ing  of models of t he  e a r t h ' s  
c r u s  t a l  and tl:pamical motions. 

The s a t e l l i t e  w i l l  be a dense sphere  covered wi th  approximately 500 laser 
r e t r o r e f l e c t o r s .  Having a diameter of  about 0.6 meters (2 f e e t ) ,  i t s  high 
d e n s i t y  w i l l  r e s u l t  i n  a weight of approximately 400 kg (880 pounds). I ts  
a r r a y  of corner  r e f l e c t o r s  w i l l  be  e s p e c i a l l y  designed t o  minimize e r r o r s  
a s s o c i a t e d  wi th  t h e  r e f l e c t i o n  of  t h e  sha rp  laser pulses .  It  w i l l  be launched 
i n t o  a h igh  acircu'lar o r b i t  a t  a h igh  i n c l i n a t i o n .  I t s  a l t i t u d e  w i l l  be  g r e a t  
enough t o  l e s s e n  t h e  e f f e c t  of o r b i t a l  u n c e r t a i n t i e s  due t o  imperfec t  know- 
ledge  of t h e  e a r t h ' s  g r a v i t a t i o n a l  f i e l d ,  and i t  w i l l  be dense enough t o  
markedly diminish t h e  e r r o r s  i n  i t s  p o s i t i o n  caused by v a r i a t i o n s  i n  t h e  
p re s su re  of r a d i a t i o n  from t h e  sun and t h e  e a r t h .  The h igh  orbit :  i s  a l s o  
w e l l  s u i t e d  t o  the  problem of  measuring l a r g e  scale motions of t h e  e a r t h ' s  
c r u s t a l  p l a t e s  and t h e  dynamical motions of t h e  e a r t h  as a whole as i t  
r o t a t e s  about i t s  po la r  axis. 

This  w i l l  b e  t h e  f i r s t  t i m e  t h a t  both a t o t a l  s a t e l l i t e  system and i t s  
o r b i t  have been designed e s p e c i a l l y  f o r  t h e  purpose of making t h e  kind of 
accu ra t e  measurements of  t h e  e a r t h ' s  c r u s t a l  and dynamic motions which are  
needed t o  develop a b e t t e r  understanding of ear thquake mechanisms. 

A f e a s i b i l i t y  s tudy dea l ing  wi th  a l l  the  major a s p e c t s  of t he  s p a c e c r a f t  
and i t s  r e l a t i o n s h i p  t o  t h e  laser ground t r ack ing  system has  been completed, 
and a d e t a i l e d  pre l iminary  design i s  being c a r r i e d  out  i n  FY 1971'~. 
design a.nd a c . t u a 1  cons t ruc t ion  of the  spacec ra f t  w i l l  begin i n  FU 1975. 

F i n a l  

The development of accu ra t e  laser ground systems e s p e c i a l l y  designed t o  
t r a c k  LAGEOS w i l l  be cont inued i n  FY 1975, as w i l l  t h e  key p repa ra t ions  
f o r  analyzing the  h ighly  accu ra t e  d a t a ,  which w i l l  be  generated by t h e  
o v e r a l l  LAGEKE sys tem.  
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Ocean Dynamics S a t e l l i t e  (SEASAT-A) 

1973 1974 1975 - 
Spacecraf t  des ign ,  development 

- - -  $3,200,000 
Sensor development .................. - - -  - - -  4,800,000 

and t e s t . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -  

T o t a l . . .  ........................ $8.000.000 

The monitor ing of t he  oceans from space w i l l  provide oceanographers f o r  
t h e  f i r s t  time a i t h  the  kind of g l o b a l ,  synopt ic  coverage f o r  s c i e n t i f i c  
ana lyses  which have a l r eady  been suppl ied  by TIROS and NIMBUS s a t e l l i t e s  
t o  me teo ro loz i s t s  i n v e s t i g a t i n g  t h e  atmosphere, and by the  ERTS space- 
c r a f t  t o  s c i e n t i s t s  s tudying the  land.  A sound foundat ion of s c i . e n t i f i c  
knowledge of t he  (oceans a s  g loba l  systems, based on the  SEASAT-A d a t a ,  w i l l  
c o n s t i t u t e  an ind ispensable  base upon which t o  b u i l d  new ocean dynamics 
fo recas t ing  c a p a b i l i t i e s  having major s c i e n t i f i c  and economic p o t e n t i a l .  

NASA and use r  o rgan iza t ions  (DOD, DOT, DOC, and Research I n s t i t u t i o n s ) ,  
have mutually def ined  a program plan  f o r  oceanographic r e sea rch  and ocean 
dynamics fo recas t ing ;  t he  nex t  major s t e p  i n  t h i s  p l an  i s  the  SEASAT-A 
p r o j e c t .  The sensor  c h a r a c t e r i s t i c s  r equ i r ed  t o  measure t h e  parameters  
needed f o r  SEAS.4T have been def ined  j o i n t l y  by NASA and the  u s e r s  i n  the  
concept s t u d i e s .  During t h e  d e f i n i t i o n  phase i n  FY 1974, the  pre l iminary  
design of the  instrument  subsystems as w e l l  as t h e  s p a c e c r a f t  w i l l  be 
e s t a b l i s h e d .  Instruments  being t e s t e d  under the  Advanced Appl ica t ion  
F l i g h t  Experiments program w i l l  provide t h e  b a s i s  f o r  most of t h e  i n -  
strument subsystem design.  The development phase design e f f o r t  t o  begin 
i n  1975 w i l l  e n t a i l  f i n a l  des ign  and engineer ing  eva lua t ion  and t e s t i n g  
of t h e  experiment subsystems and t h e  s p a c e c r a f t .  

The s a t e l l i t e  w i l l  weigh about 1,000 Kg and w i l l  be  launched i n t o  a 
high i n c l i n a t i o i  o r b i t  by a Delta launch v e h i c l e  i n  1978. It  w i l l  u t i l i z e  
s p a c e c r a f t  s u b s y s t e m  designs proven i n  o t h e r  NASA programs, and w i l l  c a r r y  
a mutually siippor t i ng  ocean dynamics ins t rumenta t ion  complement. Candidate 
instruments  c u r r e n t l y  inc lude  a p r e c i s i o n  r ada r  a l t imeter ,  an imaging 
r a d a r ,  a microwave rad iometer ,  a sca t t e romete r ,  and a v i s i b l e  and i n f r a r e d  
imager. These instruments  w i l l  provide t h e  c a p a b i l i t y  t o  monitor the  
wor ld ' s  oceans every th ree  days and d e t e c t  sea s t a t e  (wave h e i g h t ) ;  wind 
speed; wind <and wave d i r e c t i o n ;  ocean temperature;  and ocean s u r f a c e  
topography, froin which cu r ren t  and geoid parameters can be der ived .  These 
d a t a  w i l l  be furn ished  by NASA t o  oceanographers f o r  s c i e n t i f i c  s t u d i e s .  
They w i l l  a l s o  b e  used as inpu t s  t o  use r  models, which w i l l  gene ra t e  fo re -  
c a s t s  of ocesn su r face  condi t ions  such as sea s t a t e ,  wave h e i g h t  and winds. 

RD 8-41 



Exis t ing  NASA systems w i l l  be used t o  demonstrate t he  d a t a  process ing  and 
d isseminat ion  c a p a b i l i t i e s  needed f o r  the  f o r e c a s t i n g  systems. I n v e s t i g a t o r s  
of t h e  po la r  r eg ions  w i l l  see ex tens ive  areas of  t h e  p o l a r  ice cap as dy- 
namical,  evolving systems i n  t h e  images provided by SEASAT. 

SEASAT w i l l  make a major c o n t r i b u t i o n  t o  t h e  s tudy of a i r -sea in t e rac t ions ; ,  
which i s  perhaps t h e  most s i g n i f i c a n t  " in t e r f ace"  sc i ence  involv ing  our 
p l ane t .  0c:eanographers , meteoro logis t s  , and c l i m a t o l o g i s t s  w i l l  be a b l e  t o  
use  SEASAT information on wave h e i g h t  and d i r e c t i o n ,  s u r f a c e  winds and ocean 
temperature:; ob ta ined  g l o b a l l y  i n  v i r t u a l l y  a l l  weather  cond i t ions .  They 
w i l l  have i t  g loba l  v i e w ,  bu t  w i l l  a l s o  be a b l e  t o  s c r u t i n i z e  l o c a l  systems, 
such as hurric:anes, i n  d e t a i l .  Targe ts  of oppor tuni ty ,  such as tsunamis,  
w i l l  a l s o  be wat:ched f o r  and analyzed as they c r o s s  SEASAT's path.  

Geodesist::; tire a l s o  among t h e  s c i e n t i s t s  who w i l l  t ake  a major s t e p  
forward by analyzing SEASAT da ta .  The f i n e  s t r u c t u r e  of t h e  geoid which 
they w i l l  Cletermine wi th  much g r e a t e r  accuracy i n  t h e  SEASAT d a t a  w i l l  be 
s tud ied  keenly by t h e  t e c t o n i c  p h y s i c i s t s  as they search  f o r  c l u e s  about 
t h e  st i :ucture of t h e  e a r t h ' s  c r u s t .  The sc i ence  of  o r b i t  de te rmina t ion  
w i l l  a l s o  b e n e f i t  from the  use  of the  new type of s a t e l l i t e  p o s i t i o n  d a t a  
provided by the  SEASAT altimeter. 

This  SEASAT-A instrument  complement w i l l  enable  t h e  monitor ing of ocean 
s u r f a c e  conc1it:ions t o  be accomplished wi th  t h e  p r e c i s i o n  and r e p e t i t i o n  
necessary t:o make major advances toward t h e  f o r e c a s t i n g  c a p a b i l i t y .  
SEASAT-A wi.l.l i n  t h i s  way provide d a t a  f o r  u s e r  a p p l i c a t i o n s  inc luding  
p r e d i c t i o n s  of wave h e i g h t  and d i r e c t i o n  and wind f i e l d s  f o r  s h i p  r o u t i n g ,  
s h i p  design !, E: torm-damage avoidance , c o a s t a l  p r o t e c t i o n  and development , 
and deep wai:er' p o r t  development. 

Based on t h e  r e s u l t s  of t h e  SEASAT-A d a t a  ana lyses  and t h e  improvements 
they w i l l  a l .10~ i n  ocean and weather f o r e c a s t i n g  models, i t  should be 
p o s s i b l e  t o  d e f i n e  and develop f o r e c a s t i n g  systems which w i l l  p rovide  
ocean c:ondi.i:ions, as w e l l  as ocean in f luence  inpu t s ,  necessary  f o r  14-day 
worldwide weat:her fo recas t ing .  

Tectonic  P l a t e  Motion 

1975 - 1974 - 1973 

Tectonic  p l a t e  motion.. .............. --- - - -  $2,000 , 000, 

T o t : a l . . . . . . . . . . . . . . . . . . . . . . . . .  ..... --- - - -  $2,000,000, 
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One of t h e  keys t o  understanding and p r e d i c t i n g  ear thquakes i s  t h e  a b i l i t y  
t o  measure t h e  movement of t h e  g i a n t  t e c t o n i c  p l a t e s  which make up t h e  e a r t h ' s  
c r u s t .  I f  two ad jo in ing  p l a t e s  are moving a t  c e r t a i n  p l aces ,  bu t  are  locked 
elsewhere,  t h e n  s t r a i n  i s  bu i ld ing  up. When t h i s  s t r a i n  i s  r e l e a s e d  an e a r t h -  
quake occurs .  During t h e  p a s t  two y e a r s ,  experimental  d a t a  have been c o l l e c t e d  
and major progress  has  been made i n  measurement systems, as w e l l  as modeling 
c a p a b i l i t i e s , o p e n i n g  up new p o s s i b i l i t i e s  f o r  ga in ing  an understanding of t he  
phys ics  involved. During FY 1974 these  experiments w i l l  be  cont inued and the  
d e f i n i t i o n  of t h r e e  demonstration p r o j e c t s  w i l l  be completed. A s  a r e s u l t  
of t he  a n a l y s i s  of t hese  s p e c i f i c  pre l iminary  f i e l d  experiments and f e a s i -  
b i l i t y  demonstrat ions,  t h e  Tectonic  P l a t e  Motion p r o j e c t  as descr ibed  below 
w i l l  be implemented i n  FY 1975. 

San Andreas Fau l t  Experiment (SAFE): The San Andreas F a u l t  i n  C a l i f o r n i a  
has  been s e l e c t e d  as an i d e a l  t e s t i n g  ground f o r  a demonstrat ion.  We w i l l  
o b t a i n  the  t echn ica l  d a t a  which i s  needed f o r  t h i s  area of t he  a p p l i c a t i o n s  
program and w i l l  a l s o  s ta r t  toward the  p rov i s ion  of p o t e n t i a l  f u t u r e  benefit : ;  
t o  t he  people of C a l i f o r n i a ,  who are p a r t i c u l a r y  vu lne rab le  t o  ear thquake 
hazards .  T h e  San Andreas F a u l t  Experiment w i l l  demonstrate  t he  f e a s i b i l i t y  
of us ing  s a t e l l i t e - t r a c k i n g  lasers t o  determine s u r f a c e  motions along an 
a c t i v e  f a u l t  over a per iod  of s e v e r a l  yea r s .  Mobile lasers p laced  a t  least  
100 km (62 mi le )  from the  f a u l t  l i n e  on oppos i te  s i d e s  and sepa ra t ed  by 
850 km (528 m i l e s ) ,  w i l l  be  used t o  measure i n t e r s t a t i o n  changes i n  b a s e l i n e  
l eng th  t h a t  can be r e l a t e d  t o  t e c t o n i c  and c r u s t a l  motion. The i n i t i a l  
two s i t e s  w i l l  be i n  C a l i f o r n i a  a t  Quincy (on t h e  North American P l a t e )  
and near  Sarl Lliego (on t h e  P a c i f i c  P l a t e ) .  This  demonstrat ion p r o j e c t  i s  
being done i n  conce r t  wi th  ground-based ac t iv i t i e s  being conducted by U.S. 
Geological  Survey and o the r s .  Co- inves t iga tors  from t h e  USGS and Lamont- 
Doherty Geophysical Observatory of Columbia Univers i ty  are p a r t i c i p a t i n g  
wi th  NASA personnel  on t h i s  p r o j e c t .  

Astronomic Radio I n t e r f e r o m e t r i c  Ear th  Surveying (ARIES): The o b j e c t i v e  
of t h i s  projec:t  i s  t o  demonstrate t h e  use  of a Very Long Base l ine  I n t e r -  
feromet:ry (yLE;I) s t a t i o n  f o r  t h e  measurement of r e g i o n a l  c r u s t a l  motion. 
This technique, using d i s t a n t  stars as a r e fe rence ,  i s  an a l t e r n a t i v e  
t o  laser t r ack ing  of s a t e l l i t e s  and should be c a r e f u l l y  eva lua ted .  A 
su rp lus  U . S .  Army antenna s t a t i o n  t r a n s f e r r e d  t o  NASA a t  no c o s t  is  being 
modified t o  make V L B I  observa t ions .  The s t a t i o n  w i l l  be c a l i b r a t e d  a g a i n s t  
t he  two main JPL, Goldstone s t a t i o n s  s o  as t o  encompass a c r i t i c a l  c losu re  
experiment. T3-e p o r t a b l e  s t a t i o n  w i l l  then be loca ted  near  va r ious  bench- 
marks i n  t h e  f i r s t  o rder  p r e c i s i o n  geode t i c  survey g r i d  i n  the Los Angeles 
bas in ,  i n  order  t o  v a l i d a t e  t h e  accuracy of t he  V L B I  measurement technique. 
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Pacific PlateMotion Experiment (PPME): The primary objective of this pro- 
ject is to conduct a very large spatial scale experiment to determine the 
relative motion!; of the Pacific Plate, the North American Plate, and the 
Eurasian Plate. These motions will then be used to develop a tectonic plate 
motion model on a global scale. A number of existing stations in the 
continental lJ.S. will be furnished with equipment in order to enable them 
to be used for VLBI measurements from which the motions of these tectonic 
plates will be determined. In addition, an existing station in Alaska, 
one in Japan, and one in Hawaii will also be equipped for VLBI measurements. 

--_- Measurement Systems and Forecasting Techniques/Advanced StudiE 
1974 1975 - 1973 

Measurement s:ys tems and forecasting 
techniques ....................... $1,859,000 $3,000,000 $2,600,000 

Total...... .................... $1,859.000 $3.000.000 $2.600.000 

The objectives of Measurement Systems and Forecasting Techniques are to 
establish a base of analytical and experimental techniques and feasibility 
investigations which are required for the orderly development anti implementa- 
tion of the Earth and Ocean Physics Applications program. 

This effort consists of an integrated series of interconnected tasks in- 
cluding: systems studies for the Earth and Ocean Physics Applications 
program; design studies of:' advanced satellite and ground systems; analytical 
design of Earth and Ocean Physics Applications program missions; preliminary 
design of experiments (ground-based, aircraft, ships, buoys, and satellites); 
establishment of measurement requirements; design of sensors and subsystems; 
feasibility experiments on new techniques; intercomparison experiments; 
analytical models for earthquake hazard assessment and alleviation, ocean 
currents, ocean dynamics effects, circulation and transport; and development 
and testing of forecasting techniques. Universities, institutions, and 
other Government agencies will be funded to perform scientific studies 
of  fundamental phenomena in earth and ocean dynamics as a basis for the 
detailed requirements for experimental and analytical techniques. 

Efforts will include studies utilizing space techniques which will lead 
to a better understanding of the mechanisms governing the dynamics of the 
solid earth and the world's oceans. In this way both improvement in models, 
instruments and techniques development will proceed in an orderly fashion. 
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Experiment Data Analysis  

1975 - 1974 - 1973 

Experiment d a t a  a n a l y s i s  ............ --- $2,700,000 $2,700,000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --- $2.700.000 S2.700.000 

Experiment Data Analysis  has  t h e  fol lowing o b j e c t i v e s :  t o  analyze a l l  d a t a  
obtained i n  t h e  Earth and Ocean Physics  Appl ica t ions  program, inc luding  d a t a  
obtained from ear th-based  experiments and e a r t h / s a t e l l i t e  experiments,  and t o  
apply these  data t o  par t ic :u la r  end o b j e c t i v e s ,  such as mapping arid modeling 
ocean c u r r e n t s ;  monitoring and f o r e c a s t i n g  sea s ta te ,  o the r  ocean dynamics 
e f f e c t s ,  and the  i n t e r a c t i o n s  between ocean and atmosphere; and a s ses s ing  
ear thquake hazards .  

FY 1975 funds fo r  d a t a  a n a l y s i s  w i l l  provide f o r  t h e  a n a l y s i s  of  experiments 
c u r r e n t l y  i n  process  t o  demonstrate t h e  a p p l i c a t i o n  of p r e c i s i o n  laser ranging 
t o  s a t e l l i t e s  f o r  t he  measurement of f a u l t  motions. Included i n  t h i s  e f f o r t  
are the  a n a l y s i s  and eva lua t ion  of new methods of making p r e c i s i o n  measure- 
ments of  c r u s t a l  deformations and e a r t h  motions,  as w e l l  as intercomparisons 
of b a s i c  measurement and a n a l y t i c a l  techniques,  and t h e  a n a l y s i s  and eva lua t ion  
of r e l a t e d  e a r t h  dynamics experiments.  

F u r t h e r ,  i.ri EY 1975 the  a n a l y s i s  of d a t a  from GEOS-C experiments involving 
r ada r  a l t i m e t r y ,  laser ranging,  s a t e l l i t e - t o - s a t e l l i t e  t r ack ing ,  and o ther  
techniques w i l l  be i n i t i a t e d .  

Data from such experiments,  both ear th-based  and e a r t h / s a t e l l i t e  expe r i -  
ments, w i l l  b e  analyzed t o  determine a p p l i c a b i l i t y  t o  p a r t i c u l a r  problems, 
and f e a s i b i l i t y  and l i m i t a t i o n s  i n  provid ing  s o l u t i o n s  t o  these  problems. 
Data from intercomparison experiments w i l l  be analyzed t o  e s t a b l i s h  t h e  
r e l a t i v e  m e r i t s  of a l t e r n a t e  techniques and the  a p p l i c a t i o n s  of acqui red  
d a t a  t o  t h e  development and assessment of a n a l y t i c a l  models f o r  ocean 
c u r r e n t s ,  t r a n s p o r t  and c i r c u l a t i o n ,  and o the r  e a r t h  and ocean dynamic 
e f f e c t s .  

Space Process ing  

1974 - 1973 

Ground -based i n v e s t i g a t i o n s  ana lyses  

Space processing sounding rocke t  
and s tudi  es ........................ ($3 , 100, OOO)Jc  $3,000,000 

m i s s i o n s . . . . . . . . . . . . . . . . . . . . . . . .  .. -- - - - -  

T c t a l . . . . . . .  ..................... ($3.100.000) $3.000.000 

1975 

$3,100,000 

400,000 

$3.500.000 

:k Funded under Space F l i g h t  Operat ions.  
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The NASA space process ing  program i s  designed t o  i n v e s t i g a t e  the  u t i l i t y  of 
space f l i g h t  f o r  work i n  materials sc i ence  and technology and u l t i m a t e l y  
f o r  commercial manufacturing of unique new high-technology products  i n  space 
f o r  u se  on e a r t h .  I n  FY 1974, o t h e r  than t h e  s i g n i f i c a n t  Skylab work c a r r i e d  
f o r t h  by Manned Space F l i g h t ,  t he  program is  l i m i t e d  t o  ground-based i n -  
v e s t i g a t i o n s  of p rospec t ive  space processes  and products .  I n  FY 1975 we  w i l l  
i n i t i a t e  sounding rocke t  missions t o  accomplish pre l iminary  tests of promising 
processes  and techniques.  Ground-based i n v e s t i g a t i o n s  w i l l  emphasize materials 
and processes  t h a t  appear t o  have p o t e n t i a l  f o r  e a r l y  a p p l i c a t i o n s ,  as d e t e r -  
mined by previous  s t u d i e s  and experimentat ion.  These i n v e s t i g a t i o n s  w i l l  i n -  
c lude :  u l t r a p u r i f i c a t i o n  of metals and ceramics;  p repa ra t ion  of medical 
products ,  such as s p e c i f i c  types of blood cel ls  and pure  c e l l  c u l t u r e s ;  growth 
of semi-conductor materials by space-based methods; and producti.on of new 
types of o p t i c a l  g l a s s .  The economics of space process ing  w i l l  be s tud ied  
concurren t ly  , u s  ing these  products  and processes  as r e fe rences  , and ex- 
p lo ra to ry  work w i l l  cont inue  i n  a v a r i e t y  of o t h e r  areas of meta l lurgy ,  
e l e c t r o n i c  m a t e r i a l s ,  ceramics and g l a s s ,  and b i o l o g i c a l  products .  

Sounding rocke t  f l i g h t s  i n  FY 1975 w i l l  be i n i t i a t e d  t o  perform experiments; 
on processes  and techniques t h a t  can be t e s t e d  i n  f l i g h t  du ra t ions  of f i v e  
t o  ten  minutes.  These f l i g h t s  w i l l  provide o p p o r t u n i t i e s  f o r  r e p e t i t i v e  
experiments ~ndei: weight less  cond i t ions  be fo re  S h u t t l e  ope ra t ions  begin.  
Experiments Tsi'L1 be acqui red  through an  open Announcement of F l i g h t  
Opportunity snd w i l l  permit  p o t e n t i a l  u s e r s  of t h e  Shu t t l e lSpace lab  system 
t o  ga in  ear:L:f r e s u l t s  and exper ience  a t  r e l a t i v e l y  low c o s t .  

The space y o c e s s i n g  program w i l l  a l s o  provide  r e f e r e n c e  information i n  
support  o f  t he  S h u t t l e  Experiment D e f i n i t i o n  program and t h e  f l i g h t  exper i -  
ments p:Lanned for: t he  Apollo Soyuz Test P r o j e c t  t o  t ake  p l ace  i n  mid-1975. 

- Ground -Based I n v e s t i g a t i o n s ,  Analyses and S tud ie s  

1973 - 1974 - 1975 

Ground -based i n v e s t i g a t i o n s  , 
analyses  arid s t u d i e s . . . .  ......... ($3,1OO,OOO)~k $3,000,000 $3,100,000 

To ta l .  ,... ...................... ($3.1OO.OOO)'k $3.000.000 $3.100.000 

JC Funded under Space F l i g h t  Operations.  

The primary emphasis i n  Space Process ing  Ground-Based I n v e s t i g a t i o n s  and 
Analyses i s  on r e sea rch  and development concerning materials and processes .  
I n  previous yea r s  t h i s  work has been l a r g e l y  exp lo ra to ry ,  seeking  t o  iden-  
t i f y  promising prospec ts  and tes t  them t o  t h e  e x t e n t  p o s s i b l e  through use  
of ground-based! f a c i l i t i e s ,  inc luding  f r e e - f a l l  tes ts  i n  drop towers of  a 
few seconds du ra t ion  and during a i r c r a f t  f l i g h t s .  Work w i l l  now be conducted 
t o  provi.de more! pract ical  f e a s i b i l i t y  demonstrat ions f o r  promising products  
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i d e n t i f i e d  tIiiis f a r .  I n  FY 1975 t h e  program w i l l  begin t o  s h i f t  i t s  e f f o r t  
from explora tory  a c t i v i t i e s ,  inc luding  t h e  r e s u l t s  ob ta ined  from t h e  expe r i -  
ments performed during the  Skylab missions,  t o  a set  of p r o j e c t s  focused on 
s p e c i f i c  products  and processes  t h a t  appear t o  have t h e  p o t e n t i a l  f o r  e a r l y  
app l i ca t ions , ,  Candidates f o r  such focused p r o j e c t s  inc lude :  e l e c t r o p h o r e t i c  
s e p a r a t i o n  of ce l l s  and es tab l i shment  of c e l l  c u l t u r e s ;  growth of s i n g l e  
c r y s t a l  s i l i c o n  r ibbon;  product ion of ultrahomogeneous simiconduc:tors ; vapor 
and s o l u t i o n  growth of semiconductor and oxide c r y s t a l s ;  r e f r a c t o r y  m e t a l  
p u r i f i c a t i o n  by vacuum/ lev i ta t ion  process ing;  product ion of new types of 
o p t i c a l  g l a s s  firom oxides ;  and c o n t r o l l e d  e u t e c t i c  s o l i d i f i c a t i o n  f o r  o p t i c a l : ,  
e l e c t r o n i c ,  mid s p e c i a l t y  s t r u c t u r a l  p a r t s .  

Such experiineiits w i l l  be t imely i n  t h e  1970's  s i n c e  they can provide e a r l y  
r e s u l t s  t o  guide S h u t t l e  payload development and evaluate space processes  
on a s m a l l  s ~ s l e  with  minimum resource  commitments. 

E f f o r t  i s  1xing  app l i ed  i n  FY 1974 t o  d e f i n e  low-cost means of c o n t r o l l i n g  
a c c e l e r a t i o n  levels on sounding rocke t s  i n  f r e e  f l i g h t ,  so t h a t  experimental  
payloads can b e  developed and flown on these  sounding rocke t s  beginning i n  
FY 1975. 

I n  a d d i t i o n  t o  experimental  work, t h e  FY 1975 program w i l l  s tudy t h e  
economics of  f u t u r e  space manufacturing opera t ions .  

Sounding Rocket Missions 

1975 - 1973 1974 - 
S ound iiig r o c ke t m i  s s ions  ............ --- --- $400,000 

- - -  Tota l  ............................. $400 .OOO - - -  

Work accomplished t o  d a t e  i n  t h e  space process ing  program has i d e n t i f i e d  
areas of promise in t h e  f i e l d s  of meta l lurgy ,  e l e c t r o n i c  materials,  g l a s s  
and ceramic technology, and b i o l o g i c a l  materials process ing .  Besides 
experiments performed during t h e  Apollo and Skylab miss ions ,  t h e  program 
has  conducted ex tens ive  t e s t s  i n  ground-based drop towers and a i r c r a f t  f l ight!:  , 
which provide f r e e - f a l l  t i m e s  o f  a few seconds'  du ra t ion .  However, long du- 
r a t i o n  missions where t h e  payload i s  r e t r i e v e d  are r e s t r i c t e d ,  and i t  has  been 
found t h a t  pre l iminary  tes ts  exceeding the  du ra t ions  of a i r c r a f t  and drop 
tower tests are  d e s i r a b l e  f o r  many processes .  

Areas i n  whicli such tests are needed inc lude  l e v i t a t i o n  techniques,  con- 
t a i n e r l e s s  mel t ing ,  dynamics of l e v i t a t e d  l i q u i d s ,  d i r e c t i o n a l  s o l i d i f i c a t i o n  
of  meta ls  and semiconductors,  and performance c h a r a c t e r i s t i c s  of  e l e c t r o -  
phores i s  appara tus .  
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Through anal.ysis and surveys of s c i e n t i f i c  c o n s u l t a n t s ,  t h e  Space Processing 
program has  determined t h a t  f e a s i b i l i t y  tests of a r e l a t i v e l y  wide range of 
space processes  and processing techniques can be accomplished i n  t h e  5 t o  10 
minute per iods  of weight lessness  t h a t  can be obta ined  i n  sounding rocke t  
f l i g h t s .  For example, c o n t a i n e r l e s s  mel t ing  and quenching can be done on a 
s m a l l  scale, o the r  manipulat ions of m e l t s  can be s imula ted ,  and the  ope ra t ion  
of c e r t a i n  types of e l e c t r o p h o r e s i s  appara tus  can be  demonstrated.  

I t  i s  expec:i:ecl t:hat t h i s  program of mutually suppor t ing  ground i n v e s t i g a t i o n s  
and rocke t  fl.:ight tests w i l l  l e ad  t o  a Shut t le /Space lab  experiment program a l -  
lowing e a r l y  implementation of economically v i a b l e  processes  and space manu- 
f a c t u r i n g  operat:ions. 

A program o E  sounding rocke t  experiment f l i g h t s  can serve as a u s e f u l  “manag- 
ment 1aboratoi:y” t o  develop e f f e c t i v e  procedures t o  a s s u r e  easy u s e r  access  
t o  space o r  r e p e t i t i v e  low-cost f l i g h t s .  Thus, such a program can s e r v e  as a 
sma l l - sca l e  s imula tor  of t h e  s h u t t l e  experiment program, as w e l l  as a means 
f o r  modeling s u b s t a n t i a l  p rogress  i n  process  development. 

Four rocke t  f l i g h t s  car ry ing  experiment payloads are planned f o r  E’Y 1975. 

- Energy Appl ica t ions  Program 

1974 1975 - 1973 - 
Energy app’L i c a t i o n s  program. . . . . . . . . - - -  $2,000,000 $2,000,000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --- $2.000.000 $2.000.000 

During FY 1974 NASA i n i t i a t e d  an energy a p p l i c a t i o n s  program which included 
s t u d i e s  of s o l a r  power conversion and d e l i v e r y  systems, hydrogen product ion 
and u t i l i z a t i o n  systems, and energy and environment conserva t ion  systems. 
I n  FY 1975 thes2  a c t i v i t i e s  w i l l  be cont inued,  o r  i n  a few cases completed, 
and t h e  a o s t  pr3mising a c t i v i t i e s  w i l l  be  pursued i n  more d e t a i l ,  inc luding  
a d d i t i o n a l  eRperiinentation and a l i m i t e d  amount of a d d i t i o n a l  engineer ing  
demonstration performed. More s p e c i f i c a l l y ,  t h e  planned work i n  these  
areas i s  as fol lows:  

So la r  Power Conversion anQDelivery Systems: A microwave r e c e i v e r / r e c t i f i e r  
a r r a y  (” rec tenna”)  engineer ing demonstration w i l l  be performed arid t h e  p lans  
f o r  an energy t ransmiss ion  t e s t  range w i l l  be  e s t a b l i s h e d .  The f i e l d  demon- 
s t a t i o n  w i l l  d e l i v e r  5 kw over a 1 . 6  km range wi th  e x i s t i n g  NASA equipment. 
Engineering and economic ana lyses  w i l l  be  made of l a r g e  o r b i t a l  power 
genera t ion  and t ransmission s y s t e m s ,  and comparisons w i l l  be made wi th  
terrestr ia l  systems, t o  determine performance, technology, and c o s t  t a r g e t s  
as w e l l  as i d e n t i f y  c r i t i c a l  a c t i v i t i e s  which r e q u i r e  work i n  the  immediate 
fu tu re .  
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An ear th-based  c e n t r a l  s t a t i o n - t y p e  powerplant concept  f o r  conver t ing  
s o l a r  therma:L energy t o  e l e c t r i c i t y  w i l l  be de f ined ,  based on e x i s t i n g  o r  
near  t e r m  te thnology,  and t h i s  system w i l l  then be a s ses sed  f o r  performance, 
economic: vial) i l . i ty  and t echn ica l  adequacy. On t h i s  b a s i s ,  a p l an  f o r  ad- 
vanced technology and a p p l i c a b l e  system development w i l l  be developed. 

Hydrogen Produc:tion and U t i l i z a t i o n  Systems: S tud ie s  w i l l  be i n i t i a t e d  
t o  i d e n t i f y  rzr i .ndus t r ia1  a p p l i c a t i o n s  and c o s t  t a r g e t s  f o r  hydrogen as an 
energy sourc:e and t o  eva lua te  t h e  technology and system concepts  of s o l a r  
thermochemical r e a c t i o n s  fo r  producing hydrogen. Technology e v a l u a t i o n  
and a system conceptual  design w i l l  be accomplished and performance and c o s t  
t a r g e t s  w i l l  be e s t ab l i shed .  

Energy and Er@.ronment Conservation Systems: The engineer ing  demonstrat ion 
of r e s i d e n t i a l  s o l a r  hea t ing  and cool ing  a t  t h e  Marshal l  Space F l i g h t  Center  
w i l l  be  evaluat.ed i n  terms of the  a p p l i c a b i l i t y  of t h e  technology t o  com- 
merc i a l ly  developed housing and o f f i c e  bu i ld ings .  
a p y r o l y s i s  u n i t  f o r  d i sposa l  of waste and product ion  of c l ean  f u e l s ,  as 
w e l l  as s tudi .es  of  t h i s  u n i t  as i t  might be  i n t e g r a t e d  i n t o  o v e r a l l  u t i l i t y  
systems, suck a s  t h e  Modular I n t e g r a t e d  U t i l i t y  System. A p y r o l y s i s  system 
w i l l  be  designed, performance and c o s t  t a r g e t s  i d e n t i f i e d ,  and f a b r i c a t i o n  
of  a breadboa.rd test u n i t  i n i t i a t e d .  

S tud ie s  w i l l  be made of  

Communications 

Canadian coopera t ive  sa te l l i t e  

Experiments coord ina t ion  and 

Technical consu l t a t ion  and 
suppor t  s tud ies . . . . . . . . . . . . . . . . . .  

Advanced communications research. . .  
Appl ica t ions  technology s a t e l l i t e  

Mul t i -user  canmunication expe r i -  
mental  s a t e l l i t e  (ATS-F) ......... 

Systems technology and techniques. .  
T r a f f i c  management s t u d i e s . .  ....... 
Cooperat ive a p p l i c a t i o n s  

s a t e l l i t e  (CAS-A) ................ 

(CAS-C) .......................... 
opera t ions  (support..  ............. 

(ATS 1 - 5 )  ........................ 

1973 - 

$2,686,000 

1 , 333 , 000 

51,854,000 
2 , 033 , 000 

154,000 

46,000 

19 7 4  

$2,760,000 

800 , 000 

2 , 540 , 000 
- - -  

16,000,000 
- - -  

1975 

$1,550,000 

3,700,000 

1 , 650,000 
1,400 , 000 

T o t a l  .......................... $58.106.000 $22.100.000 $8.300.000 
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NASA objectives in satellite communications have been refocussed towards 
meeting longer-term national needs. These needs, as expressed by legislative 
and executive agencies, including NASA, and the private sector, require that 
the unique, in-government, satellite communications technical capability 
developed over the past decade be maintained and made available to these 
agencies. These needs are in technical studies; consultation and advice 
(e.g., for U.S. Maritime Administration on maritime communications); 
studies conducted for specialized government services (e.g., for NOAA on 
a Disaster Warning Service); and maintenance of a capability for such sup- 
port by conducting advanced research on technology in advance of that avail- 
able or in the implementation stages. Advanced Communications Research is 
designed to go beyond that which will be developed by the commercial sector 
with risk capital. The phase-down of satellite communications research and 
development i.s related to early commercial utilization, announced by NASA 
in January 15173, is essentially completed. As already indicated, some 
effort is cortinuing because it has become apparent that all aspects of 
the planned termination of the NASA effort were not acceptable to several 
executive anc legislative agencies that have traditionally relied on NASA 
to provide technical consultation and support for their needs in satellite 
communications. In some cases NASA has a statutory obligation to provide 
such services. Certain government agencies have requested continuing NASA 
support of their consultation needs and others have requested support of 
their special mission needs on a reimbursable basis. 
required to meet these needs is presented in two line items: Technical 
Consultation and Support Studies, and Advanced Communications Research. 
No new flight projects are currently envisioned. 

The FY 197.5 funding 

Two flight projects will be completed. These will demonstrate the basic 
technology for, and provide initial investigations into, community broadcast 
satellites and will in part form the basis for maintaining the government's 
unique capability in satellite connnunications. The first is the multi-user 
communications experimental satellite (ATS-F) scheduled for launch in 1974, 
and the second is the Canadian Cooperative Applications Satellite (CAS-C) 
scheduled for launch in 1975. The ATS-F satellite will support 23 of its 
planned 24 experiments, covering various disciplines during its Eirst 
year. The 24th experiment: will be initiated at the beginning of the second 
year after launch, when the spacecraft is moved to 35' E longitude where it 
can relay instructional material via its TV link over the Indian subcontinent. 
This is provided for under the US/India experiment agreement. Tlie FY 1975 
funding requirements for operation, coordination and scheduling of ATS-F 
experiments in the post-launch period are included in the Experiments 
Coordination and Operations Support line, along with the requirements for 
continued operation of ATS 1, 3 and 5. 
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The p r i n c i p a l  components i n  the  CAS-C f o r  which NASA funding i s  r equ i r ed  
a r e  a 200 w a t t ,  12 GHz, supe r -e f f i c i ency  Trave l ing  Wave Tube (TWT) and i t s  
power supply t o  be provided by NASA t o  t h e  j o i n t  US/Canada f l i g h t  mission. 
Prel iminary t r a n s m i t t e r  development has  been completed and t h e  labora tory  
tes ts  show t:ha.t t he  s p e c i f i c a t i o n s  have been exceeded. The f l i g h t - q u a l i f i e d  
ve r s ion  of t he  TWT and i t s  accompanying power-conditioning subsystem are 
under develcpment. FY 1975 funding i s  r equ i r ed  t o  cont inue  t h i s  development, 
A core  group of  CAS u s e r  experiments by U.S. i n v e s t i g a t o r s  i s  being s e l e c t e d  
t o  u t i l i z e  the  50% U.S. sha re  of  CAS-C ope ra t ing  t i m e .  These experiments 
w i l l  be conducted a t  no c o s t  t o  NASA. 

Canadian Cooperative S a t e l l i t e  (CAS-C) 

1973 1974 1975 

Spacecraf t  t e s t i n g  ................. $339 , 000 $460,000 $790,000 
Experiments ........................ 2,247,000 2,200,000 560,000 
Mission a n a l y s i s  and opera t ions . .  .. 100 , 000 100,000 200,000 

Tota l .  ........................... $2 . 686,000 $2 . 7 6 ~ y o ~ ~  $1,550,000 

Delta (Launch Vehicle  Procurement 
program) ......................... (---) (1 , 000 , 000) (3,600,000:) 

Tota l  (inc:Luding launch 
v e h i c l e s ) .  ................... $2.686.000 ($3.760.000) ($5.150.000:) 

I n  A p r i l  '1'371 t h e  Canadian Department of Communications (DOC) and NASA 
entered  i n t o  agreement, formalized by a Memorandum of Understanding, t o  
launch R Coopei-ative Appl ica t ions  S a t e l l i t e  (CAS-Cy a l s o  r e f e r r e d  t o  as 
Communicatioiis Technology S a t e l l i t e  o r  CTS) i n  l a t e  1974. Launch r ead iness  
is c u r r e n t l y  a s ses sed  f o r  l a t e  1975. The o v e r a l l  o b j e c t i v e  of t h i s  p r o j e c t  
i s  t o  develop a t echn ica l  c a p a b i l i t y  f o r  s a t e l l i t e  communications wi th  s m a l l  
ground s ta t i -ons  i n  the  newly a l l o c a t e d  12 GHz frequency band. The i n -  
v e s t i g a t i o n  of  t h e  use  of f requencies  above 10 GHz i s  considered urgent  
i n  view of liorl:hc:oming domestic s a t e l l i t e  systems f u r t h e r  crowding the  
spectrum be1 .0~ 10 GHz. 

P r i n c i p a l  objlectives of t h i s  mission t h a t  are of i n t e r e s t  t o  t h e  United 
S ta tes  are t:o: (1) f l i g h t  tes t  a supe r -e f f i c i ency  power tube  having g r e a t e r  
than 501; e f f i c i e n c y  a t  a minimum output  power of  200 w a t t s  and ope ra t ing  
a t  approximal:eI.y 12 GHz; (2) f l i g h t  tes t  u n f u r l a b l e  s o l a r  power a r r a y s  of 
approximately 1. .O kw i n i t i a l  c a p a b i l i t y ;  (3) demonstrate accu ra t e  s t a b i l i z a t i . o n  
of spacecraf t :  wit.h f l e x i b l e  appendages f o r  s a t e l l i t e  communications experiments 
wi th  12 GHz t:erminals; and (4) conduct j o i n t  U .S .  -Canada communications a p p l i -  
c a t i o n s  expe.rimen,ts , sha r ing  t h e  s p a c e c r a f t  t i m e  equa l ly  a f t e r  t h e  s a t e l l i t e  
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i s  successfu1.ly p laced  i n t o  geos t a t iona ry  o r b i t .  User experiment proposa ls  
have been rec:ei.ved by NASA and by Canada and are  being s e l e c t e d .  

NASA i.s r e spons ib l e  f o r  t h e  200 w a t t  t r a n s m i t t e r  tube  and i t s  power supply,  
f o r  t he  De1t.a launch v e h i c l e ,  and f o r  launch of t h e  s a t e l l i t e  i n t o  geo- 
s t a t i o n a r y  0rb i . t .  Canada i s  r e spons ib l e  f o r  t h e  development and t e s t i n g  
of t h e  spacec:ri.ft , and f o r  c o n t r o l l i n g  t h e  s a t e l l i t e  a f t e r  launch. J o i n t  
responsi .bi l i t :y  i s  assumed f o r  t he  conduct and eva lua t ion  of  t h e  technologica l  
experiments.  

During, EY 1973, an experimental  model of t h e  supe r -e f f i c i ency  power tube  
demonstrated 237 w a t t s  output  a t  an e f f i c i e n c y  of 56%, thus  exceeding 
s p e c i f i c a t i o n s  by more than 10%. The FY 1974 funds are being used f o r  
f u r t h e r  development of t h e  power tube and i t s  power supply,  and f o r  
i n t e g r a t i o n  of t hese  u n i t s  i n t o  a Transmi t te r  Experiment Package (TEP). 
A ground s t a t i m ,  which w i l l  t e s t  t h e  performance of t h e  TEP during ground 
t e s t i n g  and la te r  dur ing  o r b i t a l  ope ra t ion ,  i s  being b u i l t  a t  L e w i s  Research 
Center.  FY 1975 funds are r equ i r ed  t o  f a b r i c a t e  and tes t  the  q u a l i f i c a t i o n  
and f l i g h t  models of t he  TEP; t o  conduct environmental  tests of the  space-  
c r a f t  engineer ing  model; and t o  f i n i s h  mission ope ra t ions  sof tware  r equ i r ed  
f o r  launching the  spacec ra f t .  Canada i s  r e s p o n s i b l e  f o r  funding des ign ,  
development 2nd f a b r i c a t i o n  of t h e  s p a c e c r a f t .  

Experiments Coordinat ion and Operat ions Support  

1974 1975 - 1973 

Experiments coord ina t ion  and 
ope ra t ions  suppor t  ............... --- $800,000 $3,700,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  --- $800.000 $3.700.000 

I n  1969 NASA made a pub l i c  o f f e r  t o  a f f o r d  p o t e n t i a l  u s e r s  of communications 
s a t e l l i t e s  t h e  oppor tuni ty  t o  use  Appl ica t ion  Technology S a t e l l i t e  (ATS) 1, 
3 ,  and 5 i n  o r b i t  f o r  experimental  u se  a f t e r  t h e  NASA experiments are com- 
p l e t e d .  This o f f e r  has  rece ived  s u b s t a n t i a l  response.  Under t h e  procedures  
e s t a b l i s h e d  f o r  such use ,  t h e  experimenter provides  funding f o r  suppor t  of 
h i s  experiment.  I n  l i k e  manner, many experiments have been approved f o r  
use  on ATS-F and CAS-C (CTS) a f t e r  launch under t h e s e  u s e r  experiment 
procedures .  

I n  FY 1975 support  w i l l  cont inue  f o r  t he  ope ra t ion ,  coord ina t ion ,  and 
schedul ing of ATS 1, 3 and 5 f o r  coopera t ive  u s e r  experiments.  NASA i s  
coopera t ing  with i n t e r n a t i o n a l ,  f e d e r a l ,  r eg iona l  and s ta te  agencies  and 
i n d u s t r i a l  o rgan iza t ions  i n  t h e  conduct of  t hese  experiments covering a 
broad range of telecormnuni.cations o b j e c t i v e s .  These satel l i tes  are being 
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u t i l i z e d  t o  conduct educa t iona l  and h e a l t h  care experiments i n  many p a r t s  of 
t he  United States, inc luding  Alaska and H a w a i i ,  and i n  t h e  P a c i f i c  Basin. 
I n  addi t ion : ,  a e r o n a u t i c a l  and m a r i t i m e  communication experiments are  being 
implemented. I n  conjunct ion wi th  the  Federa l  Avia t ion  Agency, M a r i t i m e  
Adminis t ra t ion: ,  Coast Guard, Canada and European Space Research Organiza t ion  
(ESRO) , t r i l . e t e r a t i o n  experiments w i l l  be  conducted, us ing  ATS-5 t o  augment 
t h e  ATS-F P o s i t i o n  Location and A i r c r a f t  Communications Experiment (PLACE). 
The d a t a  wi1.:- be used t o  a s s e s s  the  p r a c t i c a b i l i t y  and accuracy of an a i r  
t r a f f i c  cont:i:oI. s a t e l l i t e  system i n  t h e  a e r o n a u t i c a l  L-band frequency 
reg ion .  NASA does fund f o r  t he  cont inued ope ra t ion  o f  t h e  s a t e l l i t e s ,  as 
w e l l  as f o r  t he  c:oordination e f f o r t  t o  match the  experiment t o  t h e  t e c h n i c a l  
capab i l i . t i e s  of t:he s a t e l l i t e s  and coord ina t ion  of t h e  schedul ing  t i m e  on 
t h e  satel1i t . t : .  

I n  FY 1975 suppor t  w i l l  be provided f o r  cont inuing  experiments f o r  ATS-F 
( t o  be launched i n  1974), inc luding  opera t ion  and schedul ing of expe r i -  
ments, coo rd ina t ion  wi th  experimenters and ope ra t ions  planning,  d a t a  a n a l y s i s ,  
cont inued re r lor t ing ,  cont inuing  ope ra t ion ,  and a n a l y s i s  of s p a c e c r a f t  per -  
formance. I f i s  a c t i v i t y  w i l l  inc lude  coope ra t ive  experiments i n  Heal th  
and Educat ional  Te lev i s ion  (HET) s e r v i c e s  v i a  s a t e l l i t e  wi th  the  Department 
of Heal th ,  Education and Welfare;  S a t e l l i t e  I n s t r u c t i o n a l  Te lev is ion  Ex- 
periment (S ITE)  w i th  I n d i a ;  a i r  and sea t r a f f i c  c o n t r o l  using t h e  P o s i t i o n  
Location and A i r c r a f t  Comiunication Experiment (PLACE) wi th  t h e  Department 
of Transpor ta t ion  and Maritime Adminis t ra t ion ;  technology experiments in 
meteorology us ing  t h e  Very High Resolut ion Radiometer (VHRR); ant1 i n  pro- 
paga t ion ,  r a d i o  i n t e r f e r e n c e ,  and s p a c e c r a f t  technology. S imi l a r  
experimental  support  w i l l  a l s o  be provided t o  U.S. experimenters  
CAS-C s a t e l l i t e  t o  be launched i n  1975. 

.- Technical Consul ta t ion  and Support  S tud ie s  

1974 - 1973 

Technical  consu l t a t ion  a.nd 
support  , s tud ies .  ................. ---  $2,540,000 

Tota l  .......................... ---  $2.540.000 

on the  

1975 - 

$1,650,000 

$1.650.000 

This prograin (cons is t s  of s p e c i a l  s t u d i e s  , measurements and c o n s u l t a t i o n  
s e r v i c e s  provid tng  support  i n  technology and telecommunications.  
The support  - i s  €01; NASA i t s e l f ,  i n  connect ion wi th  i t s  own communications 
needs; t he  Federal. Communications Commission (FCC) ; and o t h e r s  a t  t h e i r  
r eques t ,  and where appropr i a t e ,  on a reimbursable  o r  cos t - shared  b a s i s .  
NASA's techno Logy base i s  v i t a l  t o  car ry ing  ou t  t h i s  program. 



I n  FY 1974 s t u d i e s  and measurements are being performed t o  improve and up- 
d a t e  NASA's s p e c i a l i z e d  d a t a  base  r equ i r ed  t o  suppor t  s p e c i a l  s t u d i e s  on 
frequency sha r ing  , sa te l l i t e  space and p o s i t i o n i n g ,  r a d i o  i n t e r f e r e n c e  
p r e d i c t i o n s ,  and s a t e l l i t e  system technology assessments  and eva lua t ions .  
These a c t i v i t i e s  w i l l  be cont inued i n  FY 1975. 

The shar ing  and i n t e r f e r e n c e  s tudy e f f o r t s  are concerned wi th  prevent ing 
r a d i o  frequency i n t e r f e r e n c e  among sa te l l i t e  telecommunications systems and 
between space and t e r r e s t : r i a l  telecommunications systems. The r e s u l t s  of 
t he  shar ing  and spacing s t u d i e s  w i l l  a lso be used by the  FCC i n  e s t a b l i s h i n g  
gu ide l ines  and r e g u l a t i o n s  f o r  t h e  use  of ass igned  frequency bands and 
o r b i t s .  

Radio i n t e r f e r e n c e  has  been experienced by space systems a t  an inc reas ing  
rate and t h e  f J t u r e  use of d a t a  c o l l e c t i o n  systems, wi th  t h e i r  thousands of 
r a d i o  t r a n s m i t t e r s ,  could cause t h i s  problem t o  e s c a l a t e .  The increased  
use  of the r a d i o  frequency spectrum f o r  e a r l y  r e sources  sens ing  and f o r  
s p e c i a l i z e d  government s e r v i c e s  w i l l  r e q u i r e  d e t a i l e d  knowledge of both 
n a t u r a l  and !nail-made n o i s e  e f f e c t s  fo r  s a t e l l i t e  system design purposes.  
To o f f s e t  t h i s  p o t e n t i a l  problem, s t u d i e s  w i l l  be conducted i n  FY 1975 
t o  determine i E  a space measurement and monitor ing program of r a d i o  
emissions w i l l  be requi red .  

