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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

- GENERAL STATEMENT 
-- 

The N a t i O T l i i l  Aeronaut ics  and Space Adminis t ra t ion ,  e s t a b l i s h e d  Octcrlber 1, 
1958, conducts space and a e r o n a u t i c a l  act ivi t ies  f o r  peacefu l  purposes f o r  
t h e  b e n e f i t  of a l l  mankind. These act ivi t ies  c o n t r i b u t e  m a t e r i a l l y  1 o : 
t he  expansion of human knowledge of t he  atmosphere and space ;  t h e  improve- 
ment anti usc~~Eultness of a e r o n a u t i c a l  and space v e h i c l e s  ; t h e  development 
and ope ra t ion  of space v e h i c l e s ;  t h e  p re se rva t ion  of United S t a t e s  1e:ader- 
s h i p  i n  ae ronau t i c s  and space technology and u t i l i z a t i o n ;  t h e  dissemknation 
of p e r t i n e n t  information gained i n  t h e  program to  c i v i l  and m i l i t a r y  
agencies  ; t h e  cooperat ion wi th  o t h e r  na t ions  i n  ae ronau t i c s  and space! 
a c t i v i t y  pumucint t o  peacefu l  i n t e r e s t s ;  and t h e  e f f e c t i v e  u t i l i z a t i o n  of 
s c i e n t i f i c  wid engineer ing  t a l en t s  and f a c i l i t i e s  of t h e  na t ion .  

Appropriat ions t o t a l i n g  $3,271,350,000 are requested i n  N 1972 t o  support  
c u r r e n t  and !proposed programs. 

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  
ca r ry  forwaicd t h e  prime des ign ,  development, and f a b r i c a t i o n  ef f o r e  of t h e  
major hardware elements involved i n  the  NASA programs. Other el.emenit:s of the 
programs wi:LL cont inue t o  be pursued w i t h i n  NASA i n s t a l l a t i o n s ,  o t h e r  Govern  
ment agencies ,  u n i v e r s i t i e s ,  and r e sea rch  c o n t r a c t o r s .  The major e h m e n t s  
of t h e  lprogicamc3 may be summarized i n  t h e  fol lowing ca t egor i e s :  

MANNED SPACE FLIGHT: A program f o r  t h e  continued development and (lemon- 
s t r a t i o n  o f  a c a p a b i l i t y  f o r  manned space ope ra t ions  and explciration; t o  
main ta in  progress  i n  manned space  f l i g h t  as t h e  program evolves from an 
emphasis on lunar  exp lo ra t ion  t o  a focus on e a r t h  o r b i t  missions t h a t  
produce d i r e c t  and p r a c t i c a l  b e n e f i t s  f o r  man; to  proceed toward the  
development (of a space s h u t t l e ,  a low-cost space t r a n s p o r t a t i o n  sy:iitem 
t h a t  T w i l l  a l low man t o  journey i n t o  space r o u t i n e l y  and economicalty;  t o  
s tudy spalce s t a t i o n  and experiment f a c i l i t i e s  f o r  use  i n  near  eartli 
o r b i t ;  and t o  provide information requi red  f o r  f u t u r e  d e c i s i o n s  con- 
cern ing  foll lw-on space programs. 

---- 

SPACE SCIENCE AND APPLICATIONS: A program of unmanned space f l i g h t  involv- 
ing:  (1) s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  e a r t h ,  s o l a r  systems, stars, and 
space environment; p l ane ta ry  and i n t e r p l a n e t a r y  i n v e s t i g a t i o n s  ; and expe r i -  
ments on the  e f f e c t s  of t he  space environment on l i v i n g  organisms; and (2) 

---- 

SUM 1 



t he  use of space and of space technology f o r  t h e  d i r e c t  b e n e f i t  of mankind 
i n  areas s8uch as meteorology, communications, naviga t ion ,  t r a f f i c  c o n t r o l ,  
geodesy, arid e a r t h  resources .  

ADVANCED RXSEARCH AND TECHNOLOGY: 
search and-technology base f o r  f u t u r e  space and ae ronau t i c s  missions.  

A cont inuing program t o  provide t h e  re- 
Space 

Research airid Technology a c t i v i t y  provides t h e  technology requirements f o r  
spacecraf t .  and launch v e h i c l e  systems and inc ludes  e f f o r t s  i n  such areas as 
materials, s t : ruc tures ,  guidance, c o n t r o l ,  and information systems. 

Aeronautic:al Research and Technology provides  t h e  technology base f o r  develop- 
ment and Fwoduction of both c i v i l  and m i l i t a r y  a i r c r a f t .  The program inc ludes  
research  CIIL aerodynamics loads  and s t r u c t u r e s ,  p ropuls ion ,  f l i g h t  dynamics, 
guidance, and c o n t r o l  as r e l a t e d  to a i r c r a f t  requirements.  Aeronaut ical  
research  ELI.SCI emphasizes technology support  f o r  a i r c r a f t  t r a n s p o r t a t i o n  systems 
and inc ludes  i n i t i a t i o n  of des ign  and development of an experimental  STOL 
t r a n s p o r t  research  a i r c r a f t .  

Nuclear Power and Propuls ion a c t i v i t i e s  provide t h e  technology base f o r  use 
of nuc:lear energy t o  meet space mission requirements f o r  propulsiori and 
e l e c t r i c  ptwwer. Spec i f i c  e f f o r t s  inc lude  development of an advanced r e a c t o r  
and i so tope  energy conversion systems, improvement t o  e f f i c i e n c i e s  and l i f e  
t i m e  of ctorrtmt power conversion systems, and development work on clssential. 
long-:Lead time components of a nuclear  propuls ion system. 

---- TRACKING AND DATA ACQUISITION: 
d a t a  acquiii3il:ion support  requi red  by the  NASA manned and unmanned stpace 

A program f o r  providing t h e  t r ack ing  and 

f l i g h t  programs through maintenance and opera t ion  of t he  NASA worldwide 
networks. 

---- TECHNOLOGY UTILIZATION: 
avai labi1: t ty  of s c i e n t i f i c ,  t echnologica l ,  and engineer ing information and 
concepts which flow from NASA's work. 

A program t h a t  provides  f o r  t h e  expedi t ious  publ ic  

Deta i led  j u s t i f i c a t i o n s  of t h e  FY 1972 budget estimate f o r  the to t ed  pro- 
grams of $3,:27:1,350,000 are provided i n  t h e  fol lowing t h r e e  volumes: 

I1 Research and Development 
I11 Ccmsftruction of F a c i l i t i e s  
I V  Re:3earch and Program Management 

$2,517 ,700 ,,,OOO 

697,350 ,E 
561,300 ,,OOO 

$3,271., 350 .- ,, 000 --- TOTAL 

SUM 2 
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P NASA INSTALLATIONS 

Nuclear Rocket Development Station 
Jackass Flats, Nev .  

DTOOK 3LdLlUII * Ames Research Center 
Moffett Field, Calif  ewis Research Center 

Cleveland Ohio 

Kennedy Space Center Electronics Research Center 
Cambridge Mass (CLOSED Western Test  Range, Lompoc. Calif 

6 / 3 0 / 1 0 )  
Goddard Space Flight Center 

Wallops Station 

SA Headquarters 

Flight Research Cent Greenbelt M d  

Edwards, Calif 

Wal lops Island V a  Jet Propulslon Laboratory 
Pasadena, Calif 

White Sands Test Facility 
Washington D C 

Las Cruces,  N Mex .  Langley Research Center 
Hampton V a  

Houston, Texas  Space Center 
Cape Kennedy. Fla I \\-- Marshall Space Flight Center 

/ 
Slidell Computer Facility 

Slidell, La. 
I 

Huntsville. Ala.  \ Michoud Assembly Facility 
N e w  Orleans, La. ississi pp j T p C f  F 2 c I1 Ity 

Bay St. Louis. Miss 

* Installations for which construction projects 
are requested in the FY 1972 budget estimates. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY OF APPROPRIATIONS 

FISCAL YEAR 1970 
Independent Of f i ces  and Department of 

Housing and Urban Development Appro- 
p r i a t i o n  A c t ,  1970 (83 S t a t .  229)  ...... 
Act,  (84  S t a t .  400)  .................... Second Supplemental Appropriat ions 

Sub to ta l ,  Def in i te  Appropriat ion.  ...... 
Second Supplemental Appropriat ions A c t ,  

( 8 4  S t a t  . 403)  , I n d e f i n i t e  Appro- 
p r i a t i o n .  .............................. 

NASA Appropriat ion Transfers  
(83 S t a t .  2 3 0 ) . . . . . . .  .................. 

Trans fe r  t o  ' loperating Expenses , Pub l i c  
Bui ldings Service ,') General Se rv ices  
Adminis t ra t ion (83 S t a t .  229) .......... 

1969 Funds Applied t o  1970 Program 
pursuant t o  P.L. 90-3 64................ 

Reprogrammed t o  p r i o r  year  budget p lan  ... 
Appropriat ion a v a i l a b l e . .  .............. 

Tota l  

$3,696,633 

38,000 
3,734,633 

14 , 583 

--- 

-474 

+117,473 
-3,121 

s . 8 6 3 . 0 9 4  

Research and 
Deve l o m e n t  

$3,006,000 

--- 
3,006,000 

-0.. 

-13,046 

93.110 .= 

Construct  ion  
of F a c i l i t i e s  

$53,233 

--- 

Research and 
Program 

Management 

$637,400 

38,000 
675,400 

14 , 583 

+13,046 

-474 

0.0 

-0 -  

3702.555 



Research and 
Research and Construction Program 

To ta l  Development of F a c i l i t i e s  Management 

FISCAL YEAR 1971 
Independent Off ices  and Department of  

Housing and Urban Development 
Appropriat ion A c t ,  1971 (84 S t a t .  

NASA Appropriat ion Transfers  (84 S t a t .  

T rans fe r  t o  "Operating Expenses, 
National Archives and Records 
Service , I t  General Serv ices  Admin- 
i s t r a t i o n  (42 USC 2473 (b) and 
40 USC 471 e t  a l ,  755 (b). ............ 

Proposed supplemental f o r  c i v i l i a n  
pay act increase... . . . . . . . . . . . . . . . . . . .  +29.854 --- --- 

1449). ................................ $3 . 268 . 675 $2,565,000 $24,950 

1450) ................................. --- --- -10,000 

--- --- - 146 

Appropriat ion a v a i l a b l e  and proposed.. 93.298.383 $2.555.000 924.9 50 

FISCAL YEAR 1972 .................. Appropriat ion reques t .  $3.271.350 $2,517.700 $56.300 

$678,725 

+10 , 000 

- 146 

+29,854 

$718.433 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTI?WTES 

S I I M M A K Y  (IC iiIID(:ET PLAN KY A t ' P R O P K L A ~ ~ O N  HY BlJLXAEr A - C T l V I Z  

( I n  thousands of d o l l a r s )  

Manned 
Space 

Appropr ia t ion  T i t l e  T o t a l  F l i g h t  

F i s c a l  Year 1970............. $3,862,.717 $2,379,788 

Research and development. .. 3,110,427 2,029,967 
Cons t ruc t ion  of f a c i l i t i e s .  50,112 14,250 
Research and program 

management............... 702,178 335,571 

F i s c a l  Year 1971.. ........... $3,298,383 $1,770,160 

Research and development.. . 2,555,000 1,431,100 
Cons t ruc t ion  of f a c i l i t i e s .  24,950 5 70 
Kesearch and program 

management............... 718,433* 338,490 

F i s c a l  Year 1972 ............. $3,271,350 $1,637,575 

Research and development.. . 2,517,700 1,286,475 

Research and program 
Cons t ruc t ion  of f a c i l i t i e s .  56,300 20,000 

33i, i00 r - -  management............... O Y / , 3 ) 3 V  

S c i e n t i f i c  
Inves t -  
ga t  i ons  
i n  Space 

$472,796 

381,374 
1,170 

90,252 

$478 , 856 

384,900 
700 

93,256 

$649,300 

544,800 
15,200 

69,300 

Space Space Research 
Appli- and 

ca t ions  Technology 

$164,5 1 4  $288,407 

138,005 175,396 --- --- 
26,509 113,011 

$214,376 $274,724 

178,400 164,600 
1,880 1,250 

34,096 108,874 

$240,500 $208,025 

204,400 104,025 --- --- 

Aeronaut ica l  

and Technology 

$198,844 

95,685 
4,767 

98,392 

$195,626 

Research 

102,000 --- 
93,626 

$214,650 

110,000 
6,500 

96,i50 

Support ing 
Ac t iv i t i e s  

$35 8,368 

290,000 
29,925 

38 , 443 

$364,641 

294,000 
20,550 

50,091 

$321 , 300 

268,000 
14,600 

36,700 

* Inc ludes  $29,854,000 f o r  t h e  proposed supplementa l  f o r  c i v i l i a n  pay a c t  i n c r e a s e  approved i n  FY 1970. It is a n t i c i p a t e d  3 - cove r  t h e  pay i n c r e a s e  apprcved by t h e  P r e s i d e n t ,  January 8 ,  197'1. 
t h a t  a Government-wide supplemental  w i l l  b e  reques ted  s e p a r a t e l y  f o r  t h e  amounts r equ i r ed  i n  FY 1971  and FY 1972 t o  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

SLJNPlARY OF BUDGET PLAN 

OFFICE OF MANNED SPACE FLIGHT PROGRAMS 

(Thousands of do 11 ars ) 
19 70 
__. 

Kesearch --- and Development $2,029,967 

Apollo.. ..................... 1,684,367 
Space f l i g h t  operations. .  .... 343,100 
Advanced missions............ 2,500 

Construction of Fac i l i t i es  14,250 

Kennedy Space Center......... 12,500 
Manned Spacecraf t  Center..,.. 1,750 
Various l aca t ions .  --- ........... 

Kesearch and Program Management 329,836 

Kennedy Space Center. ........ 97,582 
Manned Spa.cecraf t Center.. ... 106 ,56 1 
Marshall Space F l i g h t  Center. 125,693 

TOTAL, MANNED SPACE FLIGHT. $2,374,053 

19 71 

$1,431,100 

- 

914,400 
515,200 
1,500 

5 70 - 
5 70 --- 

348,807 

97,246 
109,113 
142,448 

$1,7 80,4 7 7 

1972 

$1,,286 ,*475 - 

612 ,,!OO 
672,175 

l , . i O O  

20 1:100 2- 

I,--- 

.,--- 

20 ,1)00 

95 ,'i59 
106,255 
130,191 - - 
a, 638,480 .- --.- 

SUM 8 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY OF BUDGET PLAN 

OFFICE OF SPACE SCIENCE AND APPLICATIONS PROGRAM> 
OFFICE OF UNIVERSITY AFFAIRS PR0GRAI.I 

(Thousands of dolltars) 
1971 1972 - - 19 70 - 

SPACE SCIENCE AND APPLICATIONS 
PROGRAMS AND PROJECTS 

Research and Development $519,529 ---- 
Physics and astronomy........ 112,851 
Lunar and p lane tary  

Bioscience................... 19,655 

Launch v e h i c l e  procurement... 10 7,819 

exploration... . . . .  ......... 150,900 

Space appl ica t ions .  .......... 128,304 

Construct ion of F a c i l i t i e s  1,170 

Goddard Space F l i g h t  Center..  6 70 
John F. Kennedy Space Center,  

NASA........ ............... -- 
--- Jet  Propuls ion Laboratory.. .. 

Wallops Station.............. 500 

Research and Program Management 96,140 ---- 
Goddard Space F l i g h t  Center.. 86,452 
Wallops Station.............. 9,688 

TOTAL, SPACE SCIENCE AND 
APPLICATIONS............. $616,839 

UNIVERSITY AFFAIRS PROGRAM 

Research and Development ---- 
Susta in ing  u n i v e r s i t y  program $7,000 

$56 5,700 

116,000 

144,900 
12,900 

16 7,000 
124,900 

2,580 

1,880 

-- 
700 
-- 

101,268 

91,194 
10,074 

$669,548 

5 750 ,400 

110,300 

311,500 

182,500 
146 ,100 

--- 

15,200 

100,326 

90,299 
10,027 

:$865,926 

--- 

SUM 9 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTINATES 

SUMMARY OF BUDGET PLAN 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY PR0C;RAMS 
OFFICE OF TRACKING AND DATA ACQUISITION P R O G W ~  

- OFFICE OF INDUSTRY AFFAIRS AND TECHNOLOGY UTILIZATION --- PROGRAMS 

(Thousands of dol. lars 1 

ADVANCED RESEARCH AND TECHNOLOGY 
PROGRAMS AND PROJECTS 

Research and Development ---- 
Aeronaut ical  research  and 

Space research  and technology 
Nuclear power and propuls ion.  

technology............ ..... 

Construct i o n  of Faci li ties ---- 
Ames Research Center......... 
Jet Propuls ion Laboratory.... 
Langley Research Center..  .... 

---- Research and Program Management 

Ames Research Center ......... 
E l e c t r o n i c s  Research Center.  
F l i g h t  Research Center. ...... 
Langley Research Center..  .... 
L e w i s  Research Center........ 
Space Nuclear Systems Off ice .  

TOTAL, ADVANCED RESEARCH 
AKD TECHNOLOGY........... 

19 70 

$270,931 

95,685 
119,977 

55,269 

4,767 

--- 
-- - 

4,767 

213,044 

37,602 
19,106 
10,308 
69,851 
73,895 
2,282 

$488,742 

1971 1972 

$26 4 , 200 

102,000 
107,000 

55,200 

1,250 

--- 
1,250 --- 

203,795 

39,899 

10,895 
73,388 
77,094 
2,519 

-- 

$469,245 

$212,82Ii 

110,001[) 
75,105 
27,721:) 

6 50'0 

6,501) 

Le- 

-- __ 
- -- 

205,3313 _- 

39,719 
--.- 

10,9 74 
74,19:L 
77,866 
2,588 

$424,66.3 _- _- 

SUM lo 



(Thousands of dol lars)  
1971 19 72 -- - 1970 - 

TRACKING ANI) DATA ACQUISITION 
PROGRAMS .W1> PROJECTS 

Research and Development 
--e- 

Tracking and data acquisit ion.  $278,000 $290,000 - $2C.84,000 

Cons t ruct ion of F a d  li ties 
---A 

17,000 1,250 1,100 

Various L o c a t i o n s . . . . . . . . . . . . .  17,000 1,250 1,100 

TOTAL, TRACKING AND DATA ............... $2(i5 100 ACqUISITION $295,000 $291,250 -L 

TECHNOLOGY UTILIZATION - Research 
and Development $5,000 $4,000 '$4,000 

:- --- 

SUM I l l  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

NUNBER OF PERSONNEL POSITIONS 

F i s c a l  Year F i s c a l  Year F i s c a L  Year 
1’372 --- - 1970 1971 

MANNED SPACE FLIGHT.. ............. ---- 13,030 12,605 11,986 

John F. Kennedy S p a c e  Center, ........................... 2,779 2,681 2,544 NASA 

Marshall  S p a c e  F l i g h t  Center.. .. 6,002 5,804 5,507 
Manned S p a c e c r a f t  Center........ 4,249 4,120 3,935 

SPACE SCIENCE, --- AND APPLICATIONS.... 4,900 4,900 4,649 

Goddard Spe.ce F l i g h t  Center.. ... 4,412 4,412 4,187 
Wallops Sta.tion... . . . . . . . . . . . . . .  4 88 488 46 2 

ADVANCED RESEARCH AND TECHNOLOGY. . --- 11,294 10,448 9,915 

Ames R e s e a r c h  Center.. .......... 1,972 1,922 1,824 
E l e c t r o n i c s  R e s e a r c h  Center.. ... 600 
F l i g h t .  R e s e a r c h  Center.. 5 35 5 35 50 8 
Langley Re.sea,rch Center.. ....... 3,872 3,790 3,596 
Lewis  Rese.itrc.h Center.. ......... 4,201 4,087 3,879 

114 114 10 8 

--- --- 
........ 