Advanced Communications Research 

1973 - 1974 1975 

Advanced ccimrnunications research .  . . --- - - -  $1,400,000 

Tota l . .  . ,. #.. . . . . . . . . . . . . . . .. . . . . --- --- $1.400.000 

The object:ive of t h i s  program i s  t o  develop technology and concepts i n  
advance of cxirr'ent and planned s t a t e  of t he  a r t  communications technology. 
The e f f o r t  j.5; designed t o  maintain NASA's e x p e r t i s e  i n  non-defense o r i en ted  
s p a c e c r a f t  t.echnology and space telecommunications. I t  w i l l  provide an 
advanced tec:hnology base  for  NASA's own needs i n  space telecommunications 
and will .  a i d .  NASA. i n  meeting s t a t u t o r y  r e s p o n s i b i l i t i e s  t o  provide t echn ica l  
consu l t a t ion  s e r v i c e s .  The e f f o r t  i s  intended t o  create an environment 
f o r  new ideas  a n d  concepts .  The Space S h u t t l e  w i l l . p r o v i d e  t h e  means t o  
demonstrate the worth of Inany of t he  concepts and technologies  t h a t  w i l l  be 
developed. 

Work emphasized i n  FY 1974, and which w i l l  be  cont inued i n  E'Y L975, 
inc ludes  i n v e s t i g a t i o n s  t o  improve and expand t h e  use  of t he  microwave 
frequency spectrum; exp lo ra t ion  of bandwidth compression and conserva t ion  
techniques;  antenna des ign  s t u d i e s ;  and c e r t a i n  s p e c i a l  s t u d i e s .  A t  t he  
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microwave frequency band between 12-30 GHz,  low-cost,  low-noise r e c e i v e r  
p reampl i f i e r s  and h igh ly  r e l i a b l e  medium-to-high power t r a n s m i t t e r s  w i l l  be 
developed. A t  i n f r a r e d  and v i s i b l e  wavelengths,  new communications tech-  
nology w i l l  be explored and developed. The i n f r a r e d  and v i s i b l e  wavelength 
r eg ions  have t h e  p o t e n t i a l  of providing communications bandwidths many 
t i m e s  t h a t  p re sen t ly  a v a i l a b l e  i n  the  microwave frequency band. In  the  f a r  
i n f r a r e d  t h e r e  i s  a p o t e n t i a l  of developing receiver p reampl i f i e r s  with 
f a r  less n o i s e  than those a t  i n f r a r e d  and v i s i b l e  wavelengths.  

I n  order  t o  b e t t e r  u t i l i z e  t h e  p r e s e n t l y  ass igned  frequency bands,  we  
w i l l  explore  t leclinological advances i n  both on-board process ing  and band- 
width conserva t ion  techniques.  Examples inc lude  the  use  of an advanced 
d a t a  r a t e  reduct ion  concept developed by NASA, and m u l t i p l e - l e v e l  modulation 
techniqyJes and or thogonal  p o l a r i z a t i o n  t ransmiss ion  f o r  i nc reas ing  the  
amount of d a t a  a given bandwidth can conta in .  Bandwidth u t i l i z a t i o n  improve- 
ments over tu\relve t i m e s  might be achieved through an appropr i a t e  combination 
of t hese  m e t i o i l s ,  

To meet t he  requirement of providing unique geographic  coverage by 
communicatiois sa te l l i t es  without  mutual i n t e r f e r e n c e ,  an advanced com- 
pu te r  program capable  of providing complete antenna design d e t a i l s  w i l l  
be deve Loped. 

I n  s a t e l l i t e  technology, emphasis i s  placed on weight conserva t ion  tech-  
n iques ,  reduced s p a c e c r a f t  c o s t s  , and improvement i n  r e l i a b i l i t y  i n  order  
t o  meet the  Long-life need i n  synchronous o r b i t .  These e f f o r t s  inc lude  
development of new concepts t o  make more e f f e c t i v e  use  of t h e  impinging 
s o l a r  energy f o r  power gene ra t ion  and of t h e  s o l a r  p re s su re  f o r  o r b i t a l  
s t a t i o n  keeping. 

We w i l l  al.!;o cont inue  our s p e c i a l  s tudy of "Communications as a S u b s t i t u t e  
f o r  TraIispor'tation." An experiment w i l l  be  planned t o  provide audio ,  video 
and d a t a  l i n k s  between NASA Headquarters and va r ious  f i e l d  c e n t e r s .  Analysis  
w i l l  provide information on the  use,  c o s t / e f f e c t i v e n e s s  , and c o s t / b e n e f i t  
charactczist:::cs of such a technique and i t s  a p p l i c a b i l i t y  w i t h i n  NASA. 

Data Management Program 

Data nianagtment: systems r e q u i r e -  

Developing or.-board process ing  

Data t:ransniis s i  on techno logy 

Improving E;rclund d a t a  process ing  

ment:s st:udi.es..  ................... 
tectiniqv.t!s. ....................... 
development.. ...................... 
syst:ems ........................... 

Tota l  ..............,. ............ 

1974 - 1973 - 1975 

$500 , 000 

1,000 , 000 

1,000,000 

1 , 500,000 

$4.000.000 
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The objec.i:ive of t h i s  program i s  t o  f i r s t  s tudy ,  and then des ign ,  develop 
and demonstrate a d a t a  management system which provides  a much bet ter  d a t a  
flow from t h e  sensing of d a t a  t o  i t s  a p p l i c a t i o n  by the  use r .  C a p a b i l i t i e s  
such as eart:h observa t ion  s a t e l l i t e s  in t roduce  new dimensions t o  d a t a  systems 
because: ( 1 )  t he  l a r g e  volume of d a t a  genera ted  w i l l  overwhelm p resen t  
c a p a b i l i t i e s ;  (2)  t h e  d a t a  w i l l  be  a t  exceedingly h i g h  rates; ( 3 )  t h e r e  i s  
an urgency t o  reduce t h e  time between t h e  a c q u i s i t i o n  of t he  d a t a  and i t s  
t ransmiss ion  t o  the  user  i n  s u i t a b l e  form and necessary  q u a n t i t i e s ;  and ( 4 )  
proper  a rch iv ing  methods which f a c i l i t a t e  r a p i d  access f o r  information 
r e t r i e v a l ,  and p rov i s ions  f o r  feed-back inpu t s  from u s e r s  t o  the d a t a  s t o r e ,  
become important p a r t s  of t he  system f o r  t he  f i r s t  t i m e .  

A systems approach w i l l  be r equ i r ed  which, as a minimum, suppor ts  t h e  
planned e f f o r t  f o r :  (1) studying and i d e n t i f y i n g  systems requirement;  
(2)  developing on-board processing techniques f o r  c o l l e c t i n g ,  processing, 
compressing and s t o r i n g ,  most e f f i c i e n t l y  wi th  r e s p e c t  t o  u s e r  needs f o r  
information,  t h e  senso r -co l l ec t ed  d a t a ,  and prepar ing  the  d a t a  €or t r a n s -  
mission t o  ground s t a t i o n s ;  ( 3 )  developing technology t o  improve d a t a  t r a n s -  
mission from s a t e l l i t e - t o - s a t e l l i t e ,  s a t e l l i t e - t o - g r o u n d  s t a t i o n ,  and 
ground s t a t i o n - t o - d a t a  process ing  f a c i l i t y ;  and ( 4 )  improving ground d a t a  
process ing  systems. 

The planned approach i s  t o  s tudy d a t a  needs and t h e  techniques which w i l l  
be necessary t o  s a t i s f y  t.hem, followed by systems a n a l y s i s  e f f o r t s  t o  gene ra t e  
a model of a func t ion ing  d a t a  management system. Once e s t a b l i s h e d ,  the  d a t a  
management system model w i l l  be f u n c t i o n a l l y  exe rc i sed  t o  opt imize i t s  
opera t ion .  Considerat ion w i l l  be given t o  programmatic r equ i r enen t s  (both 
u s e r  and o p e r a t i o n a l ) ;  c a p a b i l i t i e s  of t h e  space,  ground, and information 
t r a n s f e r  elements;  and sensor  a p p l i c a t i o n  and u t i l i z a t i o n  techniques.  
Maximum a p p l i c a t i o n  w i l l  be made of e x i s t i n g  d a t a  systems technology, i n  
both hardware and sof tware.  Needs f o r  new developments w i l l  be i d e n t i f i e d  
i n  the  cont 'ext of  systems models u s ing  app l i cab le  technology wherever 
p o s s i b l e  t o  s a t i s f y  u s e r  needs. 

FY 1975 funds are r equ i r ed  t o  determine u s e r  needs and develop conceptual 
models f o r  .a f i r s t  genera t ion  genera l  purpose d a t a  and informati.on system 
d i r e c t e d  toward t h e  c h a r a c t e r i s t i c s  of e a r t h  observa t ion  s a t e l l i  tes. An 
o v e r a l l  program plan  w i l l  be developed t o  avoid unnecessary fragmentat ion 
and p r o l i f e r a t i o n  of approaches t o  the  t o t a l  d a t a  and information system. 
Included i n  t h i s  p lan  and included i n  t h e  FY 1975 e f f o r t s  w i l l  b e  both 
hardware and sof tware  e f f o r t s  such as f e a s i b i l i t y  s t u d i e s  of applying da ta -  
process  ing t~c1in:iques t o  spaceborne v e h i c l e s  and t r ade -o f f  ana lyses  t o  
determine th? e f f e c t i v e n e s s  of on-board process ing  techniques.  Related 
e f f o r t s  inc ' t ide  explor ing  bandwidth r educ t ion  technologies ;  d i g i t a l  
mu1 t i p l e x i n g  and switching techniques t o  determine optimum approaches 
t o  compress~ing l a r g e  amounts of d a t a  i n t o  p r e - a l l o c a t e d  t ransmission 
technology; and acceptab le  techniques f o r  improving ground da ta  processing 
sys  t e m s .  
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--- Earth Observatory S a t e l l i t e  (EOS) System D e f i n i t i o n  

1975 - 1974 - 1973 

EOS system de f . i n i t i on  s t u d i e s . .  .... $900,000 $3,000,000 $1,000,000 

Tota l  ............................. $900.000 $3.000.000 $1.000.000 

This  progr<sm w i l l  cont inue  the  Systems D e f i n i t i o n  Phase s t u d i e s  f o r  an 
Ear th  0bserv.story S a t e l l i t e  (EOS) t o  conduct e a r t h  observa t ions  r e sea rch  i n  
t h e  l a t e  1970':; and 1980 ' s  wi th  a system t h a t  i s  compatible with t h e  S h u t t l e  
and designed f o r  low c o s t .  S u f f i c i e n t  f l e x i b i l i t y  i s  t o  be  provided i n  
the  s p a c e c r a f t  and ground system des ign  t o  accommodate d i f f e r e n t  missions 
and t h e i r  sensors ,  f o r  such purposes as land use  management and sea s u r f a c e  
and environmc~ntal. surveys.  The con t r ac t ed  system d e f i n i t i o n  s t u d i e s  t h a t  
are t o  be awarded i n  l a t e  FY 1974 and cont inued i n t o  t h e  f i r s t  h a l f  of 
FY 1975 w i l l .  d e f i n e  a system t h a t  has  t h i s  f l e x i b i l i t y .  Major emphasis 
t o  d a t e  has  been placed on meeting the  requirements  of u s e r s  who are 
concerned wi.1:h improved techniques f o r  land r e sources  management and land 
use  inventory.  The a b i l i t y  t o  c l a s s i f y  and monitor t he  changes i n  t h e  
use  of ].and w i I . 1  be extended from c a t e g o r i z a t i o n s  of  i n t e r e s t  t o  s t a t e  
and county pl.anners, t o  those  of va lue  t o  urban and c i t y  p lanners .  
Agricu1t:ure yield.  p r e d i c t i o n  accuracy w i l l  be increased  by the  a b i l i t y  
t o  recognize! mare s u b t l e  d i f f e r e n c e s  i n  crop type and v igo r ,  and by the  
ex tens ion  of ac.curate i d e n t i f i c a t i o n  from 20 acre f i e l d s  down t o  those 
as s m a l l  as an acre .  

Basic  f e a s i . b i l i t y  and design concept s t u d i e s  f o r  t he  long lead  t i m e  
s enso r s  were ccnducted i n  FY 1973 and FY 1974. Some instrument  bread- 
boards a r e  scheduled f o r  completion i n  FY 1974. FY 1975 w i l l  emphasize 
the  p r o o f - t e s t  of s e l e c t e d  instrument  models t o  a s s u r e  the  adequacy 
of  t h e  instrument  design concept and t h e  adequacy of t h e  s p a c e c r a f t ,  
ground system and d a t a  management concepts  t o  accommodate the  ins t ruments .  

Shut t l e  Exper imen t D e f i n i t i o n  

1973 1974 1975 - 
S h u t t l e  experiment d e f i n i t i o n . . . . . . .  - - -  $4,500,000 $4,500,000 

Tota l  ............................. - - -  $4.500.000 $4.500.000 

The o b j e c t i v e s  of  t h e  S h u t t l e  Experiment D e f i n i t i o n  program are t o  i d e n t i f y  
and d e f i n e  the  a p p l i c a t i o n s  experiments t o  be conducted during the  per iod  
when t h e  Space S h u t t l e  w i l l  be the  p r i n c i p a l  Space Transpor t a t ion  System 
(STS) . 'In a d d i t i o n  t o  provid ing  important  information r e l a t i n g  t o  the  
long-range p:l,snning and execut ion of t h e  Appl ica t ions  Program, the  
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d a t a  stemming Erom these  a c t i v i t i e s  w i l l  be  u t i l i z e d  both t o  in f luence  the  
t o t a l  S'IIS design and t o  determine t h e  STS impact on t h e  comprehensive Appli-  
c a t i o n s  Program envis ioned f o r  t he  1 9 8 0 ' s .  Other f a c t o r s  which w i l l  r ece ive  
a t t e n t i o n  i n  the  program inc lude :  

a. The f e m i b i l i t y  of developing l a r g e r ,  mul t i -use  ins t ruments ,  

b. The a v a i l - a b i l i t y  of t h e  zero  g r a v i t y  environment f o r  t h e  conduct 
of s o p h i s t i c a t e d  manned and automated g r a v i t y - l i m i t e d  experiments,  

c .  The inipac:t of man on the  requirement f o r  redundant systems t o  
reduce spacecraf t :  m o r t a l i t y ,  and 

d. The u t i l i z a t i o n  of man t o  enhance s p a c e c r a f t  d a t a  r e t u r n  and t o  
e f f e c t i v e l y  opera.te and main ta in  a p p l i c a t i o n s  systems and components 
i n  f l i g h t .  

The program content  f o r  FY 1975 inc ludes  experiments i n  the d i s c i p l i n e s  
of weather an.d c l imate ,  environmental  q u a l i t y ,  e a r t h  r e sources  survey,  
e a r t h  physics ( i .e . ,  geodesy),  ocean dynamics, communications/navigation, 
and space prccess ing .  The v a r i e t y  of ins t ruments  t h a t  w i l l  be involved 
i n  these  experiments w i l l  be ex tens ive ,  and w i l l  a f f o r d  the  p o t e n t i a l  
f o r  mu l t ip l e  range ac ross  t h e  Appl ica t ions  Program. The emphasis w i l l  
be t o  conduct:  (1) experi.ment 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 ;  (2)  
experiment pre l iminary  design and breadboarding; ( 3 )  ground-based and 
a i r c r a f t  concept v e r i f i c a t . i o n  tests and; ( 4 )  planning a c t i v i t i e s  
a s s o c i a t e d  wi th  the  d e t a i l e d  des ign ,  development and t e s t i n g  of r e l a t e d  
f l i g h t  ins t ruments  and a n c i l l i a r y  equipment. Inc luded  i n  t h i s  e f f o r t  
w i l l  be the  con t inua t ion  of work t o  d e f i n e  experiments recommended by our 
advisory committees and by the  d i s c i p l i n e  pane ls  of t h e  Summer Study 
conducted by the Nat ional  Academy of Engineering. 

Advanced Appl ica t ions  F l i g h t  Experiments 

1973 - 1974 1975 - 
Design and development of advanced 

experimeni:al. ins t ruments . .  . . . . . . . . $4,694,000 $4,700,000 $4,700,000 

Tota l  ........................... $4.694.000 $4.700.000 $4.700.000 

The Advanced Appl ica t ions  F l i g h t  Experiments (AAFE) program p lays  a very 
important: r o l e  i n  developing ins t rumenta t ion  f o r  f u t u r e  missions i n  e a r t h  
r e sources  survey,  p o l l u t i o n  monitor ing,  weather and c l imate ,  e a r t h  and ocean 
phys ics ,  and space processing.  During the  p a s t  four  yea r s ,  t h e  AAFE program 
has developed a number of experiments which provide  improvements in  use r  
d a t a  and new types of ins t ruments  f o r  missions such as the  NIMBUS G p o l l u t i o n  
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monitoring satellites; the SEASAT A Ocean Dynamics Satellite; the Shuttle 
Sortie miss:ions and future Earth Observation Spacecraft. Many AAFE instru- 
ments have become payloads in applications missions. The ability to 
develop instruments closely approaching their flight configuration, but 
not yet conunitted to flight, as is done in the AFFE program, is an effective 
way to provide for low cost development of such instruments. 

For FY 1975, a portion of the &WE funds will be used to continue ex- 
periments i.nit:iated in FY 1974. The work will include programs for a 200 
megabit: per second tape recorder, a high resolution pointable imager, an 
imaging radar, and an active/passive multifrequency microwave system. 
Other work w i l l  be directed toward the development of an advanced 
atmospheric sounder and imaging radiometer for geostationary missions, a 
long life te8chnique for monitoring earth energy budgets, and space pro- 
cessing experiments for Shuttle missions. The remaining FY 197.5 resources 
are divided between completing FY 1974 and prior experiments and initiating 
the FY 1975 experiments to be solicited in early 1974. 

The experiments in the AAFE program are pursued until their feasibility 
has been established through testing of an engineering model or some other 
equivalent testing procedure. When the experiments are selected for in- 
corporation on an approved mission, the construction of the appropriate 
instrumentation will be funded by the flight mission or the instrumentation 
program. On-going AAFE experiments include the Lower Atmospheric Com- 
position and Temperature Experiment (UCATE) and the Measurement: of Air 
Pollution from Satellites ( M A P S ) ,  which have been selected for t:he payload 
on NIMBUS G ;  the Pulse Compression Radar Altimeter for SEASAT; a Microwave 
Temperature Soiintler, a candidate for an EOS mission; a Hadamard Imaging 
Spectrometer for meteorology applications; on-board equipment, such as a 
Precision AiItitude Determination System; and a fast multispectral pro- 
cessor which will make classification decisions in real time. 

Applications Systems Analyses 

1973 1974 1975 - 
Applications studies.. .............. --- $1,000,000 $5,000,000 

Total ............................. --- $l,OOO.OOO $5.000.000 

The Applications Systems Analyses program has two primary objectives; 
(a) user oriented systems and economic analysis and assessment of the 
applications programs and (b) the identification of systems feasibility 
analysis of new applications initiatives. 

An important activity of the Applications program, is the determination 
that the programs being carried out and proposed have real potential for 
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economic and s o c i a l  r e t u r n  t o  t h e  publ ic .  The s p e c i a l  c h a r a c t e r i s t i c s  of 
NASA's a p p l i c a t i o n  a c t i v i t y  p l aces  a g r e a t  d e a l  of importance on systems 
economic an .s lys i s  and assessment.  S tud ie s  i n i t i a t e d  i n  FY 1974, d i r e c t e d  
t o  providing an assessment and a p p r a i s a l  of t h e  Appl ica t ions  programs, 
w i l l  be expanded i n  ET 1975. Examples of t h e  elements t o  be included 
i n  these  a:;:;e:;sments are as fol lows : 

(1) User anal.yses w i t h  p a r t i c u l a r  emphasis on e s t a b l i s h i n g  s p e c i f i c  
needs and i:equir:ements of t h e  u s e r s .  

( 2 )  De tc~mina t ion  of users i n f o r m a t i o d d a t a  product  requirements , 
service requirements  and product requirements  (e.g.  , d a t a  handl ing and 
processing equipment) . 

(3 )  Ecoriomj.c t r a d e - o f f s  and ana lyses  inc luding  c o s t  b e n e f i t s ,  
cos t e f f ec  t: ivene s s . 

( 4 )  Technol.ogy a p p r a i s a l  and assessment.  

(5) Se lec t ed  use r  demonstrat ion p r o j e c t s . t o  e v a l u a t e  a p p l i c a t i o n s  
e f f e c t ivene s: s . 

A primary o b j e c t i v e  of t h e s e  a c t i v i t i e s  w i l l  be  t o  e s t a b l i s h  need and 
economic or o the r  p rac t ica l  b e n e f i t  j u s t i f i c a t i o n  as e a r l y  i n  t h e  l i f e  
of  a pr0gra.m a.s p o s s i b l e  and t o  up-date t h e  a n a l y s i s  through follow-on 
s t u d i e s  as more d e t a i l e d  information and d a t a  i s  developed. 

An important cons idera t ion  i n  the  Appl ica t ions  Systems Analyses program 
i s  t h e  assessment of how and when a p p l i c a t i o n s  should be t r a n s i t i o n e d  t o  
ope ra t iona l  s t a t u s ,  and t r a n s f e r r e d  t o  ope ra t ing  agencies  o r  t h e  p r i v a t e  
s e c t o r .  C r i t e r i a  must be e s t a b l i s h e d  f o r  determining when t h i s  t r a n s i t i o n  
i s  t e c h n i c a l l y ,  economically and i n s t i t u t i o n a l l y  appropr i a t e .  

Systems Analyses inc ludes  advanced s t u d i e s  of new d i r e c t i o n s  i n  cu r ren t  
Appl ica t ions  programs and t h e  s tudy of e n t i r e l y  new a p p l i c a t i o n s .  An 
e a r l y  t echn ica l  assessment of new a p p l i c a t i o n  ideas  as they are developed 
w i l l  serve t o  e s t a b l i s h  pre l iminary  f e a s i b i l i t y  and key t e c h n i c a l  r e q u i r e -  
ments. These e a r l y  advanced s t u d i e s  a l s o  provide a b a s i s  f o r  determining 
which new ideas j u s t i f y  f u r t h e r  cons ide ra t ion  and e f f o r t .  I l l u s t r a t i v e  
examples of s t u d i e s  t h a t  would be  undertaken i n  FY 1975 inc lude :  i n v e s t i -  
g a t i o n  of techniques f o r  d a t a  i n t e r p r e t a t i o n ;  monitoring and c o n t r o l  of 
reuseable  water  t reatment  systems; i d e n t i f i c a t i o n  of b i o l o g i c a l  s i g n a t u r e s  
d e t e c t a b l e  'by advanced sensing techniques;  and new techniques f o r  ob ta in ing  
ground t r u t h .  
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.- A E l i c a t i o n s  Explorer  Heat Capacity Mapping Mission 

1975 - 1974 - 1973 - 
Appl ica t ions  explorer  h e a t  

capac i ty  mapping miss ion . . . . . . . . .  --- --- $2,600,000 

--- Tota l  .......................... $2.600.000 --- 

The Heat Capacity Mapping Mission w i l l  make thermal i n e r t i a  measurements 
of t he  e a r t h ' s  s u r f a c e  which w i l l  l e ad  t o  t h e  i d e n t i f i c a t i o n  of s u r f a c e  
rock types ,  the  monitor ing oE ocean c u r r e n t s  and a i d  i n  t h e  development of a 
c a p a b i l t  t y  11'3 inventory p o t e n t i a l  geothermal sources .  

The i d e n t i E i c a t i o n  of rock types  i s  of major va lue  i n  l o c a t i n g  o i l  and 
gas  f i e l d s  ;; ince t h e  exp lo ra t ion  f o r  t hese  r e sources  re l ies  s u b s t a n t i a l l y  on 
the  i d e n t i f i c a t i o n  of r e s e r v o i r  rock and l o c a l  s t r u c t u r e  which might provide 
a t r a p  f o r  petroleum. Major c i v i l  works l i k e  highway and cana l  cons t ruc t ion  
are  crit ical . .!y dependent upon the  type of s u r f a c e  rock  t h a t  w i l l  be encountered 
along al.ternati.ve rou te s .  

Thermal anomalies have been found t h a t  correspond t o  s u r f a c e  and subsurface 
water. Thermal images are a l s o  of use  i n  monitor ing the  l o c a t i o n  of t h e  0cea.n 
currents:  and t h e  temperature  v a r i a t i o n s  of water a long the c o a s t s .  Thermal 
imagery has  heen demonstrated t o  be e f f e c t i v e  i n  d e t e c t i n g  and monitoring 
r i v e r  pcll lution plumes, sea i c e ,  s o i l  mois ture ,  crop stress and d i sease .  
I n  order  t o  accomplish these  o b j e c t i v e s ,  t he  thermal sensor  w i l l  be  p laced  
i n  a s p e c i a l i z e d  pre-dawn o r b i t  f o r  sens ing  day and n i g h t  s u r f a c e  temperatures ,  
near  the maximum and minirnurn va lues ,  i n  a twenty-four hour per iod .  This 
condi t ion  prclduces the  g r e a t e s t  d i f f e r e n t i a t i o n  of materials wi th  d i f f e r e n t  
thermal p r o p e r t i e s .  Such an o r b i t  i s  incompatible  wi th  the  o r b i t  r equ i r ed  
f o r  o the r  i n v e s t i g a t i o n s ,  such as those a s soc ia t ed  wi th  ERTS. 

The instrument  t o  be used on t h i s  mission i s  a s p a r e  f l i g h t  u n i t  and i t s  
performance h a s  a l r eady  been v e r i f i e d  i n  an o r b i t a l  t e s t  radiometer  developed 
and t e s t e d  o n  NIMBUS-5; however, i t  w a s  no t  i n  our optimum o r b i t  on NIMBUS-5 
because of  i n c o n p a t i b i l i t y  w i th  o the r  ins t ruments  on t h e  s p a c e c r a f t .  The 
chosen o r b i t  and the  ground swath of t h e  ins t rument  w i l l  p rovide  r e p e t i t i v e  
coverage of a given area wi th in  no more than two days.  The ground s t a t i o n s  
t o  be used fo r  r e a l  t i m e  read-out  of t h e  d a t a  w i l l  provide coverage of 
v i r t u a l l y  a l l  o f  North America and A u s t r a l i a  and most of Europe and North 
Af r i ca .  

The s a t e l l  iLe subsystems wi:L1 be common wi th  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 and the I n t e r n a t i o n a l  Magnetospheric Explorer  s a t e l l i t e s  where 
p o s s i b l e .  The s a t e l l i t e  w i l l  be 3 a x i s  s t a b i l i z e d  and w i l l  be launched 
by a Scout launch v e h i c l e .  EY 1975 e f f o r t  covers  s a t e l l i t e  subsystem 
design and engineer ing t e s t i n g ,  i n i t i a t i o n  of instrument  modi f ica t ions ,  
and procurement of long l ead  i. tems. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1975 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

AERONAUTICS AND SPACE TECHNOLOGY PROGRAMS 

Programs - -- 
Budget Plan 

FY 1973 FY 1974 FY 1975 

Aeronautical research and $150,640,000 $168,000,000 $166,400,000 

Space and nuclear research and 
technology ................... 
technology. .................. 81,860,000 69,000,000 74,800,000 

Total.......... .............. $232.500.000 $237.000.000 2’241.200,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF ---- AERON,9lJTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND 
TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 1974 1975 

Research and technology base ....... $74,803,000 $81,426,000 S83,900,000 
Systems and design s t u d i e s  ......... 5,486,000 6,073,000 5,000,000 
Systems and experimental  programs.. 70,351,000 80,501,000 -77,500,000 

Tota l .  ........................... $150.640.000 $168,000.000 S ~ 6 6 . 4 0 0 . 0 0 0  - 

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 . .  . 
J e t  Propuls ion Laborat:ory.. .... 
Wallops S ta t ion . . . . . . . . . . . . . .  .. 
A m e s  Research Center ........... 
F l i g h t  Research Center . . . . . . . . .  
Langley Research Center . . . . . . . .  
L e w i s  Research Center . . . . . . . . . .  
Headquarters ................... 

$205 , 000 

1 , 282,000 

33,196,000 
12,300,000 
46,970,000 
53,330,000 

2,356 , 000 

910,000 

91 , 000 

$164 , 000 $164 , 000 
647 , 000 647 , 000 
620 , 000 620 , 000 
124,000 124,000 

43,526,000 44,153,000 
12,898,000 12,898,000 
49,605,000 60,428,000 
58,786,000 45,736,000 

1,630,000 - 1 , 630,000 

Tota l  ........................ $150.640.000 $168.000.000 &L66.400.000 - 
HIGHLIGHTS OF BUDGET PLAN 

Research --- and Technology Base 

Mate r i a l s  - Basic  r e sea rch  and 
development s t u d i e s  on metals , 
ceramics ,  ploymers and composites 
of those m a t e r i a l s  t h a t  w i l l  l e ad  
t o  improved high temperature  
p r o p e r t i e s  and r e l i a b i l i t y . .  ........ $4,474,000 $6,600,000 $6,900,000 
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1973 - 1% 1975 

S t r u c t u r e s  - Advancement of 
technology ?'or f u t u r e  s h o r t  and 
long hau l  t r a n s p o r t a t i o n  systems 
and a i r  defense  systems i n  areas 
of high temperature  s t r u c t u r e s ,  
composite s t r u c t u r e s ,  a n a l y s i s  
and des ign ,  and s t r u c t u r a l  
dynamics ............................. $5,659,000 $6,400,000 $7,000,000 

-- Avionics - Appl ica t ion  of ad- 
vanced theory t o  av ion ic  systems 
des ign;  develop technology f o r  
V e r t i c a l  Tak:e Off and Landing 
(VTOL) automated f l i g h t ,  p i l o t  
warning , c o n t r o l  and d i sp lay  
f o r  impr0vir.g gene ra l  a v i a t i o n  
a i r c ra f t  saf 'ety;  a p p l i c a t i o n  
of a c t i v e  ccintrol technology 
t o  adva.nced t r a n s p o r t  a i r c r a f t  
des ign  ............................. 2,946,000 3,200,000 3,800,000 

Propul s ioz-E,nv i r  onmen t 
Impact Minimization - Programs t o  
e s t a b l i s h  technology f o r  major 
r educ t ions  of  n o i s e  and exhaust  
emission pcll.lu.tion i n  a i r c r a f t  
engines  and propuls ion  systems 
whi le  niininiizing f u e l  con- 
sumption ........................... 9,400,000 11,700,000 10,400,000 

Propulsicrri Components - 
Supp0rt.s achievement of h igh ly  
e f f i c i e n t  , l i g h t  weight pro- 
pu l s ion  systems through r e sea rch  
e f f o r t s  t o  improve in l e t s  and 
nozz les  , fans  , compressors and 
tu rb ines  , combus t o r s  and augmenta- 
t i o n  sys tern, and. mechanical com- 
ponents: ............................ 9,000,000 8,700,000 9,000,000 

---- A i r  Eireat:hing Engine Systems - 
Provide technology t o  reduce c o s t s  
and time rE:qui.red f o r  new engine 
development: programs through i m -  
proved engi.ne systems des ign  and 
a n a l y s i s  techniques and t o  i n v e s t i -  
g a t e  new system concepts . .  ......... 8,191,000 8,000,000 8,000,000 
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1973 1975 - 1974 

Flu id  and. F l i g h t  Dynamics - ~ - - -  
Programs tcl increase understanding 
and p r e d i c t a b i l i t y  of complicated 
aerodynamic and f l i g h t  dynamic 
phenomena t o  provide improved 
v e h i c l e  design. c r i t e r i a . ,  . . . . . . . . . . $9,087,000 $8,926,000 $9,400,000 

Low-Speed_&:hicle Systems - 
R e s  ear ch ani1 t.ec hno 1 ogy programs 
t o  improve t:he levels of aero-  
dynamic. perf'ormance , n o i s e  , 
and handl ing  q ,ua . l i t i es  i n  gene ra l  
a v i a t i o n  , pc)we:red l i f t  , jet-VTOL , 
and rot :ary wing a i r c r a f t  ........... 11,314,000 11,600,000 11,600,000 

High-speed Vehic le  Systems - 
Supports e f l z  ts  t o  e s t a b l i s h  
technologica l  s u p e r i o r i t y  i n  
c i v i l  and m i l i t a r y  ae ronau t i c s  
f o r  medium and long hau l  c r u i s e  
a i r c ra f t  , hypersonic  a i r c r a f t ,  
and combat v e h i c l e s  through 
improved aerodynamic con Eiguration 
design ............................. 7,900,000 9,000,000 9,100,000 

Man-Vehicle Technolopy - 
Provide the r e sea rch  and tech-  
nology base fclr s o l u t i o n s  t o  
human problems i n  t h e  areas 
of a i r c r a f t  n o i s e ,  r i d e  q u a l i t y ,  
and f l i g h t  management, t h a t  might 
impact t h e  improved performance 
and s a f e t y  cif a i r  t r anspor t a t ion . .  

---- 

3,069,000 3,800,000 4,800,000 

--- A i r c r a f t  Operat ions - 
Development of r e f i n e d  knowledge 
of t h e  atmosphere (low l e v e l )  f o r  
improved vel- ic le  design and 
ope ra t ing  procedures  and develop 
s o l u t i o n s  t c )  problems spawned by 
cu r ren t  a i r c r a f t  ope ra t ions  
( s l i p p e r y  runways , l i g h t n i n g  
e f f e c t s  , tu rbulence  d e t e c t i o n ,  
f i r e ,  c rash)  i n  t h e  f l i g h t  and 
runway environments. . . . . e . . . . . . . . . . 3 , 763,000 3,500,000 3,900,000 

Tota l ,  Research and 
Technology Base... ........... $74,803.000 $81.426.000 $83.900.000 
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1974 - 1973 1975 

Systems and I)~?s/ign S tud ie s  

System:; S tud ie s  - Deter- 
mine from mit;:;ion, systems, 
and conceptua 1 :; t u d i e s  , t h e  
technology requirements  , c o s t s  , 
b e n e f i t s ,  and impacts ,  of ad- 
vanced c i v i l  and m i l i t a r y  
ae ronau t i ca l  systems. Included 
i n  FY 19:75 i s  t h e  assessment of 
a l t e r n a t e  fue  Ls f o r  long-range 
subsonic  a i r c r a f t .  ................. $4,295,000 $4,073,000 $4,500,000 

-_-- 

Design Stuc1:ier; -- Develop 
pre l iminary  design d a t a ,  system 
spec i f ica t ion : ; ,  and r e sources  
requirements .Eor ( :onfigurat ions 
s e l e c t e d  on t h e  b a s i s  of systems 
s t u d i e s  as p o t e n t i a l  experimental  
v e h i c l e  candida tes .  Included i n  
FY 1975 is t h e  des ign  s tudy of 
a medium s h o r t  haul a i r c r a f t . .  .... 

---- 

1,191,000 2,000,000 500,000 

To tal. , Sy:; tern and Design 
S t u  d i e  E; ...................... $5.486.000 $6.073.000 .$5.000.000 

Advanced Sys t:emo -- Technolopy 
Pr  ogr  anis 

Materials for -- Advanced Turbine 
Engines - Acc:eleration of develop- 
ment of  advanced t u r b i n e  engines  
by demonstrat:j.ng v a l i d i t y  of low- 
cos t innovat ive  mater ia l  s. ......... 

I n t e g r a t e d  j’rcgram f o r  Aerospace 
Vehicle  Desig,r! - A computerized 
t e chn i que t o r*ed.uc e de s i gn t i m e  
wi th  t h e  simu.l.ta.neous goa l  of 
reducing des ign ,  development, 
manufacturing an.d ope ra t iona l  
costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - -  $900,000 

- - -  1,000,000 
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1973 1974 - 1975 - 
Act ive  Conjzcil A i r c r a f t  F l i g h t  

Exneriments - Confirmation of 
integrat :ed a.c:ti.ve c o n t r o l  con- 
c e p t s  t o  achi.eve h igh  per  formance 
a t  l o w  c o s t  i n  f u t u r e  a i r c r a f t . .  ... 

Subt:otal., Advanced Systems 
Techno1.og;y Programs. ......... 

Systems Techriol.ogy Programs 

Supersonic: Cru ise  Aircraf t  
Researcl-i - To provide  t h e  tech-  
nology base f o r  an economically 
and environnien tal. l y  accept  a b l e  
supersonic  ci:uise a i r c r a f t  and 
t o  ass e :; s t h e  environment a1 
impact of pi:esent: and f u t u r e  
fo re ign  supc:~: s on ic  c r u i s e  
a i r c r a f t . .  ............................ 

Quie t  Propiilsive-Li f --- t 
T e c h n o l ( z  .- To gene ra t e  t h e  
i n t e g r a t e d ,  totah v e h i c l e  and 
opera t irig s 17 s t e m s  techno 1 ogy 
t o  s t i m u l a t e  development of 
e f f icier1 t qu ie  1: propul  s i v e  - 
l i f t ,  s h o r t  hau l  t r a n s p o r t s . .  ...... 

General Aviar~ion Low Cost 
Avionic:? - 1)emonstration of 
advanced low c o s t  av ion ic s  
systems t h a t  enhance t h e  
s a f e t y  and u t i ' l i t y  of gene ra l  
a v i a t i o n  a i i r ~ r i 2 f t .  ................. 

---- 

S u b t o t a l ,  Systems Technology 
Prograns.  .................... 

Experiment --- a'l Propul s ion  Programs 

Refan ProgEi; .- I n v e s t i g a t i o n  
and demonstratioii  of n o i s e  reduc-  
t i o n  modi f ica t ions  t h a t  are re- 
t r o f i t t s b l e  t o  c u r r e n t  j e t  a i r -  
c r a f t . . . . . . . . . . . . . . . . . . .  ........... 

---  - - - $3,500 , 000 

$11,700,000 $9,700,000 8,900,000 

- - -  12,300,000 8,000,000 

- - -  - - -  300,000 

$11,700,000 $22,000,000 $17,200,000 

24,000,000 19,000,000 1,000,000 
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1973 1975 - 1974 

Quie t ,  Clean, Short  Haul 
Exper imenta lEngine  Program - 
Develop and demonstrate t he  
technology t o  achieve a 
powered-lif ' t  a i r c r a f t  no i se  
goa l  of 95 EPNdB a t  500 f e e t  
s i d e l i n e  d i s t ance . .  ................ $1,868,000 $6,000,000 $ ~ o ~ ~ ~ o , ~ ~ ~  

Advanced-El t i -S tage  Com- 
p r e s s o r  Program - Develop and 
demonstrate very h igh  pressure  
r a t i o  compressor technology 
f o r  ad.vanced h igh  performance 
tu rb ine  engines . .  .................. ---  500 , 000 

Experimeica.1 Quiet  Engine f o r  
Convention_s&Take Off and Landing 
-- A i r c r a f t  - T e s t  program of t h i s  
engine coniplated i n  ET 1973 ........ 949,000 - - -  - - -  

Sub to ta l ,  Experimental Pro- 
pulsion. Programs. ............ $26,817,000 $25,000,000 $11,5OO,OOC! 

Flight:  Exp€!ri.ments 

C-8 AugnE=:or Wing F l i g h t  
Experi.ment; - Proof-of-concept 
f l igh t :  tests of augmentor wing, 
powered- 1 i . f t  concepts .............. 1,350 , 000 529,000 350,000 

--- YF-1.2 Fl.I&tt Experiments - 
A program of f l i g h t ,  l abo ra to ry  
and wind t:unrtel. tests t o  v a l i d a t e  
o r  i d e n t i f y  d e f i c i e n c i e s  i n  
p r e d i c t  i on  techniques r e l a t i v e  
t o  s tr:uctural. , propuls ion and 
aerodynamic: performance i n  
supersonic  f l i g h t . .  ................ 5,847,000 5,399,000 5 , 300,000 

Trans onj22ii.r cr a f t Techno1 ogy 
Experiment:; -. A j o i n t  NASA/AF 
program t o  determine the  a p p l i -  
c a b i l i t y  o f  s u p e r c r i t i c a l  a i r -  
f o i l  technology t o  v a r i a b l e  
sweep wing al i rcraf  t i n  t r anson ic  
and supersontc  f l i g h t . .  ............ 794,000 1,172,000 800,000 
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1973 1974 1975 

Fly-by-Wire F l i g h t  Experiment - 
Demonstration of d i g i t a l  f ly-by-  
w i r e  f l i g h t  c o n t r o l  technology 
v i a  f l i g h t  tes t  and experience 
t o  provide  t h e  d a t a  f o r  develop- 
ment of advanced a i r c r a f t . .  ......... $2,514,000 $1,180,000 $2,200,000 

Rotor Systems f o r  Rotor 
Systems Research A i r c r a f t  - A 
j o i n t  Army/NASA program t o  
develop and demonstrate  improved 
h e l i c o p t e r  r o t o r  systems f o r  next  
gene ra t ion  c i v i l  and m i l i t a r y  
h e l i c o p t e r s  ........................ 

Wake Vortex Minimization 
F l i g h t  Research - Val ida t ion  
of p r a c t i c a l  aerodynamic. means 
t o  e l i m i n a t e  t r a i l i n g  v o r t i c e s  
which c o n s t r a i n  a i r s p a c e / a i r -  
p o r t  ope ra t ions  ................... 

---- 
---- 

Composi tePrimary S t r u c t u r e s  
F l i g h t  Exp,eriments - To e s t a b l i s h  
confidence i n  composite materials 
f o r  primary s t r u c t u r e s  of com- 
mercial a i r c r a f t  and demonstrate 
economic f a b r i c a t i o n  techniques 
and c e r t i f i c a t i o n  procedures. . . .  ... 

--- 

Advanced-Acoustic Composite 
Nace l le  -- F l i g h t  Program - Oper- 
a t i o n a l  deinonstration on a 
modern widle-body t r a n s p o r t  of 
economical advanced composite 
m a t e r i a l s  appl ied  t o  t h e  engine 
n a c e l l e  t h a t  w i l l  reduce t h e  
n o i s e  f o o t p r i n t  .................... 

---  1 , 800,000 

- - -  1 ,200, 000 

- - -  1 , 500 , 000 

- - -  

Composite S t r u c t u r e s  F l i g h t  
Experiment - Opera t iona l  experience 
of f a t i g u e  behavior ,  maintenance 
requirements  and i n s p e c t a b i l i t y  of 
s e 1 ec t i v e  1: omp o i t  e re  i n  f o r  cemen t 
of metal a i r c r a f t  s t r u c t u r e s ,  
Completed i n  E'Y 1974 ............... 2 , 029 , 000 1 , 000 , 000 

500 , 000 
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1973 19 74 1975 

F-8 Transport Technolop 
Flight Experiment - Fligh: 
verification of high-speed 
supercritical wing. Termi- 
nated in FY 1973. . . . . . . . . . . . . . . . . . .  

Subtotal, Flight Experiments.. . 
Research/Experimental Vehicle 
Programs 

Rotor Systems Research 
Aircraft - A joint Army/NASA 
program to develop a unique 
flight test capability for 
advanced rotor research............ 

--- 

Tilt Rotor Research Aircraft - 
A joint Army/NASA program to 
provide proof-of-concept 
evaluation of a tilt-rotor 
aircraft combining the best 
traits of the helicopter with 
the desirable cruise quali.ties 
of fixed-wing aircraft............. 

Highly Maneuverable Aircraft 
Technology FiQht Research Program - 
To provide low-cost flight: research 
vehicles based on the application 
of new technology in a multi-dis- 
ciplinary manner t o  exp1oi.t the 
synergistic potential for the design 
of advanced aircraft.. ............. 
Quiet Experimental --- STOL Transport 

Research Airplane - Cancelled in 
FY 1973. A research and technology 
effort is coitinuing under the 
quiet propulsive-lift program....,. 

$14,593,000 $9,280,000 -!j13,650,000 

1,614,000 5,266,000 7,100,000 

1,637,000 5,345,000 11,300,000 

2 , 968,000 

- - -  1,500,000 

Subtotal , R,esearch/Experi - 
mental Vehicles Programs.. ... - $6,219,000 $10,611,000 ~;19,900,000 
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1973 - 1975 1974 __. 

Operating Sys terns Experiments 

---- Noise Rediic ti on F1 igh  t Pro- 
cedure:; Exparfiments - 
Demonstration of reduced ap- 
proach n o i s e  I o o t p r i n t  v i a  
p i l o t  ,and p3s:;enger accep tab le ,  
innovat ive  lo i se  abatement 
f 1 igh  t pro  (3 sdur e s .................. $2 , 924,000 $3,143,000 $1,200,000 

Terminal &nfigured Vehic le  
Operat ing S y s t e m s  Experiments - 
To provide improvements i n  a i r -  
borne systems and f l i g h t  pro-  
cedures  t o  reduce n o i s e ,  improve 
f u e l  economy, improve te rmina l  
area p r o d u c t i v i t y  and improve 
approach and landing f 1 i.ght 
s a f e t y  ............................ 4,753,000 5,000,000 6,300,000 

Shor t  Take Off and Landing 
(STOL) Operat ing Systems 
Experiments - A j o i n t  DOT/NASA 
e f f o r t  t o  provide the  tech-  

---- 

nology base t o  s t i m u l a t e  
develcspmen t o f a l l  -weather 
STOL s h o r t  hau l  sys t ems . . . . . . . . . . . .  2,702,000 4,667,000 2,700,000 

---- V e r t i c a l  Take Off and Landing 
(VTOL) Operating Systems Experi-  
ments - Iniproved VTOL ope ra t ion  
v i a  ex tens ive  automation al lowing 
operat:ion under poor v i s i b i l i t y  
condit:ions arid i n  a manner t o  
minimize no i se ,  p i l o t  workload 
and f u e l  consumption. .............. 643,000 800,000 1,550 , OOC! 

- 

S u b t o t a l y  Operating Systems 
Expel-imerits.. ................ $11,022,000 $13,610,000 $11,75O,OOC! 

TotaL, Systems and 
E:rpel:imental Programs.. .... $70.351.000 $80,501.000 $77.500.00(] 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF ---- AEIIONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND 
TECHNOLOGY PROGRAM 

PROGRAM OBJECrI'JES ---- AND JUSTIFICATION : 

The FY 197.3 Aeronaut ics  program i s  d i r e c t e d  a t  improving t h e  performance 
and reducing tht? energy requirements  and undes i r ab le  environmental  e f f e c t s  
of c i v i l  and m i l i t a r y  a i r c r a f t .  Maintaining the  Nat ion ' s  s u p e r i o r i t y  i n  
c i v i l  and m i l i t a r y  a v i a t i o n  i s  e s s e n t i a l  t o  t h e  economic wel l -be ing  and 
m i l i t a r y  s e c u r i t y  of t h e  United S t a t e s .  NASA's r o l e  i s  t h e  development 
of advanced technlology t o  address  s p e c i f i c  areas of concern such as n o i s e  
and p o l l u t i o n ,  and t h e  genera l  advancement of  a e r o n a u t i c a l  technology t o  
ensure t h e  s u p e r i o r i t y  of  our  m i l i t a r y  a i r c r a f t  and a s t r o n g  compet i t ive  
p o s i t i o n  f o r  t h e  U .  S .  c i v i l  a v i a t i o n  indus t ry  i n  the  i n t e r n a t i o n a l  market 
p l ace ,  

I n  c i v i l  a v i a t i o n  t h e  program i s  aimed a t  removing o r  reducing the  c u r r e n t  
growth r e s t r a i n t s  t o  c iv i l .  a i r  t r a n s p o r t a t i o n  by address ing  t h e  problems 
of congest ion,  s a f e t y ,  n o i s e ,  p o l l u t i o n ,  and f u e l  consumption. NASA i s  
a c t i v e l y  cooperat ing wi th  the  Department of T ranspor t a t ion  (DOT) and o the r  
appropr i a t e  c rgan iza t ions  i n  f ind ing  s o l u t i o n s  t o  most of t h e s e  problem 
areas. A technology program i s  being conducted t o  reduce te rmina l  area 
congest ion and n o i s e  and t o  inc rease  ope ra t ing  s a f e t y  i n  t h e  a i r p o r t  
environment through t h e  development of improved propuls ion  systems, 
av ion ic s ,  guidance and c o n t r o l  systems, and ope ra t ing  procedures .  The 
technology t o  reduce p o l l u t i o n  and f u e l  consumption and t o  u t i l i z e .  f u e l s  
o the r  than t f rose based on petroleum i s  being developed. Work i s  i n  pro- 
g r e s s  on c l e a n ,  q u i e t ,  e f f i c i e n t  propuls ion  a p p l i c a b l e  t o  s h o r t  take o f €  
and landing ( STOL,) and convent ional  take  o f f  and landing (CTOL) .si r c r a f  t 
inc luding  propuls ion  system technology which could be app l i ed  t o  c u r r e n t  
narrow-body c:ivil j e t  t r a n s p o r t s .  Technology i s  being developed t:o pro-  
v ide  superior.  sho r t -hau l ,  high-density, STOL 
landing (VTOI,) s e r v i c e  i n  the  f u t u r e .  

and ver t ica l  take  of  f and 

The development. of advanced technology s u i t a b l e  f o r  f u t u r e  m i l i t a r y  
systems remains; a1 key NASA o b j e c t i v e ,  NASA i s  suppor t ing  j o i n t  develop- 
ment wi th  the  Department of Defense (DOD) of a p p r o p r i a t e  research, expe r i -  
mental ,  and pro to type  a i r c r a f t ,  t o  e x p l o i t  t echnologies  r e c e n t l y  developed 
but  no t  y e t  :;ulifi.ciently v e r i f i e d  f o r  u se  i n  f u t u r e  product ion a i r c r a f t ,  
and t o  deterrnine whether a t t r a c t i v e  mission a p p l i c a t i o n s  exis t .  NASA 
i s  a l s o  providing d i r e c t  support  t o  s p e c i f i c  m i l i t a r y  a i r c r a f t  t o  enhance 
t h e  success  of t h e i r  development. 
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To enable  long-term development of advanced a i r c r a f t ,  a cont inued funda- 
mental r e sea rch  e f f o r t  w i l l  be c a r r i e d  out  i n  such areas as aerodynamics, 
propuls ion,  s,t:ructures and materials, av ion ic s ,  man-vehicle i n t e r a c t i o n s ,  
and safet:y ant1 ope ra t iona l  procedures .  The b a s i c  o b j e c t i v e  i s  t o  improve 
performance, 1-ower investment c o s t s  , lower ope ra t ing  c o s t s  , i n c r e a s e  
s a f e t y ,  and ~11'ovide compet i t ive  a i r c r a f t  i n  t h e  world market. 

The Supersonic: Cru ise  A i r c r a f t  Research program r e p r e s e n t s  a s i g n i f i c a n t l y  
reduced but  v i t a l  cont inuing  r e sea rch  e f f o r t  i n  t h e  area of supersonic  
technology. The program's o b j e c t i v e s  are t h e  development of an expanded 
technology base  f o r  f u t u r e  m i l i t a r y  o r  c i v i l  supersonic  c r u i s e  a i r c r a f t  
and t o  provide t:he d a t a  r equ i r ed  t o  assess environmental  impacts of p re sen t  
and f u t u r e  forei.gn. supersonic  c r u i s e  a i r c r a f t .  The Quie t  Propuls ive-Lif  t 
Technology program has  been expanded i n  scope t o  inc lude  f l i g h t  r e sea rch  
u t i l i z i n g  the  A i . r  Force Advanced Medium STOL Transpor t  and an e x i s t i n g  
a i r c r a f t  modi.fied i n t o  a swept-wing q u i e t  p r o p u l s i v e - l i f t  r e sea rch  a i r -  
plane.  

Planned new ac:ti.vities inc lude  f l i g h t  t es t  conf i rmat ion  of i n t e g r a t e d  
design guide1.1-nes r equ i r ed  fo r  t h e  implementation of a c t i v e  c o n t r o l  concepts 
i n  f u t u r e  conrrierci.al and m i l i t a r y  a i r c r a f t  des igns  , t h e  demonstrat ion of 
t he  use  of advanced materials i n  primary a i r c r a f t  s t r u c t u r e s  and advanced 
tu rb ine  engines ,  t:he development of low c o s t  av ion ic s  f o r  gene ra l  a v i a t i o n ,  
and the  c1emortstrat:ion of h ighly  maneuvering a i r c r a f t  

- 

techno logy u t i l i  z ing 
remotely pi1c~l:ecl r e sea rch  veh ic l e s .  

BASIS OF FUND RE;QUIREMENTS: 

Research and Technolopy Base 

Materials r w e a r c h  and technology. . 
S t r u c t u r e s  r e sea rch  and technology. 

Propuls ion environmental  impact 
Avionics r e sea rch  and technology. .. 

minimi za t:::on res ear ch and 
t echrio logy. ...................... 