S p a c e  Nucl.ear Sys  terns O f f  ice.. .. 
SUPPORTING OI’EFATI ONS 

NASA Headqyarters.. ............. 2,126 

TOTAL PE:IWiNENT POSITIONS.. ... ---- 31,350 

POSITI.0NS OTHER THAN 
1,226 

---- 
PER”€:NT.. e . .  e e e a 0 e e e e ---- 

TOTAL PO:; ITIONS ............... 32,576 
---I- 

1,897 

29,850 

1,058 

30,908 

1,800 

28,350 

9 59 

29,309 

- 

SUM 12 



N.ATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

RESEARCH AND DEVELOPMENT 
For nccessary expcnscs, not otherwise provided for, including 

rclbe.wch, development, operations, services, ininor construction, 
maintenance, repair, and,iilteratipn of real and personal property 
irnd purchase, hire, maintenance, and operation of other than ad- 
.ninistrative aircraft, necessary for the conduct and support of 
aeronautical and space research and development activities of the 
Na~ional Aeronautics and Space Administration, C$2,565,000,000] 
$t , t i l7 ,7OO,OOO, to  remain available until expended. (48 U.S.C. 
6461, el seq., 60 U.S.C. 611 -616; Independent Ofices andDepartmat 
of Housing and Urban Development Appropriation Act ,  1971; addi- 
tional authorizing legislataon to be proposed.) 
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NATIONAL AERONAUTICS AND SPACE ADMlNISTRATION 

RESEABCH AND DEVELOPMENT 

Program and Financing (in thousands of &%is) 
_ _ _ _ _ _ _ ~  

Budget plan (amounts for research and 
deveiopmenc aciiolla yruyiaGedj 

Coats and obligations 
- __- 

T 7 . - . : c . - L ! - -  "",1" 
l " r l l Y l . * r Y Y l Y Y  \IVYI 

1970 actual 1971 estimate 1972 estimate 1970 actual 1971 estimate 1972 estimate 
27M)-0108-t-1-250 

Program by activities: 
Direct program: 

765, 000 612.200 I ,  474,613 980, 000 
672,775 309.619 577, 000 638,000 

I .  Manned space flight: 
(a) Apollo -_______________________________________-----  1,684.367 914,400 
(b) Space flight operations _._______.____.____.__________ 343,100 515,200 

(a) Physics and astronomy _._.__________________________ 

(4, Lunar and planetary exploration ______.__. . . ~ - -. - ~. . _ _  
\c) Bioscience _____________.__________________________- 

(d) Launch vehicle development and support ________..__._ 

3. Space applications- - _ _  _ _  - - _ _  - _ _ _ _ _ _  - -. - -. - - -. - - -. - - 
4. Space research and technology _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ._ _ _ _ _  _ _ _ _ _ _ _  
5. Aeronautical research and technology ._______. . . .. .__. . _ _  _ _  
6. Supporting activities: 

(c) Advanced manned mission studies- - - - -. ___.___.__ 2.500 I. 500 1,500 7,057 3. 000 2, OOO 

129,651 121, 100 126,400 142,223 118,400 120,600 
162,400 172.200 340,300 172,255 175,800 290.800 

12,900 ..__-..-- ---  20,022 14,000 7,500 
77,600 

19,655 
78,700 78,100 70,491 72,100 

175,700 190,200 
69.668 
138,005 178,400 204,400 104,367 
175,396 164,600 104,025 199,058 176,400 131,000 

104,200 95,685 102, OOO 110,Ooo 83,582 96, OOO 

264, OOO 276,653 290,800 269,600 
10,Ooo 22,099 13,000 

Totaldirect programcosts, funded ._________________ 3,110,427 2,555,000 2,517,700 2.886.576 2,696,700 2*61f*OOO 

2. Scientific investigations in space: 

I . .  
. .  

(a) Tracking and data acquisition ..____._______..________ 278, OOO 290,000 

(c) Technology utilization _ _ _ _ _ _  _ _  - - _ _  _ _  - - - 
(b) Sustaining university program ____.._______ _ _ _ _ _ _ _ _ _ _ _  7,000 _ _ _ _ _ _ - _ - - _ _  --------- --- 

5 ,  OOO 4, OOO 4, OOO 4,537 4,500 4.500 - - - - _ _ _  - _ _  
n 

Reimbursable program: 

I ,  422 1,405 1,323 2,651 1,405 
300 

I ,  525 
650 

23 50 423 55 94 423 
80 _ _ _ _ _ _ _ _ _ _ _ _  _ - - - -___- - - -  ------------ 

53,272 
8.300 30.236 8,300 27.126 
4,000 

24,582 
2,064 3,735 4,000 2,812 

1. Manned space flight: 

650 

80 

37,694 
6,692 

(a) Apollo ____-___________________________________-----  
(b) Space flight operations ______.___.______.____________ _ _ _ _ _ _ _ _ _ _ - _  

(a) Physics and astronomy _____________.________________ 

( C) Bioscience- - - - - - - - - - - - - - - - - -. . - - - - - - - - - - - - - - - - - 
3. Space applications- - _ _ _ _  - - - - - -. . - - -. - -. -. . - - - -. _ _  - _ _  
4. Space research and technology _..____._____._______________ 

5. Aeronautical research and technology- - - .__._________.______ 

6. Supporting activities: 
(a) Tracking and data acquisition __._..___.____._________ 

(c) Technology utilization- - - - ___._ .__ _.._ _.___________ 

Total reimbursable program costs-. . -. . . - ___._____ 

Total program costs, hnded-  . ___. . . . _. . - _ _  .__ - - - - 3,195,434 2,642, OOO 2,585,700 2,973,091 2,823,512 21 679.000 
-93,300 

IO Total ._______._____....._____________________--.---.---.- 3,195,434 2,642,000 2,585.700 3.213.171 2,790,579 21585*700 

300 - - - - - - - - - - - - 
I: 2. Scientific investigations in space: 

- - - - - - - - - - - - - 
50,356 55,825 53,272 53.890 77.995 . .  