Propuls ion  coniponent s re search  

A i r  b r ea th ing  engine systems 

F lu id  and lil-ight: dynamics re- 

Low-speed v e h i c l e  systems re- 

High-speed v e h i c l e  systems re- 

and techn 01 ogy ................... 
res ear ch ancl t: ec hnol ogy .......... 
sear c:h and t:ec.hnology ............ 
search  and t:echnology.. .......... 
searc:h and t:echnology.. .......... 

1973 

$4,474,000 
5 , 659 , 000 
2 , 946 , 000 

9,400,000 

9 , 000 , 000 

8 , 191 , 000 

9 , 087 , 000 

11,314,000 

7 , 900,000 

1 9  - 
$6,600,000 
6,400,000 
3 , 200,000 

11,700,000 

8 , 700 , 000 

8 , 000,000 

8 , 926,000 

11,600,000 

9 , 000 , 000 

1975 

$6,900,000 
7 , 000 , 000 
3 , 800 , 000 

10,400,000 

9,000 , 000 

8 , 000,000 

9 , 400,000 

11,600,000 

9,100,000 
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1974 1975 - 1973 - 
Man-vehic le technology. ............ $3 . 069 . 000 $3 . 800,000 $4,800 . OO(S 
A i r c r a f t  toperations r e sea rch  

and teclmology ................... 3,763,000 3,500,000 3,900,00(!, 

Totall.. ... ,, ..................... $74.803.000 $81.426.000. $83.900 .OOQ 

Materials Research and Techno 1 ogy 

The aeron.aut.ica1 materials r e sea rch  and technology program i s  focused on 
t h e  improvement of materials t o  reduce f u e l  consumption and the  weight of 
a i r c r a f t ,  i nc rease  t h e i r  l ongev i ty ,  s a f e t y ,  and r e l i a b i l i t y ,  and i n c r e a s e  
t h e i r  c o s t - e f f e c t i v e n e s s  and p r o f i t a b i l i t y .  

I n  t h e  area of h igh  temperature  engine materials, t h e  r e sea rch  ranges 
from s t u d i e s  of t h e  mechanisms by which materials maintain t h e i r  s t r e n g t h  
a t  h igh  teniperat.ures t o  demonstrat ions of t h e  behavior  of  materials under 
1aborat:ory s iniulat ion of engine ope ra t ing  condi t ions .  I n  FY 1975 l abora to ry  
proved candida te  materials w i l l  be provided f o r  i n c l u s i o n  i n t o  t h e  "Materia1.s 
f o r  Advanced Turbine Engines" (MATE) experimental  program. Prea l loyed  powders 
w i l l  be  used i n  an a t tempt  t o  reduce t h e  materials c o s t  of a t y p i c a l  turbine: 
d i s k  by one - th i rd  wh i l e  increas ing  s t r e n g t h  a t  1,400°F by over 30 percent .  

I n  t h e  a r e a  of s a f e r  l i gh twe igh t  a i r f r ame  materials, t h e  focus i s  on t h e  
syntheses  of' new and improved polymers, composites,  l i gh twe igh t  metals, and 
more e f f i c i e n t  j o i n i n g  methods. The syntheses  of polymers, foams, and 
window m a t e r i a l s  which do n o t  i g n i t e  o r  e m i t  t o x i c  fumes when hea ted  w i l l  
be emphasized. I n  FY 1975 an eva lua t ion  of t h e  t o x i c i t y  of  gases  emi t ted  
by burning E i r c r a f t  i n t e r i o r  materials w i l l  be conducted, and s u b s t i t u t e  
m a t e r i a l s  will be synthes ized  f o r  t h e  s a f e t y  of  passengers .  A f i r e -  
r e t a r d a n t ,  contoxic  polyphosphazine composite mat r ix  f o r  u se  i n  a i r c r a f t  
i n t e r i o r s  w i l l  a l s o  be synthes ized ,  The j o i n i n g  s t u d i e s  w i l l  be aimed a t  
inc reas ing  t h e  use  of adhesives  i n  a i r c r a f t  cons t ruc t ion .  I n  FY 1974 a 
process  was  developed which combines t h e  advantages of  braz ing  and spo t  
welding f o r  j o i n i n g  heav i ly  s t r e s s e d  p a r t s .  I n  FY 1975 emphasis w i l l  be 
on syn thes i z ing  an adhesive f o r  advanced h igh  speed a i r c r a f t  wi th  a 50,000 
hours l i f e t i m e  a t  600°F, 150°F over the  c u r r e n t  s ta te  of t h e  ar t .  

I n  the  a r e a  of f a t i g u e ,  f r a c t u r e ,  and l i f e  p r e d i c t i o n ,  t h e  f a i l u r e  behavior  
of steel ,  t i t an ium,  and aluminum a l l o y s  and composite materials w i l l  be i n -  
v e s t i g a t e d  a n a l y t i c a l l y  and experimental ly .  During FY 1975 co r ros ion  i n -  
h i b i t o r s  f o r  h igh  s t r e n g t h  steels w i l l  be  i d e n t i f i e d ,  and t h e  " s t r a i n  range 
p a r t i t i o n i n g "  procedure f o r  accu ra t e  p r e d i c t i o n  of material c y c l i c  l i f e  i n  
a j e t  engine w i l l  be app l i ed  t o  a v a r i e t y  of materials t o  e s t a b l i s h  i t s  range 
of a p p l i c a b i l i t y .  The f r a c t u r e  mechanics approach t o  f a t i g u e  c rack  i n i t i a t i o n  
and crack  growth w i l l  a l s o  be pursued i n  FY 1975. Emphasis w i l l  be put  on 
t h e  es tab l i shment  of s tandard  tes t  methods t h a t  w i l l  p rovide  a c c u r a t e  f r a c t u r e  
i n d i c e s  thus reducing t h e  c o s t  and t e s t i n g  t i m e  involved i n  c h a r a c t e r i z i n g  
new materials. 

RD 9-:1.2 



S t r u c t u r e s  Research and 'Technology 

The ob j ece ives  of t h e  a e r o n a u t i c a l  s t r u c t u r e s  r e sea rch  and technology 
program are  t o  provide s i g n i f i c a n t  technology advances i n  computer-aided 
des ign  methods; l oads ,  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; s t r u c t u r a l  
i n t e g r i t y ;  composite s t r u c t u r e s ;  and advanced s t r u c t u r a l  concepts.  

Bene f i t s  Erom these  technology advances should r e s u l t  i n  improved f u e l  
economy, ope ra t iona l  economics, and r e l i a b i l i t y  of f u t u r e  a i r c r a f t  systems. 
I n  computer-aided design,  r e sea rch  on automated methods f o r  a n a l y s i s  and 
des ign  of clomplex s t r u c t u r e s  w i l l  reduce computer t i m e  and cost. and extend 
c a p a b i l i t i e s .  For example, a new level of NASTRAN w i l l  be  r e l eased  dur ing  
FY 19715 whizh w i l l  decrease  computer run-time by an order  of magnitude and 
add t h e  c a p s b i l i t y  f o r  automated, m u l t i l e v e l  subs t ruc tu r ing .  

The (objec t ive  i n  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 i s  t o  
improve metnods f o r  p r e d i c t i n g  s t r u c t u r a l  behavior i n  o rde r  t o  i n c r e a s e  
a i r c ra f t  performance, extend service l i f e ,  and improve s a f e t y  and r i d e  
q u a l i t y .  ISpeciEic t a r g e t s  fo r  FY 1975 i nc lude  completion of a com- 
pu te r i zed  subsonic f l u t t e r  p r e d i c t i o n  c a p a b i l i t y  f o r  NASTRAN arid methods 
f o r  p r e d i c t i n g  the  o s c i l l a t i n g  loads i n  t u r b u l e n t  a i r f lows .  E f f o r t s  w i l l  
cont inue  leading  t o  improved understanding and more a c c u r a t e  arid compre- 
hensive panel  f l u t t e r  p r e d i c t i o n  methods. Research w i l l  a l s o  cont inue  
t o  improve a e r o e l a s t i c  load  p r e d i c t i o n  techniques ,  inc luding  v e r i f i c a t i o n  
by wind tunnel  d a t a ,  and t o  provide a n a l y t i c a l  techniques which w i l l  
p r e d i c t  more accu ra t e ly  t h e  dynamic response of f l e x i b l e  a i r c r a f t .  

Improvement i n  a i r c r a f t  s t r u c t u r a l  i n t e g r i t y  by advancing t h e  understanding 
of  the  f a c t o r s  t h a t  c o n t r o l  c rack  i n i t i a t i o n ,  c r ack  growth, and f r a c t u r e  
w i l l  be sought.  S u b s t a n t i a l  improvement of a n a l y t i c a l  procedures  f o r  pre-  
d i c t i n g  the  r e s i d u a l  s t r e n g t h  of r e i n f o r c e d  s h e e t  s t r u c t u r e s  con ta in ing  
flaws i s  p ro jec t ed  f o r  FY 1975. Current  methods underpredic t  s t r e n g t h  
by as much as 50 percent:. Research i n  c rack  propagat ion and test 
techniques,  which w i l l  l e ad  t o  methods by FY 1978  f o r  compressing t h e  t i m e  
r equ i r ed  f a r  l i f e  c y c l e  t e s t i n g  of h o t  s t r u c t u r e s ,  w i l l  be conducted during 
FY 1975. 

I n  composite s t r u c t u r e s ,  r e sea rch  t o  b e t t e r  understand and p r e d i c t  t h e  
behavior  of' f i lamentary  composites w i l l  be  cont inued t o  provide  t h e  b a s i s  
f o r  weight r educ t ion  of more than 25 percen t  and c o s t  sav ings  over c u r r e n t  
metall ic s t r u c t u r e s  i n  commercial a i r c r a f t .  Ongoing demonstrat ions of 
secondary s t r u c t u r e s  i n  commercial a i r l i n e  service w i l l  cont inue  i n  FY 
1975, inc luding  f a i r i n g s  on L-1011 a i r c r a f t  and s p o i l e r s  on B-737  a i r c r a f t .  
Addi t iona l  components inc lude  rudders  planned f o r  i n s t a l l a t i o n  on DC-10 
a i r c r a . f t  ir.  FY 1976. The 800,000 f l i g h t  hours  t o  be accumulated wi th  
t h e s e  compcments, backed by ground tests and technology advances,  w i l l  
provid!e cor.fidence f o r  i ndus t ry  and t h e  a i r l i n e s  t o  select  composites 
f o r  se:cond.ary s t r u c t u r e  of f u t u r e  a i r c r a f t .  
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Stud ies  of adfaticed s t r u c t u r a l  concepts  seek t o  provide innovat ive  con- 
c e p t s  f o r  improrritig t h e  e f f i c i e n c y  and r e l i a b i l i t y  of a i r c r a f t  s t r u c t u r e s  
and t o  explore  s t r u c t u r a l  concepts which w i l l  make p o s s i b l e  f u t u r e  develop- 
ment of hypersonic  a i r c r a f t .  I n  FY 1975 va r ious  concepts  f o r  l i g h t l y  loaded 
s t r u c t u r e s  w i l l  be eva lua ted ,  and t e s t i n g  of a c t i v e l y  cooled panel  concepts  
f o r  hypersonic  a i r c r a f t  w i l l  be  i n i t i a t e d  i n  t h e  unique high temperature 
s t r u c t u r e s  tunnels  lead ing  t o  t h e  v e r i f i c a t i o n  of t hese  concepts.  

Avionics Research and Technology 

The focus of the  av ion ic s  program is  t o  develop technology f o r  a i rc raf t  
guidance, c o n t r o l ,  navigat: ion,  d i s p l a y  and communications systems which w i l l  
improve performance and r e l i a b i l i t y  a t  reduced c o s t .  

I n  the  a rea  of advanced av ion ic s  systems, modern guidance, c o n t r o l  and 
nav iga t ion  theory w i l l  be app l i ed  t o  t h e  development of advanced av ion ic s  
systems f o r  STOL and gene ra l  a v i a t i o n  classes of a i rcraf t  t o  provide i m -  
proved maneuverabi l i ty ,  t iming and dependab i l i t y  i n  te rmina l  area a i r c r a f t  
ope ra t ions ,  i nc rease  landing rates up t o  100 pe rcen t ,  and i n s u r e  compati- 
b i l i t y  w i th  f u t u r e  a i r  t r a f f i c  c o n t r o l  requirements .  I n  FY 1975 the  p e r -  
formance b e n e f i t s  ob ta inab le  wi th  opt imal  4-D guidance and au to land  sof tware  
f o r  STOL a p p l i c a t i o n s  w i l l .  be demonstrated by means of  f l i g h t  tests on a 
STOL a i r c r a f t  us ing  t h e  STOIAND system. The des ign  of  a f u l l - f l i g h t - e n v e l o p e  
a u t o p i l o t  fo r  augmentor wing a i r c r a f t  and a pre l iminary  design of t i l t  r o t o r  
a i r c r a f t  w i l l  be completed. Ana ly t i ca l  s t u d i e s  which d e f i n e  t h e  p r e f e r r e d  
receiver conf igu ra t ion  f o r  very low frequency (VLF) nav iga t ion  oE gene ra l  
a v i a t i o n  a i r c r a f t  w i l l  be  completed. 

I n  the area of innovat ive  a v i o n i c s ,  advances i n  s o l i d  s t a t e  e l e c t r o n i c  
components and system concepts  w i l l  be  app l i ed  t o  develop av ion ic s  system 
concepts which o f f e r  60-70 pe rcen t  r educ t ions  i n  t h e  c o s t  of c o n t r o l  and 
d i sp lay  systems o r  s i g n i f i c a n t  improvements i n  ope ra t ing  e f f i c i e n c y  and 
s a f e t y .  I n  EY 1975 a low c o s t  f l i g h t  d i r e c t o r  (30 pe rcen t  of t h e  c o s t  o f  
c u r r e n t  f l i g l - t  d i r e c t o r s )  f o r  gene ra l  a v i a t i o n  a i r c r a f t  w i l l  be f l i g h t  
t e s t e d .  Ana ly t i ca l  s t u d i e s  of i nd iv idua l  m i c r o s t r i p  antennas w i l l  be  
complete d . 

I n  t h e  a r e a  c f  automated VTOL av ion ic s ,  d i g i t a l  c i r c u i t  technology and 
real-time da.t:a process ing  techniques w i l l  be app l i ed  t o  t h e  development 
of automated av ion ic s  systems and components f o r  VTOL a i rcraf t  t o  reduce 
system c o s t s  and improve e f f i c i e n c y  and s a f e t y  i n  te rmina l  opera t ions .  
I n  E'Y 1974 n.avi.gation and guidance requirements  f o r  commercial V'IIOL 
ope ra t ions  were defined.  I n  FY 1975 f l i g h t  tests o f  a th ree -ax i s ,  low 
v e l o c i t y ,  h igh  ac,curacy a i r speed  sensor  and t h e  des ign  of an  a c o u s t i c  
altimeter wi.1.l be completed. 

RD 9-14 



In t he  area of  active c o n t r o l s  technology, h igh ly  r e l i a b l e  computer tech-  
nology w i l l  be demonstrated,  and des ign  c r i te r ia  developed f o r  ac . t ively 
c o n t r o l l e d  ai .rciraft  concepts.  In FY 1975 t h e  conceptual  des ign  and a n a l y s i s  
of h igh  payoEf ;act ive c o n t r o l  system conf igu ra t ions  w i l l  be  completed, and a 
f a u l t - t o l e r a n t  computer o rgan iza t ion  concept a p p l i c a b l e  t o  f l i g h t  management 
and c o n t r o l  o E  c i v i l  a i r c ra f t  w i l l  be  def ined.  

Propuls ion E~~viironmen t a l  Impact Minimization R e  search  and T e c h n o l x  

The o b j e c t i v e  of t h e  environmental  impact minimizat ion program i s  t o  
e s t a b l i s h  tec’nnology f o r  major r educ t ions  of n o i s e  and exhaust  emission 
p o l l u t i o n  i n  a i r c r a f t  engines  and propuls ion  systems, whi le  minimizing 
economic, ope ra t ions ,  and f u e l  consumption p e n a l t i e s ,  

Propuls ion noise  r educ t ion  ac t iv i t i e s  are aimed a t  providing the  technology 
base  fo r  t he  a d e r s t a n d i n g  and r educ t ion  of  a i r c r a f t  p ropuls ion  component 
and systtem genera ted  no i se  wi th  minimum weight ,  performance and economic 
p e n a l t i e s .  During FY 1975 fundamental s t u d i e s  w i l l  be  cont inued t o  examine 
n o i s e  genera t ing  and propagat ion mechanisms a s s o c i a t e d  wi th  turbomachinery, 
i n l e t s ,  nozz les ,  and j e t  i n t e r a c t i o n s  wi th  t h e  atmosphere and wit:h a i r c r a f t  
su r f aces .  Esperimental  a c t i v i t i e s  w i l l  i nc lude  i n v e s t i g a t i o n s  of high mach 
number i n l e t s ,  LOIS n o i s e  fans  and exhaust  nozz le s ,  and wind tunne l  and 
F-106 a i r c r a f t  tes ts  t o  determine forward v e l o c i t y  e f f e c t s  on no i se .  

The n o i s e  f o o t p r i n t  p r e d i c t i o n  program i n i t i a t e d  i n  FY 1974 wi7.1 evolve 
computational t techniques f o r  accu ra t e  p r e d i c t i o n  of ground n o i s e  l e v e l s  
from ope ra t ing  s i r c r a f t  t o  e s t a b l i s h  a c o u s t i c  c h a r a c t e r i s t i c s ,  i d e n t i f y  
parameter s e n s i t i v i t i e s  and guide  r e sea rch  e f f o r t s .  During FY 1975 
an i n t e r i m  a i r c r a f t  n o i s e  f o o t p r i n t  p r e d i c t i o n  program w i l l  be e s t a b l i s h e d .  

The exhaust  einission p o l l u t i o n  r educ t ion  a c t i v i t i e s  are t o  e s t a b l i s h  
technology t o  meet f u t u r e  environmental  q u a l i t y  s t anda rds  wi th  minimum 
adverse e f f e c t s  011 engine performance, weight ,  and system complexity. 
Research t o  be conducted i n  FY 1975 emphasizes r educ t ions  of emissions 
t o  extremely low levels f o r  n i t r i c  ox ide  a t  takeoff  and c r u i s e  cond i t ions ,  
and f o r  unburned hydrocarbons and carbon monoxide a t  low power condi t ions .  
Most approaches tlo be i n v e s t i g a t e d  a l s o  r e s u l t  i n  reduced f u e l  consumption. 

A major con t r ac t ed  e f f o r t  ( c l ean  combustor program) w i t h  P r a t t  and Whitney 
and General E l e c t r i c  i s  underway t o  demonstrate  a 7 5  percent  reduct ion  i n  
emissions from a modern h igh  p res su re  r a t i o  a i r c r a f t  gas  t u r b i n e  engine.  
Promising combustlor concepts w i l l  be  included i n  an engine demonstrat ion 
phase us ing  CF-6 and/or JT9D engines .  
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Recent research  has  shown t h a t  i n j e c t i o n  of s m a l l  amounts of hydrogen 
i n t o  i n t e r n a l  combustion engines  permi ts  s t a b l e ,  h igh  e f f i c i e n c y  opera t ion  
wi th  reduced f u e l  consumption and low n i t r i c  ox ide  emission levels. During 
FY 1975 t h i s  technique w i l l  be t e s t e d  on a i r c r a f t  p i s t o n  engines  and small 
a i r c r a f t  gas t u r b i n e  combustors. 

Research a s soc ia t ed  wi th  the  i n t e r a c t i o n  of  exhaust  emissions wi th  the  
atmosphere i s  aimed a t  determining the  aerothermochemical processes  involved 
i n  exhaust  gases and p a r t i c u l a t e s  mixing wi th  t h e  atmosphere. During FY 
1975 two Boeing 747 a i r c r a f t  equipped wi th  instrumented packages t o  au to-  
ma t i ca l ly  record  gaseous and p a r t i c u l a t e  d i s t r i b u t i o n  along t h e  airways 
of t he  world w i l l  go i n t o  opera t ion .  Research w i l l  cont inue  on atmospheric 
r e a c t i o n s  and k i n e t i c  ra t .e  measurements of s e l e c t e d  r e a c t i o n s  f o r  use  i n  
wake and d i s p e r s i o n  modeling. 

Propuls ion Components Research and Technolopy 

The ae ronau t i ca l  p ropuls ion  components program o b j e c t i v e  i s  t o  provide 
the  technology which suppor ts  achievement of h igh ly  e f f i c i e n t ,  l i g h t  weight 
propuls ion systems of  broad ope ra t ing  range. Meeting t h i s  o b j e c t i v e  can 
r e s u l t  i n  system weight r educ t ions  and lower f u e l  consumption, w i th  a s soc ia t ed  
performance improvements, up t o  30 percent  f o r  s p e c i f i c  mission:; i n  t h e  1980 ' s .  
I n v e s t i g a t i o n s  w i l l  c e n t e r  on achiev ing  improvements i n  t h e  fo1:Lowing com- 
ponents:  i n l e t s  and nozz les ;  fans ,  compressors and t u r b i n e s ;  combustors 
and augmentation systems; and subs id i a ry  components. 

I n l e t  and nozz le  r e sea rch  w i l l  cont inue  t o  concen t r a t e  on development 
of accu ra t e  a n a l y t i c a l  techniques f o r  c a l c u l a t i n g  complex e x t e r n a l  and 
i n t e r n a l  flow f i e l d s  a s soc ia t ed  wi th  h igh  speed i n l e t s .  In a d d i t i o n ,  
experimental  i n v e s t i g a t i o n s  of t o t a l  system i n t e r a c t i o n s  between t h e  i n l e t ,  
engine and exhaust  nozz le  w i l l  be conducted i n  order  t o  b e t t e r  d e f i n e  flow 
i n t e r a c t i o n s  between t h e  va r ious  components of  t h e  t o t a l  p ropuls ion  system. 
The i n l e t  and exhaust  nozz le  r e sea rch  a c t i v i t y  provides  a technology base  
suppor t ing  r r i l i t a r y  h igh  speed a i r c r a f t  des igns ,  and c o n t r i b u t e s  t o  t h e  
advancement of knowledge i n  t h e  f i e l d  of h igh  speed i n t e r n a l  aerodynamics. 

Fan and ccmpressor technology a c t i v i t y  i s  aimed a t  achiev ing  an under- 
s tanding  of flow dynamics, and demonstrating t h i s  understanding by inc reas -  
ing component e f f i c i e n c y ,  ope ra t ing  range,  l i f e ,  and r e l i a b i l i t y .  Speci-  
f i c a l l y ,  the fan and compressor technology i n  FY 1974 centered  on determining 
s t a l l  margin and d i s t o r t i o n  to l e rance  improvement achievable  by design 
techniques such as cas ing  t rea tment ,  as w e l l  as demonstrated techniques f o r  
s t a g e  matching of h igh  performance compressors and fans .  I n  FY 1975 
cont inuing e f f o r t  i s  planned on mul t i - s t age  compressors designed f o r  a high 
degree of s t a b i l i t y  under: adverse ope ra t ing  condi t ions.  Advanced t u r b i n e  
technology a c t i v i t y  concent ra tes  on achiev ing  e f f i c i e n t  cool ing  wi th  
minimum adverse e f f e c t  on aerodynamic performance. P r o j e c t s  a r e  a l s o  
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underway t o  cxt:cact maximum work output  from a given t u r b i n e  s t a g e ,  thereby 
reducing t h e  -lumber of t u r b i n e  s t a g e s  i n  an  engine.  Work o f  t h i s  n a t u r e  
i s  cont inuing  i n  IT 1975. For both  fans/compressors ,  and t u r b i n e s ,  o v e r a l l  
engine weight can be reduced by as much as 20 pe rcen t  through success fu l  
achievement of the technology goa l s  e s t a b l i s h e d .  The r educ t ions  i n  engine 
weight w i l l  i l ls0 r e s u l t  i n  lower a i r c r a f t  f u e l  consumption. 

Research and technology e f f o r t  on combustors, searches  f o r  optimum means 
of providing the high e x i t  temperatures  and e f f i c i e n c i e s  r equ i r ed  by advanced 
engines.  Aug~nentor r e sea rch  i s  d i r e c t e d  t o  achieving h igh  combus t i o n  
e f f i c i e n c y  and Lighter weight by reducing a f t e r b u r n e r  chamber length .  The 
combustor and augmentor r e sea rch  w i l l  be  cont inued i n  FY 1975. 

Mechanical coinponents provide t h e  backbone suppor t ing  t h e  major t h r u s t  
producing dev ices ,  and inc ludes  bea r ings ,  s h a f t s ,  seals ,  and l u b r i c a t i o n  
systems. Long  Life ,  h igh  r e l i a b i l i t y ,  minimum v i b r a t i o n  systems are t h e  
targets  (of r e sea rch  on mechanical components. This a c t i v i t y  i s  of a 
cont inuing n.i tuce,  and i n  FY 1974 work focused on demonstrat ing long l i f e  
high-speed b e s r i n g s ,  and very  low leakage engine seals. This work i s  
cont inuing i n  FS 1975 with the  u l t i m a t e  o b j e c t i v e  of improving r o l l i n g  
element b e a r i i g  l i f e  by a f a c t o r  of 20 over c u r r e n t  s e r v i c e  bear ings ,  
and by r educ i ig  seal  leakage rates by 90 pe rcen t  compared t o  c u r r e n t  
va lues .  The s c t i v i t y  i n  t h e  f i e l d  of mechanical components i s  r e l e v a n t  
t o  the  e n t i r e  spectrum of propuls ion  systems, and i s  a d i r e c t  f a c t o r  i n  
reducing fue  1 consumption, and c o s t s  of  p re sen t  and f u t u r e  engines .  

A i r  Breathing Engine Sys t e m s  Research and Technology 

The o b j e c t i v e  oE t he  a i r  b rea th ing  engine systems program i s  t o  provide 
technology t o  reduce c o s t s  and t i m e  r equ i r ed  f o r  new engine development 
programs throJgli improved engine systems des ign  and a n a l y s i s  teckniques,  
and t o  i i i ves t iga t e  new system concepts .  

Research on propuls ion  system dynamic behavior  and c o n t r o l  i s  d- i rec ted  
toward the  iii:rea:;ed understanding of aerothermomechanical dynamic 
c h a r a c t e r i s t i s s  of gas  t u r b i n e  engine systems and component i n t e r a c t i o n s ,  
p a r t i c u l a r l y  in  response t o  t r a n s i e n t  f low condi t ions .  Laboratory tests 
of complete propuls ion  systems w i l l  be u t i l i z e d  t o  demonstrate t h e  a p p l i -  
c a b i l i t y  of II'ZW on l i n e  d i g i t a l  computerized c o n t r o l  system t h e o r i e s  and 
system design concepts.  A j o i n t  USAF/NASA program has been i n i t i a t e d  
t o  inves : i g a w  .:he improvements a t t a i n a b l e  by i n t e g r a t i o n  of  t he  c o n t r o l  
function:; of the i n l e t  and engine,  and t o  demonstrate  i n  f l i g h t  on an 
F-111E a i r p l a n e  a new con t ro l  technology t h a t  i s  respons ive  t o  th .e  
sens ing ,  compitat ion,  and a c t u a t i o n  requirements  of  t h e  i n t e g r a t e d  i n l e t ,  
engine,  and exhaust  nozzle  s y s  t e m .  
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Engines and complete propuls ion  systems w i l l  be i n v e s t i g a t e d  so  t h a t  t h e i r  
b a s i c  performance c h a r a c t e r i s t i c s  and s t a b i l i t y  l i m i t s  and responses  t o  dynamic 
d i s tu rbances  and d i s t o r t i o n s  can be eva lua ted .  Devices such as t h e  p re s su re  
j e t  d i s t o r t i o n  system, temperature d i s t o r t i o n  system, choked i n l e t  duc t ,  
s c reens ,  e t c . ,  w i l l  be  employed t o  produce t h e  d e s i r e d  engine i n l e t  environ-  
ment r equ i r ed  f o r  t h i s  work. S t a b i l i t y  l i m i t e d  dynamic d i s tu rbances  and 
d i s t o r t i o n s  w i l l  be  compared t o  those  expected (from i n l e t  tests) f o r  pre-  
l iminary  eva lua t ion  of i n l e t - e n g i n e  compa t ib i l i t y .  Basic a e r o e l a s t i c  
c h a r a c t e r i s t i c s  and response of an experimental ,  modern, h igh  performance, 
m i l i t a r y - t y p e ,  turbo-fan engine w i l l  be determined i n  FY 1975 i n  a cont inuing  
j o i n t  NASA/ JSAF engine research  program. 

The low clost engine systems technology cont inues  wi th  i t s  o b j e c t i v e  of 
e s t a b l i s h i n g  the  f e a s i b i l i t y  o f  s e l e c t e d  des ign  c h a r a c t e r i s t i c s  and f a b r i -  
c a t i o n  techniques t o  reduce the  c o s t  of gas  t u r b i n e  engines  i n  t:he s i z e  
range of  i n t e r e s t  f o r  genera l  a v i a t i o n  a p p l i c a t i o n s .  Earlier engines  t e s t e d  
under t h i s  p r o j e c t  were i n  the  500-600 pound t h r u s t  class, intended f o r  
expendable missi ' le  a p p l i c a t i o n s .  This phase of a c t i v i t y  has  drawn t o  a 
c l o s e  wi th  d e l i v e r y  of a test  engine t o  t h e  Navy. FY 1974 r e sea rch  a c t i v i t i e s  
w i l l  focus on low c o s t  engine component technology. By t h e  end of E'Y 1975 
performance tests of a stamped and coined compressor r o t o r  w i l l  be conducted 
i n  a demons t r a  t i on  engine.  

Hypersonic- picopulsion r e sea rch  w i l l  e s t a b l i s h  t h e  f e a s i b i l i t y  of propuls ion 
systems f o r  J S I ~  .in hypersonic  v e h i c l e s  f o r  p o t e n t i a l  commercial and m i l i t a r y  
a p p l i c a t i o n s .  Complete small-scale, hypersonic  propuls ion  systems i n -  
co rpora t ing  thermal compression, and w a l l  and s t r u t  hydrogen f u e l  i n j e c t i o n  
w i l l  be  demois t r a t ed .  
engine cool ing requirements .  System e f f e c t i v e n e s s  of sc ramje t  propuls ion  
system conce3ts  having the  p o t e n t i a l  of provid ing  s t a t i c  sea l e v e l  t h r u s t  
w i l l  a l s o  be determined. Procedures w i l l  be  e s t a b l i s h e d  f o r  p r e d i c t i o n  of  
i n t e r n a  1 shock -boundary l a y e r  i n t e r a c t i o n s  i n  hypersonic  i n l e t s  , d i f f u s e r s  , 
and combustors needed f o r  e f f i c i e n t  and s t a b l e  scramjet engine system des igns .  

These concepts show promise o f  s i g n i f i c a n t l y  reducing 

The r educ t  ion of f u e l  consumption f o r  energy conserva t ion ,  and achievement 
of increased  performance w i l l  be supported by i n v e s t i g a t i o n s  of  f e a s i b i l i t y  
of new o r  uriiisual. p ropuls ion  system concepts  f o r  p o t e n t i a l  f u t u r e  a p p l i -  
c a t i o n s  i n  lmth t h e  commercial and m i l i t a r y  a v i a t i o n  s e c t o r s .  System 
c h a r a c t e r i s t i c r ;  of r egene ra to r / r ecupe ra to r  engine cyc le s  capable  of achieving; 
reduct ions  o E  a t  leas t  30 percent  i n  s p e c i f i c  f u e l  consumption re la t ive t o  
c u r r e n t  e n g h e s  w i l l  be def ined  during FY 1975. The in f luence  of hydrogen 
o r  methane fuel-s on a i r c r a f t  engine des igns  w i l l  be determined during FY 
1975. 1)ropu:Lsiori system c h a r a c t e r i s t i c s  w i l l  be  def ined  which w i l l  enable  
e x i s t i n g  and new a i r c r a f t  engine types t o  o p e r a t e  s a t i s f a c t o r i l y  on synthetic:  
j e t  fuells ob1:aLned from raw materials o t h e r  than crude o i l .  
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Fluid  and F l i g h t  Dynamics Research and Technology 

The t h r u s t  o f  t h i s  program i s  t o  advance our understanding and p r e d i c t i v e  
c a p a b i l i t y  c'f aerodynamic phenomena t o  permit  increased  performance opt imi-  
z a t i o n  f o r  more eff ic ient : ,  f u e l  conserving advanced a i r c r a f t  and t o  ensure  
reduced environmental  e f f e c t s  of advanced a i r c r a f t .  

I n  the  area of p r e d i c t i o n  of aerodynamic phenomena, t h e o r e t i c a l  p r e d i c t i o n  
techniques a r e  being developed t o  p r e d i c t  complete aerodynamic c h a r a c t e r i s t i c s  
of complex three-dimensional  a i r c r a f t  con f igu ra t ions ,  so  t h a t  pre l iminary  
design concepts can be eva lua ted  wi th  marked r educ t ion  i n  c o s t l y ,  energy 
consuming, wind tunnel  tests. I n  FY 1974 c a l c u l a t i o n  schemes were developed 
t o  p r e d i c t  t he  i n v i s c i d  flow f i e l d  over wing-body conf igu ra t ions ,  inc luding  
v iscous  e f f e c t s  f o r  t he  s impler  two-dimensional case.  For FY 1075 t h i s  
l imi t ed  p r e d i c t i v e  c a p a b i l i t y  of i n v i s c i d  and v iscous  flow f i e l d s  w i l l  be  
extended t o  conf igu ra t ions  of increased  complexity us ing  the  Ames  Research 
Center ILLIAC I V  and the  Langley Research Center STAR computers. 

I n  t h e  a r e a  of minimization of undes i r ab le  aerodynamic phenomena, ex tens ive  
experimental ,  theore t ica l . ,  and pre l iminary  f l i g h t  eva lua t ions  are underway 
t o  minimize such phenomena as wake v o r t e x  turbulence ,  a i r  frame aerodynamic 
n o i s e ,  and a i r c r a f t  b u f f e t  which c u r r e n t l y  are  severe a i r c r a f t  ope ra t iona l  
c o n s t r a i n t s  o r  hazards .  I n  FY 1974 aerodynamic devices  f o r  reducing t h e  
wake vo r t ex  s t r e n g t h  w e r e  developed i n  ground f a c i l i t i e s  and pre l iminary  
f l i g h t  v a l i d a t i o n  tests w e r e  performed. Pre l iminary  measurements of n o i s e  
r a d i a t e d  from a i r f r ame  conf igu ra t ions  w e r e  made i n  wind tunnels  and i n  
f l i g h t .  I n  FY 1975 e f f o r t s  w i l l  be  made t o  f u r t h e r  r e f i n e  and develop 
t h e  most e f f e c t i v e  aerodynamic devices  f o r  minimizing the  wake vo r t ex  s t r e n g t h  
i n  both ground f a c i l i t i e s  and i n  f l i g h t  tests. 

I n  the  a r e a  of experimental  methods and f a c i l i t i e s  technology,  innovat ive  
f a c i l i t i e s  such as t h e  cryogenic tunnel  concept  f o r  achiev ing  h igh  Reynolds 
numbers and t h e  "quiet"  (low d i s tu rbance  l e v e l )  supersonic  tunnel  a r e  being 
developed t o  improve ground f a c i l i t y  s imula t ion  of f l i g h t  c h a r a c t e r i s t i c s .  
In  a d d i t i o n ,  improvements w i l l  be  made i n  test  techniques,  s c a l i n g  of tunnel  
r e s u l t s  t o  f l i g h t  conditi .ons,  and minimizing undes i r ab le  tunnel  i n t e r f e r e n c e  
e f f e c t s .  I n  FY 1974 p i l o t  models of the  cryogenic  tunnel  and "quie t"  tunnel  
concepts w e r e  eva lua ted  t:o prove t h e i r  f e a s i b i l i t y .  I n  FY 1975 model t e s t i n g  
i n  the  p i l o t  cryogenic  and "quiet"  tunnels  w i l l  cont inue  and development 
of technology f o r  l a r g e ,  high Reynolds number, t r anson ic  tunnels  w i l l  be  
acce le ra t ed .  

I n  t h e  a r e a  of a i r f o i l  and conf igu ra t ion  aerodynamics, experimental  and 
a n a l y t i c a l  s t u d i e s  focus on t h e  design of  improved, h i g h l y  e f f i c i e n t ,  
lower drag ( thus ,  lower f u e l  consuming) a i r f o i l s ,  wi th  emphasis on the  
s u p e r c r i t i c a l  .wing , as w e l l  as complete conf igu ra t ions  f o r  r o t a t i n g  and 
fixed-wing a i r c m f t  over t he  speed range.  I n  FY 1974 cons iderable  e f f o r t  
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w a s  expended t o  document t h e  s u p e r c r i t i c a l  wing aerodynamic c h a r a c t e r i s t i c s  
over t h e  e n t i r e  speed range thereby provid ing  a s o l i d  d a t a  base  f o r  advanced 
s u p e r c r i t i c a l  wing design.  I n  FY 1975 experimental  procedures  f o r  ensur ing  
the  v a l i d i t y  cif two-dimensional d a t a  w i l l  be e s t a b l i s h e d  and v e r i f i e d .  
innovat ive  cor.cepts such as t h e  obl ique  wing and h igh  a spec t  r a t i o  swept- 
wing w i l l  be s tud ied .  

Also, 

In t he  a rea  of s t a l l / s p i n ,  a p a r a l l e l  coord ina ted  e f f o r t  between NASA and 
DOD i s  being d i r e c t e d  a t  s p e c i f i c  s t u d i e s  aimed a t  de f in ing  the  aerodynamic 
and i n e r t i a l  I'ac t o r s  t h a t  are s i g n i f i c a n t  i n  prevent ing  divergence and loss  
of  c o n t r o l  a t  high angles  of a t t a c k .  A n a l y t i c a l  s t u d i e s ,  h igh  Reynolds 
number wind tunnel  t e s t i n g ,  and both small and l a r g e  scale r a d i o  con t ro l l ed  
models w i l l  b e  used t o  gene ra t e  des ign  d a t a  f o r  improved f l i g h t  c h a r a c t e r i s t i c s  
a t  and beyond t h e  convent ional  s t a l l .  

I n  t h e  area of handl ing  q u a l i t i e s ,  dur ing  FY 1975 e f f o r t s  w i l l  cont inue  
t o  be d i r e c t e d  toward the  d e f i n i t i o n  of s p e c i f i c  handl ing  q u a l i t i e s  c r i t e r i a  
f o r  both a i r c r a f t  and system des ign  and f o r  use  by the  FAA i n  determining 
c e r t i f i c a t i o n  requirements ,  S p e c i f i c  emphasis w i l l  be  p laced  on those 
areas l ea s t  understood,  such as STOL, VTOL, and a i r c ra f t  u t i l i z i n g  high 
l e v e l s  of s t a l i i l i t y  and c o n t r o l  augmentation. I n i t i a l  s t e p s  w i l l  be taken 
i n  t h e  iniplenimt a t i o n  of a broad based, manned f l i g h t  s imula t ion  technology 
program during; EY 1975. 

Low-Speed --- Vehiic1.e Sys t e m s  Research and Technology 

The low-speed v e h i c l e  systems r e s e a r c h  and technology program involves  i n -  
v e s t i g a t i o n s  t o  improve t h e  i n t e g r a t e d  aerodynamic performance, n o i s e ,  
s t a b i l i t y ,  cclntrol ,  handl ing  q u a l i t i e s  and v e h i c l e  dynamics of four  a i r c r a f t  
ca tegor ies - -genera l  a v i a t i o n ,  powered- l i f t ,  je t -VTOL, and rotary-wing a i r -  
c r a f t .  

The general  a v i a t i o n  technology e f f o r t s  i n i t i a t e d  i n  FY 1973 and 1974 
d i r e c t e d  toward s a f e r  and more product ive  a i r c r a f t  w i l l  b e  continued. 
f i c a n t  iniprowment:s i n  aerodynamic performance have been p red ic t ed  by wind 
tunnel  tests of a new low-speed a i r f o i l  s ec t ion .  F l i g h t  v e r i f i c a t i o n  of 
t hese  predict:j.ons w i l l  be  obta ined  during FY 1975. Models and f u l l - s c a l e  
a i r c r a f t  w i l l  cont inue  t o  provide d a t a  f o r  improved s p i n  c h a r a c t e r i s t i c s .  
E f f o r t s  t r i l l  a l s o  be devoted t o  aerodynamic means f o r  improving t h e  s t a l l  
and low-speed f l i g h t  c h a r a c t e r i s t i c s .  Approach and landing  s t u d i e s  w i l l  
examine new aerodynamic f l i g h t  pa th  c o n t r o l  techniques.  Technical  con- 
s u l t a t i o n  and desi.gn v e r i f i c a t i o n  w i l l  be provided f o r  t h e  a p p l i c a t i o n  
of superc:riti.cal. technology t o  the  des ign  of  new bus iness  jets by the  U.S. 
manufacturing indus t ry .  

Signi-  

Studies; t o  provi.de t h e  aerodynamic and f l i g h t  dynamics technology t o  
enable  v i a b l e  s h o r t  hau l  powered- l i f t  designs--from t h e  s t andpo in t  of 
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per  formartce , noi.se , and ope ra t ing  c o s t s  - - w i l l  cont inue.  I n t e g r a t e d  aero-  
dynamic perfc~rmance, n o i s e ,  s t a b i l i t y ,  and c o n t r o l  c h a r a c t e r i s t i c s  of 
advanced augmentor wing (AW) concepts  w i l l  be  v e r i f i e d  i n  l a r g e - s c a l e ,  low- 
speed tunnel  tests. S i m i l a r  s t u d i e s  w i l l  be  completed f o r  pre l iminary  
upper s u r f a c e  bl-owing (USB) designs.  Smal l - sca le  tests t o  ob ta in  f i r s t -  
o rde r  aei:odyrii~mj.c information on des ign  improvements f o r  several powered- 
l i f t  concept:; w:-11. be conducted, some of which w i l l  war ran t  l a r g e - s c a l e  
v e r i f i c a t i o n  in subsequent yea r s  D e f i n i t i o n  of a p r e f e r r e d  p i l o t i n g  
c o n t r o l  system for use  during law-speed te rmina l  area ope ra t ion  w i l l  be  
examined uti:tiz:ing ground-based s imula to r s  and f l i g h t  s t u d i e s .  I n  a 
j o i n t  e f f o r t  7sii-h FAA, handl ing  q u a l i t i e s  and performance c r i t e r i a  f o r  
AW and USB po.se:ced-lift a i r c r a f t  w i l l  be  def ined  as a b a s i s  f o r  e s t a b l i s h -  
ing c i v i l  ai:c.ao:rthiness s tandards .  

I n  the  area of j e t  VTOL a i r c r a f t ,  planned wind tunne l  and s t a t i c  
eva lua t ions  w i l l  examine t h e  c a p a b i l i t y  of a wing e j e c t o r - t y p e  propuls ive  
system t o  p r w i d e  an e f f e c t i v e  VTOL supersonic  combat type a i r c r a f t .  
w i l l  be cont inued t o  determine whether l i f t - f a n  t r a n s p o r t  models can be 
configured t o  achieve s a t i s f a c t o r y  te rmina l  area ope ra t ion ,  and i f  nozz le  
systems can e f f i c i e n t l y  vec to r  t he  h o t  exhaust  of t h e  l i f t / c r u i s e  f ans  
from t h e  c r u i s e  mode t o  hover and t h r u s t  r e v e r s a l .  F l i g h t  tests us ing  
t h e  X-14 r e sea rch  a i r p l a n e  and r e l a t e d  s imula to r  i n v e s t i g a t i o n s  w i l l  d e f i n e  
the  lateral  c o n t r o l  power needed i n  hovering f l i g h t  f o r  several promising 
VTOL c o n t r o l  augmentation systems. Ground-based s imula tor  c a p a b i l i t i e s  
w i l l  be v a l i d a t e d  t o  permit i n v e s t i g a t i o n  of VTOL ope ra t ions  from s m a l l  
sea con t ro l  s h i p s  under adverse  cond i t ions ,  i n  order  t o  e s t a b l i s h  accep tab le  
design and bandl ing q u a l i t i e s  c r i te r ia  i n  subsequent yea r s .  

Tests 

Ro to rc ra f t  s t u d i e s  w i l l  cont inue  t o  v a l i d a t e  and improve des ign  pre-  
d i c t i v e  methods involving h igh ly  i n t e r a c t i v e  flows , s t r u c t u r a l  response,  
and c o n t r o l  system f a c t o r s .  P a r t i c u l a r  a t t e n t i o n  w i l l  be  given t o  main 
ro tor / fuse l i tge /  tail r o t o r  flow i n t e r f e r e n c e  e f f e c t s ,  t o  unsteady f l o w  
cond i t ions  ciri r o t o r  b l ades  and i n  t h e  r o t o r  wake, and t o  r o t o r  b lade  and 
c o n t r o l  syst:em dynamics. Large-scale  w h i r l  tower and tunne l  eva lua t ions  
w i l l  develop t h e  technology f o r  advanced r o t o r  systems having g r e a t e r  
c r u i s e  and hover e f f i c i e n c y ,  reduced aerodynamic n o i s e ,  reduced complexity/ 
weight ,  and reduced v i b r a t i o n .  S tud ie s  w i l l  be  inc luded  on b lade  t i p  
modification!; , a var iable-geometry concept ,  and a c o n t r o l l a b l e  t w i s t  r o t o r  
concep t - - a l l  p o t e n t i a l  candida tes  f o r  development as f l i g h t  test ar t ic les  
f o r  t he  roto’: systems r e sea rch  a i r c r a f t .  A v a r i a b l e  s t a b i l i t y  h e l i c o p t e r  
w i l l  be  used t o  eva lua te  handl ing q u a l i t i e s  dur ing  curved d e c e l e r a t i n g  
approaches a2h ievable  wi th  an advanced non l inea r  c o n t r o l  concept.  

High-speed Veh:lcle Systems Research and Technology 

Aerodynamic technology, t o  achieve  s a f e  and r e l i a b l e  advanced 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  technologica l  s u p e r i o r i t y  i n  m i l i t a r y  ae ronau t i c s ,  
i s  being ge:nerated f o r  medium and long hau l  c r u i s e  a i r c r a f t ,  hypersonic  
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aircra  E t  , ixmbat v e h i c l e s  , and missiles. For each v e h i c l e  class s u b s t a n t i a  1 
ga ins  in  aerodynamic f l i g h t  e f f i c i e n c y  w i l l  be  sought  t o  improve range/pay- 
load c a p a b i l i t y  and/or t o  reduce s u b s t a n t i a l l y  t h e  f u e l  consumed such t h a t  
t h e  t o t a l  ene:cgy of t h e  system w i l l  be conserved. Technical  a s s i s t a n c e ,  
c o n s u l t i v e  seicvices, and f a c i l i t y  support  w i l l  a l s o  be provided by the  NASA 
a t  t h e  r eques t  of DOD f o r  m i l i t a r y  a i r c r a f t  and missile development programs 
t o  ga in  and maintain pre-eminence i n  m i l i t a r y  f l i g h t  systems. 

Aerodynamic des ign  information,  i nc lud ing  improved p r e d i c t i o n  methods, fo-r 
medium and long hau l  a i r c r a f t  systems w i l l  be  provided i n  the  subsonic  and 
n e a r  son ic  c r u i s e  regimes so t h a t  nex t  gene ra t ion  c i v i l  t r a n s p o r t s  can of fe.r 
a s u b s t a n t i a l  compet i t ive  advancement over c u r r e n t  technology t r a n s p o r t s  
and i n  t h e  nigh supersonic  speed regime s o  t h a t  an aerodynamic d a t a  base 
can be obta ined  f o r  t h e  des ign  and assessment  of  gene ra l i zed  h igh  supersonic: 
speed < a i r c r a f t  con f igu ra t ion  concepts.  Langley w i l l  conduct paramet r ic  
t r anson ic  wind tunnel s t u d i e s  t o  e x p l o i t  t h e  a p p l i c a t i o n  of s u p e r c r i t i c a l  
aerodynamics, t o  reduce a i r f r ame /py lon /nace l l e  i n t e r f e r e n c e  p e n a l t i e s ,  and 
t o  update  m a l y  t i ca l  p r e d i c t i o n  methods f o r  op t imiz ing  t r a n s p o r t  conf igu ra t ion  
design.  Transpor t  models w i l l  be  used t o  i n v e s t i g a t e  t h e  aerodynamic and 
c o n t r o l  e f f e c t i v e n e s s  and loadings  of wing t r a i l i n g  and leading-edge con- 
t r o l s  which can m e e t  v e h i c l e  des ign  requirements  f o r  active c o n t r o l  a p p l i -  
ca t ions .  3 i m i l a r i l y ,  t h e  f e a s i b i l i t y  of  achiev ing  the  p ro jec t ed  aerodynamic 
performancle advantage of t h e  obl ique  wing concept  a t  c r u i s e  Mach numbers 
up t o  1.4 i n  a p r a c t i c a l  o v e r a l l  t r a n s p o r t  des ign  w i l l  be  determined. 

Represen ta t ive  conf igu ra t ion  concepts  p o t e n t i a l l y  a p p l i c a b l e  t o  hypersonic  
t r a n s p o r t s  and advanced m i l i t a r y  a i r c r a f t  w i l l  be  i n v e s t i g a t e d  i n  FY 1975 
and l a t e r  .years t o  e s t a b l i s h  a technology base  f o r  d e f i n i n g  aerodynamic, 
s t a b i l i t y  and c o n t r o l ,  and hea t ing  c h a r a c t e r i s t i c s  and t o  provide  v a l i d a t i o n  
of a n a l y t i c  p r e d i c t i o n  methods of t h e  t o t a l  system performance. An i n v e s t i -  
g a t i o n  w i l l  be conducted t o  determine s u b s t i t u t e  gases  f o r  s imula t ing  engine 
exhaust  flows. This  tec.hnique w i l l  be v e r i f i e d  exper imenta l ly  us ing  promising 
hypersonic  a i rc raf t  conf igu ra t ions .  

New aerodynamic technology f o r  i nc reas ing  a i r  combat e f f e c t i v e n e s s  of  
f i g h t e r  a i r c r a f t  over t h r e a t  a i r c r a f t  w i l l  be  i n v e s t i g a t e d  and eva lua ted .  
I n  t h e  j o i n t  U.K./NASA vec to r ing  i n  forward f l i g h t  program, f l i g h t  tests 
will be i n i t i a t e d  i n  FY 1975 us ing  a modified Harrier a i r c r a f t  which a l lows  
t h e  t h r u s t  v e c t o r  t o  be r o t a t e d  900 from f u l l  a f t  a t  speeds up t o  M=1.2 
wi th  no a l t i t u d e  r e s t r i c t i o n .  Langley w i l l  conduct s t u d i e s  t o  de lay  flow 
s e p a r a t i o n  on wings t o  ob ta in  h ighe r  u sab le  l i f t  wh i l e  maintaining c o n t r o l  
e f f e c t i v e n e s s  which r e p r e s e n t s  increased  maneuverabi l i ty .  Aerodynamic 
s t u d i e s  of  advanced f i g h t e r  a i r c r a f t  w i l l  be  cont inued.  Ames ,  Langley, 
and L e w i s  w i l l  con t inue  s t u d i e s  i n  FY 1975 t o  i n t e g r a t e  t h e  propuls ion  
system w i t h  t he  a i r f r ame  t o  p r e d i c t  t o t a l  system i n s t a l l e d  perEormance. 
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Technologj' w i l l  be provided by Langley i n  FY 1975 f o r  advanced missi les  
wi th  increa.sed. mission performance which w i l l  enable  t h e  DOD t o  select  
from a numkler of op t ions ,  a r equ i r ed  mission v e h i c l e  a t  minimum c o s t .  
Technology f o r  a i r - t o - a i r  missiles wi th  inc reased  maneuver c a p a b i l i t y  
and f o r  s txtdciff  missiles wi th  increased  aerodynamic l i f t  over drag r a t i o  
(L/D) e f f i c i e r x y  w i l l  be provided. 