680 633 300 1,309 669 300 
287 _ _ _ _ _ _ _ _  _ _ _ _  - 

85, E " 1 ,  0 7  Mn vvv I.& ?cu! 86; 515 126.812 68. OOO 

I46 - _ _  _ _  _ _ _  _ _ _  - - - - - - - -. -. - - - - - - - - - - _--  ___-- 

____- __ ~- -- 

.- 
240.080 -32.933 

-- ~ 

~~~~ . ....________ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - -  P I - - - - -  :- ..l..&.J -.... ....-.. 1 
.,...A.. + ... ir.i..--: ._;__: ._.. _...... ~. 



REBEARCH AND DE~ELOPI~ LNT-COntiI lUfd 

Program and Financing (in thousands of dollars)-Continucd 
- ___ - ___ _____ - - - _  _ _  - ~_ 

Budget plan (amounts for research and Costa and olligatmna 

- _ _ ~ _ _ -  Identification co<le developnient actions programed) 

1970 actual 1971 eetimate 1972 estimato 1970 actus! 1971 entimate 1972 estimat's 
27-00-01 084-1 -tN 
- __ _ ~ _ ~ ~ ~ _ _ _ _ _ _ _ _ .  __________.~_ - 
... rinancing : 

Receipts and reimbursements from: 
! ! Feder.! f!!K!S.-. ............. 

14 Non-Federal sourccs .................................. 

Direct. .................................................. 
Reimbursable~. .......................................... 

Available to finance new budget plans: Direct. ................. 
24 Unobligated balance available, end of year: For completion of prior 

Direct ........... ................................. 

Reimbursable ......................................... 

Budget authority. ..................................... 

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

year budget plans: 

Ijudget authority: 
40 Appropriation. .................................... 
41 Transferred to other accounts .......................... 

43 Appropriation (adjustedj ............................. 

-52:898 
-32,109 

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

............ 
- I  17.473 

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

-50: 058 
-36,942 

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

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

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

2,992,954 2,555, OOO 

3,006, ooo 
-13.046 

2,992,954 

2,565.000 

2,555, OOO 

-- -10,OOO 

-35.028 -52.898 
-32,972 -32.109 

- 121,625 
............ -44,691 
. - - - - - - - - - - . - 1 17.473 

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

............ 108.767 
_________.-. 39,812 

2,517,700 2,992,954 
__.- ___- 

2.517.700 3.006,000 

2,517,700 2,992,954 

_ _ _ _ _ _ _ _ _ _ - _  -13,046 

-50.058 -35.028 
-36,942 -32,972 

-108,767 .. 

-39.812 

............ .~ 

........... .. ~. 

2,555, OOO 2,517,700 

2,565, OOO 2.51 7,700 
-1o.ooo _ _ _ _  

2,555, OOO 2,517,700 
- ~ _ _  _ __ .__. - - 

Relation of obligations to outlays: 
71 Obligations incurred. net ........................................................................... 3,128,164 2,703.579 2,517,700 
72 Obligated balance, start of year. .................................................................... I .  256.241 I ,  392,771 I. 486.350 

90 Outlays ...................................................................................... 2,991.634 2,610,000 2,411,000 

74 Obligated balance, end of year.. ........................... - ........................................ -I, 392,771 - I ,  486,350 - 1,593,050 
___-- 

. .  ~ . _ ~ ~  ........ ~ _ _ _ _ ~ _  
Note.-Reconciliation of budget plan to obligations: 

Total budget plan _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3,195,434 
Deduct portion of budget plan t o  be 

obligated in subsequent years _ _ _ _ _ _ _ _ _ _  84,652 
Add obligations of prior year budget plans-. 102,389 

Total obligations _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3,213, 171 

1970 

'Selected resources as of June 30 are as follows: 
1970 

1971 eslirnde 
2,642,000 

1972 erllmale 
2,585, 700 

2,585, 700 

adjusl- 
1969 rnenla 1970 1971 1972 

S t o r e s ~  ................................. 40.492 13,422 54.097 54,097 54,097 
Unpaid undelivered orders .______________ 766,858 _ _ _ _ _ _  I ,  008,883 975, 950 882,650 

! ! . o n !  ! ! .on!  ! ! .on!  n " I a ' I L . c I  _________.-._______------------ !?. !no ------ L 1 ~ ~ - . .  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY --- OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM BY COGNIZANT OFFICE _- 
( In  thousands of d o l l a r s )  

BUDGET F i s c a l  Year F i s c a l  Year F i s c a l  Year 
19 72 -- ACTIVITY OFFICE/PROGWl 19 70 1971 - -L 

MANNED SPACE FLIGHT. ......... $2,029,96 7 $1,431,100 $1,286,475 
-_I_-- 

1,684 , 36 7 914,400 612,200 
lb !;paca f : l ight  opera t ions .  ... 343 ,loo* 5 15 , 200 672,775 
IC ,4dvaiilsed missions.  ......... 2,500 1,500 I, 500 

l a  Apollto. ..................... 

565 , 700 750 , 400 SPA4CE SCIENCE AND APPLICATIONS 519,529 ---- 
2a Phys:Ics and astronomy ...... 112,851 116,000 110 , 300 
2b Lunar and p l a n e t a r y  

144 , 900 311,500 explora t ion . .  ............ 150 , 900 
2c Bioscience................. 19,655 1 2  900 

16 7 , 000 182,500 3 Space app l i ca t ions . .  ....... 128 , 304 
** Launch v e h i c l e  procurement. 107 , 8 i 9  124,900 146 , 100 

-- 

UNIVERSITY AFFAIRS ---- 
6b Susta.ining u n i v e r s i t y  

program.................. 7,000 

270,931 264,200 212,825 

5 Aeronaut ica l  r e sea rch  and 

4 Spacx: research  and 

4 Nucl.c?ar power and 

technology ............... 95,685 102,000 110,000 

t C: chnology ............... 119,977 10 7 , 000 75,1051 

propulsion. .............. 55,269 55 , 200 27 , 720 

6a TRACKILNG AND DATA ACQUISITION 278,000 290,000 26 4 , 000 

6c TIECHN0:LOGY UTILIZATION. ...... ---- 5,000 4,000 4,000 - 
TOTAL BUDGET PLAN.. ........ $3,110,427 $2,555,000 ----- - $:!,517,70(1 __ 

*Includes a p p l i c a t i o n  of $117,473,000 reserved  from apportionment in 1969 pur- 
suan t  t o  t h e  Revenue and Expenditure Cont ro l  A c t  of 1968 (Pub. L. 90-364, 
82 S t a t .  251). 

Vehicle Procurement is  s t a t i s t i c a l l y  d i s t r i b u t e d  t o  unmanned f l i g h t  programs 
(e.g,., Phys ics  and Astronomy, Space Research and Technology) and the  u n d i s t r i -  
buted p o r t i o n  is i d e n t i f i e d  as A c t i v i t y  2d. 

**In t h e  Budget Appendix, page 835 , t h e  vehicle hardware p o r t i o n  of Launch 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1372 ESTIT-UTES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

MANNED SPACE FLIGHT PROGRAM 

(Tlious ands of do 1 lars ) 
1372 19 70 - 1971 -- Program -- - - 

Apollo.... ...................... $1,684,367 $9 14,400 $6 12,200 

Space fligh,!: o p e r a t i o n s . .  ....... 343,100" 515,200 672,775 

2,500 1,500 1,500 

T o t a l . . . # , . .  .................... $2,029,967 $1,431,100 7 =86,475 

Advanced missions.. ............. 

* Includes $l:L7,473,000 of FY 1969 funds applied to FY 1970 bud.get 1)lan. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF MANNED SPACE FLIGHT APOLLO PROGRAM -- 
PROGRAM OBJECTIVES AND JUSTIFICATION: 

The launch of Apollo 14 t o  t h e  s u r f a c e  of t h e  moon coincided with the t h i r -  
t een th  anniversary of t h e  launch of  t h e  f i r s t  American s a t e l l i t e ,  and occured 
less than t e n  yea r s  a f t e r  t h e  Apollo 14 commander, Alan Shepard, made t h i s  
country 's  f i r s t  manned journey i n t o  space on a s u b o r b i t a l  f l i g h t .  

During t h e  decade t h a t  followed, a s t r o n a u t s  o r b i t e d  t h e  e a r t h  o n  siKteen 
missions as t h e  country designed, developed, and acquired t h e  c a p a b i l  L t y  and 
experience necessary t o  respond t o  t h e  n a t i o n a l  commitment of landing a man 
on t h e  moon and r e t u r n i n g  him s a f e l y  t o  t h e  e a r t h .  

S i x  Apollo crews have t r a v e l e d  t o  t h e  moon, and t h e  Lunar Module crlews of 
Apollo 11, 1 2  and 14 have landed on i ts  su r face .  

The l u n a r  landing c a p a b i l i t y  was demonstrated, and t h e  Apollo program has 
been d i r e c t e d  toward t h e  a p p l i c a t i o n  of t h a t  c a p a b i l i t y  i n  t h e  f u r t h e r  explora- 
t i o n  of t h a t  new world, and t o  f u r t h e r  i n c r e a s e  man's knowledge of thle moon. 
The moon may r ep resen t ,  f o r  man, t h e  a rch ives  of t h e  e a r t h ' s  h i s t o r y .  Pro- 
cesses on the e a r t h  have completely o b l i t e r a t e d  even t s  of  t h e  f i i t s t  b i l l i o n  
yea r s  and have d i s t o r t e d  and transformed much of t h e  remaining record.  The 
moon, i t  appears,  has f a i t h f u l l y  chronicled t h e  h i s t o r y  of t h e  s o l a r  system 
s i n c e  t h e  days of i ts incep t ion ,  and may provide t h e  c l u e s  t o  t h e  processes 
t h a t  formed t h e  s o l a r  system. Evidence o f  cataclysmic events ,  changeis i n  
s o l a r  a c t i v i t y ,  and of physical  and chemical phenomena unknown OIC e x t i n c t  on 
e a r t h  is being found i n  t h e  analyses  of  l u n a r  material. 
as a h i s t o r i c a l  source,  f o r  man's i n i t i a l  comprehension of  t he  n a t u r e  o f  t h e  
o t h e r  p l ane t s  i n d i c a t e s  t h a t  t o  varying degrees ,  t h e i r  s u r f a c e s ,  and thus 
t h e i r  h i s t o r y ,  have undergone o b l i t e r a t i n g  t ransformations.  

The moon may be unique 

Beyond t h i s  oppor tun i ty  t o  s tudy t h e  r eco rds  of t h e  p a s t ,  t h e  moon repre- 
s e n t s  a newly discovered world, capable of producing unexpected f ind ings  such 
as having terrestrial  p l a n t s  t h r i v e  when grown i n  l u n a r  s o i l ,  whi le  s o m e  
hardy terrestrial  microorganisms have found it  very toxic .  S c i e n t i s t s  
studying t h e  formative processes  of l u n a r  rocks have been a b l e  t o  more f u l l y  
a p p r e c i a t e  t h e  s i g n i f i c a n c e  o f  analagous coun te rpa r t s  on e a r t h  and t h i s  can 
lead t o  l o c a t i n g  new mineral  resources .  

Continued exp lo ra t ion  of  t h e  moon w i l l  produce a g r e a t e r  Understanding of 
t he  processes t h a t  a f f e c t  t h e  e a r t h .  Laser r e f l e c t o r s  w i l l  be  used t o  
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measure c o n t i n e n t a l  d r i f t ,  and t h e  measurements may s u b s t a n t i a t e  t h e  ~Chand1er"s 
Wobble hypothesis t h a t  l a r g e  earthquakes are o f t e n  t r i g g e r e d  by forceas 
a s soc ia t ed  wjth pe r iod ic  changes i n  t h e  e a r t h ' s  a x i s .  

Another l una r  landing mission, Apollo 15, i s  scheduled i n  1971 and the fina!L 
two, Apollo 36 and 17, i n  1972. The Apollo 1 7  mission has  been delayed by 
f i v e  months t o  December 1972 t o  ensure t h a t  t h e  s c i e n t i f i c  experiments t h a t  
were o r i g i n a l l y  t o  be flown on t h e  now cance l l ed  Apollo 18 and 1 9  missions 
w i l l  b e  f u l l y  a.vailable.  
S t u a r t  FLoosai as Command Module P i l o t ,  and Edgar Mi tche l l  as Lunar Module P i l o t  
was launched i n  January 1971. The l and ing  s i t e  w a s  Fra Mauro, which was t h e  
intended sit.(: for Apollo 13. This  w a s  t h e  f i r s t  Apollo l and ing  a t  o t h e r  than 
a l u n a r  marc!<, The major o b j e c t i v e  of  t h e  mission w a s  t o  i n v e s t i g a t e  t h e  Fra 
Mauro format::ton, an ex tens ive  geo log ica l  u n i t ,  which l u n a r  geo log i s t s  b e l i e v e  
is composed of  material b a l l i s t i c a l l y  e j e c t e d  and c a r r i e d  by t h e  base-surge 
of gas and clebiris produced by t h e  g i a n t  impact t h a t  c r e a t e d  t h e  Imbrium basin.  
S c i e n t i s t s  hope to f i n d  rocks i n  t h e  Fra Mauro formation which p reda te  rocks 
from previous missions and which d a t e  from t h e  t i m e  o f  formation of  t h e  moon 
and perhaps Erom t h e  o r i g i n  of  t h e  s o l a r  system. 

The Apollo 14 mission with Alan Shepard as Commander, 

The last t h r e e  Apollo missions,  Apollo 15  i n  J u l y  1971, Apollo 1 6  j n  t h e  
sp r ing  o f  1'372 and Apollo 1 7  i n  December 1972, are t h e  most sophis t ic :a ted 
and comprehensive o f  t h e  e n t i r e  series. A whole new a r r a y  of explor i t t ion 
procedures iand instrumental  concepts  open new o p p o r t u n i t i e s  f o r  reseiirch on 
the  moon t o  s c l e n t i s t s  from a l l  over  t h e  world,  Eighteen new experhnents 
have been s e l e c t e d  t o  f l y  i n  t h e  Apollo 1 5  through 1 7  missions.  Chaiiges i n  
t h e  Lunar Module (LM) and s u r f a c e  hardware w i l l  a l low t h e  a s t r o n a u t s  t o  re- 
main on t h e  l u n a r  s u r f a c e  f o r  up t o  66 hours;  t h e  landed s c i e n t i f i c  payload 
w i l l  be doubled t o  approximately 1,000 pounds; and t h e  range and e f f i c i e n c y  of 
s u r f a c e  ope ra t ions  w i l l  be increased through improved s u i t  mobil.ity, improved 
l i f e  support  s y s t e m ,  and a l u n a r  roving veh ic l e .  

I n  a d d i t i o n  t o  increased s u r f a c e  sc i ence ,  changes are being made ti, add 
near ly  1,000 pounds of cameras, o t h e r  remote sensing s c i e n t i f i c  equipment, 
and a d d i t i o n a l  consumables t o  t h e  Command and Se rv ice  Modules ( ( 3 1 )  to  
i nc rease  the c a p a b i l i t y  t o  s tudy t h e  moon from o r b i t .  
widely separated l and ings  can then be  t i e d  toge the r  and f i t t e d  into a t o t a l  
p i c t u r e  of the moon. 

Findings from t h e  

Apol1.o 151 arid 1 7  missions w i l l  each d e l i v e r  s m a l l ,  self-powerled sub- 
sa te l l i t es  t:o l una r  o r b i t  t o  monitor t h e  v a r i a t i o n  of  magnetic fields and 
interpl .aneta-y charged p a r t i c l e  streams i n  t h e  v i c i n i t y  of  t h e  moon t o  
determine t h e  e lec t r ica l  body p r o p e r t i e s  of t h e  moon and i n f e r  i n t e r n a l  
phys ica  1 charztc ter is t ics  . 

Of partic:t i lar  i n t e r e s t  i n  t h e s e  l a s t  missions is t h e  increased suxface 
mob i l i t y  wh:ich w i l l  be provided t o  t h e  a s t r o n a u t s  by t h e  l u n a r  roving v e h i c l e ,  
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This veh.Lcle vi:Ll s i g n i f i c a n t l y  i n c r e a s e  t h e  mob i l i t y  and range of t h e  
a s t ronau t s .  I t  can c a r r y  both a s t r o n a u t s  p lus  100 pounds of instruments  f o r  
exp lo ra t ion  i3nd t h e  c o l l e c t e d  su r face  samples. 
w i l l  be  c o l l e c t e d  dur ing  each of t h e  t h r e e  EVA'S pe r  mission t o  make , t  b e t t e r  
assessment o f  t h e  landing  s i tes .  

A wide v a r i e t y  of samples 

A l una r  sounder and l u n a r  seismic p r o f i l i n g  experiments w i l l  be  f lo im on 
Apollo 1 7 .  Data a n a l y s i s  from Apollo 1 2  implies  t h a t  moonquakes, equtva len t  
t o  earthquakes generated by s l ippage ,  always appear t o  s l i p  i n  t h e  same 
d i r ec t ion .  
w i th in  t h e  moon and being r e l eased  by t h e  a d d i t i o n a l  t i d a l  forces  t h a t  occur 
a t  t h e  t i m e  of c l o s e  earth-moon proximity.  A t  p resent  w e  can onlty specu la t e  
as t o  t h e  source o f  s t r a i n .  Fur ther  d a t a  from t h e  l u n a r  seismic profLling 
experiment may provide a clearer i n s i g h t  i n t o  t h i s  phenomenon. 

'This is very l i k e l y  caused by a source  of  s t r a i n  accumu1ai:ing 

The l u n a r  sounder,  a r ad io  sounding device,  w i l l  be  used t o  probe 
geologica l  s u b s t r a t a  from high a l t i t u d e .  It has a long development t i m e  and 
would not  have been a v a i l a b l e  f o r  ear l ier  f l i g h t  schedules .  The device is 
similar  t o  r ada r  i n  i t s  t ransmiss ion  o f  a s i g n a l  and sens ing  t h e  r e t u r n  
from t h e  t a r g e t  area. However t h e  use of  m u l t i p l e  f requencies  aiid t h e i r  
known penetra . t ion v a r i a t i o n s  make i t  poss ib l e  t o  e x t r a p o l a t e  t h e  d e n s i t y  and 
makeup of t h e  subsurface.  

SUMMARY --- OF RXSCURCES REQUIREMENTS : 

(Thousands of Dol la rs )  
1972 -- 1971 - 1970 - 

Spacecraft: .................. $775,608 $411,086 $1 64,151 2 
Saturn V. .  ,,. ................ 486,691 237,700 186,0O3 
MSF operat::lons.. ............ 422,068 265,614 - 26 2,045- 

Tota l .  .................... $1,684,367 $914,400 $61'2,2C? --- 
BASIS OF F " I >  REQUIREMENTS: 

Spacecraf t  

The Comman~i iand Serv ice  and Lunar Modules requi red  t o  f i n i s h  t h e  A~jo l lo  
f l i g h t  program w i l l  be  e s s e n t i a l l y  complete by t h e  end of FY 1971. 
CSMs and LXs intended f o r  missions now cance l led  has  been s topped,  aiid no 
follow-on p.mduction c a p a b i l i t y  i s  planned. 

Work on 

F i s c a l  Year 1972 a c t i v i t i e s  re la te  t o  t h e  prepara t ion ,  f l i g h t  and pos t  
f l i g h t  ana1:ysis of Apollo missions;  modi f ica t ions ,  f ac to ry  checkout ,ind 
de l ive ry  of spacec ra f t ;  procurement of  s c i ence  payloads and equipmenlr requi red  
t o  support  t h e  remaining Apollo f l i g h t s .  
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An essentia:L and c r i t i c a l  requirement t h a t  must be m e t  i n  FY 1972 i s  pro- 
v id ing  t h e  c o n t r a c t o r  engineer ing e f f o r t  necessary t o  support  t h e  f l i g l i t  
program. Minimum l e v e l s  of c r i t i c a l  s k i l l s  w i l l  be  maintained t o  assui'e 
f l i g h t  s a f e t y  and t o  r e s o l v e  problems which ar ise  during t h e  launch prctpara- 
t i o n  and f l ig 'h t  phases of a mission. Tasks which w i l l  be performed by 
c o n t r a c t o r  personnel a t  t h e  p l a n t s  and at Manned Space F l i g h t  cent.ers include 
mission support ,  f i e l d  and f l i g h t  problem re so lu t ion ,  f a i l u r e  a n a l y s i s  , and 
r e p a i r  and subsequent r e t e s t i n g .  In  a d d i t i o n ,  c e r t a i n  personnel are r1:quired 
to  maintain and c a l i b r a t e  s p e c i a l  test equipment and maintain r equ i r ed  
t o o l i n g  and documentation. 

Saturn V 

All Saturn V launch v e h i c l e s '  s t a g e s  have completed manufacture and s t a t i c  
test. 
(KSC), and thclse undelivered elements f o r  t h e  v e h i c l e s  f o r  both Apollo 16 and 
17 w i l l  be de l ive red  t o  KSC during FY 1972. 

The  vehicle f o r  Apollo 1 5  has  been d e l i v e r e d  t o  Kennedy Space Center 

A s  w i t h  t h e  s p a c e c r a f t ,  an e s s e n t i a l  and c r i t i ca l  Saturn V requirement f o r  
FY 1972 is t h e  maintenance of  t h e  c o n t r a c t o r  in-plant  engineer ing e f f o r t  
necessary t o  support  t h e  f l i g h t  program. 
w i l l  be maintained t o  a s s u r e  f l i g h t  s a f e t y  and t o  r e s o l v e  problemis which 
arise during t.ha launch p r e p a r a t i o n  and f l i g h t  phases of  a mission. 

Minimum l e v e l s  of  c r i t i c a l  s k i l l s  
, 

To complement t h e  prime c o n t r a c t o r  e f f o r t s  engineer ing and t echn ica l  support  
w i l l  a l s o  be na in t a ined  a t  t h e  Marshal l  Space F l i g h t  Center l a b o r a t o r f e s  a t  
t h e  S l i d e l l ,  La., computer f a c i l i t y  and a t  t h e  Miss i s s ipp i  T e s t  F a c i l I t y  i n  
sypport  of t h e  f l i g h t  program. 

I n  a d d i t i o n  t o  t h e  t r a n s p o r t a t i o n  of s t a g e s  t o  KSC, and t h e  mission p e c u l i a r  