Experimen.1:al i n v e s t i g a t i o n s ,  c o n s u l t a t i v e  services, and t echn ica l  a s s i s t a n c e  
w i l l  be con.t:inued i n  FY 1975, augmented wi th  t h e o r e c t i c a l  ana lyses  when re- 
qu i r ed ,  on ria-jor m i l i t a r y  development programs such as t h e  F-15, YF-16, YF-17, 
B - 1 ,  Ac1vanc:ed Medium STOL Transport  (AMST), and o t h e r s  as i d e n t i f i e d  by the  
DOD i n  futu.1-e r eques t s .  

Man -Vet1 i c le  Technolopy 

The aeronaut:ic:al man-vehicle technology program i s  concerned with providing 
the  research and! technology base  f o r  s o l u t i o n s  t o  t h e  human problems impeding 
the  growth o r  th le  s a f e t y  of a i r  t r a n s p o r t a t i o n .  The program has four  major 
e1ement:s; human response t o  n o i s e ;  r i d e  q u a l i t y ;  f l i g h t  management; and 
s imul a t:ion 1:ec:hn.o logy. 

The humar. response t o  n o i s e  program has  as i t s  o b j e c t i v e  t h e  provis ion  of 
t h e  unclerst:anClin.g of t he  r e l a t i o n s h i p s  between a i r c r a f t  n o i s e  exposure and 
annoyance. The o b j e c t i v e  i s  accomplished through i n v e s t i g a t i o n  of such 
f a c t o r s  as c!ff:ec.ts number of a i r c r a f t  ope ra t ions ,  s l e e p  i n t e r f e r e n c e ,  and 
low frequer.c:y conten t  e f  Eects. 
determine t.he e f f e c t s  of a i r c r a f t  n o i s e  and ope ra t ions  on communities. 
During 19751 we w i l l  complete s t u d i e s  t o  determine t h e  e f f e c t s  of take  o f f  
and landing  sounds on annoyance. 

Also s o c i a l  r e s e a r c h  i s  conducted t o  

The r i d e  q u a l i t y  program provides  c r i t e r i a  f o r  a s su r ing  passenger acceptance 
of an i t ircr; if t : 's  motion environment. The focus of t h e  program i s  t o  provide 
r i d e  enviroriment cr i ter ia  t h a t  relates t o  advanced s h o r t  hau l  a i r  t r a n s -  
p o r t a t i  on sj 's t.ems. 
c r i t e r i . a  fcir enroute  f l i g h t  phases.  

I n  FI 1975 w e  expect  t o  e s t a b l i s h  mul t i - ax i s  v i b r a t i o n  

The o b j e c t i v e  of t he  f l i g h t  management program i s  t o  provide  t h e  human 
factors ,  research  and t echn ica l  d a t a  base t h a t  w i l l  permit  t h e  s p e c i f i c a t i o n  
of crew r o l e s ,  f l i g h t  procedures ,  p i l o t  t r a i n i n g  requirements ,  and c o n t r o l  
and d isp lay  requirements  f o r  t he  Nat iona l  a v i a t i o n  environment of t h e  
1980 ' s -  1990 ' s .  
of t h e  1980 ' s  and 1990 ' s  w i l l  be assessed  s o  as t o  permi t  t h e  conceptua1izat:ion 
of requi red  cockpi t  con f igu ra t ions ,  f l i g h t  procedures ,  and p i l o t  t r a i n i n g  re- 
quirements.  b f u l l  mission,  a i r c r a f t / a i r  t r a f f i c  c o n t r o l  s imula t ion  i s  t o  be 
completed a t .  Ames i n  FY 1975. Based on r e s u l t s  der ived  from p a r t - t a s k  and 
f u l l  mission s irriulations, t he  a c q u i s i t i o n  of an i n t e g r a t e d  cockp i t  f l i g h t  

During Fl 1974 the  probable  a i r  t r a f f i c  c o n t r o l  environment 
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management system i s  planned. 
would occur dur ing  t h e  pe r iod  FY 1979-1980. 
f ind ings  of a comprehensive s tudy t o  d e f i n e  f a c t o r s  t h a t  c o n t r i b u t e  t o  
p i l o t  e r r o r  i n  a i r c r a f t  acc iden t s ,  a program i s  being def ined  f o r  i m -  
p lementat ion i n  FY 1975 t h a t  would p o t e n t i a l l y  permit  a s u b s t a n t i a l  re- 
duc t ion  i n  the  number of approach and landing acc iden t s .  

F l i g h t  test and v e r i f i c a t i o n  of t h e  system 
Based on an a n a l y s i s  of t h e  

The o b j e c t i v e  of t h e  s imula t ion  technology program i s  t o  e s t a b l i s h  
technology t o  permit  effect : ive and economical a p p l i c a t i o n  of s imula to r s  
t o  p i l o t  t r a i n i n g ,  p ro f i c i ency  maintenance, and a e r o n a u t i c a l  r e sea rch  and 
development. Simulators  have become i n d i s p e n s i b l e  t o  some segments of t he  
a v i a t i o n  community f o r  reasons of c o s t  e f f e c t i v e n e s s  and s a f e t y .  An impetus 
f o r  even g r e a t e r  a p p l i c a t i o n  now i s  t h e  b e n e f i t  t o  be der ived  i n  f u e l  con- 
s e r v a t i o n  i f  s imu la to r s  could be more widely used. Wider a p p l i c a t i o n  i s  
being r e s t r i c t e d  due t o  t h e  u n a v a i l a b i l i t y  of low c o s t  systems and due t o  
l i m i t a t i o n s  i n  (1) v i s u a l  scene gene ra t ion  technology, (2)  understanding 
a c c e l e r a t i o n  cue requirements ,  and (3 )  measuring p i l o t  performance. I n  
FY 1975 w e  w i l l  e s t a b l i s h  t:he system requirements  where low c o s t  s imula t ion  
c a p a b i l i t y  would r e s u l t  i n  t h e  most f u e l  savings.  

A i r c r a f t  Operat ions Research and Technolopy 

The o v e r a l l  o b j e c t i v e  of  t he  a i r c r a f t  ope ra t ions  r e s e a r c h  and technology 
(R&T) program i s  t o  provide b a s i c  r e sea rch  and systems technology f o r  
so lv ing  t h e  g r e a t  v a r i e t y  of problems encountered i n  a i r c r a f t  opera t ions .  
The program has  t h r e e  e s s e n t i a l  elements which provide t h e  o rgan iza t iona l  
foundat ion from which i n d i v i d u a l  r e sea rch  e f f o r t s  develop. These t h r e e  
key elements a r e  expansion of b a s i c  knowledge of t h e  atmosphere, a i r c r a f t  
s a f e t y  R&T, and improvement of t he  ope ra t iona l  e f f i c i e n c y  of a i r c r a f t  systems 

Expansion of b a s i c  knowledge of  atmospheric processes  has  as i t s  o b j e c t i v e  
t h e  improvement of understanding of atmospheric processes  as they a f f e c t  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 n  FY 1974 an improved wind shear  
model w a s  der ived  <and app l i ed  t o  t h e  a i r c r a f t  landing problem. FI' 1975 
e f f o r t  w i l l  r e f i n e  t h i s  model i n  i t s  r e l a t i o n  t o  a i r c r a f t  opera t ions  i n  
t h e  t e r m i n a l  area.  Research w i l l  cont inue  on understanding storm outf low 
turbulence,  clear $sir turbulence  genera t ion ,  h igh  a l t i t u d e  thermal. and 
turbulence  g r a d i e n t s ,  fog formation,  and cosmic r a d i a t i o n  hazards .  

Safe ty  researc'n ,and technology has  as i t s  o b j e c t i v e  t h e  development of a 
base  of technology by which acc iden t  o p p o r t u n i t i e s  can be reduced and 
acc iden t  f a t a l i t i e s ,  i n j u r i e s ,  and damage can be minimized. These e f f o r t s  
cover a wide spectrum of a c t i v i t y ,  inc luding  i n - f l i g h t  and a i r c r a f t  f i r e  
prevent ion  technDllogy con t ro l  of a i r c r a f t  on t h e  runway, wake vo r t ex  d e t e c t i o n ,  



warning, arid f l i g h t  test ,  engine r o t o r  d i s k  i n t e g r i t y  and l i g h t n i n g  s t r i k e  
hazards .  1.11 IT 1974 informat ion  and d a t a  w e r e  ga thered  concerning f a c t o r s  
p re sen t  i n  the  most hazardous phase of a i r c r a f t  operat ion,  
landing.  'Tlii:; information suppor ts  a systems a n a l y s i s  of approach and 
landing which i s  being conducted t o  determine s p e c i f i c  areas i n  t h i s  phase 
of ope ra t ion  where acc iden t  p o t e n t i a l  i s  high. This w i l l  i d e n t i f y  research  
which has  the  h ighes t  impact on acc iden t  reduct ion .  Progress  has  a l s o  been 
made i n  under:; tanding the  mechanics of a i r c r a f t  i n t e r i o r  f i r e  propagat ion 
so  t h a t  coiinter measures can be taken. FY 1975 w i l l  see t h e  f u r t h e r  develop- 
ment and opz ra t ion  of  the approach and landing systems a n a l y s i s ,  expanded 
f i r e  technology, and expanded f l i g h t  tes t  ac t iv i t i e s  t o  v e r i f y  ground 
based f a c i L i t y  icesearch i n  wake turbulence.  The c o n t r o l  of a i r c r a f t  on 
the  runway .ai11 r e c e i v e  cont inuing  a t t e n t i o n ,  wi th  exp lo ra t ions  of un- 
convention.sl landing gear  concepts .  

approach and 

A i r c r a f t  systems ope ra t iona l  e f f i c i e n c y  improvement has  as it:s o b j e c t i v e  
the  developme2t of  technologies  which w i l l  permit  i nc reases  i n  the  service 
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, through t h e  a p p l i c a t i o n  of 
new m a t e r i a l s ,  (designs,  and ope ra t ing  techniques.  I n  FY 1974 progress  
w a s  made o n  inproved brake and t i r e  materials promising inc reases  of a s  
much a s  20 percent  i n  wear and d u r a b i l i t y ,  w i th  consequent improvements 
i n  s a f e t y .  Extending crosswind landing l i m i t a t i o n s  o f  a i r c r a f t  has begun 
by examining f l i g h t ,  touchdown, and r o l l o u t  c h a r a c t e r i s t i c s  of a t y p i c a l  
s m a l l  STOL a i r c r a f t .  Evalua t ions  of c o n t r o l  augmentation and crosswind 
landing gear  configurat i -ons w i l l  be  made i n  FY 1975 w i t h  a view toward 
inc reas ing  crosswind landing to l e rance  by 15 percent  over p re sen t  l i m i t s .  
Improvements w i l l  be sought i n  s p e c i a l i z e d  f l i g h t  t es t  ins t rumenta t ion  
f o r  NASA f l i g h t  r e sea rch  purposes.  

Systems and Design S tud ie s  

1974 1975 - 1973 - 
s y s  ten1 s t u d i e s  ....................... $4,295 . 000 $4,073 . 000 $4,500,000 
Design s twlies ....................... 1,191,000 ~ , ~ o o , ~ o ~  500,000 

Tota l . . . .  .......................... $5.486.000 S6.073.000 $5.000.000: 

Sys ten1 S tut i ies  

The ovei::rll. purpose of a e r o n a u t i c a l  systems s t u d i e s  i s  t o  determine the  
technology requirements  , c o s t s  , b e n e f i t s  and impacts of  advanced c i v i l  and 
m i l i t a r y  ae ronau t i ca l  s y s t e m s  based on mission,  systems and conceptual. 
s t u d i e s .  Advanced aeronaut:ical concepts are i d e n t i f i e d ,  analyzed and 
eva lua ted  ,. 
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I n  the  area of advanced t r a n s p o r t  technology system s t u d i e s ,  t h e  i d e n t i -  
f i c a t i o n  of  s i g n i f i c a n t  technology advances and the  R&T needed t o  suppor t  
a i r  t ransport :  development in t h e  1980's  w i l l  be  continued. I n  FY 1974 
a s tudy of design concepts t o  respond t o  f u t u r e  terminal area r e q u i r e -  
ments without: c r u i s e  performance p e n a l t i e s  w a s  made a long  wi th  an i n i t i a l  
f e a s i b i l i t y  s tudy examining t h e  p o t e n t i a l  u s e  of  l i q u i d  hydrogen as an 
a l t e r n a t e  fue:L. I n  FY 1975 s t u d i e s  of concepts  t o  opt imize f u e l  con- 
s e r v a t i o n  wil.:L be conducted and t h e  assessment of a l t e r n a t e  f u e l s  f o r  
long range subsonic  a i r c r a f t  w i l l  be  cont inued.  Resu l t s  of  R&T base  pro-  
grams w i l l  be  i n t e g r a t e d  i n t o  updated t r a n s p o r t  economic s t u d i e s .  

Inexpensive a l t e r n a t i v e s  f o r  f l i g h t  r e sea rch  w i l l  be  pursued i n  s t u d i e s  
of l o w  cos t  optfions f o r  f l i g h t  research .  I n  FY 1975 w e  expect  t o  complete 
eva lua t ion  of c o s t s  and b e n e f i t s  o f  remotely p i l o t e d  ve r sus  p i l o t e d  re- 
search  vehic:tes and a l s o  i d e n t i f y  p o t e n t i a l  c i v i l  uses  of remotely p i l o t e d  
v e h i c l e s .  

S tud ie s  wi:L1 be made t o  assess the  p o t e n t i a l  of a i r  t r a n s p o r t  technology 
advances f o r  improvement of  te rmina l  ground opera t ions .  I n  FY 1975 t h i s  
s tudy program w , i l l  determine the  des ign  and technology impacts on ground 
opera t ions  incli iding intermodal  t r a n s f e r  , cargo handl ing ,  loading  and 
se rv ic ing ,  and recommend R&T a c t i v i t y  i n  high payoff areas. 

The EY 1975 a c t i v i t y  i n  s t u d i e s  of traveler acceptance f a c t o r s  i n  low 
dens i ty  s h o r t  haul  systems w i l l  inc lude :  a c r i t i q u e  by a i r l i n e s  of 
u n i v e r s i t y  s tudy r e s u l t s ;  and t h e  i d e n t i f i c a t i o n  of  R&T requirements  €or  
improved r i d e  q u a l i t y ,  reduced n o i s e  and v i b r a t i o n .  

Cr i t i ca l  R6T needs toward r educ t ion  of c i v i l  a v i a t i o n  approach and landing 
acc iden t s  w i l l  be i d e n t i f i e d .  I n  FY 1975 acc iden t  s ta t i s t ics  w i l l  be analyzecl 
t o  i d e n t i f y  and rank speci . f ic  f a c t o r s  c o n t r i b u t i n g  t o  acc iden t s .  A mu l t i -  
yea r  p l an  f o r  a i r c r a f t  saf:ety r e sea rch  and technology programs w i l l  be 
prepared. 

In  the  s h o r t  haul  t r a n s p o r t  system s t u d i e s ,  p rev ious  i n v e s t i g a t i o n s  w i l l  
be  evaluated i n  t e r m s  of p ro jec t ed  technology advances. I n  FY 1'375 w e  
expect t o  assess t h e  impact of  technology on system acceptance arid determine 
t h e  e f f e c t s  clf improved te rmina l  maneuverabi l i ty  on n o i s e  r educ t ion  and 
congest ion re l ief .  

Design Eltudi.es 

Aeronautic.al  design s t u d i e s  are made t o  develop pre l iminary  des ign  d a t a ,  
system speci.liic:at.ions and r e source  requirements  f o r  conf igu ra t ions  s e l e c t e d  
as candida te  experimental  v e h i c l e s  or a i r c r a f t  r e q u i r i n g  more d e t a i l e d  
design E; tudy 



In medium c1en:;it:y s h o r t  haul a i r c r a f t ,  a des ign  s tudy  w i l l  be performed 
t o  determine che most u s e f u l  and economic c h a r a c t e r i s t i c s  of a i r c r a f t  t o  s e rve  
the  medium dc:nsj.ty, s h o r t  hau l  market,  and i d e n t i f y  a s s o c i a t e d  r e s e a r c h  and 
technology needs.  In FY 1975 we  expect  t o  complete a des ign  s tudy  of a 
candida te  economic:al, medium density,  s h o r t  hau l  a i r c r a f t  which emphasizes 
c r e a t i v i t y  arid innovat ion ,  t oge the r  wi th  a socio-economic a n a l y s i s  of t h e  
i m p a c t  of such ;i v e h i c l e  i n  t h e  s h o r t  hau l  a i r  system. 

Systems and Experimental  Programs 

1973 1974 1975 

- - -  - - -  $3,500,000 Advanced Sys t e r n s  Technology Programs a 

Materials f o r  advanced t u r b i n e  

I n t e g r a t e d  programs f o r  xero- 

Act ive cont:rol. a . i r c r a f t  

engiries .......................... 
space vel-ti~c1.e design. ............ 
f l i g h t  experinients ............... 

Svstems 'I.'echrtolc)gy Programs.. ........ $11,700,000 $22,000,000 . 17,200,000 

Super son ic  c:rc!is e a i rc r  a E t 
re sea rch . .  ....................... 11,700,000 9,700,000 8,900 , 000 

Quiet  propu.1.sive-lif t  technology..  . - - -  12,300,000 8,000,000 
General a v i a t i o n  low cost av ion ic s .  - - -  --- 300 , 000 

Experimental --- I ' r c E l s i o n  Programs.... . 26,817,000 25,000,000 . 11,500,000 

Refan program. ..................... 24,000,000 19,000,000 1 , 000 , 000 
Quie t ,  c l e a r ,  s h o r t  hau l  expe r i -  

mental engine program.,, .......... 1,868,000 6,000,000 10,000,000 
Advanced mu1 t i - s t a g e  compressor 

program..... ..................... ---  --- 500 , 000 
Experimental q u i e t  engine f o r  

convent ional  take o f f  and 
landing a i r c r a f t . . . . . . .  .......... 949 , 000 - - -  - -- 

F l i g h t  Experiments --- .................... 14,593,000 9,280,000 . 13,650,000 

C - 8  augmentc'r wing f l ight :  
experiment ........................ 1 , 350 , 000 529 , 000 350 , 000 

YF-12 f l i g h t  experiments.  .......... 5,847,000 5,399,000 5,300,000 
Transonic a i r c r a f t  technology 

experiments. ..................... 794,000 1,172,000 800 , 000 
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F l i g h t  Experiments (Cont 'd)  

Fly-by-wire f l i g h t  experiment. .  ... 
Rotor systems f o r  r o t o r  systems 

Wake vo r t ex  minimization f l i g h t  

Composite primary s t r u c t u r e s  

Advanced s c o u s t i c  composite 

Composite s t r u c t u r e s  f l i g h t  

F-8 t r anspor t  technology f l i g h t  

r e sea rch  a i r c r a f t .  .............. 
researc'i. ....................... 
f 1 igh t sxper imen ts .............. 
n a c e l l e  f l i g h t  program.. . . . . . . . .  

exper imen t ...................... 
exper irnenii ...................... 

R e s  ear ch / Ex:pe:c imen t a1 Vehic le  
Programs .......................... 
Rotor systems r e sea rch  a i r c r a f t . .  . 
T i l t  r o t o r  r e sea rch  a i r c r a f t . .  .... 
Highly mineuverable a i r c r a f t  

techno'l ogy f 1 igh  t res ear ch 
program.. . . . . . . . . . . . . . . . . . . .  .... 

Q u i e t  expar.imenta1 STOL t r a n s p o r t  
researci  'airplane. .  ............. 

Experiments ....... 
Noise retlsc t ion  f l i g h t  pro- 

cedure:; experiments.  ............ 
Terminal  configured v e h i c l e  

ope ra tk ig  systems experiments. .  . 
Shor t  t aka  o f f  and landing (STOL) 

opera t . i ig  systems experiments. .  . 
V e r t i c a l  t ake  o f f  and landing 

(VTOL) opera t ing  systems 
e x p e r h e n  t s  ,, .................... 

Tot a:L .... ,, .................... 

1973 - 

$2 , 514,000 

- - -  

--- 

2 , 029,000 

2,059 , 000 

6 , 219 , 000 

1 , 6 14,000 
1 , 637 , 000 

--- 

2 , 968 , 000 

11,022,000 

2,924,000 

4,753,000 

2,702 , 000 

643 , 000 

1974 1975 

$1 , 180,000 

- -_  

$2 , 200,00(3 

1 , 800 , 000 

- - -. 1 , 200 , 000 

- - -  1 , 500 , 000 

- - -  5 00 , 000 

1 , 000 , 000 - - .. 

10,611,000 19,900,00(1 

5,266,000 7 , 100,000 
5 , 345 , 000 11 , 300,000 

- - -. 1 , 500 , 000 

13 , 610,000 11 , 750, OOCj 

3 , 143 , 000 

5 , 000 , 000 

4,667 , 000 

1 , 200 , OO(1 

6 , 300 , 000 

2 , 700,000 

800,000 1 , 550 , 000. 

$70,351.000 $80.501.000 $77.500.00(2 
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Materials --- f o r  Advanced Turbine Engines (MATE) 

The o b j e c t i v e  of t h e  MATE program i s  t o  a c c e l e r a t e  t h e  development of 
advanced t u r b i n e  engines  by advancing t h e  technology of new materials. 
d a t a  and c a p a b i l i t i e s  provided by MATE w i l l  a l low advance materials t o  be 
used wi th  ccnfidence i n  f ans ,  compressors, t u r b i n e s ,  combustors and o t h e r  
demanding camponents of product ion engines .  

The 

A v a r i e t y  of promising and innovat ive  engine materials are a v a i l a b l e  a t  
t h e  l a b o r a t c r y  level as a r e s u l t  of research .  
t hese  w i l l  b e  s e l e c t e d  s e q u e n t i a l l y  during 1975-1978, us ing  systems c o s t -  
b e n e f i t  s t u d i e s  and technology r ead iness  as t h e  bases  f o r  s e l e c t i o n .  
The goa l  of MATE i s  t o  demonstrate  such improved components as (a) d i spe r s ion  
s t rengthened a l l o y  t u r b i n e  vanes wi th  a s e r v i c e  l i f e t i m e  of more than 1,000 
hours  a t  l , l O O ° C  (compared t o  98OOC f o r  p r e s e n t  vanes) by 1977, (b )  e u t e c t i c  
a l l o y  t u r b i n e  b lades  wi th  a 1,050°C c a p a b i l i t y  ( lOO°C beyond t h e  s t a t e  of 
t he  a r t )  by 1977, ( c )  powder meta l lurgy  t u r b i n e  d i s k s  wi th  a 650°C capa- 
b i l i t y  (1OOC'C beyond t h e  s t a t e  of t h e  a r t )  by 1978, and (d) ceramic tu rb ine  
vanes wi th  a f u r t h e r  i nc rease  i n  c a p a b i l i t y  t o  1 , 3 5 O o C  by 1980. 

Approximately seven of 

Research zdvances of t h i s  n a t u r e  r e q u i r e  engine tests t o  v e r i f y  t h e  labora - 
t o r y  sca le  p r e d i c t i o n  and t o  a s s u r e  economic maintenance f r e e  s e r v i c e  p e r f o r -  
mance. NASA w i l l  c o n t r a c t  wi th  engine companies t o  produce t h e  materials 
on a p i l o t  s c a l e ,  c h a r a c t e r i z e  them, manufacture experimental  engine p a r t s  
and t e s t  them i n  engine r i g s .  F i n a l  and f u l l - s c a l e  t e s t i n g  i n  experimental  
engines w i l l  then be perEormed a t  engine company expense. 

1ntegra.ted --- I ' r c s a m s  f o r  Aerospace Vehic le  Design (IPAD) 

The object: ive of IPAD -is to reduce the  t i m e  r equ i r ed  f o r  v e h i c l e  design 
by 50 pe rcen t  and design c o s t s  by 25 pe rcen t ,  
f u t u r e  v e h i c l e s ,  which can be t r a n s l a t e d  i n t o  f u e l  economy, w i l l  a l s o  
r e s u l t  beca.use of improved design.  

Improved performance of 

IPAD w i l l  be a p p l i c a b l e  t o  t h e  design of f u t u r e  commercial and m i l i t a r y  
a i r c r a f t  and t o  t h e  des ign  of space veh ic l e s .  It w i l l  a l s o  be use fu l  
i n  system s t.udies t o  determine where technology improvements w i l l  provide 
t h e  g r e a t e s t  b e n e f i t s .  E t  i s  expected t h a t  IPAD w i l l  f i n d  broad use  out -  
s i d e  t h e  aerospace indus t ry  i n  t h e  des ign  of  va r ious  types of s t r u c t u r e s .  

The approacl-. is  t o  develop a computer program t h a t  w i l l  automate most 
of t h e  des ign  process  and i n t e g r a t e  t h e  many t e c h n i c a l  d i s c i p l i n e s  during 
design t o  meet system performance requirements  w i t h i n  the  c o n s t r a i n t s  i m -  
posed by ma.nufacturing, ope ra t ions ,  schedules ,  etc.  IPAD w i l l  provide 
the  nec:essa.ry c o n t i n u i t y  and r a p i d  exchange of  engineer ing  information 
t h a t  i s  required.  as t h e  des ign  progresses  from conceptual  design t o  
prelimi.nary des ign  t o  d e t a i l  des ign  and i n t o  manufacturing. Today's 



design engineers,  spend much of  t h e i r  t i m e  p repar ing  and exchanging information.  
IPAD w i l l .  aut:omatte t h e s e  func t ions  f r e e i n g  t h e  engineer ing  s t a f f  f o r  t echn ica l  
eva lua t ion  and dec i s ion  making tasks .  

Two con t rac t ed  d e f i n i t i o n  s t u d i e s  f o r  an IPAD system have been completed 
and are being eval.uated by NASA and t h e  aerospace indus t ry  dur ing  FY 1974. 
A c o n t r a c t  f c r  t:he development of IPAD w i l l  be  i n i t i a t e d  dur ing  FY 1975. 
The f i r s t :  phase of  t he  program w i l l  be completed i n  December 1977 wi th  
d e l i v e r y  of t:he major components of t h e  system - t h e  execut ive ,  t h e  d a t a  
base manager, arid u t i l i t y  programs. The second phase of t h e  program w i l l  
be a check out  of t h e  IPAD system by NASA and major aerospace companies 
l ead ing  t o  foi:mtl release of t h e  program i n  January 1980. 

Ac t i v e  Con t r o :L Air c r a f t  F 1 igh  t Experiments 

The obJec t ive  off t h i s  new advanced systems technology program i s  t o  provide,  
through f l i g h t  t e s t ,  confirmation of i n t e g r a t e d  design g u i d e l i n e s  r equ i r ed  
f o r  t he  implementation of active c o n t r o l  concepts  i n  f u t u r e  commercial and 
m i l i t a r y  aircira:Ft des igns .  These concepts  can permit  t h e  des ign  of 
economically supe r io r  a i r c r a f t  con f igu ra t ions  having lower s t r u c t u r a l  weights  
(up t o  20 percent  r educ t ion  i n  g ross  take-of f  weight)  and g r e a t e r  performance 
c a p a b i l i t i e s  :hrough s t a b i l i t y  augmentation, maneuver load a l l e v i a t i o n ,  r i d e  
q u a l i t y  conti:ol, and f l u t t e r  suppression.  

During EY :1'275 conceptual  des ign  and systems s t u d i e s  w i l l  be  conducted t o  
d e f i n i t i z e  q w m t i t a t i v e  va lues  f o r  t h e  c o s t  of implementation and t h e  
r e a l i z a b l e  p$Toffs of t h e  va r ious  a c t i v e  c o n t r o l  concepts .  These s t u d i e s  
w i l l  address  (conventional a i r c r a f t  which may be modified t o  demonstrate  t h e  
i n t e g r a t e d  de3ign approach. The r e s u l t s  of  t hese  s t u d i e s  w i l l  be analyzed 
and the  most ?romisine: w i l l  be advanced t o  pre l iminary  and f i n a l  des igns  
i n  the  f u t u r e .  This w i l l  be followed by t h e  modi f ica t ion  and f l i g h t  tes t  
of a convent i3nal  a i r c r a f t ,  demonstrat ing t h e  r e s u l t i n g  h igh  payoffs .  High 
r i s k  concept:; which could endanger t h e  p i l o t  and/or a i r c r a f t  w i l l  be  eva l -  
ua ted  on a sca led . ,  remotely p i l o t e d ,  active c o n t r o l  designed r e s e a r c h  a i r -  
c r a f t .  

Supersonic  --- C r u i s e  A i r c r a f t  Research 

The o b j e c t i v e s  of t h i s  program are t o  provide:  (1) an expanded technology 
base f o r  f u t u r e  m i l i t a r y  o r  c i v i l  supersonic  c r u i s e  a i r c r a f t ,  and (2) d a t a  
r equ i r ed  t o  (assess environmental  impacts of p r e s e n t  and f u t u r e  fo re ign  
supersonic  c:rui,se a i r c r a f t .  

E f f i c i e n t  suplersonic c r u i s e  a i r c r a f t  r e q u i r e  reduced s t r u c t u r a l  weight 
f r a c t i o n s  a t t a i n a b l e  through t h e  a p p l i c a t i o n  of advanced concepts ,  design 
t o o l s ,  and r e l a t i v e l y  new materials. In-depth s t u d i e s  w i l l  be cont inued 
through E'Y 1 9 7 5  t o  determine t h e  b e s t  s t r u c t u r a l  approaches t o  t h e  aero-  
dynamically e f f i c i e n t  arrow-wing conf igu ra t ions .  Titanium panel  tests 
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w i l l  be contiriued on the  YF-12 i n  FY 1975 and composite pane ls  w i l l  be i n -  
s t a l l e d  and Ji:light: t e s t e d  on t h e  YF-12 i n  subsequent yea r s .  Ten thousand 
hours curnulativc: exposure l abora to ry  tests on sample f i b e r  m a t r i x  composites 
under sirnu1at:ed supersonic  f l i g h t  cond i t ions  w i l l  be achieved i n  FY 1975. 

The propuls  ion technology po r t ion  of the  r e sea rch  program is d i r e c t e d  a t  
a r educ t ion  o E  n o i s e  l e v e l s  f o r  t ake  o f f  and landing ,  a reduct ion  i n  n i t r i c  
oxide emissions f o r  h igh  a l t i t u d e  c r u i s e  cond i t ions  and a r educ t ion  i n  f u e l  
consumption i:(~tes t o  improve the  e f f i c i e n c y  o f  supersonic  m i l i t a r y  a i r c r a f t  
and t o  determine the  p o s s i b i l i t i e s  f o r  an economically v i a b l e  supersonic  
t r a n s p o r t .  :Cn IT 1975 the  n o i s e  r educ t ion  p o t e n t i a l  of suppressors  f o r  
coannular je:; €01: a p p l i c a t i o n  t o  duc t  turbofan cyc le  engines  w i l l  be  
e s t a b l i s h e d .  Wind tunnel  techniques w i l l  be developed f o r  t he  p r e d i c t i o n  
of t h e  e f f e c t s  of forward speed on n o i s e  c h a r a c t e r i s t i c s .  The technology 
f o r  redusing \TO,, emissions t o  90 percent  less than c u r r e n t  engines a t  super-  
sonic  c r u i s e  s l t i i tudes  w i l l  be  v e r i f i e d  i n  FY 1975. An i n l e t  shock s t a b i l i -  
z a t i o n  system, which provides  improved i n l e t  t o l e rance  t o  flow d i s tu rbances ,  
w i l l  be t e s t e d  in  the  wind tunnel  i n  1975 and i t s  ope ra t iona l  s u i t a b i l i t y  
w i l l  be demonstrated by YF-12 f l i g h t  tes ts  i n  FY 1976. 

I n  FY 1975 the re  w i l l  be a con t inua t ion  i n  t h e  improvement of methods 
f o r  supersonic  c r u i s e  aerodynamic des ign  and a n a l y s i s  and f o r  t h e  p r e d i c t i o n  
of  c r i t i c a l  wing <and fuse lage  design loads .  Low speed aerodynamic t h e o r i e s  
w i l l  be va l ida t ed  by FY 1976 and c r i t i c a l  design load theory w i l l .  be v e r i f i e d  
i n  subsequent y e a r s .  Wind. tunnel  tes ts  of supersonic  c r u i s e  conf igu ra t ion  
concepts w i l l  be  cont inued.  

The s t a b i l i t y  and c o n t r o l s  technology program w i l l  p rovide  f o r  t h e  in-  
c l u s i o n  of major con t ro l  system advances i n  supersonic  c r u i s e  a i r c r a f t  w h i l e  
a t  t he  same t i m e  a s su r ing  good handl ing q u a l i t i e s  even f o r  cases  of p a r t i a l  
f a i l u r e  of redundant systems. I n  FY 1975 YF-12 f l i g h t  tes ts  of a longi tudinal-  
coopera t ive  c o n t r o l  system w i l l  be conducted t o  v e r i f y  and demonstrate t h e  
b e n e f i t s  of such systems i n  an ope ra t iona l  environment. 

The s t r a t o s p h e r i c  emission impact program which combines l abora to ry  tes ts ,  
theory,  and f l i g h t  tests w i l l  be cont inued i n  FY 1975 t o  provide da ta  t o  
ass i s t  the  DCT c l i m a t i c  impact assessment program i n  t h e  assessment of t he  
environmental impact of j e t  emissions on t h e  s t r a t o s p h e r e .  

Quiet  P ropu l s ive -L i f t  Technology Program 

The q u i e t  p r o p u l s i v e - l i f t  technology program w i l l  gene ra t e  and v e r i f y  
through grourd-based and f l i g h t  r e sea rch  the  i n t e g r a t e d  v e h i c l e  and ope ra t ing  
systems techr ology d a t a  base  f o r  design 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  
p r a c t i c a l  anc. e f f i c i e n t  q u i e t  p r o p u l s i v e - l i f t  c i v i l  and f u t u r e  m i l i t a r y  
s h o r t  hau l  t r a n s p o r t s .  
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The program inc ludes  two major elements:  (1) an e f f o r t  d i r e c t e d  t o  
f l i g h t  r e sea rch  u t i l i z i n g  t h e  s t ra ight -wing  p r o p u l s i v e - l i f t  A i r  Force Ad- 
vanced Medium STOL Transpor t  (AMST) pro to type  a i r c r a f t ;  and (2) an e f f o r t  
d i r e c t e d  t o  f l i g h t  r e sea rch  u t i l i z i n g  an e x i s t i n g  a i r c r a f t  modi€ied a t  
low-cost i n t o  a swept-wing q u i e t  p r o p u l s i v e - l i f t  r e sea rch  a i r p l a n e .  

NASA w i l l  supplement i t s  own f l i g h t  r e sea rch  wi th  f l i g h t  research  on t h e  
AMST m i l i t a r y  pro to type  a i r c r a f t  i n  order  t o  o b t a i n  f l i g h t  v e r i  Eicat ion 
of  t h e  d e t a i l e d  performance p red ic t ed  by the  ground-based r e sea rch  d a t a  
genera ted  by' NASA. NASA i s  c u r r e n t l y  providing support  t o  t h e  AMST develop- 
ment a c t i v i t y  and w i l l  p a r t i c i p a t e  i n  t h e  A i r  Force phase of f l i g h t  eva lua t ion .  
A NASA Deputy Test  D i rec to r  has  been assigned t o  t h e  AMST program. I n  1977 
NASA w i l l  tzke t h e  l ead  f o r  extended f l i g h t  r e sea rch  wi th  the  AMST veh ic l e s .  
S t a b i l i t y ,  c o n t r o l ,  aerodynamic performance and handl ing q u a l i t i e s  w i l l  be 
measured t c  t h e  l i m i t  of the  AMST c a p a b i l i t y .  

The qu ie t  p r o p u l s i v e - l i f t  r e sea rch  a i r p l a n e  e f f o r t  involves  low-cost 
modi f ica t ion  of an e x i s t i n g  a i r p l a n e  i n t o  an a i r c r a f t  which has  g r e a t e r  
f l i g h t  research  c a p a b i l i t y  than t h e  AMST a i r c r a f t .  The a i r c r a f t  w i l l  be 
modified t o  an. advanced p r o p u l s i v e - l i f t  con f igu ra t ion  t o  o b t a i n  s t a b i l i t y ,  
cont ro l  , aer.od.ynamic 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  r e sea rch  da ta .  

Para1 le1 a i r c r a f t  design s t u d i e s  conducted during FY 1974 by Lockheed- 
Georgia Conipany and the  Hoeing Company w i l l  provide des ign ,  schedule  and 
c o s t  information f o r  s e l e c t i o n  of t h e  a i r c r a f t  t o  be modified.  I n  FY 1975 
f i n a l  design z.nd f a b r i c a t i o n  of t he  a i r c r a f t  modi f ica t ions  inc luding  engines  
would tie compet i t ive ly  procured. F l i g h t  r e s e a r c h  on the  modified a i r c r a f t  
would hegir  ir .  FY 1976. By FY 1978 NASA would provide indus t ry  and t h e  FAA 
wi th  d a t a  t o  e s t a b l i s h  c e r t i f i c a t i o n  c r i te r ia  f o r  handl ing q u a l i t i e s ,  
ope ra t ions ,  and n o i s e  f o o t p r i n t  of c i v i l  p r o p u l s i v e - l i f t  s h o r t  haul a i r c r a f t .  

General. Avi.at i.on Low-Cost Avionics 

Advances i n  av ion ic  systems technology, proper ly  i n t e g r a t e d  and app l i ed ,  
o f f e r  p r a c t i c a l  low-cost guidance, c o n t r o l  and nav iga t ion  systems f o r  
general. avi.ati.on1 a i r c r a f t  which can enhance t h e  s a f e t y  and u t i l i t y  of t h i s  
mode of t r a n s p o r t a t i o n .  An e f f o r t  t o  provide t h i s  c a p a b i l i t y  w i l l  be 
i n i t i a t e d  i.n IY 1975. D i g i t a l  e l e c t r o n i c s  s t r e s s i n g  t h e  use  of i n t e g r a t e d  
c i rcu i t :  tec:hnology w i l l  be appl ied  t o  t h e  des ign  of s e l e c t e d  c o n t r o l  and 
d i s p l a y  system concepts.  Component and subsystem breadboards w i l l  be 
assembled and evaluated i n  l abora to ry  s imula t ions ,  and sof tware  r equ i r ed  
t o  i n t e g r a t e  these  system elements w i l l  be  def ined .  I n  FY 1976 t ransponder ,  
d a t a  l i n k  and naviga t ion  concepts w i l l  be s e l e c t e d  and added t o  t h e  o v e r a l l  
l abo ra to ry  system. I n  FY 1977, l abora to ry  eva lua t ion  of t h e  breadboard 
system will .  be c:ompleted and an optimized i n t e g r a t e d  system design i n i t i a t e d .  
I n  subsequent yea r s ,  t h e  breadboard system w i l l  be f l i g h t  t e s t e d  and r e s u l t s  
incorpora ted  j.nt:o the  i n t e g r a t e d  system design t o  provide c r i t e r i a  and 
guidance t o  commercial sys  t e m  developments. 
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Refan Program! 

The o b j e c t i v e  of t h e  r e f a n  program i s  t o  provide  t h e  technology f o r  engine 
modi f ica t ions  and a c o u s t i c  t rea tment  t o  provide  a 75 pe rcen t  r educ t ion  i n  
the  n o i s e  f o o t p r i n t  area of 727, 737 and DC-9 a i r c r a f t .  These a i r c r a f t  account 
f o r  about 70  pe rcen t  of domestic commercial f l e e t  ope ra t ions .  Refanning, i f  
adopted for r e t r o f i t  u se ,  would have a major impact on t h e  a i r p o r t  community 
n o i s e  problem. 

The approach i s  t o  develop t h e  technology f o r  engine k i t s  t o  modify e x i s t i n g  
o r  new JT8D engines ,  t o  develop a c o u s t i c  n a c e l l e s  f o r  t h e  modified engines  
and t o  demonst:ra.te t h e  n o i s e  and performance l e v e l s  of a DC-9 a i r p l a n e  i n  
f l i g h t  and a 727 propuls ion  system i n  ground tests. 

The program i s  being conducted by L e w i s  Research Center through c o n t r a c t s  
wi th  engi.ne nianufacturers,  a i r c r a f t  manufacturers ,  and a i r l i n e  ope ra to r s .  
NASA in-house e f f o r t  i s  used t o  manage t h e  con t r ac t ed  e f f o r t s  and t o  suppor t  
the  program thrclugh s t u d i e s  and tests i n  NASA f a c i l i t i e s .  

The f i r s t  phase of t h e  program, completed i n  June 1973, e s t a b l i s h e d  t h e  re- 
fanned engine and n a c e l l e  c h a r a c t e r i s t i c s  through a n a l y s i s ,  des ign ,  and 
l i m i t e d  compc1nen.t t e s t i n g .  The second phase of t h e  program, which s t a r t e d  
i n  J u l y  1973, w i l l  i nc lude  t h e  d e t a i l e d  des ign  and f a b r i c a t i o n  of t h e  
modified engine and a c o u s t i c  n a c e l l e s  and t e s t i n g  t h e  complete propuls ion  
systems on t h e  ground and i n  a c t u a l  f l i g h t .  The major program mi les tones  
are: tests oli t:he modified engine s t a r t i n g  i n  February 1974, ground tests 
of t h e  modified engine i n  a Boeing 727 n a c e l l e  i n  January 1975, and f l i g h t  
tests i n  a Douglas DC-9 a i r p l a n e  i n  February 1975. F i n a l  technologica l  
and c o s t  data. w i l l  be fu rn i shed  t o  FAA and Environmental P r o t e c t i o n  Agency 
(EPA) by June! 1975 f o r  cons ide ra t ion  of rulemaking on engine r e t r o f i t  and 
new producticlrt a i r c r a f t .  

Q u i e t ,  Clean, -- ShLort-Haul Experimental  Engine (QCSEE) 

The QCSEE program i s  aimed a t  conso l ida t ing  and demonstrat ing t h e  technology 
needed f o r  very q u i e t ,  c l e a n  and e f f i c i e n t  propuls ion  systems f o r  economically 
v i a b l e  and en.vironmentally accep tab le  powered- l i f t  s h o r t  hau l  a i r c r a f t .  I I 

Future  p o w e r - l i f t ,  s h o r t  hau l  a i r c r a f t  need q u i e t ,  c l e a n ,  e f f i c i e n t  and 
economical propuls ion  systems whose technology is  no t  y e t  a v a i l a b l e .  D e -  
mons t ra t ions  of component and system i n t e r a c t i o n s  i n  c r e d i b l e ,  f u l l - s c a l e  
engines  and ~ ~ r * o ~ ~ u l s i o n  i n s t a l l a t i o n s  are needed t o  e s t a b l i s h  t h e  d a t a  base 
t o  s t i m u l a t e  indlustry development wi th  accep tab le  r i s k ,  and t o  h e l p  govern- 
ment e s t a b l i s h  environmental  and o p e r a t i o n a l  requirements .  The program i s  
n o t  d i r e c t e d  to t h e  development of an engine f o r  f l i g h t  nor  are any f l i g h t  
tests planned. as  p a r t  of t h e  program. 
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Following a competi t ive procurement, t h e  General  Electr ic  Company w a s  
awarded a c o n t r a c t  t o  des ign ,  f a b r i c a t e ,  test  and d e l i v e r  two QCSEE pro-  
pu l s ion  systems. The i n i t i a l  d e l i v e r a b l e  propuls ion  system w i l l  be an 
under-the-wing conf igu ra t ion  f o r  an e x t e r n a l l y  blown f l a p  powered- l i f t  
s h o r t  h a u l  a i r c r a f t .  The second propuls ion  system w i l l  be  a d e r i v a t i v e  
of t he  f i r s t  p ropuls ion  system bu t  f o r  an over-the-wing conf igu ra t ion .  

The QCSEE des ign  w i l l  u t i l i z e  t h e  e x i s t i n g  FlOl engine c o r e  be ing  developed 
i n  t h e  USAF B - 1  a i r c r a f t  development program. This engine  c o r e  w i l l  be  mated 
wi th  s p e c i a l l y  designed low p res su re  r a t i o  f a n s  t o  produce a very h igh  by- 
pass  r a t i o  engine of g r e a t e r  than 12  t o  1. By comparison, c u r r e n t  engines  
i n  t h e  wide body je ts  employ bypass r a t i o s  of f i v e  o r  s i x .  The QCSEE design 
w i l l  a l s o  inc lude  o the r  advanced technology f e a t u r e s  such as v a r i a b l e  p i t c h  
gear  d r iven  fans ,  composi.te fan b l ades ,  l i gh twe igh t  i n t e g r a t e d  n a c e l l e ,  and 
i n t e g r a t e d  e l e c t r o n i c  con t ro l s .  The c o n t r a c t  is  expected t o  be completed 
i n  56 months. 

Pre l iminary  des ign  o f  t h e  QCSEE propuls ion  systems has  been i n i t i a t e d  and 
w i l l  cont inue  throughout t he  balance of FY 1974 w i t h  a l ayou t  review t o  be 
h e l d  a t  t h e  end of  t h e  f i s c a l  year .  The c o n t r a c t o r  w i l l  phase i n t o  d e t a i l e d  
design dur ing  FY 1975 and f i n a l  des ign  reviews f o r  t h e  QCSEE propuls ion  
systems w i l l  be  completed during FY 1975. 

Advanced Mult i -Stage -- Compressor 

This program. w i l l  provide t h e  compressor technology r equ i r ed  €or  advanced 
turbofan engines  which w i l l  be r equ i r ed  i n  t h e  advanced subsonic  t r a n s p o r t  
of t h e  1980's .  A major goa l  i s  demonstrat ing performance of  a 20 t o  1 
compressor F res su re  r a t i o  i n  s i x  s t a g e s  of a s i n g l e  spool  compressor. 
Achievement of t h i s  goa l  would c o n t r i b u t e  t o  r educ t ions  o f  up t o  20 percent  
i n  commercial a i r c r a f t  g ros s  weights  w i th  s i g n i f i c a n t  r educ t ions  i n  f u e l  
consumption and ope ra t ing  cos t s .  The advanced technology embodied i n  t h i s  
p r o j e c t  i s  a l s o  of  b e n e f i t  t o  t he  m i l i t a r y  s e c t o r .  

The advanced mul t i - s t age  axial  flow compressor experimental  program i s  
planned f o r  i n i t i a t i o n  i n  Fy 1975. By la te  FY 1975 two pre l iminary  des igns  
w i l l  be i n  f.and from which a s i n g l e  des ign  w i l l  be  s e l e c t e d  f o r  f u r t h e r  
ref inement .  Completion of the  f i n a l  des ign  w i l l  t a k e  p l a c e  i n  e a r l y  FY 
1977 followed by fabr ica t ion /assembly  la te  i n  FY 1977. A y e a r ' s  performance 
t e s t i n g ,  enc.ing i n  t h e  t h i r d  q u a r t e r  o f  FY 1978 w i l l  then  follow. > 
C - 8  Augmentor Wing F l i g h t  Experiment -- 

Analys is  and documentation of t h e  proof-of-concept  f l i g h t  tests of t h e  
C - 8  augmentcr wing r e sea rch  a i r c r a f t  w i l l  be  completed i n  FY 1975, including, 
prel iminary assessment of t he  a i r c r a f t ' s  STOL o p e r a t i o n a l  c h a r a c t e r i s t i c s  
by s e v e r a l  U.S. and Canadian p i l o t s .  (The a i r c r a f t  i s  a j o i n t  venture  by 
NASA and t h e  Canadian Government i n  a coope ra t ive  augmentor-wing r e sea rch  



program t h a t  has  been underway s i n c e  1965.) 
t h e  a i r c r a f t  dur ing  FY 1975, however, w i l l  be f o r  handl ing  q u a l i t i e s  and 
STOL ope ra t ing  systems experiments. The handl ing  q u a l i t i e s  experiments ,  
u t i l i z i n g  t h e  a i r c r a f t  as a r e p r e s e n t a t i v e  powered- l i f t  r e sea rch  t o o l ,  
w i l l  d e f i n e  f l ight-dynamic p r o p e r t i e s  c h a r a c t e r i s t i c  of most powered- l i f t  
concepts.  Resu l t s  w i l l  be used t o  develop methods f o r  s impl i fy ing  t h e  
p i l o t ' s  c o n t r o l  t a s k  so as t o  reduce h i s  workload, improve t h e  p r e c i s i o n  
wi th  which h e  can perform the  approach and landing  of t h i s  c l a s s  of a i r c r a f t ,  
and minimize f u e l  u t i l i z a t i o n  dur ing  t h i s  phase of opera t ion .  

The primary u t i l i z a t i o n  of 

YF-12 F l i g h t  -- Experiments 

YF-12 a i r c r a f t ,  capable  of s u s t a i n e d  Mach 3 f l i g h t ,  are used t o  o b t a i n  
s t r u c t u r e s ,  p ropuls ion  system, and aerodynamic f l i g h t  measurements. When 
combined wi th  a n a l y s i s ,  l abo ra to ry  tests, and wind tunnel  tests,  these  
measurements are used t o  v a l i d a t e  or  t o  i d e n t i f y  and quan t i fy  d e f i c i e n c i e s  
i n  c u r r e n t  p r e d i c t i o n  techniques,  t o  provide  t h e  b a s i s  f o r  improved 
techniques,  and t o  provide s o l u t i o n s  f o r  unknown problems uncovered i n  
supersonic  f l i g h t .  

I n  t h e  propuls ion  e f f o r t ,  the  r e s u l t s  of YF-12 f l i g h t  tests w i l l  be used 
t o  compare and e v a l u a t e  p r e d i c t i o n  techniques i n  t h e  areas of supersonic  
i n l e t  performance, i n l e t  flow dynamics and i n t e r a c t i o n s  of engine,  i n l e t ,  
and a i r c r a f t  c o n t r o l  system. The engine has  been instrumented t o  o b t a i n  
i n l e t  s teady  s t a t e  performance measurements which were obta ined  i n  FY 1973, 
dynamic measurements a t  the  compressor f ace  which w i l l  be obta ined  i n  FY 
1974 and FY 1975, and boundary l a y e r  measurements i n  t h e  i n t e r n a l  system 
which w i l l  be obtained i n  FY 1975. The f l i g h t  and wind tunnel  d a t a  and 
t h e o r e t i c a l  r e s u l t s  w i l l  be c o r r e l a t e d  and r e p o r t e d  i n  a propuls ion  
symposium i n  FY 1976. 

Emphasis i n  FY 1974 was placed on ins t rument ing  a YF-12 a i r c r a f t  t o  
o b t a i n  high speed f l i g h t  measurements i n  FY 1974 and FY 1975 of boundary 
l a y e r  t r ans i t i ' on ,  no i se ,  h e a t  t r a n s f e r ,  and s k i n  f r i c t i o n .  

YF-12 a i r c r a f t  w i l l  be used i n  FY 1975 t o  conduct f l i g h t  r e s e a r c h  o r i e n t e d  
d i r e c t l y  t o  t h e  supersonic  c r u i s e  a i r c r a f t  r e s e a r c h  program. Represen ta t ive  
l i gh twe igh t  t i t an ium and composite s t r u c t u r a l  pane l s  designed t o  achieve  
longtime s t r u c t u r a l  i n t e g r i t y  w i l l  be eva lua ted .  F l i g h t  tests w i l l  be 
i n i t i a t e d  t o  eva:luate a l o n g i t u d i n a l  coope ra t ive  c o n t r o l  system, p a r t  of an 
o v e r a l l  i n t e g r a t e d  a i r f rame-propuls ion  c o n t r o l  system designed to reduce 
t h e  l a r g e  c r ~ i ~ s e  a l t i t u d e  f l u c t u a t i o n s  from ,+ 4,000 f e e t  t o  s e v e r a l  hundred 
f e e t .  
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Transonic Airc:ra.f -- t Technolopy (TACT) Experiments 

This  j o i n t  IISA.F/NASA resea rch  e f f o r t ,  i n i t i a t e d  June 1971, provides  proof-  
of-concept ant1 d.esign cr i ter ia  of s u p e r c r i t i c a l  a i r f o i l  technology f o r  v a r i a b l e  
wing sweep a i r c r a f t  i n  t h e  t r anson ic  and supersonic  f l i g h t  regimes. This i s  
being accompl1I.sh.ed by a n a l y t i c a l  s t u d i e s ,  wind tunnel  tests, and f l i g h t  t e s t s  
of an F-111A a i r c r a f t  equipped with a new s u p e r c r i t i c a l  wing. 

S u p e r c r i t i c a l  a i r f o i l  r e sea rch  has  been under way s i n c e  1964 wi th  success ive  
ref inements  i n  concept. The s u p e r c r i t i c a l  a i r f o i l  o f f e r s  s i g n i f i c a n t  aero-  
dynamic b e n e f i t s  i n  t h e  t r anson ic  speed regime. Two earlier f l i g h t  programs 
v e r i f i e d  the  b e n e f i t s  of s u p e r c r i t i c a l  a i r f o i l  technology appl ied  t o  f ixed-  
wing a i r c r a f t .  

The TACT program.wil1 provide t h e  necessary  d a t a  t o  v e r i f y  t h e  b e n e f i t s  t o  
be achieved at: supersonic  speeds through the  combination of s u p e r c r i t i c a l  
technology ant! v a r i a b l e  sweep wings, and i n  p a r t i c u l a r ,  t h e  improvements t h a t  
can be obtained i n  combat a i r c r a f t  maneuverabi l i ty .  

The f l i g h t  tes t  program w i l l  cont inue through FY 1975 and FY 1976 and w i l l  
culminate  w i t h .  a Government/industry t echn ica l  symposium. 

Fly -By - W i  -- re F 1Qh t Experiment 

The o b j e c t i v e  of t h i s  cont inuing experimental  program i s  t o  demonstrate 
d i g i t a l  f ly-by-wire  f l i g h t  c o n t r o l  technology and provide test d a t a  and 
experience r equ i r ed  f o r  c i v i l  and m i l i t a r y  app l i ca t ions .  
s t u d i e s  have shown t h a t  d i g i t a l  f ly-by-wire  f l i g h t  c o n t r o l  systems in -  
corpora t ing  s t a b i l i t y  and command augmentation func t ions  provide improved 
f l e x i b i l i t y  and s i g n i f i c a n t  reduct ions  i n  c o s t  (14 p e r c e n t ) ,  weight (20-70 
percent )  and volume (44  percent )  over convent ional  c o n t r o l  systems having 
the  same func t iona l  c a p a b i l i t i e s .  

Comparative 

During FY 1974 t h e  Phase I f l i g h t  tests of a s i n g l e  channel f ly-by-wire 
system using an Apollo d i g i t a l  computer have demonstrated conceptual  
f e a s i b i l i t y .  I n  Phase IIA, system conf igu ra t ions  f o r  a redundant d i g i t a l  
f ly-by-wire  c o n t r o l  system a r e  being designed and advanced c o n t r o l  l a w s  
are being def ined  and v e r i f i e d  i n  l abora to ry  s imula t ions .  
w i l l  cont inue i n  FY 1975 wi th  modi f ica t ions  t o  the  test  a i r c r a f t  and 
i n i t i a l  f l i g h t  tests of a dua l  redundant system wi th  analog backup. I n  
subsequent yea r s ,  t he  system w i l l  be reconf igured  t o  a f u l l y  redundant 
d i g i t a l  f ly-by-wire  f l i g h t  con t ro l  system and completely t e s t e d  t o  
demonstrate r e l i a b i l i t y  and the  ope ra t iona l  f l e x i b i l i t y  of t h i s  
technology. 

This a c t i v i t y  
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Rotor Systemr;_for Rotor Systems Research A i r c r a f t  (RSRA) 

The expanding r o l e  of t h e  h e l i c o p t e r  f o r  a wide v a r i e t y  of m i l i t a r y  and 
c i v i l  a p p l i c a t i o n s  has  genera ted  requirements  which exceed t h e  c u r r e n t  
r o t a r y  wing technologica l  s tate of t h e  art.  The more promising of s e v e r a l  
advanced r o t o r  system concepts  must be f l i g h t  t e s t e d  t o  e s t a b l i s h  and de- 
monstrate  t h e i r  t echno log ica l  improvements f o r  enhancing t h e  proven 
e f f e c t i v e n e s s  of t h e  h e l i c o p t e r .  Recognizing t h e  need, NASA and the  U . S .  
Army i n  another  program are j o i n t l y  developing two r o t o r  systems r e sea rch  
a i r c r a f t  (RSIM), scheduled f o r  d e l i v e r y  t o  Langley i n  1976. The RSRA w i l l  
p rovide  $9 gene ra l i zed  f l i g h t  test f a c i l i t y  w i t h  unique c a p a b i l i t y  f o r  i n -  
v e s t i g a t i n g  complete r o t o r  systems i n  t h e  real  f l i g h t  environment: over much 
broader  o p e r a t i s n a l  envelopes than now poss ib l e .  

This  program r e q u e s t  beginning i n  FY 1975 i s  t o  provide  f o r  u t i l i z a t i o n  
of  t h e  RSRA by conducting t h e  necessary  s tudy ,  s e l e c t i o n ,  des ign ,  develop- 
ment, and f l i g h t  eva lua t ion  of promising advanced r o t o r  concepts  on t h e  
RSRA. The i n i t i a l  two r o t o r  concepts  w i l l  be  s e l e c t e d  i n  FY 1975. Develop- 
ment of the first r o t o r  system w i l l  be i n i t i a t e d  dur ing  FY 1975 t o  be ready 
f o r  f l i g h t  t e s t  by mid FY 1977. The second r e s e a r c h  r o t o r  system w i l l  be 
developed for  f l i g h t  tes t  r ead iness  by e a r l y  FY 1978, and a t h i r d  system by 
FY 1979. 

New technoLogy concepts  which are promising cand ida te s  f o r  development 
i n  exper.imenta1 r o t o r  system test a r t i c l e s  f o r  t h e  RSRA i nc lude :  (1)  t h e  
a r e o / a c o u s t i c  r o t o r  having reduced e x t e r n a l  a c o u s t i c  n o i s e  and increased  
c r u i s e  l i f t  we;c drag r a t i o ;  (2)  t h e  v a r i a b l e  geometry r o t o r  having reduced 
e x t e r n a l  acoiist:ic n o i s e  and r o t o r  v i b r a t i o n  and inc reased  hover e f f i c i e n c y ;  
(3) t h e  composite s t r u c t u r e s  r o t o r  having reduced r o t o r  system weight ;  ( 4 )  
the  v a r i a b l e  ' d i a m e t e r  r o t o r  having inc reased  c r u i s e  speed; (5)  and 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  having inc reased  c r u i s e  l i f t  over  drag r a t i o  
c r u i s e  speed, hover e f f i c i e n c y  and reduced r o t o r  v i b r a t i o n .  The per -  
formance p o t e n t i a l  of each concept developed f o r  t h e  RSRA w i l l  be thoroughly 
eva lua ted  bot'h .in f l i g h t  and a n a l y t i c a l l y ,  w i th  s t r o n g  emphasis given a l s o  
t o  energy e f f i c i e n c y ,  n o i s e ,  v i b r a t i o n ,  dynamic loads ,  r e l i a b i l i t : y ,  
m a i n t a i n a b i l i t y ,  and u l t i m a t e  o v e r a l l  ope ra t ing  c o s t .  

Wake Vortex --- 14in.imization F l i g h t  Research 

The wake v o r t e x  f l i g h t  r e sea rch  program involves  t h e  development of  a f l i g h t .  
r e sea rch  capia'bi l i t y  f o r  demonstrating i n  f l i g h t  aerodynamic methods which w i l l  
reduce t h e  lixnding and t ake  o f f  s e p a r a t i o n  d i s t a n c e  imposed by wake v o r t i c e s  
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  from t h e  p r e s e n t  3-5 
miles t o  2 m i l e s  wi thout  s i g n i f i c a n t  d e t r i m e n t a l  e f f e c t s  on a i r c r a f t  pe r -  
formance. The DOT, t h e  A i r  Transpor t  Assoc ia t ion ,  and o t h e r  concerned pro- 
f e s s i o n a l  groups have i d e n t i f i e d  t h e  wake turbulence  hazard as the  a i r  
t r a n s p o r t  i n d u s t r y ' s  number one o p e r a t i o n a l  problem. Aside from t h e  obvious 
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s a f e t y  haza.rd, t.he reduced runway u t i l i z a t i o n  rate due t o  t h e  l a r g e  sepa ra t ion  
d i s t a n c e s  i.niposed by t h e  vor tex  hazard d i r e c t l y  i n c r e a s e s  depa r tu re  and ar- 
r i v a l  ground t:axi t i m e s  and a r r i v a l  h o l d i n g - a t - a l t i t u d e  de lays  which s i g n i -  
f i c a n t ] . ~  inc reases  j e t  f u e l  consump t ion .  

Candidate vort:ex minimization devices  w i l l  be s e l e c t e d  i n  l a t e  FY 1974 
from among the  most promising devices  developed i n  t h e  on-going ground 
f a c i l i t y  experimental  program. I n  e a r l y  FY 1975 a s u i t a b l e ,  moderate 
s i z e ,  t r a n s p o r t - l i k e  a i r c r a f t  which can be economically modified t o  
accommodate t h e  d i s s i p a t i o n  devices  w i l l  be  s e l e c t e d  f o r  use  as a wake 
vo r t ex  genera tor  a i r c r a f t .  

I n i t i a l l y ,  E L  c u r r e n t l y  a v a i l a b l e  instrumented probe a i r c r a f t  w i l l  be used 
t o  pene t r a tx  the  vo r t ex  a t  var ious  d i s t a n c e s  behind t h e  genera tor  a i r c r a f t  
and document: t he  s t r u c t u r e  of t he  t r a i l i n g  v o r t i c e s  and the  i n t e g r a t e d  up- 
s e t t i n g  fo rces  wi th  and without  t he  modi f ica t ions .  

Modif icat ions of t he  t r a n s p o r t - l i k e  gene ra to r  a i r c r a f t  and instrumentat ior i  
of t h e  probe a i r c r a f t  a r e  scheduled f o r  completion August-September 1974. 
I n i t i a l  f l i g h t  tests w i l l  begin subsequent ly  and cont inue  through mid-FY 
1976. A s  promising d i s s i p a t i n g  devices  s u i t a b l e  f o r  commercial a p p l i c a t i o n  
a r e  developed i n  these  f l i g h t  t e s t s ,  they w i l l  be f u r t h e r  r e f i n e d  and con- 
s i d e r a t i o n  given t o  l a t e r  i n s t a l l a t i o n  on a commercial wide-body j e t  
t r a n s p o r t  f o r  f i n a l  eva lua t ion .  

Compos :i t e  I?:: irnary S t r u c t u r e s  F l i g h t  Experiments 

The major goa ls  of t he  composite primary s t r u c t u r e s  technology program 
a r e  t o  demonstrate weight savings i n  a i r c r a f t  s t r u c t u r e s  and t o  develop 
confidence in  the  f u t u r e  use of composite materials by f l i g h t  s e r v i c e  
experience. ,  These goa ls  w i l l  be  achieved through a c u r r e n t  f l i g h t  program 
aimed a t  dernonstrating the  advantages of s e l e c t i v e  composite re inforcement  
of m e t i l l  si::ructures, and a program t o  be i n i t i a t e d  i n  FY 1975 t o  develop 
and dernonsr:raite a l l -composi te  cons t ruc t ion  app l i ed  t o  primary a i r c r a f t  
s t r u c t u r e s  

Advanced t r anspor t  technology s t u d i e s  have p ro jec t ed  s i g n i f i c a n t  pe r -  
formance and economic b e n e f i t s  from the  use  of composite materials i n  
primary s t i c ~ c t u r e  of commercial a i r l i n e  a i r c r a f t .  An o v e r a l l  weight 
saving of m r e  than 25 percent  i s  p red ic t ed  which would inc rease  r e t u r n  
on inves tmei t  (ROI) by 20 percent .  S i m i l a r  b e n e f i t s  could be achieved 
i n  STOL and supersonic  c r u i s e  a i r c r a f t .  A t  p r e s e n t ,  des igne r s  and 
manufacturers l ack  the  confidence requi red  t o  depa r t  from convent ional  
m e t a l l i c  s t r u c t u r e s  and commit t o  ex tens ive  use  of  composites i n  primary 
s t r u c t u r e s .  'fiese composite primary s t r u c t u r e ,  f l i g h t  experience pro- 
grams w i l l  b e  a major ex tens ion  of t he  e x i s t i n g  a l l -composi te  secondary 
s t r u c t u r e s  program. It  w i l l  e s t a b l i s h  t h e  confidence through demonstrated 
perforrnance necessary t o  achieve f u l l  b e n e f i t  of composite s t r u c t u r e s  i n  
f u t u r e  a i r c r a f t .  
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S e l e c t i v e  composite re inforcement  i s  c u r r e n t l y  being app l i ed  t o  t h e  c e n t e r  
wing box oE t h e  C-130 A i r  Force t r a n s p o r t  a i r p l a n e .  
a i r c r a f t  a r e  being modified t o  inco rpora t e  r e i n f o r c e d  boxes with a weight 
saving of :LL percent .  
t h e  boxes :is scheduled t o  begin dur ing  FY 1975 and w i l l  be conducted f o r  a 
minimum of th ree  yea r s .  

Two c u r r e n t  product ion 

Regular m i l i t a r y  f l i g h t  s e r v i c e  and eva lua t ion  of 

An added program t o  inco rpora t e  a l l -composi te  cons t ruc t ion  i n  a i r c r a f t  
primary sti :uctures and demonstrate a 25 pe rcen t  weight sav ing  w i l l  be 
i n i t i a t e d  fin I ?  1975. 

Two d i f f t x e t i t  primary s t r u c t u r a l  components w i l l  be s e l e c t e d  from e x i s t i n g  
commercial t r anspor t  a i r c r a f t  f o r  redes ign  and f a b r i c a t i o n  using composites 
i n s t e a d  of metal-. 
such a s  a wing panel .  The components w i l l  be t e s t e d ,  c e r t i f i e d ,  and placed 
i n  f l i g h t  s ~ i r v i c e  f o r  a per iod  of t h r e e  y e a r s ,  accumulating approximately 
9,000 hour:; of s e r v i c e  experience per  i n s t a l l a t i o n .  

These w i l l  i nc lude  a v e r t i c a l  f i n  and a l a r g e  component 

Advanced Acoust ic  -- Composite Nacel le  Program 

The ob jec:rsive of t h e  advanced a c o u s t i c  composite n a c e l l e  program i s  t o  
provide tec:hnology fo r  f u t u r e  product ion wide-body t r a n s p o r t s  t h a t  can 
e i t h e r  reduce t h e i r  f u e l  consumption a t  c u r r e n t  no i se  l e v e l s ,  o r  can achieve: 
a reduct ion  i n  n o i s e  f o o t p r i n t  a r e a  of about 30 percent  wi th  no i n c r e a s e  i n  
opera t ing  c:ost: or  f u e l  consumption. The program w i l l  demonstrate t h e  appl i - .  
c a t i o n  of Etclvanced interwoven a c o u s t i c  absorbent  and composite s t r u c t u r a l  
materials t :o  at wide-body t r a n s p o r t  n a c e l l e .  Appl ica t ion  of t h i s  technology 
t o  f u t u r e  erdvanced technology t r a n s p o r t s  can e i t h e r  reduce a i r c r a f t  weight 
and f u e l  ccmsumption s imultaneously wi th  some n o i s e  r educ t ion ,  o r  can resu l t :  
i n  n o i s e  r educ t ion  wi th  no i n c r e a s e  i n  ope ra t ing  c o s t  o r  f u e l  consumption. 

Current  n m c e l l e  n o i s e  suppression technology involves  t h e  a d d i t i o n  of non- 
load ca r ry ing  a c o u s t i c  absorbent  materials t o  the  n a c e l l e  s t r u c t u r e .  The 
advanced a c c u s t i c  composite technology involves  interweaving of  a c o u s t i c  
absorbent  arid composite materials t o  form an a c o u s t i c  absorbent  s t r u c t u r a l  
material. 1.n t h i s  manner the  s t r u c t u r a l  material provides  n o i s e  suppression.  
Laboratory s t u d i e s  of the  interwoven technique i n d i c a t e  about 15db reduct ion  
i n  sound i n t e n s i t y  a s  compared t o  an equ iva len t  weight c u r r e n t  technology 
quie ted  s t n . c  t ur  e. 

Conceptual design s t u d i e s  f o r  t h e  n a c e l l e  were i n i t i a t e d  i n  FY 1974 and 
pre l iminary  design w i l l  be  completed i n  FY 1975. Ground tests w i l l  be com- 
p l e t e d  i n  FY 1979 leading  t o  p o s s i b l e  la ter  f l i g h t  demonstration. 
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Rotor Sys terns: Research A i r c r a f t  

This  j o i n t  IirmyylNASA program w i l l  p rovide  a unique f l i g h t  test  c a p a b i l i t y  
f o r  advanced 1:ot:or r e sea rch  t o  expedi te  and improve r o t o r c r a f t  r e sea rch  
through the  use  of a s p e c i a l l y  designed f l i g h t  test  veh ic l e .  

Extensive onboard ins t rumenta t ion  w i l l  provide b e t t e r  r e sea rch  d a t a ,  and 
repea ted  use  of thLe test  v e h i c l e  w i l l  enable  t imely and economical com- 
p l e t i o n  of r o t o r  r e sea rch  p r o j e c t s .  

Curren t ly ,  fli.ghit tests of promising advanced r o t o r  concepts  are  conducted 
by modifying exi.st.ing a i r c r a f t  o r  by bu i ld ing  a new a i r c r a f t  f o r  each concept.  
This  approach i s  t.ime consuming, c o s t l y ,  and o f t e n  g ives  less than good re- 
s u l  ts. 

NASA arid Army in.-house and c o n t r a c t o r  predes ign  s t u d i e s  were conducted i n  
e a r l y  FY 19731 t o  e s t a b l i s h  the  f e a s i b i l i t y  of  an advanced research v e h i c l e  
capable  of  tes;ti.ng; a wide v a r i e t y  of advanced r o t o r  systems concepts ,  and 
t o  d e f i n e  the: c h a r a c t e r i s t i c s  of and requirements  f o r  t h e  f l i g h t  veh ic l e ,  
t he  f l i g h t  t e s t  c c n t r o l  system, and the  r e sea rch  ins t rumenta t ion  systems. 
A request: f o r  proposa ls  w a s  i s sued  i n  March 1973 and fol lowing t h e  eva lua t ion  
of compet:ing proposa ls ,  t h e  Sikorsky A i r c r a f t  Company w a s  s e l e c t e d  t o  perform 
t h e  design and f ab ' r i ca t ion  of two r e sea rch  a i r c r a f t .  A c o n t r a c t  w a s  awarded 
t o  Sikorsky cri Yovember 6 ,  1973. The f i r s t  s i x t y  days of t he  c o n t r a c t  i s  
a fixed-c:ost  pla.nn.ing e f f o r t .  Detail design and component f a b r i c a t i o n  began 
i n  January 1974. Design arid f a b r i c a t i o n  w i l l  cont inue  through FY 1.975. 
F i r s t  f l i .ght  is scheduled for  mid-FY 1976.  

T i l t  Rotor Re:aea.rch Ai rcraf t  ---- 

This  j o i n t  Army/NASA program w i l l  demonstrate  and provide  proof-of-concept 
eva lua t ion  of tE.e t i l t  r o t o r  concept. Conceptual ly ,  t h e  t i l t  r o t o r  combines 
the  b e s t  c h a r a c t e r i s t i c s  o f  t h e  h e l i c o p t e r  wi th  t h e  good c r u i s e  c h a r a c t e r i s t i c s  
of fixed-wing a i r c r a f t .  

The l o w  downwash and l o w  n o i s e  inhe ren t  i n  r o t o r s  provide  va luab le  b e n e f i t s  
f o r  m i l i t a r y  rescue missions and ground a t t a c k  missions where s h o r t  d e t e c t i o n  
t i m e  i s  important  t o  s u r v i v a l  i n  a h o s t i l e  arena.  For c i v i l  a p p l i c a t i o n s ,  
t h e  e f f i c i e n t  VTOL, c a p a b i l i t y  w i l l  permi t  ope ra t ions  a t  small a i r f i e l d s  
and c l o s e - i n  populated areas t o  provide an e f f i c i e n t  t r a n s p o r t a t i o n  system. 
The t i l t  ro to r  VTOL capabiZi ty  e l imina te s  t h e  need f o r  t a x i i n g  and maneuvering 
on the  ground and the  a t t e n d a n t  use  of va luab le  f u e l .  The i n h e r e a t  e f f i c i e n c y  
of t he  r o t o r s  a c t i n g  as p r o p e l l e r s  i n  c r u i s e  can provide an e f f e c t i v e ,  f u e l  
sav ing ,  publ ic  t r a n s p o r t  system f o r  s h o r t  and in t e rmed ia t e  ranges.  



The tilt ‘rotor  research  a i r c r a f t  w i l l  have t w i c e  t h e  c r u i s e  speed of t h e  
h e l i c o p t e r  .while r e t a i n i n g  i t s  e f f i c i e n t  hover c a p a b i l i t y .  

Based on in-house s t u d i e s  and ana lyses  by NASA/Army engineers ,  i t  has  been 
concluded t h a t  t he  t ilt  r o t o r  concept shows t h e  g r e a t e s t  promise f o r  a capa- 
b i l i t y  t o  meet m i l i t a r y  and c i v i l  V/STOL needs a n t i c i p a t e d  i n  the  fu tu re .  

For the  p a s t  twenty y e a r s ,  t he  Army, A i r  Force,  NASA, and indus t ry  have 
been pursuing the  es tab l i shment  of a t ilt  r o t o r  technology base.  The next  
s t e p  r e q u i r e s  f l i g h t  tes t  i n  t h e  real and dynamic environment of f l i g h t .  

A pre l iminary  design competi t ion was  conducted i n  e a r l y  FY 1973 and 
proposa ls  € o r  t he  design and f a b r i c a t i o n  of two r e sea rch  a i r c r a f t  were 
rece ived  i n  J sniiary 1973. Following eva lua t ion  of t h e  competing proposa ls ,  
B e l l  Hel icopter  Company w a s  s e l e c t e d  and awarded a c o n t r a c t  f o r  t he  design 
and f a b r i c a t i o n  of two t i l t  r o t o r  r e sea rch  a i r c r a f t  on J u l y  30, 1973. 
A f ixed  c o s t  60-day planning e f f o r t  was  completed on September 2 6 ,  1973, a t  
which t i m e  i n i t i a t i o n  of d e t a i l  des ign  and component f a b r i c a t i o n  was  approved. 
The p r i n c i p a l  design e f f o r t  w i l l  be completed i n  the  f i r s t  q u a r t e r  of FY 1975. 
Material procurement and manufacturing w i l l  be c a r r i e d  on through FY 1975. 
F i r s t  f l i g h t  is scheduled f o r  l a te  FY 1976. 

HiPhly Maneuverable A i r c r a f t  Technology (HiMAT) F l i g h t  Researck! 

The o b j e c t i v e  of t h i s  program i s  t o  provide low-cost f l i g h t  r e sea rch  ve- 
h i c l e s  by 1978 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 high  r i s k  
( labora tory)  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 he  
p o t e n t i a l  !of new technology f o r  t he  design of f u t u r e  m i l i t a r y  combat 
veh ic l e s .  Reductions i n  t he  c o s t  of t he  experimental  f l i g h t  tests t o  ex- 
p l o r e  the  new technology of approximately 50 pe rcen t  over comparable manned 
test  v e h i c l e s  w i l l  be r e a l i z e d  through f l i g h t  test  of subsca le  veh ic l e s  
u t i l i z i n g  the r e l a t i v e l y  new remotely p i l o t e d  r e sea rch  v e h i c l e  (RPRV) 
test technique. 

I n  a r e c e n t  s tudy conducted under t h e  auspices  of t he  Aeronaut ics  Panel 
of t h e  DOD/NASA Aeronaut ics  and As t ronau t i c s  Coordinating Board (AACB), 
i t  was  concluded t h a t  “ s u b s t a n t i a l  improvements w i l l  be needed f o r  advanced 
f i g h t e r s  i n  the  1980’s.” The NASA HiMAT program i s  designed t o  respond t o  
t h e  i d e n t i f i e d  needs by maturing through t e s t i n g  i n  the  real and dynamic 
environment of f l i g h t ,  t h e  most promising h igh  r i s k  advanced technology 
concepts t o  an a p p l i c a t i o n  r ead iness  state f o r  p o t e n t i a l  i nco rpora t ion  
i n  f i g h t e r  a i r c r a f t  i n  t h e  1980’s.  Also, t h e  i n t e r a c t i o n  of  t h e  va r ious  
advanced technoIogy concepts w i l l  be i n v e s t i g a t e d  s o  the  s y n e r g i s t i c  
p o t e n t i a l  inhierent i n  a m u l t i d i s c i p l i n a r y  des ign  approach can be exp lo i t ed  
t o  the  h i g h e s t  p r a c t i c a b l e  degree.  
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Design f e a s i b i l i t y  s t u d i e s  w e r e  completed i n  August 1973 i n  which n i n e  
c o n t r a c t o r s  explored t h e  p o t e n t i a l  f o r  ach iev ing  s i g n i f i c a n t  improvements 
i n  maneuvering c a p a b i l i t y  us ing  t h e  above desc r ibed  des ign  approach. Based 
on t h e  encouraging r e s u l t s  of t h e  f e a s i b i l i t y  s t u d i e s ,  follow-on conceptual  
des ign  s t .udies  a.re being conducted i n  FY 1974 by t h r e e  firms. 

I n  FY 1.975, one of t h e  t h r e e  f i rms p a r t i c i p a t i n g  i n  t h e  conceptual  design 
s t u d i e s  w i l l  be s e l e c t e d  t o  c a r r y  h i s  conf igu ra t ion  i n t o  f i n a l  design and 
then t o  f.abric:at:e two subsca le  RPRV's which w i l l  be  t e s t e d  a t  NASA's F l i g h t  
Research Cent.c!r. 

Noise Recluc t ion  F 1. igh  t Procedures Experiments 

The program o b j e c t i v e  i s  t o  reduce t h e  approach n o i s e  f o o t p r i n t  (by a t  
least  60 percxnt:) through scheduled a i r l i n e  demonstrat ions of av ion ic  
systems f o r  n o i s e  abatement f l i g h t  procedures .  

I n  FY 1.974 zi success fu l  i n - se rv ice  eva lua t ion  of t he  two seqment approach 
wi th  a B--727 vas completed by United A i r  Lines.  
c a r r i e d ,  555 two segment approaches w e r e  made, and 38 United f l ight :  crews 
p a r t i c i p a t e d .  The two segment approaches were accepted by t h e  p i l o t s  and 
a i r  t r a f f i c  cont : rol lers ,  and unnot iced by t h e  passengers .  T e s t  d a t a  con- 
firmed t h e  expected approach pa th  n o i s e  reduct ion .  I n  a d d i t i o n  t o  reducing 
t h e  approach noise  f o o t p r i n t  o f  a i r c r a f t ,  t h e  f l i g h t  procedures  developed 
may w e l l  r e s u l t  i n  f u e l  savings from t h e  reduced f u e l  flow dur ing  t:he 
s t e e p e r  :;egmc:iit o f  t he  two segment approach. Fuel f low i s  reduced by 
approximately l : , O O O  pounds/hour per  engine.  
t h e r e  i s  a savirigs of 67 pounds (10 ga l lons )  p e r  approach. Assuming 
approximately f t v e  m i l l i o n  a i r  carrier landings  p e r  yea r  , t h i s  r e p r e s e n t s  
an annual f u e l  savings of 50 m i l l i o n  ga l lons .  

Over 40,000 passengers  were 

Thus i n  a t h r e e  engine a i rcraf t  

An in - se rv ike  eva lua t ion  of t h e  two segment approach w i t h  a DC-8 w i l l  
commence late i n  FY 1974 and w i l l  be  completed i n  FY 1975. The DC-8 
i s  a more cha l lenging  a i r c r a f t  than t h e  B-727 because of i t s  c l eane r  
aerodynamic c1iai:ac:teristics , and d i f f e r e n t  equipment w i l l  be used f o r  
providing guidance on t h e  upper segment of t h e  two segment approach. 

Analysis  o:E t h e  a p p l i c a b i l i t y  of t h e  two segment approach t o  o t h e r  a i r c r a f t  
i n  the  f l e e t  wi:11 be completed i n  FY 1974 f o r  t h e  DC-9, DC-10 ,  B-707, B-737, 
and B-74'7. Ana:Lysis of t he  L-1011 w i l l  be  completed i n  FY 1975. 'L'here i s  
no p l an  to  coiidi~ct f l i g h t  eva lua t ions  beyond those  wi th  t h e  B-727 and DC-8 .  

The potent i .31 of o the r  opera t ing  techniques f o r  reducing aerodynamic and 
propuls ion  n o i s e  on approach and landing w i l l  be  i n v e s t i g a t e d ,  s t a r t i n g  i n  
FY 1975. Limited tests with t h e  CV-990 w i l l  p rovide  n o i s e  and opera t ing  
procedures diata f o r  a s imula t ion  program and n o i s e  impact assessment.  
Promising ope ra t ing  procedures w i l l  be v e r i f i e d  i n  f l i g h t  during FY 1976. 
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Terminal C o n f i e r e d  - Vehic le  Operat ing Systems Experiments 

The broad o b j e c t i v e s  of t h e  program are t o  provide  improvements i n  t h e  a i r -  
borne systems (av ionics  and a i r  v e h i c l e )  and o p e r a t i o n a l  f l i g h t  procedures  
i n  o rde r  t o  reduce n o i s e ,  t o  improve t e rmina l  area p r o d u c t i v i t y  (with emphasis 
on energy conse rva t ion ) ,  and t o  improve approach and landing  f l i g h t  s a f e t y .  
This program i s  being conducted t o  be r e spons ive  t o  t h e  n a t i o n a l  needs f o r  
an e f f i c i e n t ,  s a f e ,  and economical a i r  t r a n s p o r t a t i o n  system which w i l l  meet 
wi th  community acceptance. 

To improve p r o d u c t i v i t y  and s a f e t y ,  a ze ro  v i s i b i l i t y  landing c a p a b i l i t y  
w i l l  be provided by improved p r e c i s i o n  au tomat ic  c o n t r o l ,  primary d i s p l a y s ,  
and an independent landing  monitor ing system. Inc reased  a i r p o r t  acceptance 
rates w i l l  be  made p o s s i b l e  by improved arrival accuracy f o r  c l o s e  
l o n g i t u d i n a l  spac ing ,  improved f l i g h t  pa th  c o n t r o l  f o r  c l o s e r  lateral  
spac ing ,  and reduced runway occupancy t i m e .  Improved f l i g h t  deck des ign ,  
b e t t e r  understanding of c r e w  coord ina t ion  and i n d i v i d u a l  t a s k s ,  arid au to-  
mation w i l l  reduce p i l o t  workload. 

To reduce adverse  environmental  impact, o p e r a t i o n a l  procedures ,  d i s p l a y s ,  
and guidance equipment w i l l  be developed t o  reduce atmospheric  p o l l u t i o n ,  
permit  f u e l  sav ings ,  and reduce no i se .  

The program is  p r imar i ly  concerned wi th  a i r b o r n e  elements which w i l l  be 
needed f o r  ope ra t ions  i n  h igh  d e n s i t y  t e rmina l  areas equipped wi th  new 
landing  systems and nav iga t ion  a i d s  under development by t h e  FAA. Emphasis 
w i l l  be placed 011 t h e  development of o p e r a t i o n a l  methods f o r  t h e  h igh ly  
automated env:i.roiiment a n t i c i p a t e d  i n  t h e  f u t u r e .  The program involves  
r e sea rch  a n a l y s i s ,  s imu la t ion ,  and f l i g h t  s t u d i e s .  I n  FY 1974 a Boeing 
737 a i r p l a n e  i s  being equipped wi th  h igh ly  f l e x i b i l e  d i s p l a y  and c o n t r o l  
equipment and an a f t  f l i g h t  deck f o r  r e sea rch  purposes. L a t e  i n  FY 1974 
and i n  FY 197!i s imula t ion  and f l i g h t  experiments  w i l l  be conducted i n  
p r e c i s i o n  f l i g h t  pa th  c o n t r o l  wi th  a c c u r a t e  a r r i v a l  times and i n  very  
low v i s i b i l i t y  cond i t ions .  Later, o p e r a t i o n a l  f e a s i b i l i t y  demonstrat ions 
w i l l  be conducted t o  ga in  acceptance by f l i g h t  crews and t h e  a i r l i n e s .  

STOL Operat ing Systems Experiments 

The broad ob-jective of t h e  program i s  t o  e s t a b l i s h  a technology base upon 
which operational.  STOL s h o r t  h a u l  systems can be based with confidence i n  
the  1978-2000 time per iod .  B e n e f i t s  which w i l l  be demonstrated inc lude  a 
90 EPNdB n o i s e  f o o t p r i n t  w i th in  t h e  a i r p o r t  boundary, a z e r o  v i s i b i l i t y  
landing  capabi.l.it:y , improved guidance accuracy,  and p i l o t  workload re- 
duc t ion  ofi 30 pe rcen t  through automation and d i sp lays .  
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I n  t h i s  j o i n t  DOT/NASA program, ope ra t ing  systems experiments w i l l  be con- 
ducted t o  provide information t o  a i d  i n  the  choice of STOL te rmina l  a r ea  
guidance, nixvf-gation and c o n t r o l  system concepts ,  and t o  de f ine  ope ra t iona l  
procedures.  Steep ascents , descents  , t i g h t  t u r n s  , and slow speed approaches; 
and landing:; w i l l  be s tud ied  us ing  a n a l y s i s ,  s imula t ion  and f l i g h t  tests. 
F l i g h t  path:; f o r  STOL ope ra t ions  independent of convent ional  a i r c r a f t  
ope ra t ions  wi7.1 be synthes ized  i n  FY 1975. An i n t e g r a t e d  d i g i t a l  av ionics  
r e sea rch  system (STOLAND) became a v a i l a b l e  i n  FY 1974 f o r  u se  i n  both simu- 
l a t i o n  and f1i.gh.t experiments. This system w i l l  be i n s t a l l e d  i n  t h e  DHC-6 
Twin 0t : ter  f o r  f l i g h t  experiments commencing i n  J u l y  1974 and i n  the  C-8A 
augment:or wi.ng: research  a i r c r a f t  f o r  f l i g h t  experiments commencing i n  
December 1974. 

In t roduct ion  of t he  microwave landing system (MLS), now under development 
by the  FAA, w i l l  provide improved terminal  area landing guidance. The MLS 
w i l l  be used by CTOL, STOL, and VTOL a i r c r a f t .  Consequently, one t a sk  t o  
be accomplished i n  t h i s  program i s  t o  support  t h e  FAA i n  the  development 
of t he  MLS t o  ensure i t s  s u i t a b i l i t y  f o r  STOL a p p l i c a t i o n s .  Analysis ,  
f i e l d  i n v e s t i g a t i o n s ,  and f l i g h t  experiments w i l l  be conducted t o  def ine  
r e a l i s t i c  cr i ter ia  f o r  MIS proof-of-concept  eva lua t ion  and pro to type  
v a l i d a t i o n s  beginning i n  FY 1975. The f i e l d  i n v e s t i g a t i o n s  w i l l  inc lude  
ground and f l i g h t  t e s t s  wi th  t h e  programmable STOLAND av ion ic s  system. 
These inves t i g s t  ions w i l l  emphasize MLS performance f o r  terminal. a r e a  
naviga t ion  <and approach and landing guidance f o r  low v i s i b i l i t y  opera t ions .  
F l i g h t  va l ida t ion  of a pro to type  system w i l l  be  completed i n  FY 1976. 

VTOL O p e r a t L x  -- Systems Experiments 

The broad obJec:tive of t he  program i s  t o  e s t a b l i s h  a technology base 
leading t o  lt~nproved VTOL opera t ing  e f f i c i e n c y ,  e s p e c i a l l y  i n  l o w  v i s i b i l i t y  
condi t ions  , iand decreased environmental impact. Bene f i t s  which w i l l  be 
demonstrated i~icl .ude r educ t ion  of t he  90 EPNdB f o o t p r i n t  t o  less than 0.6 
square mile, m r c )  v i s i b i l i t y  landing c a p a b i l i t y  i n  crosswinds up t o  20 
knots ,  Fmproirecl guidance accuracy and a 50 percent  reduct ion  i n  p i l o t  
workload. 

E f fec t ive  USE! of VTOL a i r c r a f t  i n  t h e  Nat iona l  A i r  Transpor ta t ion  System 
w i l l  r e q u i r e  ex tens ive  automation t o  permit opera t ion  under condi t ions  
of poor v i s i b i l i t y  and t o  permit opera t ion  along f l i g h t  pa ths  t h a t  minimize 
n o i s e ,  a i r space ,  p i l o t  workload, and f u e l  usage. S tud ie s  w i l l  be conducted 
t o  de f ine  automation requirements and t o  develop s a t i s f a c t o r y  p iLo t /veh ic l e  
i n t e r f a c e s  t f a t  a l low the  p i l o t  t o  monitor,  i n t e r a c t  wi th ,  and t ake  over 
from the autclmatic control. i n  veh ic l e s  cha rac t e r i zed  by c o n t r o l l e d  degrees- 
of-freedom t h a t  a r e  more complex than f o r  STOL o r  CTOL a i r c r a f t .  Also, 
i n  order  t o  maximize t h e  p o t e n t i a l  o f  VTOL a i r c r a f t  f o r  r e l i e v i n g  a i r  and 
ground congest ion,  an e f f i c i e n t  and s a f e  i n t e r f a c e  between VTOL and o the r  
t r a f f i c  must be developed. 

RD 9-44 



This  program i s  being conducted j o i n t l y  by Ames Research Center  (ARC) and 
Langley Research Center  (LaRC). Experiments conducted a t  ARC w i l l  focus on 
nonro tary  wing VTOL a i r c r a f t ,  and experiments conducted a t  LaRC w i l l  focus 
p r imar i ly  013 r o t a r y  wing VTOL a i r c r a f t  o r  h e l i c o p t e r s .  
d i g i t a l  avimnlcs system wi th  t h e  f l e x i b i l i t y  t o  be used f o r  bo th  s imula t ion  
and f l i g h t  experiments  i s  being provided by ARC and w i l l  be completed i n  FY 
1975. 
i n v e s t i g a t e d  wi th  s imula t ions  dur ing  FY 1975. Various automatic  and manual 
c o n t r o l  modes, and descent  and landing  f l i g h t  pa ths  inc lud ing  t i m e  con- 
s t r a i n t s ,  n o i s e  c o n s i d e r a t i o n s ,  winds and o t h e r  d i s tu rbances  when using 
t h e  MLS tei:ininal guidance w i l l  be  eva lua ted .  I n s t a l l a t i o n  of t h e  av ion ic s  
system i n  t h e  t i l t  r o t o r  r e sea rch  a i r c r a f t  w i l l  be i n i t i a t e d  i n  FY 1976. 
VTOL IFR approach pa ths  i n  t h e  presence of a real is t ic  te rmina l  area environ-  
ment w i l l  be demonstrated i n  FY 1977. A t  LaRC, a n a l y s i s ,  s imu la t ion ,  and 
f l i g h t  experinients us ing  h e l i c o p t e r s  are underway. 
s t u d i e s  which r e s u l t e d  i n  t h e  au tomat ic  landings  wi th  t h e  CH-46 i n  March 
1972 w i l l  be expanded t o  inc lude  automated curved approaches i n  FY 1975) 
and aut:omat:i.c t i m e  sequenced c o n t r o l  f o r  minimizat ion of a i r s p a c e  needs 
and opt:imiz:atl.on of a i r c r a f t  spacing i n  FY 1977. 
d i s p l a y  concepts  w i l l  be i n v e s t i g a t e d  comencing  i n  FY 1975 r e s u l t i n g  i n  
an advanced automatic  approach d i s p l a y  i n  FY 1976. I n v e s t i g a t i o n  of 
h e l i c o p t e r / a i r  t r a f f i c  c o n t r o l  i n t e r f a c e  requirements  w i l l  be conducted 
i n  FY 1975. 

An i n t e g r a t e d  

P i l o t i n g  procedures  and system performance c h a r a c t e r i s t i c s  w i l l  be 

The au tomat ic  approach 

Advanced i n t e g r a t e d  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERC,NA.UTICS AND SPACE 
T E C H N O T E  

SUMMARY OF RESOURCES REQUIREMENTS 

1974 - 1973 - 
Research and technology base . .  . $55,510,000 $60,907,000 
Systems and des ign  s tud ie s . .  .... 1 , 300 , 000 
Systems and experimental  program 3 , 693 , 000 

3 , 100 , 000 Low c o s t  sy:;ttms program.. ...... 
Nuclear p o w r  and propuls ion  

program. ,, ...................... 

1 , 230,000 
8 , 020 , 000 --- 

--- 17 . 100 . O O d ’  

Tota l . . . . . .  ,................. $81.860.000 $69.000.000 

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.. ........ 
Goddard Space F l i g h t  Center.. . 
Jet  Propuls ion Laboratory ..... 
Ames  Research Center.. ........ 
F l i g h t  Research Center........ 
Langley Research Center..  ..... 
L e w i s  Research Center... ...... 
Headquarters .................. 

Mars’hall Space F l i g h t  Center..  
$318 , 000 

2 , 655 , 000 
3 , 761,000 

17,297,000 
7,353,000 
1 , 422 , 000 

14,953,000 
29,321,000 
4,780,000 

$565 , 000 
2 , 890 , 000 
5 , 109,000 

14,585,000 
7 , 060 , 000 
1 , 078 , 000 

13,656,000 
22,146,000 
1 , 911,000 

Total...*................... $81.860.000 $69.000.000 

HIGHLIGHTS OF BUDGET PLAN 

Research and>.chnology Base 

Materials -- Basic and app l i ed  
r e sea rch  s t u d i e s  aimed a t  i n -  
c r eas ing  t h e  long l i f e  pe r -  
formance and r e l i a b i l i t y  of 
materials i n  t h e  space environ-  
ment. Thernial p r o t e c t i o n  systems 
e f f o r t  forme:cly under Entry 
Technology fimdetf h e r e  i n  FY 1975. $6,899,000 $6,200,000 

1975 - 
$61,500,000 

1 , 600 , 000 
6,700,000 
5 , 000 , 000 

$74.800.000 

$765,000 
3,401 , 000 
5,222,000 

15,662,000 
7 , 525 , 000 
1 , 128,000 

15,920,000 
23,266,000 
1 , 911,000 

S74.800.000 

$9,122,000 ................................ m.g..~..m......~9......9......9~...m.9..~.9~~.~~..9..~...~.........~.......9mu=.=== 

- 1/ Aut’horized i n  P.L. 92-304 as Nuclear Power and Propuls ion.  
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1974 - 1973 - 1975 - 
S t r u c t u r e s  - Development of 

advanced s t r u c t u r a l  concepts  and 
s t r u c t u r a l  dynamics technology, 
i nc lud ing  thermal p r o t e c t i o n  
system and deployable  space  
structures........................ $5,912,000 $5,400,000 $5,400,000 

Fundamental-Electronics - Basic 
technology f o r  advanced informat ion  
systems and e l e c t r o n i c  devices  
inc lud ing  f a b r i c a t i o n  techniques 
f o r  r e l i a b l e  ,and economic e l e c t r o n i c  
systems........................... 4,465 , 000 4,800,000 4,800 , 000 

Space Guidance and Control  - 
Advance techniques and technology 
i n  guidance and naviga t ion  and 
c o n t r o l  f o r  llow c o s t  miss ions  
o p e r a t i o n s  ........................ 2 , 232,000 1 , 900 , 000 1,900 , 000 

Information Systems - 
Deriva t ion  of components, systems, 
and techniques needed f o r  ga the r ing ,  
process ing ,  t r a n s m i t t i n g  and 
reducing d a t a  from p lane ta ry  and 
e a r t h  o r b i t i n g  spacec ra f t . . . .  ..... 6,589 , 000 6,736 , 000 6,800,000 

Chemical Propuls ion - Develop- 
ment of energy sys t ems  f o r  long- 
l i f e  s a t e l l i t e s ,  s p a c e c r a f t ,  and 
d i f f i c u l t  space  missions by 
focus ing  on r e u s a b l e  hydrogen- 
oxygen systems, space s t o r a b l e  
and low c o s t  s o l i d  s tages . . . , . . . . .  7,180,000 7 , 300 , 000 7 , 300,000 

Electric Propuls ion - Improve 
c a p a b i l i t y  of  l o n g - l i f e  i n t e r -  
p l ane ta ry  and near  e a r t h  space 
miss ions  by developmental r e sea rch  
i n  t h e  areas of s o l a r  electric, 
i o n ,  and plasma propuls ion  and 
r e l a t e d  systems................... 2 , 848,000 4 , 900,000 4 , 900 , 000 
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1973 

Energy Systems - Reduce c o s t s  
of power systems through tech-  
n o l o g i c a l  advances as w e l l  as 
s t a n d a r d i z a t i o n  and improved 
ope ra t ing  procedures involv ing  
s o l a r  ce l l s  and a r r a y s ,  
e lec t rochemica l  cells and 
b a t t e r i e s ,  power process ing  
p a r t s  and c i r c u i t s  , thermomechan- 
ical  engines and new systems 
concepts.  ......................... $8 . 558 . 000 

Nuclear Energy - Development o f  
r e a c t o r  power systems technology 
a p p l i c a b l e  t o  space  and terrestial  
power gene ra t ion  and space  
propuls ion  emphasizing p r a c t i c a l i t y  
and c o s t  effectiveness. . . . . . . . . . . .  

High Power Lasers and Energe t ics  - 
Basic research and experimental  
engineer ing i n  power genera t ion ,  
conversion and t ransmiss ion  t o  
provide b a s i s  f o r  f u t u r e  capa- 
b i l i t i e s  i n  space as w e l l  as suppor t  
e f f o r t  t o  m e e t  long-range energy 
needs on ear th . . . . . . . . . . . . . . . . . . . .  

Entry - Aerothermodynamic e f f o r t  
f o r  s o l u t i o n s  t o  t h e  problems of 
high-speed e n t r y  and f l i g h t  of 
s p a c e c r a f t  i n  atmospheres of 
e a r t h  and o t h e r  p l ane t s .  Research 
i n  thermal p r o t e c t i o n  systems 
included under Materials Research 
and Technolagy i n  FY 1975 ......... 

Tota l ,  Research and Technology 
Base........................ 

Systems and Design Studies  

Analys is  and s tudy t o  i d e n t i f y  
technology requirements f o r  
focus ing  technology programs and 
i d e n t i f i c a t i o n  of new areas of 
oppor tuni ty  ....................... 

Tota l ,  Systems and Design 
Studies..................... 