systems czngineering, i n t e g r a t i o n  and conf igu ra t ion  a c t i v i t i e s  e f f o r t s  will be 
d i r e c t e d  t o  t h e  s t o r a g e  and maintenance of  production t o o l i n g  and f a c j l i t i e s  
so t h a t ,  i f  required,  Sa tu rn  V production could b e  r e s t a r t e d  a t  some i u t u r e  
date .  V:ideo!:i3ptzs and o t h e r  graphic  records of  manufacturing techniques,  test 
and checkout wwcedures, and a s s o c i a t e d  production t a s k s  w i l l  be made t o  
f a c i l i t a t e  any f u t u r e  restart, f o r  f u t u r e  resumption. 

MSF Operat ions 

I n  a d d i t i o n  t o  providing f o r  t h e  conduct o f  a c t u a l  Apollo missions,  MSF 
Operations fund Lng provides f o r  t h e  b a s i c  c a p a b i l i t i e s  i n  crew t r a in i i i g ,  
launch, € l i g h t ,  recovery and program-wide t e c h n i c a l  and Department of Defense 
support  required f o r  manned space f l i g h t s  r ega rd le s s  of program. 

Requirements t h a t  are d i r e c t l y  r e l a t a b l e  t o  s p e c i f i c  missions inclutle mission 
planning, intcluding t r a j e c t o r y  a n a l y s i s ;  f a i l u r e  a n a l y s i s  and evaluat!ion of 
o p e r a t i o n a l  performance; and recovery ope ra t ions .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF MANgNEJl SPACE FLIGHT SPACE FLIGHT OPERATICONS IPROGRAM 

PROGRAM OBJECZTIJ'ES AND JUSTIFICATION: 

Space E'1igh.t: Operat ions employs t h e  s c i e n t i f i c ,  t echnologica l ,  iand oipera- 
t i o n a l  capabi.l.ity developed i n  t h e  Apollo program t o  e x p l o i t  space f o r  d i r e c t  
p rac t i ca l .  b e n e f i t s ,  and t o  f u r t h e r  expand exp lo ra t ion  of  t h a t  domisin. The 
p r i n c i p a l  goal. o f  t h e  p a s t  decade w a s  t o  demonstrate t h i s  n a t i o n ' s  a b i l i t i e s  
i n  space by a.c:calmplishing a manned l u n a r  landing  and r e t u r n  be fo re  t h e  end of  
t h a t  decade. 
za t ion  of spa.c:e i n i t i a l l y  through t h e  e i g h t  month f l i g h t  of Skylab, a precursor  
space s t a t i o n ,  and la ter  through t h e  ope ra t ion  of a r eusab le  t r a n s p o r t a t i o n  
system, and 1.cmg; du ra t ion  space  s t a t i o n .  This  r eusab le  t r a n s p o r t a t i o n  system, 
o r  space shut.t:le, w i l l  be  a b l e  t o  c a r r y  s c i e n t i s t s ,  t echno log i s t s  and specia-  
lists of  d i f f e r e n t  s k i l l s  and d i s c i p l i n e s ,  as passengers  i n t o  space without  
t h e i r  having t:o q u a l i f y  as a s t ronau t s .  
s h u t t l e  its a passenger t r a n s p o r t  system would al low men and women from any 
i n t e r e s t e d  ccmnt:ry t o  t r a v e l  i n t o  space. The s t a t i o n  and s h u t t l e  would suppor t  
a wide range o f  experiments and experiment d i s c i p l i n e s .  

Thds c a p a b i l i t y  can now be d i r e c t e d  toward t h e  b e n e f i c i a l  u t i l i -  

The f l i g h t  c h a r a c t e r i s t i c s  of t h e  

Space Flight: Operat ions a c t i v i t i e s  w i l l  commence with t h e  Skylalb program, 
formerly knani  as Apollo Appl ica t ions ,  i n  which a t h i r d  s t a g e  (S-IVB) of t h e  
Saturn launch v e h i c l e  is being  modified t o  s e r v e  as an  o r b i t a l  workshcip. 
Skylab is a necessary f i r s t  s t e p  toward developing a c a p a b i l i t y  f o r  long 
du ra t ion  manned ope ra t ions  i n  e a r t h  o r b i t .  Three success ive  teams of a s t r o -  
nau t s  w i l l  oc:c:upy t h i s  experimental  l abo ra to ry  f o r  per iods of  up t o  twlo months. 
They w i l l  use  t h e  i n s t a l l e d  equipment t o  perform s c i e n t i f i c  and a p p l i c a t i o n  
experiments,  conduct solar observa t ions  , and determine t h e  phys io logica l  and 
psychological. e f f e c t s  of long  d u r a t i o n  f l i g h t  on t h e  h e a l t h  of t h e  a s t ronau t s  
and on crew r n o r t t l e  and e f f ec t iveness .  Exerc ises ,  h a b i t a b i l i t y  f ac to r s , ,  and 
o t h e r  amelior4stfing condi t ions  and adverse e f f e c t s  w i l l  be  inves t iga t ed .  

I n  t h e  1att:er p a r t  o f  t h e  decade, t h e  space  s h u t t l e ,  a f u l l y  reusable  
v e h i c l e  capal) le of ca r ry ing  l a r g e  payloads,  composed of passengers ,  ctiirgo 
o r  a combinar:Lon of t h e  two, t o  and from e a r t h  o r b i t ,  w i l l  provide an economical 
space t r a n s p o r t a t i o n  system designed to  make n e a r  e a r t h  space  more recirdily 
accessib. le  f o r  i i  g r e a t  v a r i e t y  of  manned and unmanned activit ies.  

The pr:Lmary o b j e c t i v e  of t h e  space  s h u t t l e  program is t o  develop and. p l ace  
i n t o  ope ra t ion  im ear th- to-ear th  o r b i t  and r e t u r n  space t r a n s p o r t a t i o n  sys  tern,, 
with charactta r i t r t i c s  which no t  on ly  reduce t h e  d i r e c t  c o s t  o f  t r a n s p o r t a t i o n  
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to e a r t h  o r b i t  bu t  permit  accompanying reduct ions  i n  t h e  c o s t s  of payloads.  
It is a n t i c i p a t e d  t h a t  t h e  reduct ion  i n  t h e  c o s t s  of space  ope ra t ions  made 
poss ib l e  by use  *of t h e  s h u t t l e  w i l l  permit f a r  g r e a t e r  u se  of  space than 
has been previously economically poss ib l e ,  and al low a subs t an t i a l .  i nc rease  
i n  t h e  scope and range of b e n e f i t s  der ived  from space ope ra t ions .  

The O r b i t a l  Systems and Experiments category c o n s i s t s  o f  activit :y i n  t h r e e  
areas: space s t a t ion  modules, experiments and space l i f e  s c i ences .  Space 
s t a t i o n  module and experiment s tudy e f f o r t s  w i l l  cont inue t o  d e f i n e  an 
advanced earth o r b i t a l  f a c i l i t y ,  l o g i s t i c a l l y  supported by t h e  s h u t t l e ,  and 
cha rac t e r i zed  by rou t ine ,  long  term, f l e x i b l e ,  p roduct ive  ope ra t ions ,  *with 
minimum ope ra t ing  c o s t s  and increased  crew e f f i c i e n c y  and s a f e t y .  The 
experiments t o  be conducted i n  a s s o c i a t i o n  wi th  s t a t i o n  and s h u t t l e  oplerations 
encompass nea r ly  a l l  t h e  s c i e n t i f i c  d i s c i p l i n e s .  

Complementing a l l  space a c t i v i t i e s ,  underway and planned, is space l i f e  
sc iences .  This i n t e g r a t e d  medical  and b i o l o g i c a l  program provides  f o r  t h e  
s tudy  and i n v e s t i g a t i o n  of  t h e  e f f e c t s  o f  space  on man and o t h e r  :Living 
organisms, and t h e  t r a n s l a t i o n  of t h e s e  e f f e c t s  i n t o  meeting man's requi re -  
ments t o  surv ive  i n  space. 

SUMMARY OF RESOURCES REQUIREMENTS: 

(Thousands of  Do l l a r s )  
1972  -,- 1971 - 1970 - 

Skylab ........................... $324,600 $405 , 200 $535,400 
Space s h u t t l . e . . . . . . . . . . . . . . . . . . . .  12,500 80 , 000 100 , 000 
O r b i t a l  sys  t.ems and experiments 6,000 30,000 -, 37.375 

Total. .  ......................... $343,100 $515,200 $672,775 
PI- 

Skylab 

The Skylab p r o j e c t  is now in an advanced s ta te  of development. The 
f l i g h t  phase w i l l  commence e a r l y  i n  1973 with t h e  unmanned launch of  t h e  
workshop, 
crews w i l l  rendezvous and dock with  t h i s  workshop i n  an Apollo Coimand and 
Serv ice  Module launched on a Saturn I B  veh ic l e .  
l a b o r a t o r i e s ,  work a reas ,  c o n t r o l  s t a t i o n s ,  l i v i n g  q u a r t e r s ,  eart'h sensors 
and a sol.ar abserva tory ,  and w i l l  be  used t o  perform over  f i f t y  experiments 
f o r  which over  2,200 as t ronau t  hours  have been a l l o c a t e d .  

Operat ions w i l l  begin one day la te r  when the  f i r s t  of th ree  

The workshop c o n s i s t s  o f  

This is more 



than t h r e e  times t h e  amount a v a i l a b l e  i n  a l l  p r i o r  U.S. manned eart:h o r b i t a l  
missions.  Four a r e a s  of experiment a c t i v i t y  are of  p a r t i c u l a r  importance: 
e a r t h  sc ience ,  astronomy and space  phys ics ,  space  medicine,  and engineer ing 
and manufacturfng technology. 

Ear th  sc iences  a c t i v i t y  w i l l  i nc lude  photography o f  t he  e a r t h  fox use  i n  
s t u d i e s  of croip h e a l t h  and d i s t r i b u t i o n ,  land  use,  f o r e s t r y ,  meteorology, 
a i r  and water po l lu t ion ,  mineral  resources ,  geography, water management, 
oceanography, and popula t ion  growth. One of the  mission improvements moade 
poss ib l e  by t h e  dec i s ion  t o  s h i f t  from t h e  Sa turn  I B  t o  t h e  Sa turn  V 
launch v e h i c l e  was t o  raise t h e  o r b i t a l  i n c l i n a t i o n  t o  g ive  e a r t h  survey 
coverage between 50' l a t i t u d e  North and South. This o r b i t  covers some 75% of  
t h e  globe, inc luding  80% of food producing areas, and 90% of t h e  pc)pulal:ion. 
Skylab e a r t h  sens ing  ins t ruments  w i l l  complement those  t h a t  w i l l  be  f l y t n g  a 
polar  o r b i t  i n  t h e  Earth Resources Technology S a t e l l i t e  (ERTS) a t  about t he  
same t i m e  and will permit coordinated measurements of t h e  same a r e a  by ( H f -  
f e r e n t  systems. A i r c r a f t  and ground measurements of  space test sites both 
i n  the  U. S. and coun t r i e s  cooperat ing i n  t h i s  a c t i v i t y  w i l l  a l s o  be m a d e  
f o r  purposes of c a l i b r a t i n g  and i n t e r p r e t i n g  the  d a t a  from t h e  workshop and 
ERTS . 

Astronomy and space physics  a c t i v i t y  w i l l  p r imar i ly  c e n t e r  on experiments 