1974 

$8,200,000 

1975 - 

$8,200,000 

--- 2 , 200,000 2,200,000 

883 , 000 

9,944,000 

$55.510.000 

1,230,000 

$1.230.000 

4,535 , 000 

8,736,000 

$60.907.000 

1,300,000 

$1.300.000 

5 , 000 , 000 

5 878 000 

$61,500.000 

1,600,000 

$1.600.000 
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1973 

Sys tems  and ILcperimental Program 

Advanced Systxm:; Technology 

Eherpy and Environmental Systems 
~~~~~ 

Technology - The a p p l i c a t i o n  of 
NASA r e sea rch  and technology capa- 
b i l i t y  t o  reduce %he f u e l  consumption 
and PO 1 111 t i o n  a 1: t i r  i b u  t a b  1 e t o  
s t a t i o n a r y  and mobile power systems $1,987,000 

Sol id  S ta t e  Data Storage System - 
To demonstrat2 the s u p e r i o r  re- 
l i a b i l i t y  and v e r s a t i l i t y  of a s o l i d  
s t a t e  d a t a  r ezo rde r  u s ing  magnetic 
bubble domain technology.. o . .  , o .  

S u b t o t a l ,  Advanced Systems 
Techno:Ll>gy. .................. 

F1 i g h  t E.rper h e n  t Programs 

Atmospheric: F:Light Experiments - 
F l i g h t  tests (of X-24B e n t r y  
v e h i c l e  to  a s s e s s  performance, 
handl ing  qua:L i t t es  , o p e r a t i o n a l  
f a c t o r s  , and :ontrol charac-  
ter is  tic:; i n  t he  :Low supersonic  
to  subsonic s3ei.d regimes.. ....... 

S u b t o t a l ,  FLight Experiment 
Program;. ................... 

Spacecra-E t/Pa.yrload Programs 

Space Technology S h u t t l e  
Payloads - To e x p l o i t  t h e  S h u t t l e -  
Spacelab oppor tun i ty  t o  conduct 
innovat ive  rc2;earch and tech- 
nology i n  t h e  space  environment.. . 

Meteoroid 'C xhno lopy  
S a t e l l i t e  - - (hmpleted i n  FY 1974.. 

Space P lasma  High Voltage 
. I n t e r a c t i o n  Experiment - Completed 
i n  N 1974.. ...................... 

1,987,000 

993 , 000 

993 , 000 

--- 

154 , 000 

$593 , 000 

1974 - 1975 

$2,528,000 $2,900,000 

2 , 528 , 000 3 , 700,000 

1,050,000 1 , 000,000 

1 , 050 , 000 1 , 000 , 000 

--- 2 , 000 , 000 

41 , 000 --- 

$74 , 000 -- 
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Electric flliliary Propulsion - 
Ion  t h r u s t e r s  and pulsed plasma 
t h r u s t e r s ,  f’unded under t h e  space  
propuls ion  program s t a r t i n g  i n  
FY 1974..........................0 

Space S to rab le  Propulsion - 
Space s torak l e  propuls ion  tech-  
nology progratr. funded under t h e  
space  propuls ion  program s t a r t i n g  
i n  FY 1974.........,.............. 

Subto ta l  , Spacecraf t /Payload 
Progra.ms. ................... 

Transpor t a t ion  Programs 

Solid R o c k s  Motors - Sol id  
r o c k e t  motor technology program 
funded under t h e  space  propuls ion  
program s t a r t i n g  i n  FY 1974.. ..... 

Solar  E l e c t r i c  Propulsion - 
Solar  array-powered ion  engine 
system funded under t h e  space  
propuls ion  Frogram s t a r t i n g  i n  
FY 1974........................... 

Subto ta l  , Transpor t a t ion  
Programs.................... 

T o t a l ,  Systems and 
Experimental Program.. .. 

Low Cost Systems Program 

Focuses on  reducing t h e  o v e r a l l  
c o s t s  of space s y s t e m s  o r  a 
s t a n d a r d i z a t i o n  of  components and 
systems and improvement of  bus iness  
and programmatic p r a c t i c e s  ........ 

T o t a l ,  Low Cost Systems 
Program.. ................... 

Program.. ....................... Nuclear --- Power and Propulsion 

1973 

690 , 000 

1 , 200 , 000 

2,637,000 

1 , 572 , 000 

831 , 000 

2,403 , 000 

$8.020.000 

1974 1975 - 

115,000 $2,000,000 

$3.693.000 $6,700.000 

3 , 100,000 5 , 000,000 

$3.100.000 $5.000.000 

$17.100. O O d ’  -- - -- - 

1/ Aut.horiz:ed i n  P.L. 92-304 as Nuclear Power and Propulsion. - 
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RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1975 ESTIMATES 

O F F I C E  OF ,$ERONAUTICS AND SPACE ---- 
TECKNOLOGY ---- 

SPACE AND NUCLEAR RESEARLH 
AND TECHNOLOGY PROGRAM 

PROGRAM --- 0B.JEC'rIVES AND J U S T I F I C A T I O N :  

The FY 1'975 Space and Nuclear Research and Technology program i s  d i r e c t e d  a t  
provid ing  ,a technology base  which w i l l  adequate ly  suppor t  c u r r e n t  and future! 
space , a c t i v i t i e s  and a t  the  a p p l i c a t i o n  of technology t o  c i v i l  energy needs.  
The program concent ra tes  on advancements i n  t h e  engineer ing  sc i ences  and 
techno Logic?; used i n  systems r equ i r ed  t o  t r a n s p o r t ,  p r o t e c t ,  power, c o n t r o l  
and cormnicaIre  w i t h  t h e  s p a c e c r a f t  and s c i e n t i f i c  ins t ruments  needed t o  
ach ieve  t h e  o b j e c t i v e s  of c u r r e n t  and f u t u r e  NASA space  missions.  

The econornic:al. and e f f i c i e n t  e x p l o i t a t i o n  of  space i s  t h e  o b j e c t i v e  of  
several technology development e f f o r t s .  The technology i s  be ing  developed 
f o r  low-coat , hi.ghly r e l i a b l e  , high performance e l e c t r o n i c  components and 
systems used f o r  guidance and c o n t r o l ,  and f o r  s t o r i n g ,  t r a n s m i t t i n g ,  and 
ana lyz ing  massive amounts of  d a t a  i n  t h e  most economical manner. Materials 
and structui:es r e sea rch  is  being conducted t o  develop h igh ly  e f f i c i e n t ,  low-- 
c o s t  st:ruct.ures f o r  advanced s p a c e c r a f t  and f o r  propuls ion  and power systems. 
The FY 19751 program inc ludes  a new i n i t i a t i v e  t o  d e f i n e  experiments and t o  
in t eg ra . t e  t:hem i n t o  payloads t o  b e s t  e x p l o i t  t h e  oppor tun i ty  o f f e r e d  by t h e  
Shut t 1 E! - So L' t: i e L,abo ra to ry .  

Whereas tfle advent  of t h e  s h u t t l e  t r a n s p o r t a t i o n  system a l lows  a t r a d e  
o f f  t o  be  made between performance, weight ,  and c o s t  f o r  o p e r a t i o n s  i n  
e a r t h  o r b i t ,  performance and weight of s p a c e c r a f t  systems are s t i l l  a t  a 
premium i n  missions t o  t h e  p l a n e t s .  The program i s  d i r e c t e d  a t  provid ing  
t h e  technolcgy requirements f o r  such missions.  High performance, long 
d u r a t i o n ,  chemical and e l e c t r i c  propuls ion  system technology i s  be ing  
developed. The technology i s  being developed f o r  l o w  c o s t ,  h igh ly  r e l i a b l e ,  
l o n g - l i f e  nuc lea r  and nori-nuclear power systems f o r  s p a c e c r a f t .  Research i s  
be ing  conducted t o  develop aerothermodynamics and h e a t  p r o t e c t i o n  technology 
t o  improve s p a c e c r a f t  design f o r  both p l a n e t a r y  and e a r t h  o r b i t a l  missions.  

Meeting c i v i l  energy needs through t h e  a p p l i c a t i o n  of technology i n  
power and propuls ion  t o  t:he problems of  energy conversion,  conserva t ion ,  
s to rage ,  and t ransmission i s  an  important  o b j e c t i v e  of  t h e  program. 
Technology i s  cs l so  being app l i ed  t o  t h e  problem of  l o c a l  p o l l u t i o n  d e t e c t i o n  
and monitor ing.  

The nuc lea r  p a r t  of t h e  Space and Nuclear Research and Technology program 
has been expanded from the  nuc lea r  e f f o r t  proposed i n  FY 1974, The e l e c t r o -  
phys ics  program has been incorpora ted  i n t o  t h e  h igh  power lasers and e n e r g e t i c s  
program. A n  expanded program f o r  reducing t h e  c o s t  of i so tope  power systems 
and inc reas ing  the  e f  fici.ency of thermomechanical engines  f o r  nuc lea r  power i s  
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included i n  t h e  energy systems program. 
a t  developing r e a c t o r  power systems technology a p p l i c a b l e  t o  space propuls ion  
and t o  both :space and terrestrial  power gene ra t ion  whi le  emphasizing practica:l i t :y 
and cos t e f f e c t  ivenes s . 

The nuc lea r  energy program i s  d i r e c t e d  

The low c o s t  systems program i n i t i a t e d  i n  FY 1974 addresses  t h e  r educ t ion  
of o v e r a l l  s y ; t e m s ;  c o s t  through t h e  s t anda rd iza t ion  of  space  equipment and 
improvements of program and bus iness  p r a c t i c e s .  

BASIS OF --- FUND REQUIREMENTS: 

Research and Technolopy Base 

Materials r e sea rch  and technology 
S t ruc tu res  research  and tech-  

nology ......................... 
Fundamental e l e c t r o n i c s  research  

and t:echn c) logy ................. 
Space guidance and c o n t r o l  

res e a  r ch  i nd technology ........ 
Informa t ion  s y s t e m s  research  and 

technolog). . .  .................. 
Chemical prclpulsion r e sea rch  and 

technology... . . . . . . .  ........... 
Electric prcpuls ion  r e sea rch  and 

technology ..................... 
Energy systems research  and 

technology.. ................... 
Nuclear energy r e sea rch  and 

technology...  .................. 
High power lasers and e n e r g e t i c s  

research  and technology........ 
Entry r e sea rch  and technology .... 

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

1973 

$6,899,000 

- 

5 , 912 , 000 

4,465 , 000 

2,232,000 

6,589,000 

7,180,000 

2 , 848,000 

8,558,000 

883 , 000 
9 , 944,000 

$55,510.000 

1974 

$6,200,000 

5 , 400,000 

4 , 800 , 000 

1,900,000 

6 , 736,000 

7,300,000 

4,900 , 000 

8,200,000 

2 , 200,000 

4,535,000 
8,736,000 

$60.907.000 

1975 

$9,122,000 

5,400,000 

4,800,000 

- 

1 , 900,000 

6,800 , 000 

7,300,000 

4 , 900,000 

8,200,000 

2,200,000 

5,000,000 
5,878 , 000 

$61.500.000 

Amounts ---- included f o r  Nuclear Research and Technology by d i s c i p l i z :  

Energy systems research and 
technology.. ................. 

Nuclear energy research  and 
technology... . . . . .  ........... 

High power laser and e n e r g e t i c s  
research  and technology.. .... 

$1,800,000 $1,800,000 

2,200 , 000 2,200,000 

3,000,000 3.000.000 

Tota l .  ..,,.. ................ $7.000.000 $7.000.000 

RD 10-7 



Materials Resea.rch and Technology 

Space  m a t e r i a l s  r e sea rch  and technology spans a spectrum from bas ic  m a t e r i a l s  
s c i ence  t o  more d i r e c t e d  programs t o  provide  e f f i c i e n t ,  s t a b l e ,  long-l ived 
materials f o r  t:he s t r u c t u r e s ,  p ropuls ion  systems, e n t r y  bodies ,  *and e l e c t r o n i c  
equipment f o r  f u t u r e  advanced spacec ra f t .  

The area elf: nlat:erials sc i ence  i s  focused on understanding t h e  r e l a t i o n s h i p s  
between chend.ca.1 s t r u c t u r e  and phys ica l  p r o p e r t i e s  of materials ,and applying 
t h i s  knclwled-ge to '  t h e  s y n t h e s i s  of  new and improved materials. 'The mechan- 
i s m s  by whic.fi met:als a r e  embr i t t l ed  by gases  and l i q u i d s  w i l l  be i n v e s t i g a t e d  
s o  t h a t  f a i l u r e s  can be  c o n t r o l l e d .  The fundamental materials parameters  
which i n f l u e n c e  f r i c t i o n  and wear w i l l  b e  e s t a b l i s h e d ,  thereby providing 
guidance f o r  syn thes i z ing  new and improved bear ings ,  seals ,  and l u b r i c a n t s .  
The basi .c rel .at: ionships between t h e  e l e c t r o n i c  and d e f e c t  s t r u c t u r e s  of 
semiconductc~*s w i l l  be  determined f o r  such purposes as  inc reas ing  the  
e f f i c i e n c y  cf: Gallium Arsenide s o l a r  ce l l s  from 13 t o  20 pe rcen t  by 1976. 
Various theoz5e.s f o r  i nc reas ing  superconducting temperatures  from 20°K t o  
above 40'K w i t h .  t.he p o t e n t i a l  f o r  revolu t ionary  advances i n  power d i s t r i b u t i o n  
and en t i . re ly  new r e e n t r y  concepts  w i l l  be  inves t iga t ed .  

Materials r e sea rch  and technology w i l l  cont inue  t o  provide  i n  FY 1975 
improved, r e 1  i a b l e ,  thermal p r o t e c t i o n  systems (TPS) f o r  t h e  space s h u t t l e ,  
advanced e a r t h  o r b i t a l  s p a c e c r a f t  and p l ane ta ry  probes.  Reusable s u r f a c e  
i n s u l a t i o n s  End leading  edge materials w i l l  be  evaluated i n  unique a rc - je t  
tunnels  i n  sL.pport of t h e  s h u t t l e  program. The e f f e c t s  of gaps,  j o i n t s ,  and 
d e f e c t s  on tl-ese thermal p r o t e c t i o n  systems w i l l  a l s o  b e  eva lua ted  and 
s o l u t i o n s  t o  any problems w i l l  be  proposed. Lighter  weight  and lower c o s t  
TPS materialE f o r  advanced e a r t h  o r b i t i n g  s p a c e c r a f t  w i l l  receive increased  
a t t e n t i o n .  FLesearch w i l l  be  c a r r i e d  o u t  on h e a t  s h i e l d  material; and 
s imula t ion  f a c i l i t i e s  f o r  p l ane ta ry  probe des igns  f o r  missions t o  Venus, 
Sa t u r n  , Urant.s , and J u p i t e r  . 

Materials t.echnology i n  support  o f  space  t r a n s p o r t a t i o n  systems inc ludes  
high terr1perat:ure and cryogenic  i n s u l a t i o n s ,  l u b r i c a n t s ,  and o p t i c a l  materials, 
In  FY 1975 tl-e u s e  of improved g r a p h i t i c  materials i n  s e l f - a c t i n g  l i f e - p a d  
seals t o  extend t h e  c a p a b i l i t y  of  500 psi. LOX s e a l i n g  systems from s i n g l e  
s t a r t  to  100 s t a r t s  f o r  r eusab le  s p a c e c r a f t  p ropuls ion  u n i t s  w i l l  be  
evaluated.  The degrada t ion  mechanisms i n  high energy window mater ia l s  which 
a re  t r a n s p a r m t  t o  laser  beams w i l l  be  i d e n t i f i e d  and a program to produce 
degrada t ion  r e s i s t a n t  mater ia ls  w i l l  b e  def ined .  
vapor  depos i t  i on  technique f o r  bonding aluminum t o  g r a p h i t e  f i b e r s  w i l l  a l s o  
be evaluated f o r  m e t a l  ma t r ix  composite a p p l i c a t i o n s .  

The u t i l i t y  of  a chemical 

The area 01: c o n t r o l  of environmental  e f f e c t s  i s  focused on thermal c o n t r o l ,  
space d e b r i s ,  and o p t i c a l  contamination. During FY 1975 t h e  syn thes i s  of a 
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whi te  thermal c o n t r o l  coa t ing  having a th ree - fo ld  i n c r e a s e  over  t h e  current: 
one-year space s t a b l e  l i f e t i m e  w i l l  be  completed. Research w i l l  cont inue  
t o  demonstrate ,  through l abora to ry  tes ts ,  second s u r f a c e  m i r r o r s  w i t h  a 
minimum three-year  l i f e t i m e  i n  i n t e r p l a n e t a r y  o r  synchronous o r b i t  and a 
c o s t  h a l f  Df t h a t  o f  o p t i c a l  s o l a r  r e f l e c t o r s .  Work t o  e s t a b l i s h  t h e  
performance c a p a b i l i t y  of cryogenic  h e a t  p ipes  i n  zero G f o r  i n f r a r e d  
d e t e c t o r  cool ing  i n  t h e  range of  77 t o  150°K w i l l  be  i n i t i a t e d .  The n a t u r e  
and e x t e n t  oE nea r -ea r th ,  man-made d e b r i s  w i l l  b e  eva lua ted  us ing  ground- 
based f a c i L i t i e s .  Contamination of o p t i c a l  s u r f a c e s  w i l l  cont inue  t o  b e  of 
concern because of i t s  e f f e c t s  on space  experimentat ion.  Contaminant sources  
and reactt~Jii:ic.-s w i t h  su r faces  w i l l  b e  determined and assessment of c leaning  
procedures  wf-11 be  made. 

S t r u c t u r e s  Research and Technology ----- 
The ob jcxt j -ves  of  t h e  space s t r u c t u r e s  R&T program embrace advanced space 

s t r u c t u r e s : ,  space v e h i c l e  dynamics, and v e h i c l e  des ign  methods. These 
o b j e c t i v e s  invo lve  t h e  enhancement of s t r u c t u r a l  concepts ,  advances i n  
ana ly t i ca l .  arid experimental  techniques,  and expansion of des ign  methods, al.1 
of which a i re  needed f o r  near-term and advanced space  systems t o  improve 
e f f i c i e n c y  arid r e l i a b i l i t y ,  reduce c o s t ,  and demonstrate  f e a s i b i l i t y  f o r  
des ign  app1.ic:at.ions. 

I n  advanc.ed space  s t r u c t u r e s ,  new approaches are  being developed t o  improve 
t h e  o p e r a t i o n a l  e f f e c t i v e n e s s  o f  f u t u r e  space systems through the  c r e a t i o n  
of new concepts f o r  expandable s t r u c t u r e s .  I n v e s t i g a t i o n s  of  concepts  f o r  
l a r g e  f u r l a b l e  antennas w i l l  culminate  i n  FY 1975 wi th  f a b r i c a t i o n  of a 15- 
f o o t  diameter s c a l e  model f o r  l abora to ry  tests t o  confirm f e a s i b i l i t y  f o r  
p o t e n t i a l  a p p l i c a t i o n  t o  much l a r g e r  antennas.  Concepts f o r  o t h e r  l a r g e  
e r e c t a b l e s  f o r  energy c o l l e c t i o n  and t ransmiss ion  w i l l  a l s o  be  explored.  
Another important  aspect: involves  t h e  e x p l o i t a t i o n  of  composites f o r  major 
s t r u c t u r a l  systems. Composite p r e s s u r e  vessels a re  being i n v e s t i g a t e d ,  and 
weight sav ings  of more than 20% w i t h  overwrapped vessels w i l l  be  demonstrated 
i n  FY 1975; e f f o r t s  will.  cont inue  on a l l -composi te  vessels wi th  p o t e n t i a l  f o r  
much g r e a t e r  weight savings.  Lightweight composite primary s t r u c t u r e s  needed 
f o r  f u t u r e  systems l i k e  t h e  space tug w i l l  a l s o  be  explored.  

The o b j e c t i v e  i n  space v e h i c l e  dynamics i s  focused on v e r i f y i n g  dynamic 
and a e r o e l a s t i c  technology needed by t h e  s h u t t l e  development t e a m  f o r  
v e h i c l e  des ign  and q u a l i f i c a t i o n  and reducing t h e  c o s t  o f  f u t u r e  space  
systems through improvement o f  s p a c e c r a f t  payload a c o u s t i c  and v i b r a t i o n  
a n a l y s i s  and t e s t  methods. S h u t t l e  dynamics and a e r o e l a s t i c i t y  development 
w i l l  b e  supported i n  FY 1975 by wind tunnel  i n v e s t i g a t i o n s  of b u f f e t ,  f l u t t e r ,  
aerodynamic: n o i s e ,  and o t h e r  c r i t i c a l  cond i t ions .  I n  a d d i t i o n ,  p re l iminary  
v i b r a t i o n  c i a ’ r a c t e r i s t i c s  of  t he  s h u t t l e  w i l l  be  determined by 1/8-scale 
model test:;, .response t o  TPS panels  t o  thermal -acous t ic  environments w i l l  bri 
i n v e s t i g a t e d ,  and a flowmeter w i l l  b e  demonstrated f o r  a p p l i c a t i o n  t o  POGO 
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(a dynamic s t a b i l i t y  of t h e  v e h i c l e  involv ing  coupl ing of  engine t h r u s t  
p e r t u r b a t i c n s  wi th  t h e  s t r u c t u r e  and p r o p e l l e n t  system) suppress ion  systems,  
The payload dynamics program w i l l  b e  expanded i n  FY 1975 leading  t o  improved 
approaches f o r  s p a c e c r a f t  v i b r a t i o n  q u a l i f i c a t i o n  programs which w i l l  permi t  
lower development c o s t s  f o r  f u t u r e  systems. 

I n  v e h i c l e  design methods, s h u t t l e  thermal p r o t e c t i o n  systems development 
w i l l  be  supported i n  FY 1975 by tests i n  t h e  8-Foot High Temperature 
S t r u c t u r e s  Tunnel and the  new Thermal P r o t e c t i o n  System T e s t  F a c i l i t y  t o  
provide  c r i t i ca l  d a t a  on the  c a p a b i l i t y  o f  t h e s e  systems. Other v e h i c l e  
des ign  a c t i v i t i e s  w i l l  focus on provid ing  advanced automated a n a l y s i s  and 
des ign  method:;, f r a c t u r e  c o n t r o l  and l i f e  p r e d i c t i o n  procedures ,  and expe r i -  
mental  d a t a  t o  confirm t h e  v a l i d i t y  of t h e  a n a l y t i c a l  techniques.  The 
r e l i a b i l i t y  arid e f f i c i e n c y  of  f u t u r e  l o n g - l i f e ,  w e i g h t - c r i t i c a l  space  
t r a n s p o r t a t i o n  systems, such as t h e  Tug, w i l l  depend on t h e  a v a i l a b i l i t y  of  
t h e s e  advanced methods f o r  s t r u c t u r a l  des ign  and eva lua t ion .  

Fundamental. El.ec.tronics Research and Technology --- 
Reseaxch i n  fundamental e l e c t r o n i c s  provides  t h e  b a s i c  technology i n  ad-  

vanced information systems, e l e c t r o n i c  devices  and f a b r i c a t i o n  techniques 
necessary  t c  t he  des ign  and s y n t h e s i s  of  func t iona l  e l e c t r o n i c  systems wi th  
improved economy and r e l i a b i l i t y .  

I n  t h e  advanced information systems area, techniques f o r  i n t e g r a t i n g  senso r s  
and c o n t r o l  devices  wi th  problem-solving l o g i c  systems which approximate 
rudimentary c o g n i t i v e  processes  a r e  being e s t a b l i s h e d  t o  circumvent t i m e  
de l ays  encountered i n  p l ane ta ry  s u r f a c e  exp lo ra t ion  (45 minutes round t r i p  
t o  Mars) and eKtlend man's c a p a b i l i t y  t o  o p e r a t e  i n  h o s t i l e  environments. 
During FY 1074, subsystems and i n t e g r a t i n g  sof tware  f o r  a robo t  roving 
v e h i c l e  a r e  being developed and t e s t e d  a t  J e t  Propuls ion  Laboratory.  I n  N 
1975 these  hardware and sof  Ware  elements w i l l  be  assembled and opera ted  i n  
a t e the red ,  Laboratory environment t o  e v a l u a t e  performance and d e f i n e  
c h a r a c t e r i s t i c s  of autonomous machine ope ra t ions .  

I n  t h e  area of e l e c t r o n i c  devices ,  t h e  e l e c t r o n i c  p r o p e r t i e s  of materials 
are be ing  exp lo i t ed  t o  provide  more e f f e c t i v e  and economical devices  f o r  t he  
d e t e c t i o n ,  s t o r a g e  and processing of  information.  During FY 1974, l i q u i d  
c r y s t a l  and l i g h t  emi t t i ng  d iode  (LED) a r r a y s  a re  being developed t o  provide  
f l a t  pane l  cockp i t  d i sp l ays .  
eva lua ted  i n  l abo ra to ry  and f l i g h t  tests. Research on d a t a  s t o r a g e  devices  
inc ludes  s t u d i e s  o f  cha r  coupled devices  (CCDs) f o r  h igh  speed memories, 

b i t  magnetic bubble ch ip  f o r  s o l i d  s ta te  d a t a  s torage .  I n  N 19'75, labora-  
t o r y  models of t h e  CCD and o p t i c a l  memories w i l l  b e  f a b r i c a t e d  arid evaulated.  
Materials and i n f r a r e d  CCD imagers a re  be ing  i n v e s t i g a t e d  i n  FY 1974 t o  
p e r m i t  des ign  of  a f e a s i b i l i t y  model i n  subsequent years .  P a r t i c i p a t i o n  wi th  
DOD i n  t h e  Advisory Group on Electron Devices enhances coord ina t ion  of  t hese  
a c t i v i t i e s .  

In  FY 1975, ope ra t ing  d i s p l a y s  w i l l  b e  

o rgan ic  m a t e r i a l s  f o r  10" b i t  o p t i c a l  mass memories and development of  a 10 5 



I n  t h e  circ:ui.t f a b r i c a t i o n  area, techniques f o r  achiev ing  p r e d i c t a b l e  
long r e l i a b l e  ope ra t ing  l ives  a re  being developed. Research on process ing  
parameters ,  f a i l u r e  mechanisms and cons t ruc t ion  c h a r a c t e r i s t i c s  : is being 
pursued i n  FY 1974 t o  provide  s tandards  and s p e c i f i c a t i o n s  f o r  t he  acqui -  
s i t i o n  of  c o s t  e f f e c t i v e ,  r e l i a b l e  i n t e g r a t e d  c i r c u i t s .  Automated techniques 
f o r  t h e  des ign ,  process ing  and t e s t i n g  of  i n t e g r a t e d  c i r c u i t s  a r e  being 
developed to  i n c r e a s e  y i e l d  and r e l i a b i l i t y .  I n  ??Y 1975, t h i s  work w i l l  
cont inue  w i t h  emphasis on semiconductors-on-substrate (SOS) technology as 
t h e  next  family o f  c i r c u i t . s  t o  be  used i n  aerospace  a p p l i c a t i o n s .  

Space Guidance imd Control Research and Technology 

Location and or i 'entat ion of space v e h i c l e s  and experiments are c r i t i c a l  t o  
success fu l  mission opera t ions .  The o b j e c t i v e  of t h i s  program i s  t o  provide 
guidance, nav iga t ion  and c o n t r o l  technology which w i l l  permit  reduct ions  i n  
v e h i c l e  o r  miss ion  c o s t s  up t o  50% whi l e  main ta in ing  o r  improving performance 
s tandards  . 

I n  t h e  area of low c o s t  guidance and c o n t r o l ,  novel  concepts  which o f f e r  
improved performance, y e t  p rovide  major c o s t  saving p o t e n t i a l  receive 
primary emphasis. During FY 1974, a pro to type  a l l - s k y  po in t ing  system us ing  
low c o s t  sounding rocke t  hardware, which can a i m  ins t ruments  a t  any pre-  
determined p o i n t  i n  t h e  sky us ing  t h e  p o s i t i o n s  of s e l e c t e d  stars as a 
r e fe rence  i s  being assembled f o r  gound t e s t i n g ;  mod i f i ca t ions  t o  laser gyro 
i n e r t i a l  naviga t ion  systems are being s tud ied  t o  i n c r e a s e  t h e i r  accuracy and 
ope ra t ing  l i f e ;  l ong- l i f e t ime  motors and bear ings  a r e  being developed t o  
improve s t a b i l i z a t i o n  system l i f e t i m e s ;  and a n  extended l i f e  a t t i t u d e  c o n t r o l  
system f o r  p l ane ta ry  s p a c e c r a f t  i s  being developed. I n  FY 1975, des ign  
gu ide l ines  f0.r t h e  a l l - s k y  p o i n t e r  w i l l  be  developed; f l i g h t  test  of a laser 
gyro i n e r t i a l  system w i l l  beg in ;  and tests of subelements i n  t h e  extended 
l i f e  a t t i t u d e  c o n t r o l  system w i l l  be  conducted. 

Advanced nav iga t ion  techniques us ing  improved ground-computer p o s i t i o n  
es t imates  and ontioa!rd measurements a re  needed t o  minimize p r o p e l l e n t  r equ i r e -  
ments, incxease  mission po in t ing  accuracy and lower o p e r a t i o n a l  c o s t s  of 
p l ane ta ry  explclra t i on .  During FY 1974, advanced mathematical  f i l t e r i n g  and 
modeling techniques f o r  p r e d i c t i n g  s p a c e c r a f t  p o s i t i o n  w i l l  be  developed and 
evaluated.  Onboard sensors  w i l l  b e  t e s t e d  and i n t e g r a t e d  models designed 
which combine cnboard and ground-based t r ack ing  da ta .  
from t h e  S-X band experiment on Mariner Venus/Mars 73 w i l l  b e  analyzed to  
v e r i f y  f i l t e r  and modeling techniques.  
f l i g h t  measurements t o  provi.de 5 seconds of a r c  measurement accu rac i e s  on 
o u t e r  p l a n e t  missions w i l l  b e  der ived  and v a l i d a t e d ,  

During FY 1975, d a t a  

Approach guidance concepts us ing  i n -  
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---- Inforniatiort Systems Research and Technoloyy 

Emph.asis i n  t h e  information systems program c e n t e r s  on t h e  d e r i v a t i o n  of 
components, systems and techniques needed f o r  ga the r ing ,  process ing ,  t r a n s -  
m i t t i n g  ana reducing 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  spacec ra f t .  

Lasers  ar;d o p t i c a l  components a r e  being developed t o  provide  high r a t e  
d a t a  t r a n s f e r  and improve s a t e l l i t e  t r ack ing  accuracy. During FY 1974, 
lasers and d e t e c t o r s  t o  provide  a 400 megabit  t r a n s f e r  l i n k  a r e  being 
developed; ba l loon  f l i g h t  tests t o  assess atmospheric  t u rbu lence  e f f e c t s  
on o p t i c a l  l i n k s  have been conducted; and techniques f o r  measuring t h e  
l o c a t i o n  of pu l se s  i n  laser ranging systems evaluated.  I n  EY 1975, labora-  
t o r y  eva lua t ion  of elements i n  t h e  400 megabit C 0 2  laser da ta  l i n k  w i l l  
beg in ;  a 1 . 2  meter ground t e l e scope  w i l l  be  completed; and a high eff ic ienc:y 
(5%) d e t e c t o r  f o r  laser t r ack ing  w i l l  be  t e s t e d .  

Microwave tecliniques and components a re  be ing  developed f o r  m u l t i p l e  
missions , bot2 p l ane ta ry  and e a r t h  o r b i t a l  , t o  provide  g r e a t e r  o p e r a t i o n a l  
f l e x i b i l i t y ,  reduce s p a c e c r a f t  development t i m e  and minimize c o s t .  During 
FY 1974, a nodular s o l i d  s t a t e  t ransponder  i s  being designed and bread-  
boarded, Ku-band r e c e i v e r s  and t r a n s m i t t e r s  a r e  be ing  f a b r i c a t e d ,  and highly 
e f f i c i e n t  p ~ w e r  a m p l i f i e r s  f o r  aerospace  a p p l i c a t i o n s  a re  being, designed,  
These a sc t iv i t i e : ;  w i l l  cont inue  i n  EY 1975. E f f o r t s  t o  e f f e c t  improvements 
i n  t h e  effi:iency of high frequency t r a n s m i t t e r s  w i l l  b e  pursued and o p t i -  
mized codins  techniques s tud ied  f o r  p o t e n t i a l  d a t a  ra te  inc reases .  

Design d a t a  and techniques f o r  r e l i a b l e ,  h igh  speed, h igh  capac i ty  d a t a  
process ing  m t l  handl ing systems a r e  being developed f o r  u se  i n  i n t e r a c t i v e  
information tiransf er. During FY 1974, breadboard holographic  memory systems 
a r e  being e7a:Luated; des ign  of  a modular, f a u l t - t o l e r a n t  u n i f i e d  d a t a  system 
f o r  planeta.cy s p a c e c r a f t  w a s  i n i t i a t e d ;  and development of  elements of an  
opt icaZ para1:lel. p rocessor  w a s  s t a r t e d .  In  N 1975, mating the  holographic  
memory wi th  a n  ope ra t ing  computer w i l l  b e  completed and t e s t i n g  i n i t i a t e d ;  
conceptual  des ign  of t h e  u n i f i e d  d a t a  system w i l l  b e  completed; and elements 
of t he  optical .  p rocessor  assembled t o  begin system tests.  

Technique::; t o  improve t h e  r e s o l u t i o n ,  s e n s i t i v i t y  and r e l i a b i l i t y  of 
sens ing  systems w i l l  be  der ived  t o  suppor t  e f f e c t i v e  and economic acquis i t ic ln  
of physical. arid s c i e n t i f i c  da t a .  
s o l i d  $;tat€! imagers us ing  charge-coupled device  (CCD) technology has begun, 
operati.on of 2. t:unable laser f o r  p o l l u t a n t  d e t e c t i o n  w a s  demonstrated,  and 
f i e l d  i.nves.t:igations of  l a s e r  imagers t o  measure ocean c h a r a c t e r i s t i c s  were 
in i t i a t : ed .  In  F Y  1975, t h i s  work w i l l  cont inue  wi th  emphasis on development 
of a breadboard CCD imager, ex tens ion  of  t h e  dynamic range of  t h e  tunable  
l aser ,  and des ign  of  a second gene ra t ion  Light  Detec t ion  and Ranging (LIDAR) 
f o r  more e f f i c i e n t  opera t ion .  

l n  FY 1974, development of l o w  l i g h t  level 
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Chemical Propuls ion  Research and Technology 

The chcmica.1. p ropuls ion  program i s  designed t o  f i l l  t h e  need f o r  l o n g - l i f e  
systems f o r  s a t e l l i t e s  and s p a c e c r a f t ;  t h e  need f o r  cost  r educ t ion ;  t h e  need 
f o r  h igh  energy f o r  d i f f i c u l t  space  mis s ions ;  and t h e  need t o  understand t h e  
d i s t r i b u t i o n  of rocke t  exhaust products  i n  t h e  atmosphere. The work t o  m e e t  
t h e s e  broad requirements i s  focused on ( a )  r e u s a b l e  hydrogen-oxygen systems, 
(b)  l o n g - l i f e  space s t o r a b l e  s t a g e s ,  ( c )  low c o s t  s o l i d  s t a g e s ,  arid ( d )  exhaust. 
e f f e c t s  studi.es. These e f f o r t s  a re  supported and nu r tu red  by a broad re- 
search  progran which explores  t h e  sc i ences  and processes  common t o  a l l  
chemical propulsicln systems : combustion, h e a t  t r a n s f e r ,  f l u i d  flow, etc. 
I n  a d d i t i o n ,  r e sea rch  i s  c a r r i e d  on t o  d i scove r  new, po ten t  sources  of energy 
which car1 yie1.d a l a r g e  i n c r e a s e  i n  propuls ion  c a p a b i l i t y .  

Reusable H;:--O;: systems : This r e sea rch  program on r e u s a b l e  H2-02 p ropuls ion  
systems, a t  t h e  L e w i s  Research Center,  w i l l  p rovide  technology f o r  t h e  
engine,  feed system, i n s u l a t i o n ,  and a t t i t u d e  c o n t r o l  components f o r  a 
s t a g e  t h a t  ca.n b e  used a t  l e a s t  20 t i m e s .  Through r euse ,  t h e  e f f e c t i v e  c o s t  
of propul.sion wi.11 b e  reduced by a f a c t o r  of a t  least  10, and through h igh  
s p e c i f i c  impu:.se of 470 seconds, miss ion  c a p a b i l i t y  w i l l  be  inc reased .  
The engine must o p e r a t e  a t  h i g h  p r e s s u r e  t o  produce t h e  h igh  s p e c i f i c  impulse. 
I n  FY 1975, t h e  technology f o r  seals and bea r ings  f o r  t h e  small, high speed 
turbopumps needed f o r  such an  engine  w i l l  b e  e s t a b l i s h e d .  
on o t h e r  part:$; of: t h e  turbopump, on t h e  t h r u s t  chamber, on r eusab le  i n s u l a -  
t i o n ,  feed l i n e s  a.nd a u x i l t a r y  t h r u s t e r  systems. 

Work w i l l  cont inue  

Long- l i fe  pi:opuIsion: 
l a s t  f o r  year:;: f o r  example, f l i g h t  t i m e  t o  J u p i t e r  i s  about  2 y e a r s ;  t o  
Saturn al-most: 10 y e a r s ;  t o  Uranus more than 10 yea r s .  
Laboratory wj.1-1 p rovide  t h e  technology f o r  h igh  performance s p a c e c r a f t  
p ropuls ion  sy:;tt:ms8 t o  m e e t  t h i s  requirement.  I n  FY 1975, t h e  Jet  Propuls ion  
Laboratory wi.1-1 e s t a b l i s h  techniques f o r  p r e d i c t i n g  t h e  l i f e  of  propuls ion  
elements through s h o r t  d u r a t i o n  tests. Se lec t ion  w i l l  be  made between b i  - 
p r o p e l l e n t  arid clua.1 mode engine concepts  f o r  long d u r a t i o n ,  high energy 
miss ions ,  and c o n s t r u c t i o n  of an  engine w i l l  b e  s t a r t e d .  
i n  FY 1976.  “he t:echnology f o r  1 0 - y e a r - l i f e  valves, r e g u l a t o r s ,  and tanks  
w i l l  a l s o  be  explored. 

Many miss ions  of t h e  l a te  1970’s and beyond w i l l  

The J e t  Propulsion 

It w i l l  be  t e s t e d  

Low c o s t  so:.icl p ropuls ion:  Extended use  of s o l i d  p r o p e l l e n t  rocke t s  i s  
d e s i r a b l e  due t o  t:heir g e n e r a l l y  lower c o s t  than o t h e r  propuls ion  syst.ems. 
I n  FY 1975, a two-burn s o l i d  motor s u i t a b l e  f o r  s a t e l l i t e  0rb i . t  inser t : ion  
w i l l  b e  f i r e d  arid a s t e r i l i z a b l e  s o l i d  motor meeting p l a n e t a r y  quarant:ine 
s t anda rds  wi1.1- b e  demonstr83ted on an  advanced case concept t o  achieve  very  
h igh  s t a g e  m a s s  f r a c t i o n  ( .92 ve r sus  .88 c u r r e n t )  through use  of t h e  
combustion chamber. of one motor f o r  t h e  nozz le  of t h e  succeeding motor. 
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Atmospheric e f f e c t s :  The s o l i d  p r o p e l l e n t  motors used f o r  shut:t le boos t  
and f o r  launch vehic le  upper s t a g e s  w i l l  pu t  aluminum ox ide  and hydrogen 
c h l o r i d e  i n t o  t h e  atmosphere. A m u l t i c e n t e r  program i s  i n  p rogres s  t o  
determine t h e  r e a c t i o n  of  hydrogen c h l o r i d e  wi th  water vapor ,  r a i n  and 
o t h e r  c o n s t i t i e l i t s  of t h e  mesosphere and s t r a t o s p h e r e .  A model of  t h e  
exhaust cloud w i l l  b e  developed t o  a l low p r e d i c t i o n  of  t h e  exhaust cloud 
shape, l o c a t i o n ,  and concent ra t ion .  

Basic research:  Basic research  t a s k s  w i l l  be  cont inued t o  provide the  
understanding of t h e  chemical and phys ica l  p rocesses  o f  chemical propuls ion,  
and t o  estab1.j:sI-i new concepts  of energy s t o r a g e  and use.  These inc lude  
exp lo ra t ion  of t:he in f luence  of b a f f l e s  and cavities on combustion s t a b i l i t y ;  
measurement elf' t h e  backf low from rocke t  nozz les  and de termina t ion  of t h e  
damage t o  s p a c e c r a f t  s u r f a c e s  and o p t i c s ;  de te rmina t ion  of t h e  burning process  
of materials a . t  zero g r a v i t y ;  s t a b i l i z a t i o n  of active s ta tes  of  e'lements 
w i th  s p e c i f i c  impulse p o t e n t i a l  over  1,000 seconds; and eva lua t ion  of 
propuls ion  systems based on laser beam energy t ransmiss ion .  

Electric Propuls ion Research and Technology 

High s p e c i f i c  impulse propuls ion  o f f e r s  payload and performance advantages 
which, f o r  d i f f i c u l t  missions,  can b e  t r a n s l a t e d  i n t o  c o s t  advantages.  
E l e c t r i c  propuls ion c u r r e n t l y  o f f e r s  t he  only  p r a c t i c a l  approach t:o s p e c i f i c  
impulses g r e a t e r  than about  1,000 seconds. The p r e s e n t  emphasis i n  e l e c t r i c  
propuls ion i s  3n two major a r e a s  of  a p p l i c a t i o n ;  a u x i l i a r y  propuls ion  f o r  
s t a t ionkeep ing  and a t t i t u d e  c o n t r o l  o f  l o n g - l i f e  a p p l i c a t i o n  type s a t e l l i t e s ,  
and primary s o l a r  e l e c t r i c  propuls ion  as a low c o s t  ex tens ion  of e x i s t i n g  
launch v e h i c l e  c a p a b i l i t y  and l a t e r  of  s h u t t l e  c a p a b i l i t y  f o r  i n t e r p l a n e t a r y  
and near -ear th  geocen t r i c  missions.  

I n  t h e  area of a u x i l i a r y  e lec t r ic  propuls ion ,  a s m a l l  1 mi l l ipound,  150 
w a t t  i o n  thrus te r '  w i l l  b e  flown aboard t h e  ATS-F i n  FY 1974 as a n  experiment 
t o  demonst:rate North-South s t a t ionkeep ing  c a p a b i l i t y .  This  i s  one of t h e  
most demanding propuls ion  requirements  f o r  l o n g - l i f e  ( g r e a t e r  than 5 yea r s )  
geosynchrcnous three-axis  s t a b i l i z e d  sa te l l i t es  such as f o r  communication 
a p p l i c a t i o n s .  During FY 1975, ope ra t ion  and eva lua t ion  of t h e  f l i g h t  expe r i -  
ment w i l l  t ake  p lace .  However, because t h e  s p a c e c r a f t ' s  experiment schedule  
prec ludes  demonstrat ion of t h e  l i f e  c a p a b i l i t y  of t h e  i o n  t h r u s t e r ,  a ground 
tes t  program t o  demonstrate  5 year  c y c l e  l i f e  (1,800 cyc le s  and 15,000 hours 
t h r u s t  t ime) ,  i n i t i a t e d  i n  FIY 1974, w i l l  b e  cont inued i n  FY 1975 wi th  
completion scheduled by t h e  end of FY 1976. Other i n v e s t i g a t i o n s  dur ing  
FY 1975 w i l l  cont inue  t o  s tudy  means of  improving ion  engine r e l i a b i l i t y  
which i s  e s s e n t i a l  for  such l o n g - l i f e  a p p l i c a t i o n s .  

Addi t iona l  e.EEo:rts i n  t h i s  area invo lve  t h e  eva lua t ion  of  small pulsed 
plasma thriistei-; which a re  i d e a l l y  s u i t e d  f o r  very  p r e c i s e  p recess ion  c o n t r o l  
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(2-3 a . rc  seconds v e r s u s  c u r r e n t  1 5  arc seconds) o f  spinning type  sa te l l i t es  
and r e s i s t c l j e t s  capable  of u s ing  hydraz ine  and low f r e e z i n g  p o i n t  mono- 
p rope l l en t s  t o  s impl i fy  onboard s a t e l l i t e  propuls ion  systems. I n  FY 1974, 
a s m a l l  pulsed plasma t h r u s t e r  (25 micropound-sec. / pu l se )  demonstrated t h e  
requi red  1 2  m i l l i o n  pu l ses .  During FY 1975, t e s t i n g  w i l l  b e  aimed a t  
achiev ing  r e p e a t a b i l i t y  and s c a l i n g  t o  h ighe r  impulse b i t s  (1 mil l ipound-  
sec /pu l se ) .  Evaluat ion of t h e  r e s i s t o j e t  u s ing  such low f r e e z i n g  p o i n t  
p rope l l en t s  (222k t o  217k) as monomethylhydrzine (MMH) and unsymmetrical 
dimethylhydrazine (UDMH) w i l l  also b e  c a r r i e d  o u t  dur ing  FY 1975. 

I n  t h e  a r e a  oE primary s o l a r  e lec t r ic  propuls ion ,  t h e  program i s  p resen t ly  
aimed 'st denons t r a t ing  by t h e  end of FY 1978, t h e  technology f o r  a 3,000 
second s p e c i f i c  impulse modular t h r u s t  subsystem and t h e  technology f o r  
l a r g e  (25 I W ) ,  l igh tweight  (15 kglkw) s o l a r  a r r a y s .  The s u c c e s s f u l  
accompLishmzni: o f  t h e s e  two major t a sks  w i l l  a l low a p p l i c a t i o n  of s o l a r  
e lec t r ic  pi:opulsion f o r  missions i n  t h e  e a r l y  1980 t i m e  per iod .  

A modula~: approach has  evolved i n  t h e  u s e  of t h r u s t e r s  and power 
conditioner:; .  This  modular approach minimizes t h e  resources  r equ i r ed  t o  
c a r r y  ou t  t h e  technology and development inasmuch as many s i m i l a r  u n i t s  
t a k e  t h e  pl.act! of a few l a r g e r  and more s p e c i a l i z e d  u n i t s .  The modular 
approac-h al.r:o permi ts  t h e  technology t o  be  a p p l i c a b l e  t o  a wider  range o f  
possib1.e mi.ssi.on.s and mission modes. 

During Fy 1975, l i f e  t e s t i n g  of a 3 0 - c m  engineer ing  model ion  t h r u s t e r  
(2.75 kw) w i l l  con t inue  towards achiev ing  a 10,000 hour goal .  'Ln a d d i t i o n ,  
des ign  and f a b r i c a t i o n  of  a n  engineer ing  model power cond i t ione r  f o r  
i n t e g r a t i o n  wi th  a t h r u s t e r  w i l l  b e  i n i t i a t e d .  Subsequently,  t h e  t h r u s t e r /  
power cond i t ione r  module w i l l  b e  i n t e g r a t e d  i n t o  a complete t h r u s t  subsystem 
inc luding  p r o p e l l e n t  system, swi tch ing  matrix, t h r u s t e r  assembly and a 
computer c o n t r o l  system to demonstrate  f u l l  performance c a p a b i l i t y  and t o  
eva lua te  subsystem i n t e r a c t i o n s .  During FY 1975, f a b r i c a t i o n  of  o t h e r  
t h r u s t  subsystem elements w i l l  b e  cont inued.  I n  a d d i t i o n ,  fabr i .ca t ion  and 
i n i t i a l  t e s t i n g  of  a l igh tweight  (15 kg/kw) s o l a r  a r r a y  (one 12.5 kw wing) 
w i l l  be completed i n  FY 1975. This technology e f f o r t  i s  aimed a t  demon- 
s t r a t i n g  t h e  s t r u c t u r a l  and dynamics s u i t a b i l i t y  of such l a r g e ,  l i gh twe igh t  
a r r ays .  

Energy Systems Research and Technology 

Energy sys.:enis R&T a i m s  a t  major c o s t  reduct ions  through technologica l  
advances as vel.1 as s t a n d a r d i z a t i o n  and improved ope ra t ing  procedures ,  
wh i l e  simu1t:aneously inc reas ing  l i f e ,  r e l i a b i l i t y ,  and power d e n s i t y  of  
t h e  system. Irlvolved a re  s o l a r  ce l l s  and a r r a y s ,  e lec t rochemica l  ce l l s  and 
b a t t e r i e s ,  power process ing  p a r t s  and c i r c u i t s ,  and thermomechanical engines.  
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I n  a d d i t i o n  t o  t h e s e  means, o t h e r s  (such as wind and photosynthes is )  a re  
being inve:; t i g a t e d  f o r  terrestr ia l  a p p l i c a t i o n s  f o r  bo th  mobile (motive) and 
s t a t i o n a r y  purposes. The program i s  c a r r i e d  ou t  p r imar i ly  a t  t h e  L e w i s  
Research C e n t e r  and t h e  J e t  Propuls ion  Laboratory wi th  small e f f o r t s  a t  t h e  
Goddard and Marshal l  Centers  and i s  d i r e c t e d  by t h e  Space Propuls ion and 
Power Divi!; ion a t  Headquarters.  

The :solar c e l l  and a r r a y  e f f o r t  a t  t h e  Jet Propuls ion Laboratory i s  aimed 
a t  advancing ,)the energy d e n s i t y  of  f l e x i b l e  a r r a y s  from 66 t o  110 watts/Kg, 
f e a s i b i l i t y  of which has  been shown as  a f i r s t  s tage .  New t h i n  and h igh ly  
e f f i c i e n t  c:lzl:Ls and s o l d e r l e s s  c o n t a c t s  are being developed f o r  t h i s  purpose. 
A cont.inuou,; r ibbon technology f o r  h igh  q u a l i t y ,  great ly-reduced c o s t  c e l l s  
w i l l  be  a t  the p o i n t  where s o l a r  ce l l s  made from i t  can be  eva lua ted  i n  FY 
1975. New :standard s o l a r  c e l l s  w i l l  be  d i s t r i b u t e d ,  a f t e r  having been flown 
a t  t h e  u s e r ' s  r eques t  i n  FY 1974. Solar  s tandard  module design s t u d i e s  w i l l .  
be  completed i n  FY 1975. A t  L e w i s  Research Center ,  equipment f o r  continuous 
product ion of s i l i c o n  w e b  d e n d r i t e s  w i l l  be  designed f o r  an  a l t e r n a t i v e  
source  of ].ow c o s t  ce l l s .  Work on lowering t h e  c o s t  of p l a s t i c  covered 
a r r a y s  will .  cont inue ,  as w i l l  work on improving c e l l  e f f i c i e n c i e s .  

A virtuaI.:.y nongassing nickel-cadmium b a t t e r y  ce l l  w i l l  be  technology 
ready i n  FE' 19751 a t  t h e  J e t  Propuls ion Laboratory,  thus  cons iderably  
inc reas ing  s a f e t y  and r e l i a b i l i t y  of s t o r a g e  b a t t e r i e s  n o t  only f o r  space 
b u t  a l s o  f o r  o t h e r  c r i t i c a l  uses  as ,  e.g., h e a r t  pacers and body implants  
gene ra l ly .  Work. by Goddard Space F l i g h t  Center w i l l  cont inue  on developing 
a nondestruc:ti.ve test  method f o r  b a t t e r i e s ,  expected t o  be a v a i l a b l e  by 
FY 1976, fcir s e l e c t i n g  and matching c e l l s  wi th  h igh  confidence i n  t h e i r  
performance, Evaluat ion of  t h e  ino rgan ic  s e p a r a t o r ,  developed f o r  L e w i s  
Research Center ,  w i l l  cont inue ,  e s p e c i a l l y  i n  s i l v e r - z i n c  cel ls ,  t h e  main 
purpose be ing  to1 achieve  a t  least  L y e a r  l i f e  i n  synchronous o r 3 i t  a t  20-30 
wa t t -h r / lb  power d e n s i t y ,  some t h r e e  t i m e s  more than  a v a i l a b l e  from c u r r e n t  
nickel-cadmium systems. The search  f o r  a s o l i d ,  low temperature  e l e c t r o l y t e  
w i l l  be  continued a t  t h e  L e w i s  Research Center f o r  an  order-of-magnitude 
i n c r e a s e  i n  power d e n s i t y  ( t o  150 w a t t - h r / l b ) ,  i n d e f i n i t e  s h e l f  and very  
long cyc le  l i f e .  Such a d iscovery  would a l s o  b e  ve ry  u s e f u l  f o r  energy 
s t o r a g e  i n  conjunct ion  wi th  e l e c t r i c a l l y  powered t e r r e s t r i a l  devices ,  
inc luding  veh ic l e s .  

The power process ing  program w i l l  cont inue  t o  explore  new concepts  and t o  
seek advances i n  component c a p a b i l i t y ,  equipment des igns  and c i r c u i t  
techniques which w i l l  m e e t  f u t u r e  s p a c e c r a f t  needs f o r  h ighe r  power, longer  
l i f e ,  and lcwer c o s t  equipments. I n  Fy 1975 tests w i l l  b e  conducted t o  
conf im.  design p r i n c i p l e s  f o r  modular DC r e g u l a t o r s .  Also,  a new concept 
f o r  s i m p l i f i e d  r e g u l a t i o n  of power from a h igh  vo l t age ,  high power s o l a r  
a r r a y  w i l l  b e  t e s t e d .  
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The emphasis on thermomechanical energy conversion systems i n  F Y  1975 w i l l  
be placed on continued development of a .5-2.0 We, h igh  e f f i c i e n c y  gas  
t u r b i n e  conversion system f o r  u s e  wi th  i s o t o p e  h e a t  sources  i n  space.  This  
type of conversion system can reduce t h e  c o s t  of i s o t o p e  power systems com- 
pared t o  the rmoe lec t r i c  conversion now being used by a f a c t o r  of four  and 
conserve s c a r c e  i s o t o p i c  f u e l .  I n  FY 1975, tests o f  key component elements 
such as  bear ings and h e a t  exchanger w i l l  b e  performed and f a b r i c a t i o n  of an  
experimenta 1 t u  rbocompres s o r  -a1 t e rna  t o r  w i l l  begin.  

Nuclear EnergyResearch and Technology 

Research and technology i n v e s t i g a t i o n s  w i l l  b e  conducted i n  a r e a s  r e l a t e d  
t o  advanced a3p'Lications of nuc lea r  energy i n  space. Bui ld ing  upon t h e  
ex tens ive  s p m e  nuc lea r  programs of t h e  p a s t  decade, t h e s e  a c t i v i t i e s  w i l l  
main ta in  a v:iilb:Le,, long-range c a p a b i l i t y  i n  nuc lea r  r e sea rch  f o r  space power 
and propuls ion  wh i l e  providing important  b e n e f i t s  t o  t h e  Nation i n  i t s  
concerns f o r  fu tu re  energy sources .  

Research i:; conducted i n  t h e  f i e l d  of thermionic  energy conversion wi th  
a long-range goa l  of ach iev ing  e f f i c i e n c i e s  up t o  30% w i t h  ope ra t ing  
temperatures  as lciw as 1,100 C. Diode performance of  t h i s  c h a r a c t e r  would 
make thermionic ccrnvertors extremely u s e f u l  f o r  topping cyc le s  i n  both 
nuc lea r  and f o s s i l  - fueled power p l a n t s .  The r e sea rch  c o n s i s t s  of funda- 
mental  irivest:j.ga.tions of  emitter and c o l l e c t o r  materials, measuranent of  
d iode  perfornnmce, and ana lyses  of conver tors  and t h e i r  uses .  

Gas-core r ezx to r  research  i s  cont inued t o  i n v e s t i g a t e  t h e  product ion of  
f i s s i o n  energ). wi th  t h e  nuc lea r  f u e l  i n  t h e  gaseous o r  plasma starte. Gas- 
core  r e a c t o r s  may become important  new sources  of energy s i n c e  they a re  