t o  be conducted us ing  t h e  Apollo Telescope Mount (ATM), which w i l l  be  t h e  
f i r s t  manned astronomical  observa tory  i n  space. The ATM w i l l  overcome the 
l i m i t a t i o n s  imposed on man's a b i l i t y  t o  s tudy  t h e  sun because t h e  atmos'phere 
o b s t r u c t s  u l t r a v i o l e t ,  extreme u l t r a v i o l e t ,  X-ray and most i n f r a r e d  r a d f a t i o n  
from t h e  sun and d i s t o r t s  o p t i c a l  images. Clouds and atmospheric p o l l u t i o n  
o f t e n  i n t e r r u p t  o r  preclude viewing, Operat ing a t  an a l t i t u d e  o f  1235 m i l e s ,  
t h e  manned observa tory  w i l l  be f r e e  from t h e s e  d i s t o r t i o n s  and i n t e r r u p t i o n s  
and w i l l  have t h e  c a p a b i l i t y  f o r  s e l e c t i v e  poin t ing .  
br ing  new ins ig ,h t s  i n t o  t h e  dynamic processes  t h a t  t ake  p l ace  i n  and arlmnd 
the  sun. 

These observa t ions  w i l l  

Space medicine experimentat ion w i l l  be  of  b e n e f i t  p r imar i ly  t o  f u t u r e  space 
a c t i v i t i e s ,  a l though i t  may a l s o  fu rn i sh  new i n s i g h t  i n t o  b a s i c  phys io log ica l  
processes  of men and animals,  and c e r t a i n l y  some of t h e  ins t rumenta t ion  
developed f o r  measurements of body processes  i n  spase  w i l l  f i n d  use i n  ea r th  
app l i ca t ions .  T h i s  program w i l l  a l s o  provide t h e  f i r s t  oppor tuni ty  f o r  a 
s c i e n t i s t - a s t r o n a u t  phys ic ian  t o  p a r t i c i p a t e  f i r s t  hand i n  observa t ions  and 
experiments as a member of t h e  f l i g h t  crew. 

The engineer ing and manufacturing technology experiments are concerned 
with space! phys,ics e f f e c t s  on materials and processes ,  human f a c t o r s ,  and 
p rec i s ion  instr*unientation. 
of t h e  f e a s i b i l . i t y  of manufacturing s e l e c t e d  m a t e r i a l s  i n  space u t i l i z i n g  t h e  
space vacuum a.rtd zero g r a v i t y  condi t ions .  

An important  experiment w i l l  be the  eva lua t ion  
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The Skylab m i s s i o n s  w i l l  begin i n  e a r l y  1973 wi th  t h e  unmanned launch of  t h e  
Workshop i n t o  a 50" o r b i t  of 235 m i l e s  a l t i t u d e  using a two-stage v e r s i o n  of 
a Sa turn  V vehic le .  
veh ic l e  w i l l  launch a modified Apollo Command and Serv ice  Module whose three 
man crew w i l l  rendezvous and dock wi th  the  Workshop t o  al low completion iof t h e  
o r b i t a l  assembly, and start of opera t ions .  

On t h e  day fol lowing launch o f  t he  workshop, a Sa turn  I B  

The i n i t i a l  uiztnnied mission w i l l  be p r imar i ly  d i r e c t e d  toward t h e  sccomplish- 
ment of medical. experiments r e l a t e d  t o  providing assurance  f o r  t h e  wel l -being 
of  a s t r o n a u t s  dluring t h e  t h r e e  Skylab missions.  Other areas of focus w i l l  be 
t h e  s o l a r  tmtrcmomy, e a r t h  resources ,  and t e c h n i c a l  experiments which wl: 11 be 
conducted concuirrcmtly with t h e  medical a c t i v i t y .  This mission is planried t o  
l as t  up t o  28 tli3y€l, beginning with t h e  launch of  t he  manned f l i g h t .  
before  leaving!, w j i l l  p repare  t h e  Workshop f o r  an unmanned per iod  of two months, 
dur ing  which i f :  w i l l  be maintained i n  a semi-act ive condi t ion .  

Thcl crew, 

The second manned mission w i l l  be  launched approximately t h r e e  months a f t e r  
t he  f i r s t  manned launch. This  r e v i s i t  mission is planned f o r  a duratioit  o f  up 
t o  56 days. The *mission w i l l  reoccupy t h e  Skylab Workshop and ga the r  milch 
g r e a t e r  amounts of d a t a  from medical,  t e c h n i c a l ,  s c i e n t i f i c ,  e a r t h  resolirces,  
and s o l a r  astronomy experiments,  with t h e  focus on t h e s e  l a t te r  two a reas .  
The t h i r d  and f i n a l  crew w i l l  be launched approximately t h r e e  months a f t e r  
the  second manned launch, This  mission is a l s o  planned f o r  a du ra t ion  i>f up 
t o  56 days from launch. Again, t h e  crew's a c t i v i t i e s  w i l l  emphasize 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  o b j e c t i v e s  of  t h e  experiments.  

A change i n  program plan w a s  made i n  May 1970 t o  provide f o r  launching t h e  
Skylab Sa turn  1.B veh ic l e s  from Launch Complex 39. The t r a n s f e r  of Sa turn  I B  
launch opera t ions  t o  Complex 39 w a s  undertaken t o  reduce c o s t s ,  t o  s t r eaml ine  
Kennedy Space Center (KSC) opera t ions  by conso l ida t ing  a l l  manned space f i i g h t  
launches a t  om! complex, and t o  improve launch r e l i a b i l i t y  through u s e  of t h e  
newer complex itncl its f a c i l i t i e s  f o r  indoor  assembly of t h e  space  vehic le .  
The four  Sa turn  I:B launch veh ic l e s  f o r  t h e  Skylab p r o j e c t  w i l l  be  scheduled 
f o r  modif icat ion, ,  refurbishment  and checkout to  support  t h e  1973 launch da te s .  
Modif icat ions to  t h e  Saturn V v e h i c l e  f o r  launch of t h e  Skylab w i l l  be  com- 
p le ted  i n  FY :t97:!. The Apollo produced Command and Se rv ice  Modules arc! being 
modified Eor !;&:lab use. Modif icat ions are requi red  because o f  t he  unjque 
ope ra t iona l  and support  requirements of  Skylab r e s u l t i n g  i n  longer  misriion 
dura t ion ,  new o r b i t a l  rendezvous requirements , cluster support  requirements ,  
mission a l t i t u d e  c o n s t r a i n t s ,  increased  r e t u r n  payload, and space  r e t r l t eva l  
c a p a b i l i t y .  'Changes r e s u l t i n g  from t h e  Apollo 1 3  mission are also being made. 
In FY 1972 t h e  s p a c e c r a f t  f o r  t he  f i r s t  mission w i l l  complete checkout a t  t h e  
con t r ac to r s '  p l a n t  and be de l ive red  to  KSC. The t h r e e  remaining spacec ra f t  
w i l l  be i n  t h e  process  of systems i n s t a l l a t i o n  and checkout.  

Contractor  in-plant  e f f o r t s  OR a l l  prime modules of t h e  Skylab, cons is t i n g  
of t h e  o r b i t a l  workshop, a i r l o c k  module, m u l t i p l e  docking adap te r  and the  
Apollo Telescope Mount, w i l l  be e s s e n t i a l l y  completed by t h e  end of FY 1972. 

RD 16 



During t h i s  pe:eiod, t he  f l i g h t  modules w i l l  va r ious ly  progress  through t h e  
processes  of f:Lnal assembly, i n s t a l l a t i o n  and i n t e g r a t i o n  of sys  terns and 
experiments,  checkout, and r e l a t e d  t e s t i n g ;  t h e  Mul t ip le  Docking Adapter 
and t h e  Air lodc Module w i l l  a d d i t i o n a l l y  undergo i n t e g r a t e d  t e s t i n g ,  irr.clud- 
ing  an a l t i t u d e  chamber test; t h e  ATM w i l l  undergo v i b r a t i o n  and themail-  
vacuum t e s t i n g ;  :Eollowing which t h e  u n i t s  w i l l  be de l ive red  t o  KSC to commence 
prelaunch ac t l v i t i e s  . 

Space S h u t t l e  

The key t o  economical space ope ra t ions  is t h e  space  s h u t t l e ,  a reusalile 
space t r a n s p o r t a t i o n  system t h a t  w i l l  r evo lu t ion ize  present day space opera- 
t i o n s  by fu rn i sh ing  an a i r l i n e - t y p e  a c c e s s i b i l i t y  t o  space a t  low ope r4 t t i ona l  
cos t  . 
Two major sources  of c o s t  r educ t ion  are as soc ia t ed  with t h e  use  of  t h e  

s h u t t l e  system. I n  a d d i t i o n  t o  t h e  s u b s t a n t i a l  o p e r a t i o n a l  sav ings  generated 
by r eusab le  hardware, t h e r e  are s i g n i f i c a n t  economies t o  be r e a l i z e d  i n  t h e  
payload a r e a  due t o  re laxed  weight and volume c o n s t r a i n t s ,  c a p a b i l i t y  to  
r e t u r n  payloads and i n - f l i g h t  checkout of payloads.  

The s h u t t l e  is  planned as a two s t a g e  v e h i c l e  which w i l l  possess  an a l l  
azimuth c .apabi l i ty  and have an ope ra t iona l  a v a i l a b i l i t y  such t h a t  i.t can be 
launched on s h o r t  no t i ce .  It w i l l  t ake  o f f  v e r t i c a l l y  under rocklet power 
with t h e  boos te r  a c c e l e r a t i n g  t h e  o r b i t a l  s t a g e  t o  t h e  o u t e r  f r i n g e  of t h e  
e a r t h ' s  titmosJphere where s e p a r a t i o n  w i l l  occur .  
d e c e l e r a t e  and c:ruise t o  a designated landing  f i e l d  and land  h o r i z o n t a l l y .  
The o r b i t e r  orill. proceed t o  o r b i t ,  powered by its own rocket  engines ,  t o  
d e l i v e r  its payyload and perform its assigned mission. A f t e r  spending up t o  
seven days i n  o r b i t ,  t h e  o r b i t e r  w i l l  re-enter and r e t u r n  t o  a convent ional  
a i r p o r t  Kunwa:? rind also land hor i zon ta l ly .  Af t e r  a s h o r t  turnaround per iod 
of approximately t w o  weeks both s h u t t l e  s t ages  w i l l  be ready f o r  another  
miss ion.  

The boos te r  w i l l  then 

The s h u t t l e  wL11 be designed f o r  100 o r  more f l i g h t s  with a m i n i m u m  of  
ground maintenance. Payload t r a n s p o r t a t i o n  w i l l  be  similar t o  connnerc:ial 
a i r l i ne  practicle. The o r b i t e r  w i l l  con ta in  a l a r g e  compartment o f  about 
10,000 cubic  f e e t  t o  accommodate a varying payload mix of  sa te l l i tes ,  
passengers,  (and cargo. I n  a passenger mode, t e n  people p lus  a crew o f  two 
can be accommodated. Moderate G loads  and a s h i r t  sleeve environment w i l l  
allow average people i n  good hea l th  t o  f l y  i n t o  space without  ext.ensive 
f l i g h t  t r a i n i n g .  