e f f i c i e n t  u s e r s  of uranium f u e l s ,  may be  e f f e c t i v e  breeder  r e a c t o r s ,  have 
inhe ren t  s a f e t y  f e a t u r e s ,  and may permit  t h e  e f f i c i e n t  t ransformat ion  of 
f i s s i o n  energy t o  o t h e r  forms by thenno- o r  photo-chemical means. Low 
power, l o w  t e r p e r a t u r e ,  s e l f  -cr i t ical  experiments employing gaseous uranium- 
hexa f luo r ide  a r e  planned f o r  t h e  FY 1974-75 per iod .  I n  a d d i t i o n ,  h igh  
temperature  uranium plasmas w i l l  b e  produced e l e c t r i c a l l y  and observed 
spec t roscop ica l ly .  

A s  a means t o  ,apply t h e  vast  t e c h n i c a l  knowledge on high temperature 
r e a c t o r s  provided t h e  nuc lea r  rocke t  program, s t u d i e s  w i l l  b e  conducted 
dur ing  FY 1974 and 1975 t o  determine t h e  use  o f  h e a t  from high  temperature  
r e a c t o r s  <and i n d u s t r i a l  p rocesses  such as coa l  g a s i f i c a t i o n ,  hydrogen 
product ion,  i : r m  o r e  reduct ion ,  etc. I f  t h e s e  s t u d i e s  show economic and 
p r a c t i c a l  promise :€or nuc lea r  i n d u s t r i a l  p rocesses ,  experimental  programs 
on enabl ing t~.-chnologies w i l l  b e  i d e n t i f i e d  and conducted. 
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High Power --- Lilsers and Energe t ics  Research and Technology 

The high powe:c laser  and e n e r g e t i c s  program provides  , through b a s i c  
r e sea rch  and 2xperimental engineer ing ,  major advances i n  power gene ra t ion ,  
conversion,  mid 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 iqhich w i l l  apply t o  t h e  long-range energy need on e a r t h .  

Research i s  conducted i n  t h e  area of plasmadynamic energy systems t o  
e s t a b l i s h  t h e  knowledge r equ i r ed  t o  produce, conf ine  and u t i l i z e  p l a s m a s  
f o r  advanced power and propuls ion  systems of p o t e n t i a l  importance t o  space 
missions.  By tt.e end of FY 1974 experiments on a closed-loop MHD power 
genera tor  w i l l  Le completed, as w i l l  t he  i n i t i a l  phases of a p r o j e c t  t o  
i n v e s t i g a t e  combustion-driven MHD gene ra to r s  f o r  ve ry  h igh  power d e n s i t i e s .  
I n  t h i s  p r o j e c t ,  combustor experiments w i l l  be  completed during FY 1975 t o  
be  followed by' genera tor  tests i n  subsequent years .  Operation of t h e  l a r g e  
superconduct i rg  magnetic mi r ro r  appa ra tus  and t h e  bumpy t o r u s  devtce  w i l l  
cont inue  t o  explore  t h e  phsyics  of  D.C. plasma hea t ing  and o t h e r  .Fundamental 
problems which a r e  of major s i g n i f i c a n c e  t o  fus ion  energy f o r  t e r r e s t r i a l  
and space a p p l i c a t i o n s ,  

I n  magnetics and cryophysics ,  r e sea rch  i s  conducted t o  achieve  s t a b l e ,  
i n t e n s e  m,sgnetic f i e l d s  of minimum mass and power u s e  and t o  understand 
t h e  physics  of materials and devices  exposed t o  low temperatures  and i n t e n s e  
f i e l d s .  In Fl 1'374 and 1975, novel magnet windings and materials w i l l  be  
t e s t e d  and ef  Eic ien t  magnetic r e f r i g e r a t i o n  w i l l  be  demonstrated.  

Basic  r c~sea rch  i s  conducted t o  provide  fundamental d a t a  and t o  
i n v e s t i g a t e  no-Je:l concepts i n  t h e  emission and abso rp t ion  of r a d i a t i o n  from 
a l l  s t a t e s  of  matter i n  support  o f  a broad range of  p o s s i b l e  a p p l i c a t i o n s  
i n  power genera t ion ,  propuls ion ,  lasers , space environment, and atmospheric  
physics .  During 1975, s t u d i e s  of charge exchange r e a c t o r s  f o r  noble  gas ions  
and va r ious  1ar;ti.ng molecules w i l l  be  completed, and r e sea rch  on f i s s i o n  
pumping of  ioc!ine and xenon lasers w i l l  be  conducted. 

An integratec!  program of  Laser systems technology i s  being condu'zted t o  
determine whetlrer high power l a s e r s  can make a major impact on aerospace  
mission c a p a b i l i t i e s .  To make t h i s  eva lua t ion ,  cont inuous ope ra t ion  of a 
laser w i l l  be  i n v e s t i g a t e d  to uncover t e c h n i c a l  b a r r i e r s  t o  long du ra t ion  
ope ra t ion  a t  high powers. Problems of  laser o p t i c s ,  beam t ransmiss ion ,  and 
laser energy conversion wil l .  a l s o  b e  s tud ied  as they apply  t o  poss:ible space 
a p p l i c a t i o n s ,  I n  t h i s  con tex t ,  u se  w i l l  b e  made of t h e  major laser  pro,gams 
in o t h e r  agencies .  

Entry Resewch and Technology ---- 
The en t ry  tecinology program w i l l  p rovide  ae ro  thermodynamic techro  logy t o  

improve spacec-csf t des ign ,  s a f e t y ,  r e l i a b i l i t y ,  and t o  a s s u r e  more e f f i c i e n t  
aerodynamic opera :ion w i t h  maximum payloads f o r  e a r t h  o r b i t a l  missions and 
p l ane  t a r y  exp l o  r a t ion .  
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Plane tary  probe technology w i l l  be  focused on s p a c e c r a f t  des ign  f o r  missions 
t o  Venus, Saturn,  Uranus, and J u p i t e r .  I n  FY 1974 high temperature  proper-  
t i e s  of  the  shock-heated e n t r y  environment were eva lua ted  t o  provide  h e a t  
s h i e l d  des ign  da ta  f o r  Venus e n t r y  probes.  Aerodynamic s t a b i l i t y  tes ts  i n  
support  o f  Elars and Venus probes w e r e  a l s o  conducted. Laboratory expe r i -  
ments t o  d e f i n e  shock l a y e r  p r o p e r t i e s  f o r  t h e  h ighe r  speed o u t e r  p l a n e t  en- 
t r y  probes h e r e  s t a r t e d .  I n  FY 1975, aerodynamic des ign  s t u d i e s  f o r  Venus 
probes w i l l  be  cont inued.  Laboratory experiments a t  t h e  high v e l o c i t i e s  of 
o u t e r  p l ane t  e n t r y  w i l l  he  cont inued wi th  emphasis on determining c r i t i c a l  
high temperature r a d i a t i v e  proper ty  da t a .  The e f f e c t s  of gaseous products  
of h e a t  s h i e l d  a b l a t i o n  on t h e  shock l a y e r  flow around e n t r y  probes w i l l  be 
examined. 

I n  t h e  a r e a  (of space s h u t t l e  tes t  and suppor t ,  wind tunnel  and a n a l y t i c a l  
e f f o r t s  w i l ' L  be continued t o  a i d  i n  aerothermodynamic des ign ,  development, 
and v e r i f i c a t i o n  o f  t h e  o r b i t e r  and launch v e h i c l e  conf igu ra t ions .  Approxi- 
mately L2,OOO wind tunnel  hours  have been committed by NASA research  cen te r s  
i n  FY 1974 i.1 !;upport of r equ i r ed  aerodynamic performance, s t a b i l i t y  and 
c o n t r o l ,  heat: i:rransfer, and s p e c i a l i z e d  aerothermodynamic t e s t i n g  and i n  
s tudy o.€ aerodynamic-related o p e r a t i o n a l  problems. 
continued i n  Fl! 1975 a t  a reduced level of e f f o r t .  

These a c t i v i t i e s  w i l l  be  

Advanced eart:h o r b i t a l  s p a c e c r a f t  des ign  w i l l  concen t r a t e  on aerorhermo- 
dynamic design f o r  r eusab le  s p a c e c r a f t  concepts  s u i t a b l e  f o r  u s e  i n  t h e  l a t e  
1980 and 19510 per iod .  I n  FY 1974 des ign  s t u d i e s  of s ing le - s t age - to -o rb i t  
and two-stage vehicles examined t h e  p o t e n t i a l  o f  l i g h t e r  weight, Lower c o s t  
s t r u c t u r e s  and thermal p r o t e c t i o n  systems, improved propuls ion ,  iInd g r e a t e r  
aerodynamic e f f i c i e n c y  i n  inc reas ing  v e h i c l e  performance. I n  FY 1975 
e f f o r t s  w i l l  be cont inued t o  improve t h e  da t a  base  i n  a l l  areas, and t o  
opt imize v e h i c l e  aerodynamic shape through experimental  wind tunnel  i n v e s t i -  
ga t ion  and use  of r e c e n t l y  developed aerodynamic des ign  computer syn thes i s  
programs and flow f i e l d  programs. 

Sys t ems  and Design Studies  

1973 1974 1975 

Systems and dcs ign  s t u d i e s . ,  ... ..... $1,230,000 $1,300,000 $1,600,000 

Tota'L.. , , . . . ,,. . . . . . . . . . . ,,. . . . . . B .  

Systems :StudfIzs 

$1,230.000 $1.300.000 $1.600.000 

The overall .  purpose of  space systems and design s t u d i e s  i s  t o  i d e n t i f y  
a r e a s  f o r  fut:urc? t:echnology focus , i nc lud ing  continuous examination of 
c u r r e n t  technology o b j e c t i v e s  t o  ensure  t h e i r  appropr i a t eness  and payoff ,  
and t o  provide t h e  necessary  t echn ica l  and economic d e c i s i o n  base  t o  support  
t h i s  s e l ec t i cm of f u t u r e  system and experimental  programs. 
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The space systems s t u d i e s  a re  conducted t o  determine technology r equ i r e -  
ments, c o s t s ,  b e n e f i t s  and impacts of advanced space systems based on 
mission,  system:; and conceptual  des ign  s t u d i e s .  Advanced s p a c e c r a f t  and 
v e h i c l e  concept:; a re  i d e n t i f i e d ,  analyzed and eva lua ted .  

In t h e  areti of h igh  c a p a b i l i t y ,  c o s t  e f f e c t i v e  systems f o r  space explora-  
t i o n ,  mission arid conceptual  system s t u d i e s  w i l l  b e  cont inued t o  apply ad-  
vanced tcxhno:.ogies t o  space exp lo ra t ion .  S tudies  a r e  be ing  conducted of  
proposed missi.oris of  t h e  1980's which cons ider  advanced technology and c o s t  
reduct ion  tec:hni.ques as w e l l  as modi f ica t ions  and improvements t o  Pioneer 
and Viking. lbamples i n  t h e  FY 1974 program included Mars rove r ,  Venus 
r ada r  o r b i t e r :  b a l l i s t i c  Mercury o r b i t e r ,  and o u t e r  p l a n e t  o r b i t e r / l a n d e r  
s t u d i e s ,  both ir.-house and c o n t r a c t .  I n  FY 1975, s t u d i e s  of o u t e r  p l a n e t  
s a t e l l i t e  l a n c e r  requirements  w i l l  be  cont inued,  e s p e c i a l l y  T i t an  (a 
s a t e l l i t e  of Saturn wi th  an  atmosphere),  p re l iminary  des ign  and a s tudy of 
mult ipurpose space s t o r a b l e  s t a g e s  f o r  p l ane ta ry  o r b i t e r s  w i l l  be  procured. 

High c a p a b i l i t y ,  c o s t  e f f e c t i v e  systems f o r  space a p p l i c a t i o n s ,  mission 
and conceptual system s t u d i e s  w i l l  be  cont inued t o  apply advanced technologies  
t o  space a p p l i c a t i o n s .  S tudies  a r e  being conducted on proposed mi-ssions f o r  
t h e  1980 ' s  which cons ider  advanced technology and c o s t  reduct ion  techniques.  
Examples i n  the  FY 1974 program included development of sensor  c o s t  modeling 
techniques,  s tudy  (of new uses  of t h e  space s h u t t l e  i n  r e sea rch  and tech-  
nology a r e a s ,  and eva lua t ion  of  s a t e l l i t e  communications f o r  computer-to- 
computer data t r a n s f e r .  I n  FY 1975, s t u d i e s  of technology requirements f o r  
f u t u r e  miss ions  planned f o r  implementation dur ing  t h e  1980 ' s ,  w i t h  emphasis 
on t h e  use  of Spacelab, w i l l  cont inue .  D e f i n i t i v e  s t u d i e s  of  a p p l i c a t i o n s  
missions u t i 1  iziiig t h e  da t a  t r a n s f e r  and processing c a p a b i l i t i e s  o f  space 
systems will c m t i r i u e  as a means of t a r g e t i n g  the  OAST r e sea rch  and 
t xhno logy  bar; 2 program on s p e c i f i c  f u t u r e  needs. 

Sys terns and Experimental Programs 

1975 - 1974 - 1973 - 
Advanced Systems Technology.. . . . . . . . $1,987,000 $2,528,000 S3,700,000 

Energy and ertvironmenta 1 systems 
t e c h o  l o  ~ ; y  . . . . . . . . . . . . . . . . . . . . . . 1,987,000 2,528,000 2,900 , 000 

--- 800 , 000 Solid s t a t e  d a t a  s t o r a g e  system.. . --- 
F l i g h t  Jkperiment Programs .......... 993,000 1,050,000 1 , 000,000 

Atmospheric f l i g h t  experiments. .  . . 993,000 1,050,000 1,000,000 
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Spacecraft . /Fayload Programs...,..... 

Space twhnology s h u t t l e  payloads.  
Meteoroid technology satell i te. . . .  
Space plasma high v o l t a g e  i n t e r -  

a c t ior t  experiment. .............. 
E l e c t r i c  a u x i l i a r y  propuls ion  ..... 
Space s t o r a b l e  propul.sion.. ....... 

........... 
Sol id  rocke t  motors. ,  ............. 
Sola r  e1ectr:ic propul.sion.. ....... 

1973 - 
$2,637,000 

--- 
154,000 

593 , 000 
690 , 000 

1 , 200 , 000 

2,403 , 000 

1 , 572 , 000 
831 , 000 

$8.020.000 

1974 - 
$ l l 5 , 0 0 ~  

--- 
41 , 000 

1975 

2 , 000 , OCO - - .- 

- - .. 
- - .. 

$3.693. OOC! 96.700.00Q 

Energy and Environmental Sys Cems Technology 

The o b j e c t i v e  of t he  energy and environmental  systems technology program 
i s  t o  reduce t h e  f u e l  consumption and p o l l u t i o n  a t t r i b u t a b l e  t o  s t a t i o n a r y  
and mobile power systems by t h e  a p p l i c a t i o n  of  NASA r e s e a r c h  and technology 
c a p a b i l i t y .  

I n  t h e  arei3 of  s t a t i o n a r y  power, NASA has  a j o i n t  e f f o r t  wi th  t h e  Of f i ce  
of Coal Research,, Department of I n t e r i o r ,  t o  ach ieve  a thermomechanical 
converston e Eff-ci-ency of  b e t t e r  than 50% w h i l e  meeting Federa l  p o l l u t i o n  
standarcls fc)]? c e n t r a l  s t a t i o n  power p l a n t  ope ra t ions .  A comprehensive 
s tudy  is  i n  process  t o  d e f i n e  t h e  system performance p o t e n t i a l ,  p l a n t  
capi ta l / ’operat i .ng c o s t s  and technology development requirements  f o r  a 
l i q u i d  metal topping cyc le  ope ra t ing  i n  conjunct ion  wi th  a s tandard  steam 
power p l a n t .  P. s i g n i f i c a n t  broadening of  t h e  program i s  planned f o r  FY 1975 
t o  inc lude  acldi t i o n a l  advanced conversion c y c l e s  and experimental  i n v e s t i -  
g a t i o n s  w i l l  be  i n i t i a t e d  i n  t h e  areas of  advanced materials, combustion 
and conver s i on s y  s t em techno logy. 

I n  the. area of mobile power, a joint Environmental P r o t e c t i o n  Agency/NASA 
program w a s  i n i t i a t e d  i n  FY 1974 t o  demonstrate  an  improved automobile  gas 
t u r b i n e  engine by October 1975, which meets p o l l u t i o n  s tandards  wi th  reduced 
f u e l  consumption, s i z e  and c o s t .  A series of  s t u d i e s  i s  i n  progress  f o r  t h e  
Federa l  Rai l road  Adminis t ra t ion  of a l t e r n a t i v e  engine cyc le s  such as t h e  
Brayton, S t i r l i n g  and advanced d i e s e l  f o r  a p p l i c a t i o n s  t o  t rucks  and t r a i n s .  
I n  a d d i t i o n ,  a program t o  eva lua te  t h e  p o t e n t i a l  of hydrogen i n j e c t i o n  i n  
i n t e r n a l  combustion engines w a s  i n i t i a t e d  i n  FY 1974. This  e f f o r t  has  t h e  
o b j e c t i v e  of demonstrat ing t h a t  a convent ional  automobile equipped wi th  a 
hydrogen i n j e c t i o n  system can m e e t  1977 Environmental P r o t e c t i o n  Agency 
emission s t anda rds  wi th  a t  l eas t  a 25% reduc t ion  i n  f u e l  consumption compared 
t o  1973 autoinobilles. 
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I n  t h e  area of  energy s to rage ,  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  i n i t i a t e d  i n  FY 1975 t o  survey e x i s t i n g  technology and eva lua te  cand ida te  
approaches in terms of t h e i r  p o t e n t i a l  o v e r a l l  demands on resources  , enviroi-t- 
mental  and s o c i a l  impacts i n  o r d e r  t o  i d e n t i f y  and d e f i n e  t h e  n m s t  promising 
areas €or  :i.ic.reased emphasis. The development of  more c o s t  e f f e c t i v e  means 
f o r  t h e  s t o r i n g  o f  energy would f a c i l i t a t e  t h e  u s e  of  s o l a r  energy, i n c r e a s e  
the  e f f i c i e n c y  of c e n t r a l  power s t a t i o n s  and f u r t h e r  reduce t h e  demand on 
scarce petrolt.-um reserves by pe rmi t t i ng  t h e  wider  u s e  of  e lec t r ic  v e h i c l e s  
i n  urban area:;. 

Sol id  !State D a t a  Storage System 

Elect:romec:hsrni.cal t ape  r eco rde r s  commonly used on aerospace  v e h i c l e s  
exhibit: unacceptably h igh  f a i l u r e  rates wi th  most f a i l u r e  a t t r i b u t a b l e  t o  
moving partxi. Recent advances i n  magnetic bubble  domain technology i n d i c a t e  
a no-mcwing--pa.rt d a t a  s t o r a g e  system w i t h  r e l i a b i l i t y  10 t i m e s  b e t t e r  than  
cu r ren t  types and c o s t s  pe r  b i t  about  1/10 t h a t  of  comparable t a p e  r eco rde r s  
i s  f e a s i b l e .  The purpose of t h i s  program i s  t o  demonstrate  t h e  improved 
r e l i a b i l i t y  and v e r s a t i l i t y  of a s o l i d  s t a t e  d a t a  s t o r a g e  systein us ing  
bubble  domain technology i n  tape  r eco rde r  a p p l i c a t i o n s .  

During FY 1974, a 10 5 b i t  magnetic bubble  domain memory ch ip  is  being 
developed a s  p a r t  of t h e  fundamental e l e c t r o n i c s  program. That ch ip  w i l l  
form t h e  b a s i c  element i n  the  s o l i d  s t a t e  s t o r a g e  system. I n  FY 1975, des ign  
of a lo8 b i t  s o l i d  s t a t e  d a t a  s t o r a g e  system w i l l  b e  i n i t i a t e d .  
FY 1976, a breadboard system w i l l  b e  f a b r i c a t e d  f o r  l abora to ry  eva lua t ion .  
I n  FY 1977, a pro to type  system w i l l  b e  f a b r i c a t e d  and subsequent ly  q u a l i f i e d  
t o  f l i g h t  s t anda rds  t o  demonstrate technology r ead iness .  

During 

A tmo s ph e - g i g h  t Experiments 

Atmospheric f l i g h t  experiments i s  a p i l o t e d  f l i g h t  t es t  program conducted 
j o i n t l y  by t h e  U.S. A i r  Force and NASA a t  t h e  F l i g h t  Research Center u s ing  
t h e  X-24B ve-ticle. The purpose of  t h e  program i s  t o  o b t a i n  informat ion  on 
te rmina l  a r e a  p i l o t i n g  problems, v e h i c l e  handl ing  q u a l i t i e s  and aerodynamic 
performance a t  speeds from nea r  Mach 1.5 t o  landing.  The X-24B i s  
c h a r a c t e r i s t i c  of t h e  double d e l t a  c lass  of  wingless  a i r c r a f t  wi th  p o t e n t i a l  
f o r  u s e  as f u t u r e  m i l i t a r y  hypersonic  a i r c r a f t  and a l s o  advanced e a r t h  o r b i t a l  
spacec ra f t .  The program provides  a n  oppor tun i ty  t o  explore ,  a t  low c o s t ,  
p o t e n t i a l  fl. igh t  problems of t h i s  class of  v e h i c l e .  Approximately 30 f l i g h t s  
w i l l  be  c a r r i e d  ou t  over  t h e  span o f  t h e  program. 

The X--24B (:onfi.guration i s  a rocket-powered tes t  v e h i c l e  based on ex tens ive  
r e sea rch  c a r r i e d  o u t  by t h e  A i r  Force F l i g h t  D y n a m i c s  Laboratory.  
v e h i c l e  w a s  f a b r i c a t e d  by a low c o s t  mod i f i ca t ion  t o  t h e  USAF X-24B previous1.y 

The 
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used i n  t h e  l i f t i n g  body f l i g h t  research  program. 
was accoinpli,shed i n  August 1973 us ing  B-52 a i r  launch techniques e s t a b l i s h e d  
i n  previous 'L i f t ing  body research .  
t h e  f i r s  t rocce  t-powered f l i g h t  was accomplished i n  November 1973. 

The f i r s t  g l i d e  f l i g h t  

Following several more g l i d e  f l i g h t s ,  

F l i g h t  test:; through the  remainder of  FY 1974 w i l l  concen t r a t e  on 
eva lua t ion  o:f v e h i c l e  performance, s t a b i l i t y  and c o n t r o l ,  and handl ing 
q u a l i t i e s  a t  t ransonic  speeds and below. During FY 1975, t he  f l i g h t  en- 
ve lope  w i l l  be Lncrementally expanded t o  speeds nea r  M = 1.5.  Fol1owi.ng 
completion o f  t h i s  phase of  r e sea rch ,  t h e  v e h i c l e  w i l l  b e  used as a t e s tbed  
f o r  advanced c o n t r o l  system study.  Program completion i s  scheduled f o r  t h e  
end of FJT 197'6. 

Space Tec:hnol.ogyShuttle Payloads Program 

The t h r u s t  of t h e  space technology s h u t t l e  payloads program i s  to  e x p l o i t  
t h e  Shutt le-Spacelab oppor tuni ty  t o  conduct i nnova t ive  r e sea rch  and tech-  
nology programs i n  t h e  space environment when c o s t  e f f e c t i v e  use  can be  
made of t h e  c t a r a c t e r i s t i c s  of  space inc luding  weight lessness ,  la-cge vacuum 
s ink ,  r a d i a t i c n ,  and/or  t h e  unique loca t ion .  

The long d u r a t i o n  exposure module (LDJIM) w i l l  b e  used t o  t r a n s p o r t  pas s ive  
low c o s t  experiments t o  space f o r  exposure f o r  pe r iods  of 6 t o  9 months. 
Experiments w i l l  be  performed us ing  materials, coa t ings ,  meteoroid-debris  
s h i e l d s ,  components, and subsystems where b e n e f i t s  a r e  der ived  from 
exposure t o  t h e  t o t a l  space environment. I n  FY 1974, experiments w i l l  be  
s e l e c t e d  f o r  t h e  f i r s t  LDEP.1 f l i g h t  and i n  FY 1975, t h e  des ign  of t:he module 
w i l l  be completed. 

An advanced technology l a b o r a t o r y  w i l l  make u s e  of  t h e  Spacelab t o  
u t i l i z e  man's c a 3 a b i l i  t y  t o  conduct i n  t h e  space  environment m u l t i d i s c i p l i n e  
r e sea rch  and technology focused on Nat ional  technologica l  needs.  In  FY 1974, 
experiment deE in i t i on  and development w i l l  b e  i n i t i a t e d  f o r  completion i n  
FY 1978.  Physic:; and chemistry i n v e s t i g a t i o n s  i n  s u p e r f l u i d i t y ,  g a s  chemistry,  
and g r a v i t y  seis.itlive f l u i d  phys ics  phenomena w i l l  b e  def ined  and developed. 
I n  FY 197!3 and 1 9 7 6 ,  a s o l i c i t a t i o n  f o r  experiment concepts  w i l l  be  conducted 
and exper.iment d e f i n i t i o n  s t u d i e s  w i l l  b e  i n i t i a t e d .  

Bper imen t s  izo provide  r e a l  t i m e  monitor ing of  contaminants i n  t h e  v i c i n i t y  
of t he  s h u t t l e  arid i t s  payloads w i l l  b e  developed. I n  FY 1976, development 
of a rea l  t i m e  cont:amination monitor w i l l  be  i n i t i a t e d .  Laser information/  
d a t a  transmissLon experiments w i l l  be  developed t o  v e r i f y  t h e  technology of 
a laser r e l a y  s a t : e l l i t e  system, i n  conjunct ion  wi th  a laser  system on a 
synchronous sa.i:el.li t e  by about  1982. 
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Entry technology experiments w i l l  b e  def ined  t o  provide  v e h i c l e  aerodynamics/ 
dynamics, p re s su re ,  and thermal d a t a  dur ing  a s c e n t  and r e e n t r y  t o  understand 
vehicle/atmosphlere i n t e r a c t i o n s  and t o  v a l i d a t e  ground-based t h e o r e t i c a l  
and experimental  wind tunnel  des ign  da ta .  

I n  t h e  arei3 of  a i r b o r n e  suppor t ,  a s imula t ion  Spacelab w i l l  be  cons t ruc ted  
and i n s t a l l e d  i n  an  a i r c r a f t  t o  provide  c a p a b i l i t y  t o  e v a l u a t e  al.1 a s p e c t s  
of experiment i n t e g r a t i o n  and ope ra t ion  i n  a r e a l - l i f e  s i t u a t i o n .  

Low Cost Systems Program 

1973 1974 1975 

--- Low co,s t  system!; program.. ............. - 
Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --- - - 

$3,100,000 $5,000,000 

$3.100.000 $5.000.000 

Standard Space Equipment Development 

The Low Cost Systems program has  been e s t a b l i s h e d  t o  reduce the  o v e r a l l  
c o s t s  of space :systems. The purpose i s  t o  main ta in  a vigorous program t h a t  
can f u l f i l l  IQ4SA's space goa l s  w i th in  t h e  r e sources  a v a i l a b l e .  The program 
i s  s t r u c t u r e d  t o  develop s tandard ized  space equipment and components designed 
t o  s a t i s f y  a n a j o r i t y  of  a n t i c i p a t e d  mission requirements ,  and t o  search  
NASA's bus iness  and programmatic p r a c t i c e s  w i t h  a view t o  reducing o v e r a l l  
c o s t s .  

For c e r t a i n  u t i ' l i t y  func t ions  which are  common t o  many space  systems, t h i s  
program w i l l  i d e n t i f y  space  equipment and component requirements ,  d e f i n e  
t h e i r  interface: ; ,  and develop s u i t a b l e  s tandard  subsystems, engineer ing  
components and/or  sof tware  f o r  u s e  by t h e  Program Off ices .  

U s e  o f  s tandard ized  c a p a b i l i t i e s  w i l l  reduce t h e  c o s t s  of  des igning  and 
developing uniqiie equipment f o r  d i f f e r n t  missions.  
d e c l i n e  wi th  (quant i ty  product ion;  r e l i a b i l i t y  and a s su rance  should improve; 
and d e l i v e r y  s.chedules should be  shortened.  

Cost p e r  u n i t  should 

Standard eq:iipment and components w i l l  b e  developed f o r  s p a c e c r a f t  i n  f o u r  
areas i n i t i a : l l y .  These are  Power, Communications and Data Handli& 
Aux i l i a ry  Pro.xi ls ion,  and S t a b i l i z a t i o n ,  Guidance, and Control .  

The a v a i l a b i l i t y  of t h e s e  equipments and/or  sof tware  w i l l  b e  made known 
t o  p r o j e c t  team:; through a ca t a log / inven to ry .  

Program and 1zE:iness P r a c t i c e s  S tudies  

The ob:jectfive of  t h e  program and bus iness  p r a c t i c e  e f f o r t s  i s  t:o i d e n t i f y  
o p p o r t u n i t i e s  f o r  e f f e c t i n g  c o s t  sav ings  w i t h i n  c u r r e n t  and f u t u r e  p r o j e c t s .  
The s t u d i e s  p inpo in t  c o s t  areas t h a t  can be  and should b e  addressed.  New 
techniques arid methods f o r  d i r e c t i n g  programs and t r a n s a c t i n g  bus iness  i n  
NASA should r ~ ? s u l t  from work i n  t h i s  area. 
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Spec i f i c  items t o  b e  addressed inc lude :  ass i s t  i n  development o f  
c r i t e r i a  arid e s t ima t ing  f a c t o r s  f o r  e s t a b l i s h i n g  l o w  c o s t  program t a r g e t s ;  
i n v e s t i g a t e  methods f o r  quan t i fy ing  c o s t - r i s k  t r a d e  o f f s  i n  development, 
p roduct ion ,  and suppor t ;  i d e n t i f y  and develop program management techniques 
t h a t  can b e  used i n  NASA program o f f i c e s  t o  l i m i t  c o s t s ;  and survey c o s t  
e f f e c t s  of NASA's bus iness  p r a c t i c e s  wi th  t h e  a i m  of  developing improved 
p r a c t i c e s  f'or NASA which o b t a i n  b e t t e r  o v e r a l l  c o s t  r e s u l t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE: OF TRACKING AND DATA ACOUISITION ---- TRACKING AND DATA 
ACQUISITION PROGE 

SUMMARY OF RESOURCES REQUIREMENTS 

1973 1974 1975 

O p e r a t i m s . .  .................... $194,701,000 $195,200,000 $192,800,000 
S y s t e m s  i mp 1 emen t a  t ion .  ......... 45,130,000 39,600,000 48,000,0010 
Supp0rtic.g r e sea rch  arid ................... technology. 8,500 , 000 9,200,000 9 , 2 00 , 0 02 

Tota l . . . . . . . . . . . .  ............ $248.331.000 $244.000.000 $250.000.000 _- 

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

Goddard Space F l i g h t  Center. . .  $183,665,000 
J e t  Propuls ion  Laboratory. .... 42,730,000 
Wallops Station.. . . . . . . . . . . .  .. 6 , 522  , 000 

Langley Research Center..  ..... 580 , 000 
Headquarters .................. 13,314,000 

F l i g h t  Research Center........ 1,520,000 

Total. . . . . . . .  ............... $248.331.000 

$177,180,000 $180,900,000 
44,210,000 45,500,000 

6,100,000 6 , 900 , 000 
1,700,000 1,800 , 000 

300 , 000 
14 , 5 10 , 000 14,900 , OO!? 

$244.000.000 $250.000.00Q _- 

- - I_ 

HIGHLIGHTS OF BUDGET PLAN 

Operations 

S p a c e f l i g h t  Tracking and 
Data Network - Manned and 
unmanned mission support .  
FY 197.5 workload w i l l  average 
35-40 spaccscraf t i n  a d d i t i o n  
t o  preparaition f o r  Apollo 
Soyuz Test Pmject . .  .............. $104,801,000 $102,000,000 $98,200,000 
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1973 - 1974 - 1975 - 
Deep Space Network - Plane ta ry  

and i n t e r p l a n e t a r y  mission sup- 
p o r t .  F1 197i5 workload inc ludes  
Pioneer  6 - 9 ,  ~ a r i n e r  Venus/ 
Mercury 1973, Pioneer  10 and 11, 
and Hel ios  A,. P repa ra t ion  f o r  
Viking suppoi: E .  ... .,. .............. $31,500,000 $33,400,000 $34,600,000 

Aeronautica'L and Sounding 
Rocket Suppoi:.: .- Support f o r  
Wallops S t a t i o n  sounding rocke t  
programs and F l i g h t  Research 
Center and Lang1.ey Research 
Center r e sea rch  a i r c r a f t  f l i g h t .  . 5,010,000 5,000,000 5,500,000 

Comunicati-on:; -. NASA's g loba l  
communications network (NASCOM) 
suppor t ing  al:L NASA and NASA 
supported pro , jec ts .  Apollo Soyuz 
T e s t  P r o j e c t :  Hel ios ,  and Viking 
1975 a r e  majoi: a d d i t i o n s  t o  FY 
1975 r equ i r  emmt s ................ 31,390,000 31,800,000 :30,900,000 

Data Process ing  - Information 
processing f o r  bot:h s p a c e c r a f t  
con t ro l  and arial.ysis. Inc ludes  
funding f o r  operat:ion of image 
d a t a  proc:essi.ng f a c i l i t y  t o  
support  Earth Resources Tech- 
nology Sa te l l . 1 . t~ : .  ................ 22,000,000 23,000,000 - 23,600,000 

. ............ $194.701.000 $195.200.000 $192.800.000 Total. 0perati .ons - 
Systems I m p  lerien t a  t ion  

SpacefLight. Tracking and Data 
Network -. Proc:urenient and imple- 
mentation of systems f o r  Space- 
f l i g h t  Tracking and Data Network, 
c o n t r o l  c:entei*s, and s p e c i a l  
i n s  trumeri t a t  i on i n .  support  of 
ongoing and new e a r t h - o r b i  t i ng  
p r o j e c t s  requ.i.raments.. .......... 20,970,000 18,600,000 25,600,000 
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1973 1974 1975 

Deep Space Network - Procure- 
men t and ing. emen t a t ion  o f 
systems fcir Deep Space Network 
f o r  support  of ongoing and new 
p1anet:ary missions , inc luding  
t h e  Mariner J u p i t e r / S a t u r n  
1977 and new Pioneer Venus 
missions.  ........................ $11 . 1OO,OOO $11 y500,000 $12,000,001~ 

Aeronaut.=, and Sounding 
Rocket: Support - Procurement 
and iniplenient a t i o n  of instrumen- 
t a t i o n  f o r  ae ronau t i c s  and 
soundi.ng rocket  program support . .  3 , 330 , 000 2 , 700 , 000 3 , 300,000 

Comniunications - Procurement 
of NASA conunu.nications network 
equipment t:o m e e t  new support  
requiremen t:s and maintain the  
h igh  degree of r e l i a b i l i t y  i n  
comunica t  ions between the  
tracki.ng s t:at i ons  and c o n t r o l  
cen te r s . . . . . . . . . . . . . . . . . . . . . . . . . .  

----- 

2 , 400 , 000 2 , 300 , 000 3 , 200 , 000 

---- Data P r o c : e s a  - Procurement 
and implementation of systems 
and equipment t o  maintain,  
i n t e g r a t e ,  and augment d a t a  
processing c a . p a b i l i t i e s  i n  ..... 3 , 900 , 000 support  of  f l i g h t  p r o j e c t s . .  7 , 330,000 4,500,000 _- 

T c i t a l ,  S y s t e m s  
Imp 1 emen t a t i on. ............. $45.130.000 $39.600.000 S48.000.00Q _- 

Supporting Research and 
Technology 

T r a c k i n g , O r b i t  Determination, 
and Groundl%sed Navigation - 
Improved techniques f o r  ground- 
based navig,at ion of p l ane ta ry  
o r b i t e r s ,  l ande r s ,  swingby, and 
e a r t h  o r b i t e r  mi s s ions . . . . . . . . . . .  2 430 , 000 2,490,000 2 , 140 , 000 
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1973 1974 1975 - 
S pac ec r  a f t  - g - G r  ound Communi - 

c a t i o n s ,  Teleinetry, and Command - 
Study ex tens ion  of c a p a b i l i t i e s  
t o  handle  mub r i p l e  spacec ra f t  
support  and inc reas ing  d a t a  
ra tes ;  development: of s o l i d  s t a t e  
componenrs arid s p a c e c r a f t  t r a n s  - 
ponder cornpat ibl!e wi th  a Tracking 
and Data Relay Sa te l l i t e  S y s t e m . .  $2,860,000 $3,360,000 $3,190,000 

Network Opt!i:ai:ions and Control  
Technology - !study automation tech-  
niques f o r  inqxovi-ng real-t ime 
c o n t r o l  techniques,  and u s e  of 
minicomputers f o r  Deep Space 
Network..... ..................... 1 , 720,000 1,590,000 1 , 840,000 

Data Handling -- and Process ing  - 
Development of processing systems 
f o r  imagi-ng data f k o m  e a r t h  
resources  sat:ell.i tes. Work on 
h igh  d a t a  rat:(: s a t : e l l i t e  
problems .......................... 1 , 490 , 000 1 , 760,000 2 , 030 , 000 

Total. , Support:ing Research 
an (1 T e  c:lino 1 ogy ............. $8.500.000 $9.200.000 $9.200.000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF --- TRACK1:NG AND DATA A C Q U I S I T I O N  TRACKING AND DATA 
ACQUISITION PROGRAM 

PROGRAM 0BJEC:~IL'ES ---- AND JUSTIFICATION: 

The purpose of t:his program i s  t o  provide v i t a l  t r ack ing  and d a t a  a c q u i s i -  
t i o n  support  to m e e t  t h e  requirements  of a l l  NASA f l i g h t  p r o j e c t s .  I n  addi -  
t i o n  t o  NASA li1i.gh.t p r o j e c t s ,  support  i s  provided,  as mutually agreed,  f o r  
p r o j e c t s  of t he  Department of Defense (DOD), o t h e r  Government agencies ,  and 
o t h e r  countr i .es  and i n t e r n a t i o n a l  o rgan iza t ions  engaged i n  space research  
endeavors:. 

Support i s  provided f o r  rnanned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  
sounding rocke t s ,  and r e sea rch  a i r c r a f t ;  f o r  e a r t h  o r b i t a l  and s u b o r b i t a l  
missions;  f o r  l una r  and p l ane ta ry  miss ions ;  and f o r  space probes.  

Types of suFlport provided inc lude :  ( a )  t r ack ing  t o  determine t h e  p o s i t i o n  
and t r a j e c t o r y  of v e h i c l e s  i n  space;  (b) a c q u i s i t i o n  of s c i e n t i f i c  d a t a  from 
onboard experiments;  ( c )  a c q u i s i t i o n  of  engineer ing  d a t a  on t h e  performance 
of  s p a c e c r a f t  and launch v e h i c l e  systems; (d)  t ransmiss ion  o f  comnands from 
ground s t a t i o n s  t o  s p a c e c r a f t ;  ( e )  communication wi th  a s t r o n a u t s  and 
a c q u i s i t i o n  of biomedical da t a  on t h e i r  phys i ca l  cond i t ion ;  ( f )  communi- 
c a t i o n  of in fcrmat ion  between the  va r ious  ground f a c i l i t i e s  and c e n t r a l  
con t ro l  c e n t e r s ;  and (g) process ing  of d a t a  acqui red  from t h e  space ve- 
h i c l e s .  Such support  i s  e s s e n t i a l  f o r  ach iev ing  t h e  s c i e n t i f i c  o b j e c t i v e s  
of a l l  f l i g h t  missions,  for  execut ing  t h e  c r i t i c a l  dec i s ions  which must be 
made t o  a s s u r e  t h e  success  of these  f l i g h t  miss ions ,  and, i n  t h e  case  of  
manned missions,  t o  i n s u r e  t h e  s a f e t y  of t h e  a s t r o n a u t s .  

Tracking anrd d a t a  acquis i . t ion  suppor t  i s  provided by a worldwide network 
of NASA grounsd s t a t i o n s  and an in s t rumen ta t ion  s h i p ,  suplemented by appro- 
p r i a t e  instrumented a i rcraf t .  These f a c i l i t i e s  are in te rconnec ted  by a 
network of  ground communications l i n e s  , undersea cab le s  , high  frequency 
r a d i o  l i n k s ,  ,and communication s a t e l l i t e  c i r c u i t s  which are  l eased  from 
domestic and fo re ign  c a r r i e r s  which provide  t h e  c a p a b i l i t y  f o r  i n -  
s tan taneous  tran,smission of d a t a  and c r i t i c a l  commands between s p a c e c r a f t  
and t h e  c o n t r o l  (centers  i n  t h e  United S t a t e s  from which the  f l i g h t s  are 
d i r e c t e d .  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  amouit:; of s c i e n t i f i c ,  a p p l i c a t i o n s  and engineer ing  d a t a  which 
are c o l l e c t e d  from f l i g h t  p r o j e c t s .  I n  a d d i t i o n ,  ins t rumenta t ion  f a c i l i t i e s  
are  provided E l x  support  of sounding rocke t  launchings and f l i g h t  t e s t i n g  
of ae ronau t i ca  1 r e sea rch  a i r c r a f t .  

The Research and Development appropr i a t ion  provides  funds f o r :  ( a )  the  
opera t ion  and 1na:intenance of t h e  worldwide f a c i l i t i e s ;  (b)  t he  procurement 
of hardware t o  s u s t a i n  and modify t h e  systems t o  support  cont inuing ,  new, 
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and changing f l t g h t  p r o j e c t  requirements;  and ( c )  t h e  i n v e s t i g a t i o n  and 
developmeni~ oE advanced t r ack ing  and d a t a  a c q u i s i t i o n  hardware and techniques.  

BASIS OF FUND REQUIREMENTS: --- 
Operat ions 

The FY 1975 r eques t  r e f l e c t s  a downward t r end  i n  funding requirements  f o r  
network op 'erat ions.  With the  completion of Skylab support  , Space f l igh t  
Tracking and Data Network s t a f f i n g  w i l l  be phased down and two s t a t i o n s ,  
Corpus C h r i s t i ,  Texas, and Carnarvon, A u s t r a l i a ,  w i l l  be c losed .  I n  both 
t h e  Space l igh t  Tracking and Data Network and the  Deep Space Network t h e  
support  workl3ad w i l l  remain r e l a t i v e l y  h igh  wi th  p repa ra t ions  underway 
f o r  t he  ApDllo lSoyuz T e s t  P r o j e c t  and Viking suppor t .  

1973 1974 1975 

Space f l igh t  t r ack ing  and 
d a t a  ne twork . . . . . . . . . . . . . . . .  $104,801,000 $102,000,000 $98,200,000 

Deep space network. . . . . . . . . . . .  31,500,000 33,400,000 34,600,000 
Aeronaut ics  and sounding 

5 , 500 , 000 
Communications... . . . . . . . . . . . . .  31,390,000 31,800,000 30,900,000 
Data processi ,ng ............... 22,000,000 23,000,000 23,600,000 

rocke t  support  .............. 5 , 010,000 5 , 000 , 000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . .  $194.701.000 $195.200,000 $192,800,000 
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.- Space f l igh t  Tracking and Data Network (STDN) Operat ions - 
The primary func t ion  of t h e  Space f l igh t  Tracking and Data Network i s  t o  

suppor t  manned and unmanned s p a c e f l i g h t  missions.  The ma jo r i ty  of t hese  
missions have near  e a r t h  o r b i t s ;  however, t h e  network does suppor t  missions 
throug,h l u n a r  d i s t a n c e s  e 
t o  the s p a c e f l i g h t  missions of t h e  Department of Defense (DOD) and o the r  
U. S .  agencies .  

I n  addi  t i o n j  t he  network provides  launch suppor t  

The Space f l igh t  Tracking and Data Network must be respons ive  t o  the  
t r ack ing  ar.d d a t a  a c q u i s i t i o n  requirements  of a l a r g e  v a r i e t y  of f l i g h t  
p r o j e c t s  from the  t i m e  o f  launch t o  t h e  completion of  f l i g h t  p r o j e c t  
o b j e c t i v e s .  I n  some ins t ances  t h e  pe r iod  of suppor t  r equ i r ed  by f l i g h t  
projec: ts  extends t o  s e v e r a l  yea r s .  

The Spac:t!fl i g h t  Tracking and Data Network p r e s e n t l y  c o n s i s t s  of e ighteen  
geographic:alI.y d i spe r sed  land s t a t i o n s  , two t r a n s p o r t a b l e  f a c i l i t i e s  , two 
advanc:ed i.nst:rumentation a i r c r a f t ,  one instrumented s h i p ,  and a c o n t r o l  
c e n t e r  complex a t  Goddard Space F l i g h t  Center.  These f a c i l i t i e s  have t h e  
c a p a b i l i t y  by e l e c t r o n i c  means t o  t r a c k  t h e  s p a c e c r a f t ,  send comands  f o r  
spacec:raft: arid experiment con t ro l  purposes , r e c e i v e  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  t h e  case of t h e  a s t r o n a u t s  
maintain voic:e comnunications f o r  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 these  e l e c t r o n i c  systems , t h e  Space f l igh t  Tracking and Data 
Network i s  supplemented by a growing number of  laser t r ack ing  systems t o  
meet t h e  c!:rti:emely p r e c i s e  needs of  NASA's  geode t i c  i n v e s t i g a t i o n s .  

The eighzeen 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 ;  h l e r r i t t  I s l a n d ,  F l o r i d a ;  H a w a i i ;  Rosman, North Caro l ina ;  Corpus 
Chrisrri , Texas ;, Guam; Ascension I s l a n d ;  Canberra and Carnarvon , A u s t r a l i a ;  
Bermuda; Cmary I s l a n d s ;  Sant igo ,  Chi le ;  Qui to ,  Ecuador; England; Madagascar; 
Johannesbu:rg., South A f r i c a ;  and Madrid, Spain.  The t r a n s p o r t a b l e  s t a t i o n  
loca ted  near  S t : .  J o h n ' s ,  Newfoundland, f o r  e a r l y  Skylab suppor t  has  been pu t  
i n  ca re t ake r  s t a t u s  and w i l l  be r e a c t i v a t e d  i n  FY 1975 f o r  t he  Apollo Soyuz 
T e s t  Pro jcx t  e, A second t r a n s p o r t a b l e  f a c i l i t y  i s  being modified a t  Goldstone, 
C a l i f o r n i a ,  p r i o r  t o  r e l o c a t i o n  t o  Madrid f o r  Appl ica t ions  Technology 
S a t e l  l i t e  7 support .  
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Due t o  reduced requirements  t h e  s t a t i o n  a t  Corpus C h r i s t i ,  Texas, i s  
scheduled f o r  c ' losure immediately a f t e r  completion of Skylab and the  s t a t i o n  
a t  Carnarvon, A u s t r a l i a ,  i s  scheduled f o r  c losu re  i n  December 1974, a f t e r  
support  of Atmosphere Explorer  3. 
Canary I s l a n d s  .is a l s o  planned a f t e r  completion of Skylab support .  

Reduced support  e f f o r t  a t  Bermuda and 

The s p a c e f l i g h t  Tracking and Data Network i s  c u r r e n t l y  suppor t ing  on a 
cont inuing b a s i s  an  average of approximately th i r ty - seven  unmanned s c i e n t i f i c  
spacec ra f t  inc luding  such missions as Earth Resources Technology S a t e l l i t e  
1, s e v e r a l  Appl ica t ions  Technology Satel l i tes  and I n t e r p l a n e t a r y  Monitoring 
P la t form satel l i tes ,  Orb i t ing  So la r  Observatory 7 ,  Radio Astronomy Explorer 
2, Atmosphere Esplorer  3 ,  and Nimbus 4 and 5. I n  a d d i t i o n l t h e  network i s  
suppor t ing  Skylab and t h e  Apollo Lunar Surface  Experiment Packages l e f t  on 
the  moon's s u r f a c e  by the  Apollo 12 ,  14, 15, 16,  and 1 7  missions.  Upcoming 
missions t o  be supported inc lude  Synchronous Meteorological  Sa te l l i t es  A 
and B, Nimbus F,  Appl ica t ions  Technology S a t e l l i t e  F, Geodetic Ear th  Orbi t ing  
S a t e l l i t e  C y  Orb i t ing  So la r  Observatory I, and Apollo Soyuz T e s t  P ro jec t .  The 
o v e r a l l  workload of t he  Space f l igh t  Tracking and Data Network, which i s  ex- 
pected t o  contii iue t o  average 35 t o  40 s p a c e c r a f t  during FY 1975, is  ind ica ted  
on the  accompanying c h a r t s .  

Because of t h e i r  i nc reas ing  complexity, t h e  new spacec ra f t  w i l l  p l ace  g r e a t e r  
demands on t h e  network and c o n t r o l  c e n t e r s ,  A s  an example, t h e  d a t a  and com- 
mand rates f o r  the  upcoming Orb i t ing  So la r  Observatory I have inmeased  by 
approximately twenty-fold over those of t he  f i r s t  Orbi t ing  Solar  Observatory. 
I n  add i t ion ,  coinputer capac i ty  has  increased  f i v e  times from a small computer 
t o  a l a r g e  sca le  computer r e s u l t i n g  from the  requirement t o  d i sp l ay  e i g h t  
t i m e s  more d a t a  i n  order  t o  opera te  the  spacec ra f t .  

Funds requested f o r  t he  Space f l igh t  Tracking and Data Network opera t ions  
i n  FY 1975 a r e  required f o r  t h e  maintenance and opera t ion  of t he  network 
f a c i l i t i e s  as w e l l  as t h e  r e l a t e d  l o g i s t i c s ,  network support  and computer 
programming c o s t s  a s soc ia t ed  wi th  the  around-the-clock opera t ion  of t he  
network. The Ff 1975 r eques t  r e f l e c t s  t he  decreases  a s soc ia t ed  wi th  the  
s t a t i o n  closnre,s  and the  p o s t 4 k y l a b  r educ t ions  noted above. 

Deep Space Network Operations 

The primary func t ion  of the  Deep Space Network i s  t o  support  p l ane ta ry  
and i n t e r p l a n e t a r y  space f l i g h t  missions.  The c u r r e n t  Pioneer  10 and 11 
missions t o  J u p i t e r  and beyond involve s p a c e c r a f t  t r a v e l i n g  600 m i l l i o n  
m i l e s  and more from ea r th .  
volve d i s t a n c e s  measured i n  b i l l i o n s  of miles. A s  a r e s u l t  of these  g r e a t  
d i s t a n c e s ,  t he  f a c i l i t i e s  i n  t h i s  network which r e c e i v e  t h e  d a t a  must 
be a b l e  t o  perform c r i t i c a l  func t ions  us ing  extremely low s i g n a l  l e v e l s  
and r e q u i r i n g  very l a r g e  ground antennas.  A s  f l i g h t  d i s t a n c e s  cont inue 
t o  inc rease  and the  missions become more complex, equipment designs and 

Future  missions t o  Sa turn  and beyond w i l l  i n -  

RD 11-15 



DEEP SPACE NETWORK 
WORKLOAD 

r 
I I I I I 

2 

PIONEER 7 (1966) 

PIONEER 9 (1959) 

MAR I NER 10-73 

HELIOS-A-74 

HELIOS-B-75 I 

I MJS 1-77 I I e l r l  
1 MJS 2-77 iLi i i I I 

i 
, . I  I 1  
I I NEW START i i l i i i  

L 

I 1 I1 

L 

NASA HQ TN74-15183 ( 1 )  
(Rev. 1) 1-18-74 



computer program techniques a r e  r equ i r ed  i n  t h i s  network which cont inue t o  push 
the  s ta te  (sf the a r t  i n  i n t e r p l a n e t a r y  communications. The Deep Space Network 
provides  the  v i t a l  two-way communications l i n k  t o  these  d i s t a n t  s p a c e c r a f t  by 
which the s p a c e c r a f t  a r e  c o n t r o l l e d  and t h e  s c i e n t i f i c  information i s  obtained.  

The Deep :Spilce 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 ;  IVladrid, Spain; and Johannesburg, South Af r i ca .  I n  a d d i t i o n  t h e r e  i s  
a checkout f a c i l i t y  a t  Cape Canaveral, F lo r ida .  The c o n t r o l  c e n t e r  f o r  t he  
Deep Space Network i s  loca ted  a t  t he  J e t  Propuls ion  Laboratory i n  Pasadena, 
C a l i f o r n i a  ,, 

The two new 64-meter antenna f a c i l i t i e s  near  Canberra, A u s t r a l i a ,  and Madrid, 
Spain,  became ope ra t iona l  i n  Apr i l  and September 1973, r e s p e c t i v e l y .  The check- 
ou t  f a c i l i t y  a t  Cape Canaveral, F lo r ida ,  i s  being consol ida ted  wi th  the  Space- 
f l i g h t  Traclsing and Data Network s t a t i o n  on Merritt I s l a n d ,  F l o r i d a ,  during FY 
1974. The Deep Space Network f a c i l i t y  a t  Johannesburg, South Af r i ca ,  i s  
schedu:ted t o  be phased out  i n  FY 1975. I n  FY 1975 the  network w i l l  c o n s i s t  of 
s t a t i o n s  ai: Goldstone, Ca l i fo rn ia ;  Canberra, A u s t r a l i a ;  and Madrid, Spain. 

During Fs! 1974, t h e  Deep Space Network workload c o n s i s t s  of s i x  on-going 
Pioneer  spacec ra f t  and the  Mariner 10 mission. The major p o r t i o n  of t h i s  
workload, re f ] -ec ted  i n  the  accompanying workload c h a r t ,  w i l l  cont inue  on i n t o  
FY 1975. I11 add i t ion ,  t he  Hel ios  A mission w i l l  be  launched i n  the  f i r s t  
q u a r t e r  of IrY 1975 and w i l l  r e q u i r e  support .  The Hel ios  i s  an extremely i n -  
t e r e s t i n g  mfisc;ion which w i l l  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 i n  the  direct i .on 
of and c l o s e  t o  t h e  sun. I t  i s  an i n t e r n a t i o n a l  coopera t ive  p r o j e c t  between 
t h e  Governnvmt:s of t he  U . S .  and West Germany and i s  expected t o  provide i n f o r -  
mation about our n e a r e s t  s tar which w i l l  l ead  t o  g r e a t e r  understanding of t h i i s  
source of '1.j-f~: sus t a in ing  energy. 

Because of t he  except iona l  r ece iv ing  system c h a r a c t e r i s t i c s  r equ i r ed  t o  
communi.cata wi.th d i s t a n t  spacec ra f t ,  t he  Deep Space Network f a c i l i t i e s  a l s o  
provide unique support  t o  c e r t a i n  ground-based r a d i o  sc i ence  experiments such 
a s  r ada r  mapping of t he  su r faces  of Venus and Mars, and measurements of the  
charact:erist:ic:s of pu l sa r s  and quasars .  Support  o f  t hese  experiments w i l l  
cont inue on. a non- in te r fe rence  b a s i s  t o  the  f l i g h t  missions.  

The EY 1975 r eques t  inc ludes  funds f o r  ope ra t ion  of t h e  Deep Space Network 
f a c i l i t i e s  i.n support  of t he  cont inuing workload. I n  a d d i t i o n  to  t h e  mission 
support  as i .ndicated on the  workload c h a r t ,  network engineer ing i s  necessary t o  
maintain t h e  network t o  meet t he  requirements  of t h e  Helios, Viking, Mariner 
Jup i t e r /Sa tu rn  1977, and Pioneer  Venus missions.  

- Aeronaut ical  and Sounding Rocket Support  Operat ions 

Ins t rumenta t ion  systems a r e  maintained and opera ted  i n  support  of t he  aero-  
n a u t i c s  and sounding rocket  programs conducted by Wallops S t a t i o n ,  Langley 
Research Center ,  and the  F l i g h t  Research Center.  These systems inc lude  genera l  
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purpose f ixed t r ack ing ,  te lemet ry ,  d a t a  handl ing ,  record ing ,  t iming,  p l o t t i n g , ,  
and communications systems, as w e l l  as s p e c i a l  purpose o p t i c a l  equipment. 

The soiinding rocke t  program cont inues t o  be  very act ive wi th  c l o s e  t o  300 
missions bein,3 launched las t  yea r .  This workload i s  expected t o  remain approxi-  
mately the  same i n  FY 1975 wi th  launches ranging from the  smaller meteorological  
rocke ts  t o  t h z  .Larger Scout rocke t s  which f l y  t o  a l t i t u d e s  as h igh  as 18,000 
k i lometers .  

The F l i g h t  Research Center ope ra t e s  t he  Aerodynamic T e s t  Range, c o n s i s t i n g  
of  f a c i l i t i e s  ai: t h e  Edwards A i r  Force Base and t h e  up-range s i t e  a t  Ely,  
Nevada, These f a c i l i t i e s  are  composed of p r e c i s i o n  r ada r  t r ack ing ,  te lemet ry ,  
and comiinica t ions  equipments which are used t o  support  high performance 
a i r c r a f t  research  and development programs of both NASA and t h e  A i r  Force.  
Programs supported by t h e  Aerodynamic T e s t  Range inc lude  va r ious  
a i r c r a f t  and Li f t ing  body p r o j e c t s ,  inc luding  t h e  F-111, F-104, X - 2 4 B ,  YF-12, 
F-8, and F-15, 

Communications Operat ions 

NASA's  g loba l  communications network (NASCOM) in t e rconnec t s  t h e  NASA t racking  
and d a t a  a c q u i s i t i o n  f a c i l i t i e s  i n  ope ra t iona l  suppor t  o f  a l l  NASA p r o j e c t s  
and p r o j e c t s  of o the r  agencies  t h a t  are supported by NASA. It in t e rconnec t s  
by means of ].eased vo ice  and d a t a  c i r c u i t s  such f a c i l i t i e s  as te lemet ry  and 
command c o n t r o l  s i t e s ,  launch areas, test  s i tes ,  and mission c o n t r o l  cen te r s .  
The Goddard Space F l i g h t  Center ope ra t e s  t h e  network and se rves  as i t s  major 
switching conrxol  po in t .  In  t:he i n t e r e s t  o f  economy, r e l i a b i l i y ,  and f u l l  
u t i l i z a t i o n  c) i t:runk c i r c u i t r y ,  subswitching c e n t e r s  have been e s t a b l i s h e d  a t  
a number of domestic and overseas  l o c a t i o n s .  

To an increasi.ng; e x t e n t  the NASA f l i g h t  p r o j e c t s  are  r e q u i r i n g  higher  d a t a  
t r a n s f e r  rate:; between t h e  mission c o n t r o l  c e n t e r s  and the  t r ack ing  s i tes  
due t o  the  need f o r  realtiine c.ontro1 of s p a c e c r a f t  and the  onboard experiments.  
I n  add i t ion ,  wideband communications w i l l  be r equ i r ed  i n  FY 1975 fo r  t he  
Hel ios  and Viking 1975 programs. 

I n  order  t o  meet the  h igher  d a t a  t r a n s f e r  rates new communications technology 
has been implemented i n  t h e  NASA communications network such as e l e c t r o n i c  
c i r c u i t  swi t ch i rg  and t h e  c a p a b i l i t y  f o r  sending an increased  amomt of d a t a  
over a normal voice  c i r c u i t .  A more r ecen t  development which i s  being i m -  
plemented allows f o r  t h e  t ransmiss ion  of d a t a  over a lesser number of c i r c u i t s .  
This advance has been brought about by us ing  d i g i t a l  techniques t o  t ransmi t  
d a t a  a t  510 k i l o k i t s  p e r  second over a s p e c i a l l y  modified vo ice  channel whereas 
under previous analog techniques the  equ iva len t  of twelve voice  c i r c u i t s  w a s  
requi red .  This system w i l l  be expanded t o  those  NASA f a c i l i t i e s  which r e q u i r e  
t h i s  type of d a t a  and where t h e  commercial common c a r r i e r s  have the  c a p a b i l i t y  
a v a i l a b l e .  
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While technology developments have reduced d a t a  t ransmiss ion  u n i t  c o s t s ,  
some a d d i t i o n a l  c i r c u i t s  are r equ i r ed  on a r o u t i n e  b a s i s  t o  meet t h e  i n -  
c r eas ing  workload brought about  by extended mission l i f e t i m e s  and h ighe r  
d a t a  ra te  t r a n s f e r  requirements  of t h e  f l i g h t  programs. It  a l s o  i s  
necessary  t o  ,augment t h e  normal network conf igu ra t ion  t o  suppor t  s p e c i a l  
mission needs such as t h e  Apollo Soyuz T e s t  P r o j e c t ,  Hel ios ,  and Viking 1975. 

The 'FY 1975 budget r e q u e s t  f o r  t h i s  o p e r a t i o n a l  area reflects an o v e r a l l  
reduct ion  Eroin I?Y 1974 due t o  the  completion of Skylab suppor t  i n  FY 1974. 
Funds reques ted  w i l l  be used f o r  t h e  procurement of communications c i r c u i t s  
and sezv ices  r equ i r ed  t o  ope ra t e  and maintain t h e  NASA communications n e t -  
work i i icluding t h e  va r ious  domestic and overseas  f a c i l i t i e s .  

Data Processing Operat ions 

Information rece ived  i n  t h e  form of  t r ack ing  and te lemet ry  d a t a  from space- 
c r a f t  must .De processed i n t o  a form t h a t  i s  u s e f u l  both t o  those  c o n t r o l l i n g  
t h e  o p e r a t i m s  and those  r e spons ib l e  f o r  ana lyz ing  t h e  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  acqui red  by t h e  spacec ra f t .  Support  must be given t o  a wide 
v a r i e t y  of programs which vary from t h e  s m a l l  Explorer  sa te l l i t es  t o  the  
l a r g e  i3nd complex So la r  and Astronomical Observa tor ies ,  and the  Appl ica t ions  
and Ear th  Itesources Technology S a t e l l i t e s .  

Tracking d a t a  are processed t o  provide o r b i t a l  elements which are used t o  
prepare  p r e d i c t i o n s  of  f u t u r e  s p a c e c r a f t  p o s i t i o n s  necessary  f o r  t h e  real 
t i m e  contro ' l  of a s p a c e c r a f t ,  passes  of  t h e  s p a c e c r a f t  over t he  s t a t i o n s ,  
and t o  pro.tr:idt: p r e c i s e  p o s i t i o n  information t h a t  can be used by t h e  s c i e n t i f i c  
experirnenters t o  determine where i n  the  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 he  
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 v a r i o u s  s c i e n t i f i c  experiments 
aboard the  s p a c e c r a f t ,  ( b )  conso l ida 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 
wi th  the  p o s i t i o n  d a t a  mentioned above. Processed d a t a  are the  primary 
product  of rhe  s p a c e c r a f t  missions,  and i t  i s  through r educ t ion  and analyses; 
o f  t hese  da ra  by t h e  experimenters  t h a t  a b e t t e r  understanding of e a r t h  and 
space i s  ac:hicwed. 

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 ,  inc luding  
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 red ic t ions .  S tud ie s  are a l s o  r equ i r ed  
t o  work out: o p e r a t i o n a l  methods and procedures  t o  be used during t h e  a c t u a l  
mission ope1:at:ions of t h e s e  complex spacec ra f t .  

The FY 1975 budget r eques t  i s  based upon t h e  requirement  t o  process  da t a  
from previousI.y launched sa te l l i t es ,  p l u s  a d d i t i o n a l  sa te l l i tes  t h a t  are  
schedul.ed t:o he launched during t h e  per iod.  The s c i e n t i f i c  requirements  
f o r  the  a c q u i s i t i o n  and process ing  of d a t a  from t h e  o l d e r  sa te l l i tes  are 
under c:onti.rtui.ng, review, and suppor t  has  been terminated o r  c u r t a i l e d  
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f o r  a number (of t hese ,  
support  of new : ;atell i tes , without  major i n c r e a s e s  i n  d a t a  processing 
c a p a b i l i t y .  

These support  r educ t ions  are making p o s s i b l e  the  

New s a t e l l i t e : ;  are d i c t a t i n g  some major changes i n  t h e  type of support  
provided,,  For in s t ance ,  t h e  Atmosphere Explorer  3 s p a c e c r a f t  launched i n  
December 1973 has  an o r b i t  change c a p a b i l i t y  which n e c e s s i t a t e s  r ea l  t i m e  
o r b i t  and a t t i t u d e  determinat ion.  This mode of ope ra t ion  r e q u i r e s  t h a t  
d a t a  from t h e  s t a t i o n s  be t r ansmi t t ed  t o  t h e  c o n t r o l  c e n t e r  a t  Goddard 
Space F l i g h t  Center and be fed d i r e c t l y  i n t o  in te rconnec ted  computers. 
Computations ilre made and s c i e n t i f i c  d a t a  are processed and placed i n  
computer memory ur i i ts  where they are used on a nea r  real  t i m e  b a s i s  f o r  
determining conmarids t o  be s e n t  t o  t h e  s p a c e c r a f t  and are a v a i l a b l e  t o  
s c i e n t i s t s  f o r  a n a l y s i s  w i th in  24 hours  a f t e r  i n i t i a l  d a t a  a c q u i s i t i o n .  

I n  FY l!973!, a major new image d a t a  process ing  f a c i l i t y  t o  support  Ear th  
Resource:; Tec:linology Sa te l l i t e s  w a s  p laced  i n  opera t ion .  This f a c i l i t y  
processes  t h e  l a r g e  q u a n t i t i e s  of  image d a t a  rece ived  from Ear th  Resources 
Techno 1 ogy S CL 1: e I. 1 i. t e s and provides pho tog r aph i c p r  oduc t s t o  t h e  p r i n c  i pa 1. 
i n v e s t i g a t o r s  f o r  a n a l y s i s .  The FY 1974 budget included funds fo r  t he  f i r s t  
f u l l  year’ of opc!ration f o r  thi.s f a c i l i t y .  The f a c i l i t y  w i l l  cont inue  through 
FY 1975 a t  approximately t h e  same l e v e l  of  e f f o r t  as t h e  c u r r e n t  y e a r .  

Systems Implementation 

The t r ack ing  and d a t a  systems implementation program suppor ts  t h e  NASA 
t r ack ing  and communications networks, c o n t r o l  c e n t e r s ,  d a t a  processing 
f a c i l i t i e s ,  and ae ronau t i c s  and sounding r o c k e t  ins t rumenta t ion .  The pro- 
gram provides  f o r  t h e  engineer ing ,  development and procurement of necessary  
equipment:, subsystems, and systems i n  response t o  t h e  requirements of t h e  
va r ious  authorizedl f l i g h t  missions and o t h e r  r e sea rch  p r o j e c t s .  It. a l s o  
inc ludes  the  funding necessary t o  provide f o r  documentation, tech2i.cal  
i n t e g r a t i o n  sc!rvices , acceptance t e s t i n g  services , i n i t i a l  spares  provis ion-  
ing ,  and where app l i cab le  i n i t i a l  computer program development. 

Funds are requi red  t o  malnta.in adequate  o p e r a t i o n a l  performance and re- 
l i a b i l i t y  of riet:woIrk systems by providing f o r  t he  replacement of Dbsolete 
and worn out  equipment, t h e  modi f ica t ion  and augmentation of e x i s t i n g  
systems t:o ma.j.nt.ain compat: ibi l i ty  wi th  changes i n  a s s o c i a t e d  on-board 
comunication.s:  systems, t h e  improvement of suppor t  u t i l i z a t i o n  and e f f i c i e n c y  
of network s y s t e m s ,  and the  p rov i s ion  of new c a p a b i l i t i e s  r equ i r ed  t o  support  
t he  ob jec.tive5: of s p e c i f i c  . f l i gh t  missions of approved programs, 

The FY 1975 program inc ludes  funds f o r  maintaining t h e  r ead iness  of t he  n e t -  
works t o  support  t he  l a r g e  on-going program, as w e l l  as implementation of 
new c a p a b i l i t i e s  r equ i r ed  €or  the  Viking, Mariner J u p i t e r / S a t u r n  1977,  Pioneer 
Venus, L a s e r  Cecdet ic  Spacecraf t  (LAGEOS), 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 ,  
and Ocean Dynzmics S a t e l l i t e  (SEASAT) missions.  I n  a d d i t i o n ,  funds a r e  
r equ i r ed  f o r  i n t e g r a t i o n  o f  t he  new Telemetry On-Line Processing !;ystem wi th  
e x i s t i n g  compL t e r  c a p a b i l i t i e s .  
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1973 1974 1975 

Spaceflight: t r ack ing  and 
d a t a  network.. ............... $20,970,000 $18,600,000 $25,600,000 

Deep space network.. ........... 11,100,000 11,500,000 12,000,000 
Aeronaut ics  arid sounding 

rocke t  support: ............... 3 , 330,000 2 , 700 , 000 3,300,000 
Communi. ca  t ions  ................. 2,400,000 2,300 , 000 3,200,000 ............... 3,900,000 Data process ing .  7 , 330,000 4,500,000 - 

T o t a l . . ,  ................... $45.130.000 $39.600.000 $48.000.000 

Spacefl.ig;ht Tracking and Data Network Systems Implementation 

During FY 19751 t h e  network w i l l  cont inue  t o  suppor t  approximately 35 t o  40 
spacecrafit on an, around-the-clock b a s i s ,  i nc lud ing  many ongoing missions wi th  
h ighly  complex support  requirements--such as t h e  Ear th  Resources 'Technolgy 
S a t e l l i t e  1, Atmosphere Explorer  3,  and Radio Astronomy Explorer  2.  I n  
a d d i t i o n  t o  suppor t ing  ongoing miss ions ,  t h e  network w i l l  a l s o  provide  sup- 
p o r t  t o  a number of new missions.  Among t h e s e  are t h e  Synchronous Meteoro- 
l o g i c a l  S a t e l l i t e s ,  Appl ica t ions  Technology Sa te l l i t e  F, Nimbus F ,  Geodetic 
Earth Orbiting; Sa t e l l i t e  C, Ear th  Resources Technology S a t e l l i t e  6, Orb i t ing  
So la r  Observatory I ,  Hawkeye Explorer ,  and t h e  S m a l l  Astronomy S a t e l l i t e  C. 

The Spacefli .ght Tracking and Data Network systemb implementation program 
encompasses t h e  procurement and implementation of systems and s e r v i c e s  
necessary  t o  s u s t a i n  t h e  network 's  cont inuing  c a p a b i l i t y  f o r  r e l i a b l e  sup- 
p o r 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  miss ions ,  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 mult i -purpose t r ack ing ,  
command, and d.ata a c q u i s i t i o n  suppor t  f o r  a l l  manned and unmanned e a r t h  
o r b i t a l  and synchronous miss ions ,  and t o  meet new program suppor t  r e q u i r e -  
ments f o r  new 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 .  

A cont inuing equipment mod i f i ca t ion  e f f o r t  i s  r equ i r ed  i n  FY 1975 t o  
maintain t h e  network 's  r equ i r ed  h igh  l e v e l  of  performance f o r  suppor t  of 
i t s  d i v e r s e  and demanding workload and t o  a s s u r e  t h e  q u a l i t y  and r e l i a b i l i t y  
of t h e  network.'s systems and subsystems. Accordingly,  funds are reques ted  
f o r  replacement of f a i l u r e - p r o n e  systems wi th  more r e l i a b l e  u n i t s ,  f o r  equip-  
ment modi f ica t 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 to 
be used i n  o p e r a t i o n a l  c o n t r o l  of the  network. Funds are a l s o  reques ted  f o r  
subsystems spa res ,  f o r  p rov i s ion  and mod i f i ca t ion  of test  equipment, and f o r  
minor equipment modi f ica t ions  r e s u l t i n g  from changes i n  suppor t  requirements  
from one mission t o  t h e  nex t .  

I n  a d d i t i o n ,  funds are reques ted  f o r  procurement of new laser t r ack ing  
systems t o  support  t h e  Ear th  and Ocean Phys ics  App l i ca t ions  program. These 
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systems w i l l  lie used f o r  p r e c i s i o n  t r ack ing  of  such s p a c e c r a f t  as t h e  Laser 
Geodynnmic :Sar:ellite (LAGEOS) , t h e  Geodetic Ea r th  Orb i t ing  S a t e l l i t e  C y  and 
l a t e r  Eor t h e  Ocean Dynamics S a t e l l i t e  (SEASAT) mission,  provid ing  b a s i c  
d a t a  which wi:L1 improve t h e  s c i e n t i s t ' s  understanding of motions of t he  
e a r t h ' s  c rus t : ,  t he  s t r u c t u r e  of  t h e  San Andreas F a u l t ,  t h e  c h a r a c t e r i s t i c s  
of t h e  oceiin su r face ,  and o the r  s c i e n t i f i c  o b j e c t i v e s .  

The Space Shut:tle w i l l  employ a new and more r e l i a b l e  vo ice  communications 
system f o r  space-to-ground conversa t ions .  It w i l l  be  necessary  t o  provide 
these  new systems i n  the  network t o  meet the  beginning of  t he  S h u t t l e  f l i gh t :  
tes t  schedu:le, Funds are  reques ted  i n  N 1975 f o r  t h e  development of pro to-  
types f o r  t hese  systems. 

Major: augnentat ions are  a l s o  planned f o r  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  Ex- 
p l o r e r  spacxxr 'aft .  A new c o n t r o l  c e n t e r  i s  being implemented t o  m e e t  t he  
operat ional .  requirements  of t he  mission. 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  Ex- 
p l o r e r  w i l l .  p l ace  a t e l e scope  s e n s i t i v e  t o  u l t r a v i o l e t  wavelengths i n  geo- 
synchronous, o r b i t  and ope ra t e  i t  much l i k e  a ground-based observatory.  This  
necessi . tate:s c.omplex and continuous support  from a s p e c i a l  purpose c o n t r o l  
c e n t e r  i n  o rde r  t o  proper ly  and s a f e l y  conduct t he  mission. Implementation 
of this: contp1e.x w a s  i n i t i a t e d  i n  FY 1974 and w i l l  be  e s s e n t i a l l y  completed 
i n  FY 1975. Other system augmentations inc lude  c o n t r o l  c e n t e r  modi f ica t ions  
t o  meet: fol low on requirements  of t h e  Atmosphere Explorer  D and Ear th  R e -  
sources  Techo logy  S a t e l l i t e  B missions.  

Deep Space Network Systems Implementation 

FY 1975 fcnds are reques ted  f o r  systems implementation i n  the  Deep Space 
Network t o  provide equipment and systems needed t o  maintain the  network 
c a p a b i l i t y  t o  support  t h e  va r ious  ongoing p l ane ta ry  f l i g h t  s p a c e c r a f t ,  and 
t o  provide needed augmentations t o  suppor t  approved forthcoming launches 
of a d d i t i o n a l  p l ane ta ry  f l i g h t  miss ions ,  

I n  o rde r  t o  support  ongoing missions such as Pioneer  10, t he  J u p i t e r  
encounter of Pioneer  11, and the  r e t u r n  encounter  w i t h  Mercury hy Mariner 
10,  network systems modi f ica t ions  and equipment replacements  w i l l  be  
necessary  t o  a s s u r e  un in te r rup ted  t r ack ing  and d a t a  communications. A s  a 
cont inua t ion  of previous time-phased implementations,  FY 1975 funds are 
reques ted  t o  complete implementation of systems f o r  t h e  Viking I975 mission 
and f o r  network adap ta t ion  f o r  t h e  two Hel ios  A and B missions.  Add i t iona l ly ,  
long l ead  t i m e  development w i l l  be i n i t i a t e d  t o  suppor t  t h e  dual. Mariner 
missions t o  J u p i t e r  and Sa turn  i n  1977 and t o  develop s p e c i a l  equipment 
r equ i r ed  f o r  support  of t he  1978 mult i -probe Pioneer  mission t o  Venus. 

Funds f o r  support  t o  ongoing missions are r e q u i r e d  t o  main ta in  network 
ope ra t iona l  i n t e g r i t y  and t o  achieve  increased  s t a t i o n  performance a t t e n d a n t  
t o  t h e  inore demanding and complex mission requirements  t y p i f i e d  by the  r ecen t  
success fu l  I?ioiieer 10 encounter of  J u p i t e r .  The t i m e  c r i t i ca l  support  demands 



of p l ane ta ry  missions d i c t a t e  an extremely h igh  l e v e l  of system r e l i a b i l i t y  
wi th  adequate backup equipment modules t o  a s s u r e  t h a t  un in t e r rup ted  support  
can be provided. 

The upcoming Viking mission involves  suppor t ing  four  s e p a r a t e  s p a c e c r a f t ,  
and i s  by f a r  t he  most comprehensive p l ane ta ry  mission planned t o  da t e .  Two 
missions,  each c o n s i s t i n g  of an o r b i t e r  s p a c e c r a f t  and a l ande r  capsule ,  
w i l l  be s e p a r a t e l y  launched during t h e  1975 Mars launch oppor tuni ty .  Af t e r  
reaching Mars, t he  two s p a c e c r a f t  w i l l  o r b i t  t h e  p l a n e t  t oge the r ,  and a t  
the  appropr i a t e  t i m e  w i l l  release the  two s o f t  l ande r s  f o r  descent  t o  the  
sur face .  'To t r ack ,  cortunand, and r e c e i v e  d a t a  from these  m u l t i p l e  spacecraft: ,  
ex t ens ive  augmentation of t he  communications l i n k s  between ground and space 
i s  requi red .  

Completion tof major systems implementation f o r  Viking mission support  i n  
FY 1975 inc ludes  procurement of both r a d i o  frequency and d a t a  systems t o  
a l low simultaneous r ece iv ing  and d a t a  handl ing of m u l t i 7 l e  te lemet ry  r a d i o  
channels o r i g i n a t i n g  from the  o r b i t e r s  and landers .  This equipment, i n  
a d d i t i o n  t o  r ece iv ing  and processing the  spacec ra f t  t ransmiss ions  a t  the  
p re sen t  S-band f requencies ,  w i l l  provide f o r  t he  r ecep t ion  of t r ack ing  d a t a  
a t  h igher  Erequencies (X-band) a t  a l l  64-meter s t a t i o n s .  The X-band 
c a p a b i l i t y  l3e:ing provided w i l l  a l s o  be used i n  the  systems needed t o  r ece ive  
t h e  t e  lemetry d a t a  channels from the  Mariner J u p i t e r / S a t u r n  1977 mission. 
use  of t he  X-band f o r  te lemet ry  d a t a  i s  r equ i r ed  f o r  t h i s  mission t o  a l low 
the  t r a n s f e r  110 e a r t h  of t he  real  t i m e  s c i ence  and imagery d a t a  from the  
spacec ra f t  while  a t  t h e  extreme d i s t ances  of J u p i t e r  and Sa turn  and t h e i r  
moons. Col-Lecting and handl ing t h i s  d a t a  a t  t h e  s ta t im and t r a n s f e r r i n g  
i t  t o  the  mission c o n t r o l  cen te r  r e q u i r e s  t h e  development of te lemet ry  d a t a  
handl ing equipment capable  of processing the  very  h igh  rates which the  new 
X-band r a d i o  ].ink performance provides .  

'I'he 

Programmi.ng the  more complex on-board computers on the  Mariner J u p i t e r /  
Saturn s p a c e c r a f t  by r a d i o  s i g n a l s  from e a r t h  w i l l  r e s u l t  a l s o  i n  t h e  need 
t o  inc rease  the  c a p a b i l i t i e s  of t he  network up l ink  system. 
f o r e ,  to i n i t i a t e  i n  FY 1975 t h e  development of a new high  rate command 
processor  syst:em t o  perform t h i s  func t ion .  I n  a d d i t i o n ,  t he  Mariner 
Jupi te r /Sa t .urn  mission,  which i s  planned t o  perform c l o s e  p r e c i s i o n  f lyby  of 
t he  moons of t.he p l a n e t s ,  fo rces  an inc rease  i n  ground system naviga t ion  
accurac:y c a p a b i l i t i e s .  
ment and using, new techniques t o  measure the  s p a c e c r a f t  v e l o c i t y  from two 
t rack ing  s t a t i o n s  s imultaneously.  

It i s  planned, t:here 

This w i l l  be accomplished by adding s p e c i a l  equip- 

It  w i l l  al.sa1 be necessary  t o  i n i t i a t e  i n  FY 1975 t h e  implementation of 
s p e c i a l  t a p e  recorders  f o r  support  o f  t h e  mult i -probe Pioneer  Venus mission 
t o  a l low recovery of t h e  te lemet ry  d a t a  rece ived  and recorded during the  
tu rbu len t  probe atmospheric e n t r y  phases. Reception of r a d i o  t ransmission 
during t h i s  per iod  w i l l  be  severe ly  d i s t o r t e d  and w i l l  r e q u i r e  s p e c i a l  pro- 
cess ing  t o  ob ta in  t h e  s c i e n t i f i c  da t a .  This equipment, e s s e n t i a l  f o r  t he  
Pioneer Venus mission,  w i l l  a l s o  improve t h e  q u a l i t y  of d a t a  recovered from 
o the r  missions.  
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-- Aeronaut ics  and Sounding Rocket Support  Implementation 

Various f ixed  and mobile ground systems are used t o  provide  ins t rumenta t ion  
suppor t  o f  soimding rocke t s  and r e - e n t r y  v e h i c l e s  launched from Wallops S t a t i o n  
and o t h e r  lo(:istfons , and f o r  a e r o n a u t i c a l  f l i g h t  r e sea rch  p r o j e c t s  conducted 
under F l i g h t  Research Center and Langley Research Center programs. 

To provide proper  ins t rumenta t ion  suppor t  respons ive  t o  u s e r ' s  requirements 
f o r  r e sea rch  tes ts  conducted a t  Wallops S t a t i o n  and a t  va r ious  remote s i tes ,  
replacement of cons t an t ly  used components and spa re  p a r t s  must be provided 
as w e l l  as non-recoverable hardware such as onboard antennas and t ransponders  
f o r  instal1at::ion on the  rocke t s .  To meet s p e c i f i c  test  requirements ,  modi- 
f i c a t i o n  and augmentation of s e l e c t e d  te lemet ry ,  communications, command, and 
d a t a  handl ing  syst.ems i s  requi red .  I n  a d d i t i o n ,  mobile r a d a r  and te lemet ry  
equipment: wi1.1. be r e fu rb i shed  and updated t o  meet the  requirements  of  t h e  
Western t[emis;phere Meridional Network P r o j e c t ,  a j o i n t  Argent ine-Brazi l -  
United St:ates: e f f o r t  implementing a IJS/USSR agreement i n  t h e  f i e l d  of 
meteorology. 

The F l i g h t  Research Cen te r ' s  Aerodynamic T e s t  Range c o n s i s t s  of s t a t i o n s  
a t  Edwards, C:ali.fornia, and Ely,  Nevada, which suppor t  va r ious  a i r c r a f t  
and l i f t i n g  bsody p r o j e c t s  such as the  F-111, F-104, X-24BY YF-12, F-8 
and F-15. FY 1975 funds are r equ i r ed  t o  provide  f o r  t h e  modi f ica t ion ,  
replaceme.nt and updat ing of equipment a t  t h e  s t a t i o n s  t o  m e e t  t h e  r e q u i r e -  
ments of t h e  f l i g h t  p r o j e c t s .  

Communications Systems Implementation 

Funds reques ted  f o r  communications equipment are u t i l i z e d  f o r  t h e  procure-  
ment of equipment f o r  t h e  NASA communications network t o  meet new program 
suppor t  requirem.ents f o r  s t a n d a r d i z a t i o n  of suppor t  c a p a b i l i t y ,  t o  i nc rease  
t h e  e f f i c i ency  and e f f e c t i v e n e s s  of t h e  network, and t o  s u s t a i n  i t  a t  a h igh  
degree of r e l i a b i l i t y .  

During FY 1975 t h e  communications l i n k s  t o  t h e  Deep Space Network s t a t i o n s  
w i l l  be upgraded t o  handle  d a t a  t r a n s f e r  rates of 7,200 b i t s  per  second f o r  
p l ane ta ry  mission support .  Curren t ly ,  t h e  communications c a p a b i l i t y  i s  
4,800 b i t s  per  second. Equipment us ing  new technologica l  developments t o  
inc rease  d a t a  t r a n s f e r  speeds wi th  no i n c r e a s e  i n  t h e  s i z e  of t h e  communi- 
c a t i o n s  l i n k  w i l l  b e  procured f o r  t h i s  purpose. 

Equipment w i l l  a l s o  be purchased t o  s u s t a i n  t h e  ope ra t ing  e f f i c i e n c y  of t h e  
communications network. In  FY 1975 t h i s  program inc ludes  modifying t h e  wide- 
band switching s y s t e m  t o  permi t  t h e  t r a n s f e r  of a complete send o r  r e c e i v e  
command by means of a s i n g l e  command r a t h e r  than by several s e p a r a t e  commands; 
modifying switching system communication te rmina ls  t o  a l low f o r  simultaneous 
opera t ion  of a l l  e i g h t  ou tputs  of d a t a  from t h e  t e rmina l s ;  t h e  replacement 
of  t h e  patchcord f i e l d  f o r  d a t a  swi tch ing  wi th  a semiautomatic c i r c u i t  switch 
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t o  permit  r a p i d  and r e l i a b l e  swi tch ing  of c i r c u i t s  when i n  a d a t a  mode; 
and t h e  procurernent of va r ious  types of d a t a  t ransmiss ion ,  test ,  and 
monitor ing equipment t o  see t h a t  d a t a  c i r c u i t s  are maintained wi th in  t h e i r  
p re sc r ibed  s t imdards ,  thus ensur ing  cont inued system r e l i a b i l i t y .  

Data Process ing  Systems Implementation 

I n  FY 1975 Eurids are reques ted  t o  b r i n g  t h e  new Telemetry On-Line Processing 
S t a t i o n  (TELOI'S) i n t o  o p e r a t i o n a l  r ead iness .  This  a c t i v i t y  inc ludes  some 
r a p i d  access  rneniory augmentation f o r  t h e  e x i s t i n g  Univac 1108 d a t a  process ing  
system arid i n i - t i a l  i n t e g r a t i o n  of t h e  two systems. I n  a d d i t i o n ,  funds are 
reques ted  t o  coniplete t he  purchase of t ape  r e c o r d e r s  which u n t i l  FY 1974 had 
been l eased .  These r eco rde r s  were o r i g i n a l l y  l ea sed  u n t i l  they had been 
o p e r a t i o n a l l y  t e s t e d  and a de termina t ion  made as t o  t h e i r  s u i t a b i l i t y  f o r  
the  d a t a  procxssing a p p l i c a t i o n .  These are n i n e  t r a c k ,  h igh  d e n s i t y  tape  
r eco rde r s  as r equ i r ed  f o r  c o m p a t i b i l i t y  w i th  modern computers and t h e  
American Standard Code f o r  Information In te rchange .  
w e r e  purc:hasecl i n  FY 1974 and t h e  ba lance  i s  sought  i n  FY 1975. 

Some of t h e s e  r eco rde r s  

I n  addi. t ion,  funds are r e q u i r e d  t o  main ta in  and improve t h e  e x i s t i n g  d a t a  
process ing  s y s t e m s  which are opera ted  18 hours  pe r  day. Typical  of t hese  
a c t i v i t i e s  a r e :  
r e q u i r e  h igh  ntaintenance and (2) t h e  a d d i t i o n  of " f r o n t  end" process ing  
equipment t o  a l l e v i a t e  the  inpu t /ou tpu t  load  of  t h e  l a r g e  high speed computing 
sys  t e m s .  

(1) t h e  replacement of  d a t a  cells  and d i s p l a y  systems which 

The requirements  of 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  mission w i l l  
n e c e s s i t a t e  augmentation of d i s p l a y  c a p a b i l i t y  t o  t h e  d a t a  r educ t ion  computer, 
This augmentation w i l l  a l s o  be i n i t i a t e d  i n  FY 1975. 

Supporting Research and Technology 

The o b j e c t i v e  of t h e  Supporting Research and Technology (SRT) program 
i s  t o  conduct s t u d i e s  and developments of t r ack ing  and d a t a  a c q u i s i t i o n  systems 
and techniques r equ i r ed  (1) t o  provide  new and improved network and d a t a  pro-  
ces s ing  c a p a b i l i t i e s  t o  meet t h e  needs of  approved missions and new starts;  
and (2) t o  improve t h e  c o s t - e f f e c t i v e n e s s  and r e l i a b i l i t y  of t h e  o v e r a l l  t r ack ing  
and d a t a  a c q u i s i t i o n  suppor t  f o r  t h e  t o t a l  mix of NASA f l i g h t  missions.  
e f f o r t  inc ludes  s p a c e c r a f t  and ground system t r a d e - o f f  s t u d i e s  aimed a t  
opt imizing space-to-ground telecommunications l i n k s .  The program f o r  FY 
1975 i s  comprised of a c t i v i t i e s  i n  fou r  b a s i c  areas which a r e  descr ibed  on 
t h e  fol lowing page. 

This 
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1975 - 1974 - 1973 - 
Tracking, o r b i t  de te rmina t ion  

and ground-based naviga t ion . .  $2,430,000 $2,490,000 $2,140,000 
Spacecraf’t /ground communi- 

ca t ions  , t e lemet ry  and 
command.. .................... 2 , 860,000 3,360,000 3,190,000 

ope ra t ions  technology. ....... 1 , 720,000 1,590,000 1,840 , 000 
Data handl ing  and process ing .  .. 1 , 490,000 1 , 760,000 2 , 030,000 

Network c o n t r o l  and 

Tota l . . . . . . . . . . . . . . . . . . . . . .  $8.500.000 $9.200.000 $9.200.000 

--- Tracking,  O r b i t  Determination, and Ground Based N a v i g a t G  

Developments isnd improvements i n  network t r a c k i n g  c a p a b i l i t i e s  and measure- 
ment techniques w i l l  be cont inued t o  m e e t  t he  t r ack ing  and g rounkbased  nav:i.- 
g a t i o n  needs (of f u t u r e  missions.  The p l a n e t a r y  o r b i t e r s  and l ande r s ,  and 
the  o u t e r  p l a n e t s  missions inc lud ing  t h e  g r a v i t y - a s s i s t e d  swingby missions 
a l l  impose new and extremely a c c u r a t e  t r ack ing  requirements .  S tud ie s  w i l l  
be mads of  the :influence of s o l a r  corona and p l a n e t a r y  atmospheres on t r a c k -  
ing  measurement:;. New t r ack ing  techniques w i l l  be explored,  inc luding  t h e  
use  of two widely-spaced s t a t i o n s  employing very  long b a s e l i n e  in t e r f e romet ry  
(VLBI); th:i,s i s  r a d i o  frequency adap ta t ion  of  a h igh ly  accu ra t e  o p t i c a l  
measurement: technique.  High doppler  ra te  missions such as t h e  J u p i t e r  f lybys  
and o r b i t e r s  r e q u i r e  s p e c i a l  developments f o r  ground t r a n s m i t t e r  frequency 
c o n t r o l .  The geodesy, e a r t h  and ocean phys ics  programs r e q u i r e  s i g n i f i c a n t  
improvement::; Ln t r ack ing  accuracy along wi th  inc reas ing  requirements  f o r  
s p a c e c r a f t  i l t t i t u d e  and f l i g h t  c o n t r o l .  Improved accurac i e s  w i l l  be achieved 
by development: of instruments  and techniques i n  areas such as laser t r ack ing ,  
atomic frequency t iming s tandards  , and mathematical  modeling f o r  mission 
s imula t ion ,  

2’ “J L- ac:e-,to-Ground Communications , Telemetry and Command 

Network telecommunication techniques w i l l  cont inue  t o  be developed i n  FY 
1975 i n  ord!c!r t o  m e e t  f u t u r e  mission needs and t o  provide  suppor t  i n  an 
economical and! r e l i a b l e  manner. Data rates of over 100,000 b i t s  per  second 
from Jupi te r . ,  approximately 500 m i l l i o n  miles away, as w e l l  as h igh  ra te  
communication t o  t h e  r eg ion  of Sa turn  and Uranus, where d i s t a n c e  i s  measured 
i n  b i l l i o n s  of m i l e s ,  n e c e s s i t a t e  f u r t h e r  development of microwave system 
technology for r a d i o  f requencies  n e a r l y  four  t i m e s  h ighe r  than now used. 
Larger a p e r t u r e  antennas wi th  extremely accu ra t e  c o n t r o l  systems w i l l  be 
explored.  S tud ie s  f o r  improvements i n  the  64-meter antennas‘  performance 
w i l l  include the  assessment of techniques f o r  microwave antenna c a l i b r a t i o n  
a t  t hese  h ighe r  f requencies ,  and measurements of  performance degrada t ion  
caused by t h e  e f f e c t s  of weather.  Downlink ope ra t ing  exper ience  from plane-  
t a r y  r ada r  using these  hi.gher microwave f requencies  w i l l  a i d  development 
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e f f o r t  while c o l l e c t i n g  d a t a  f o r  f u t u r e  mission planning.  Work w i l l  cont inue  
on s p e c i a l  t e lemet ry  r ece iv ing  systems f o r  miss ions  which w i l l  probe t h e  
p l ane ta ry  atmospheres. For e a r t h  o r b i t a l  mission suppor t ,  improved te lemet ry  
c a p a b i l i t i e s  a r e  r equ i r ed  t o  handle  d a t a  rates of 100 t o  250 m i l l i o n  b i t s  pe r  
second and h igher .  These rates are a s s o c i a t e d  wi th  t h e  h igh  r e s o l u t i o n  
imaging data. from e a r t h  observa t ion  s p a c e c r a f t .  

Development of s o l i d - s t a t e  t r a n s m i t t e r  components and a common usage space- 
c r a f t  t ransponder  w i l l  be done t o  achieve  c o m p a t i b i l i t y  w i th  t h e  S p a c e f l i g h t  
Tracking and Data Network and wi th  a Tracking and Data Relay S a t e l l i t e .  
S tud ie s  f o r  op t imiza t ion  i n  t h e  des ign  of telecommunications l i n k s  w i l l  be 
made t o  provide  c o s t  t r a d e - o f f s  among f u t u r e  s p a c e c r a f t  and ground terminals . ,  

Network Cont ro l  and Opera t ions  Technology 

E f f o r t  w i l l  cont inue  on techniques f o r  c e n t r a l i z e d  c o n t r o l  and monitoring 
of t r ack ing  and d a t a  a c q u i s i t i o n  suppor t  ope ra t ions ,  both a t  t h e  s t a t i o n s  
and network c o n t r o l  c e n t e r s .  
i n  t h e  u t i l i z a t i o n  of t h e  o v e r a l l  network system. Fea tu res  f o r  automated 
monitor ing and c o n t r o l  w i l l  be examined and developed f o r  t hose  a p p l i c a t i o n s  
which a r e  determined t o  be c o s t - e f f e c t i v e  and necessary  t o  m e e t  real  t i m e  
ope ra t ions  requirements .  For example, t h e  u s e  of stand-aloneminicomputers 
f o r  f u n c t i o n a l  c o n t r o l  of s t a t i o n  subsystems h a s  proven t o  be an economical 
way t o  reduce the  number of ope ra to r s  needed and t o  reduce t h e  t i m e  r equ i r ed  
for  s t a t i o n  c a l i b r a t i o n  and maintenance, thereby  improving t h e  miss ion- to-  
mission turnaround time, i.e.,  t h e  t i m e  a s t a t i o n  t akes  t o  be set up and 
checked ou t  f o r  con tac t  wi th  the  nex t  s p a c e c r a f t  on schedule .  I n  FY 1975 
t h i s  e f f o r t  w i l l  i nc lude  automation of network c o n t r o l  c e n t e r  func t ions  
i n  both t h e  Deep Space Network and t h e  S p a c e f l i g h t  Tracking and Data Network. 
The la t te r  i s  planned p r imar i ly  t o  m e e t  i nc reas ing  requirements  f o r  c o n t r o l  
of t h e  mission and experiments i n  an o n - l i n e  i n t e r a c t i v e  mode. 

The a i m  i s  improved e f f i c i e n c y  and e f f e c t i v e n e s s  

Data Handling and Process ing  

A very important  area of Support ing Research and Technology s t u d i e s  and 
development i n  FY 1975 i s  r e l a t e d  t o  d a t a  handl ing  and process ing  systems 
where new techniques are necessary  t o  m e e t  requirements  of real t i m e  
mission c o n t r o l  and u s e r - i n t e r a c t i v e  informat ion  systems. S tud ie s  w i l l  be 
concerned p a r t i c u l a r l y  wi th  t h e  problems of  h i g h - r a t e ,  o n - l i n e  d a t a  handl ing ,  
s to rage ,  a n d  r e t r i e v a l ;  and a l s o  wi th  techniques and systems f o r  a f u l l y  
d i g i t a l  approach t o  handl ing  and process ing  of imaging d a t a  from e a r t h  ob- 
s e r v a t i o n  satell i tes.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF INDETRY AFFAIRS AND 
TECHNOLOGY-UTILIZATION TECHNOLOGY UTILIZATION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1975 - 1974 - 1973 - 
Publication and 
Technology appl 
Program cont:rol 

Total. .... ,, .. 

dissemination.. ..... $1,600,000 $1,985,000 $2,900,000 
cations............. 1,790,000 1,845,000 2,000,000 
and evaluation...... 610,000 670,000 - 600,000 
.................... $4.000.000 $4.500.000 $5,500,000 

Distribution -- of Program Amount by Installation: 

NASA Headquarters.. ............. $4,000,000 $4,500,000 $5,500,000 

HIGHLIGHTS OF BUDGET PLAN 

1975 - 1974 - 1973 - 
Pub 1 icat i.on a& Dis s emina t ion 

Stimulate the reporting of new 
technology throu.gh publication of 
Tech Briefs, and other media; pro- 
mote the transfer of aerospace tech- 
nology to both public and private 
users through a network of Regional 
Dissemination and Technology Appli- 
cation Teams and active relations 
with Federal, state and local organ- 
izations............................ $1,600,000 $1,985,000 $2,900,000 

Technology Appgzations 

Modification, reengineering, and de- 
monstration oE existing NASA technol- 
ogies and capabilities directed toward 
the solution of  public sector problems 
identified by iiser organizations at 
the Federal, state, and local levels 
via Technology Applications Teams. 
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1973 - 1974 - 1975 - 
Applications projects are designed 
to achieve maximum utilization of 
NASA's investment in capability and 
hardware through minimum adaptation 
necessary to meet performance speci- 
fications provided by user organiza- 
tions (e.g., medical institutions, 
etc,) ; hardware prototypes which 
result are than made available for 
field testing or clinical evaluation 
by the user, and also serve as 
demonstration models to stimulate 
industrial cormnercialization.. , . . . . . $1,790,000 $1,845,000 $2,000,000 

Program Control and Evaluation 

Analysi.s, i.niprovement and imple- 
mentation of t:ra.nsfer methods; case 
studies of tec.hn.ology transfer and 
assessment of economic benefits of 
aerospace technology; and general 
control and support of all Tech- 
nology Utilization Program 
functions........................... 610,000 670,000 600,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1975 ESTIMATES 

OFFICE OF IIgJSTRY AFFAIRS AND 
TECHNOLW'Y 1JTILIZATION ---- TECHNOLOGY UTILIZATION PROGRAM 

PROGRAM OBJXXCIVES AND JUSTIFICATION 

The Technology Utilization program transfers the new knowledge and 
innovative technology resulting from NASA's aeronautical and space research 
and development program for applications in industry, medicine, and such 
publicly in~portant areas as transportation, urban development, environmental. 
protection,, arid safety. 
nautical and space developed technology via the Technology Utilization 
program provides an additional return to the public on its investment in 
NASA's research and development efforts. 

Developing multiple uses of the nation's aero- 

The primary objectives of the NASA Technology Utilization program are: 
(1) to increase the return on the national investment in aerospace research 
and development by encouraging additional uses of the knowledge gained in 
those programs; (2) to shorten the time gap between the discovery of new 
knowledge and its effective wide-spread use; (3) to move new knowledge 
across industry, disciplinary, and geographical boundaries; and ( 4 )  to 
develop better means of transferring technology from its points of origin 
to its points of potential use. 

In FY 1975, the NASA Technology Utilization program will move toward a 
strengthening (of its dissemination and problem-solving activities by 
developing a closer coupling between prospective users of NASA technology, 
in both private and public sectors, and the generators of this technology. 
An experimental program will be initiated in FY 1975 to consolidate the 
technology itraiisfer functions of an established Regional Dissemination 
Center with those of an existing Technology Applications Team to b6tmr 
serve the te~:hnological needs of a defined region. The management of this 
Regional Applications Center (RAC) will be delegated to a NASA field center 
in order to inoice effectively couple regional technological needs directly 
to sources O E  aerospace technology. Consolidation of these NASA dissemina- 
tion and problem-solving functions and the concomitant development of closer 
liaison with the NASA installations are expected to strengthen and improve 
NASA's technology dissemination and transfer efforts. 

NASA will evaluate the Regional Applications Center experiment and consider 
expansion of the RAC concept in future years. Such expansion and consolida- 
tion would, of course, be based on the NASA Regional Dissemination Center 
and Application Team activities which currently exist. 
tive of this experiment would be the creation of a viable national network 

The ultimate objec- 
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for technology transfer to serve regional as well as national technological 
needs in fut:ure years. This experiment, which is based on NASA's ten years 
of experience i.n technology transfer, will be designed to respond to the 
changing user environment and optimize the effective use of emergency aero- 
space technologies. 

SUMMARY OF RESOURCES REQUIREMENTS --- 
197 5 - 1974 - 1973 - 

Publication and dissemination.. . . . $1,600,000 $1,985,000 $2,900,000 
Technology Applicatians. .......... 1,790,000 1,645,000 2,000,000 

600,000 Program control and evaluation.... 610,000 670,000 - 
Total........................... S4.000.000 $4.  500.000 $5.500.000 

BASIS OF FUND REQUIREMENTS: 

Publication and Dissemination 

Pub 1 ic a t a  

Pursuant 1-0 Section 305(b) of the National Aeronautics and Space Act 
1958, Techno:logy Utilization Officers at all NASA installations identify 
new technology developed by NASA and its contractors which has potential 
utility for iionaerospace application and use. 
in such divei~se fields as materials research, communications, bioengineering 
and mantifact:uri.ng - are evaluated and published in NASA Tech Briefs, com- 
pilatioris , hanilbooks and other dissemination media. During FY 1975, addi- 
tional emphasis will be directed toward developing working relationships 
with industry-supported publication activities and direction of published 
technology t:o specific potential users. 

New advances so identified - 

Disseminatiork 

During FY 1975, NASA will strive to increase dissemination program 
effectivity by conducting an experiment to integrate the functions of an 
existing Technology Applications Team and a Regional Dissemination Center 
to better serve the technological needs, both public and private, which 
exist in a defined region. The Regional Applications Center (RAC) to 
evolve from this experiment, will be further strengthened by providing a 
direct tie-in to a NASA field installation. Delegation of RAC management 
responsibility to a NASA field center will provide greater access to sources 
of technology and problem-solving capabilities and will thus facilitate the 
transfer of aerospace technology to regional problems. 
ful, NASA would consider consolidation of other existing Regional Dissemina- 
tion Centers and Application Teams, and expand the RAC concept in future 
years to ultimately create a viable national network of Regional Application 
Centers directed at broader technology transfer goals and objectives. It 
is believed that the RAC network, through increased capabilities, improved 

If proven success- 
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services, dedication to regional needs, and an interactive network of 
centers on a national scale, would eventually be viewed by user organiza- 
tions with increased value, thus encouraging a high probability for non- 
NASA public and private support for services rendered to the respective 
regional user comunities. 

Based on experience gained in the dissemination program, limited experi- 
mental efforts will also be udertaken in FY 1975 to direct public awareness 
to: 
the advantages of technology transfer to small businesses, particularly 
small minority firms; and, the application of technology to 1oc:al public 
sector pro'blems. 

NASA's patent policies as an aid to technology transfer stimulation; 

Technology Applications 

The technology applications effort is specifically directed toward the 
solution of public sector problems which have been identified and authen- 
ticated by Jser organizations at the Federal, state and local levels. The 
identi.Eicatioii and coordination of specific problems will be accomplished 
by existing NASA Technology Application Teams, the experimental Regional 
Application Center, and the NASA Headquarters Technology Utilization Off ice 
where appropriiate. 

Applications projects, selected on a priority basis will be sponsored to 
adapt, modify,, or otherwise reengineer existing NASA technology to demonstrate 
applicability to identified public sector problems. Technology applications 
projects art? designed to achieve maximum utilization of NASA's investment 
in capability and hardware through minimum adaptation necessary to meet 
performance requirements specified by Federal, state or local user organi- 
zations. These projects result in the development of hardware prototypes 
which are made available for field testing or clinical evaluation by the 
user. In addition, such prototypes are used as demonstration models to 
stimulate industrial manufacture and comnercialization. All candidate 
projects are fully coordinated with appropriate user agencies and groups, 
and efforts are made to insure concomitant industrial participation as well 
as user agency support during project development and implementation phases 
where appropriate. 

Program Control and Evaluation 

Program evaluation studies will be continued to determine effectiveness 
of selected TU projects. Included will be studies related to the tech- 
nology transfer process itself, requiring the documentation of both aggre- 
gated and discrete cases of transfer. Results of these studies more 
precisely determine the impact and effect of such factors as time lag, 
technology characteristics, industrial structure, etc. on the transfer 
process. Docuinentation of instances of transfer will be constructed so as 
to augment i2nd increase the public understanding of technology transfer 
activities. 
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Other studies to analyze and document impacts and benefits oE NASA R&D 
programs will be conducted through close liaison with other NASA program 
and staff cffices. These will include both impacts on technology in current 
industrial practice, as well as the implications of aerospace technology on 
increased national capabilities stated in terms of productivity and economic 
growth and change. Such efforts will include development of exhibit 
materials, conference coordination, and development of material for use by 
the communications media. 
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