Once developed, t h e  s h u t t l e  can r ep lace  e s s e n t i a l l y  a l l  t h e  p re sen t  day 
launch veh ic l e s  except  f o r  very small veh ic l e s  of the  Scout class, and t h e  
very l a r g e  Sa turn  V. 
can accomplish a v a r i e t y  of  missions i nc lud ing  t r a n s p o r t a t i o n  t o  and 
r e t r i e v a l  of s a t e l l i t e s  from low e a r t h  o r b i t ,  v i s i t i n g  o r b i t i n g  satel l i tes  
f o r  pe r iod ic  se rv i c ing ,  d e l i v e r y  of propuls ive  s t a g e s  and payloads for 

Its low o p e r a t i o n a l  cost and i t s  v e r s a t i l e  c a p a b i l i t y  
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high energy mirisions t o  l o w  e a r t h  o r b i t ,  s h o r t  du ra t ion  sc i ence  and appl ica-  
t i o n s  missions,  s e rv ing  as a space research l abora to ry ,  and t h e  t ranspcwta t ion  
of personnel and cargo t o  space s t a t i o n s  i n  low e a r t h  o r b i t .  

Current p l a m  €or  t h e  s h u t t l e  focus on t h e  beginning of  h o r i z o n t a l  f l i g h t  
t e s t i n g  in t h e  mid-l970s, with a f u l l  ope ra t iona l  c a p a b i l i t y  by t h e  end of  
t h e  decade t h a t  ! w i l l  provide t h i s  country a space f l i g h t  ope ra t ions  c a p a b i l i t y  
which by its unilque and v e r s a t i l e  n a t u r e  w i l l  be unmatched f o r  yeatrs t o  come. 

The s h u t t l e  veh ic l e  c o n s i s t s  of  a f u l l y  reusable  boos te r  and o r b i t e r  each 
using high pressure  l i q u i d  oxygen/ l iquid hydrogen fue led  rocke t  engine:$ f o r  
propulsion. 
pounds depending on a l t i t u d e ,  i n c l i n a t i o n ,  and o r b i t e r  conf igura t ion .  

The s h u t t l e ' s  payload c a p a b i l i t y  w i l l  range from 25,000 to 65,000 

The FY 1972 program provides f o r  d e t a i l e d  design and developmenit on the 
engine--the lcIng,est l e a d  t i m e  component of  the  s h u t t l e .  It also provides 
f o r  proceeding on an o rde r ly  step-by-step b a s i s  with t h e  s h u t t l e  a i r f rame 
design. 
ment depending an  the  progress  o f  s t u d i e s  now underway. 

This e f f o r t  may l e a d  t o  d e t a i l e d  design o r  i n i t i a t i o n  of  develop- 

Two coI1curi:ent: d e f i n i t i o n  s t u d i e s  are underway f o r  t h e  veh ic l e  t o  provide 
d a t a  upon whish t o  select conf igura t ions  t h a t  can be c a r r i e d  forward with 
t h e  design phase. Supplemental f e a s i b i l i t y  s t u d i e s  of a l t e r n a t e  veh ic l e  
concepts are a l s o  being conducted. 

In  F i sca l  Yeair 1972 v e h i c l e  d e f i n i t i o n  w i l l  be advanced by wind tunnel  
t e s t i n g  t o  def ine  t h e  p r e c i s e  aerodynamic hea t ing ,  launch aerodynamics, 
s t ag ing  sepa ra t ion  forces ,  re-entry s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s ,  
and atmospheric propuls ion e f f e c t s .  Dynamics t e s t i n g  w i l l  proceed t o  
determine wind .Loads, veh ic l e  f l u t t e r  e f f e c t s ,  and t h e  a c o u s t i c  environment 
which w i l l  e x i s t .  
devices  and too l ing  f i x t u r e s  w i l l  be performed. 

Design of long l e a d  t i m e  hardware and subsystems, test  

T e s t  demonstrations t o  v e r i f y  des ign  concepts c o n s t i t u t e  an important p a r t  
of t h e  s h u t t l e  s tudy program and w i l l  inc lude  tests o f  the  s t a t i c  and dynamic 
performance of s t r u c t u r e s  proposed f o r  fuse lage ,  wings, t anks ,  arid attachment 
mechanisms. Mission s imula t ions  w i l l  be performed i n  combination with thermal 
p ro tec t ion  systems. Analysis and test o f  many new a l l o y s  and promising 
materials arc! planned. A f l i g h t  research  program w i l l  i n v e s t i g a t e  a t t i t u d e  
maneuvers f o r  t h e  def ined  conf igura t ions ,  determine c o n t r o l  system relquire- 
ments, and provide t h e  necessary f l y i n g  test bed f o r  f l i g h t  system components. 

A principal .  focus i n  t h e  development of  t h e  engines f o r  propul:sion is t h e  
long l e a d  time required f o r  engine development. 
design e f f o r t  is requi red  t o  have t h e  engines proper ly  i n t e g r a t e d  i n t o  t h e  
veh ic l e  systtsm, This engine w i l l  have increased  performance by v i r t u e  of  
developing h:tgher s p e c i f i c  impulse a t  much lower weight. 
base of  technoliogical experience with advanced hydrogen-oxygen engines has 

An e a r l y  i n i t i a t i o n  of  

A cons iderable  
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been developed ove'r t h e  l a s t  several yea r s  which provides a high l e v e l  o:li 
confidence t h a t  t he  required s h u t t l e  rocket  engine w i l l  be s u c c e s s f u l l y  
developed. 

Drawing upon da ta  developed from f e a s i b i l i t y  s t u d i e s  t h a t  have bean coin- 
p l e t ed ,  t h e  m a i n  engine c h a r a c t e r i s t i c s  being used as b a s e l i n e  in t h e  deEini- 
t i o n  s t u d i e s  ncrw underway inc lude  a t h r o t t l a b l e ,  high p res su re ,  hydrogen -oxygen 
engine t h a t  w i l l  be c l u s t e r e d  f o r  u se  on both t h e  o r b i t e r  and t h e  booster .  
Three concurrent d e f i n i t i o n  c o n t r a c t s  are underway, and t h e  main engine 
design and development is scheduled t o  begin i n  mid-1971. I n  F i s c a l  Year 
1972 main engine e f f o r t s  will i nc lude  development t e s t i n g  of  t h e  thicust 
chamber and engine c o n t r o l s ,  and design of a prototype engine. Propuls ion 
subsystem test f ' a c i l i t i e s  w i l l  be modified and development hardware t e s t e d .  
Fabr i ca t ion  o f  E L  prototype engine w i l l  be i n i t i a t e d  during F i s c a l  Year 1972. 

O r b i t a l  Sys t e m s  and Experiments 

O r b i t a l  Sys tcnis  and Experiments encompasses work r e l a t i n g  t o  manned ealrth 
o r b i t a l  f l i g h t  iift:er t h e  Skylab missions.  The work focuses on s t u d i e s  of t h e  
major systems of t i  space s t a t i o n  c o r e  and modules, on t h e  experiments t o  b e  
conducted i n  e a r t h  o r b i t  i n  t h e  space s t a t i o n  o r  on s h u t t l e  missions,  arid on 
t h e  l i f e  s c i ences  a s p e c t s  o f  space  f l i g h t .  

A long d1iratj.m space s t a t i o n  provides a f a c i l i t y  f o r  many d i v e r s e  s c j e n t i f i c  
and a p p l i c a t i o n s  ac t iv i t i e s  i n  low e a r t h  o r b i t .  The s t a t ion  w i l l  be  an evolu- 
t i o n a r y  progression from Skylab, and i t s  f i n a l  design w i l l  i nco rpora t e  l ' l i gh t  
da t a  obtained Erorn t h a t  program. L o g i s t i c a l l y  supported by t h e  space s t i u t t l e ,  
t he  s t a t i o n  w i l l  have extended in -o rb i t  l i f e t i m e  wi th  maintenance and rc!place- 
ment of  systems. The s t a t i o n  w i l l  f e a t u r e  modularity so t h a t  elements (:an be 
replaced, updated, and added f o r  g r e a t e r  c a p a b i l i t y .  Program d e f i n i  t io i i  s t u d i e s  
on a 33 f o o t  diameter space s t a t i o n  t h a t  could be  placed i n  o r b i t  by a two 
s t a g e  Saturn V v e h i c l e  are now being completed, however, t h e r e  are o t h e r  con- 
f i g u r a t i o n a l  approaches which can provide t h e  same c a p a b i l i t y  i n  a more evolu- 
t i o n a r y  manner. Two modular s t a t i o n  concepts are c u r r e n t l y  being consitiered. 
One uses  only s h u t t l e  compatible modules t h a t  are no more than 60 f e e t  Long 
with diameters  of no more than  15 f e e t ;  t h e  o t h e r  would evolve from t h e  f irst  
Skylab using t h e  same t o o l i n g  f o r  t h e  c o r e  module and t h e  same type of i n i t i a l  
launch conf igu ra t ion  on a two s t a g e  Saturn V. S tud ie s  are underway, both in-  
house and with t h e  d e f i n i t i o n  c o n t r a c t o r s ,  t o  develop and compare candidate  
concepts rtn d e t a i l  relative t o  s p e c i f i c  design c h a r a c t e r i s t i c s ,  o p e r a t i o n a l  
sequences, s h u t t l e  i n t e r f a c e s ,  experiment support  c a p a b i l i t y  , and -resources 
requirements 

To augment t h e  c a p a b i l i t y  o f  both t h e  space s t a t i o n  and s h u t t l e ,  NASA has 
undertaken the. d e f i n i t i o n  of r e sea rch  and a p p l i c a t i o n s  experiments module. 
These modules can be  operated i n  conjunct ion wi th  a space s t a t i o n  as a t t ached  
modules or i n  zi f r ee - f ly ing  mode where experiments w i l l  r e q u i r e  o p e r a t i o n s  



remote from the: space s t a t i o n .  
c o s t  efEecti.veriess, can be s p e c i f i c a l l y  configured f o r  i n v e s t i g a t i o n s  i n  t h e  
var ious  sciex1tl.f i c  d i s c i p l i n e s .  

The modules, whi le  comon i n  many r e s p e c t s  f o r  

Parall.eling: t h e  space s t a t i o n  s t u d i e s  are e f f o r t s  requi red  t o  develop a 
balanced pra1j;ram of  payloads and experiments t o  u t i l i z e  t h e  i n i t i a l  s ihu t t le  
c a p a b i l i t y  sixid t h e  space  s t a t i o n  when it  becomes a v a i l a b l e .  Def in i t j on  
a c t i v i t i e s  ;ire essential  t o  t h e  o r d e r l y  evo lu t ion  and development of  payloads 
and experiments compatible wi th  t h e  f u t u r e  space  f l i g h t  t r a n s p o r t a t i o n  sys  tenis.  
The payl-oad and experiment d i s c i p l i n a r y  program areas inc lude  e a r t h  fiumeys, 
physics and ;ist:ronomy, materials s c i e n c e  and manufacturing, space  technology, 
and comiuniciitj.ons and naviga t ion .  

Experiment: d e f i n i t i o n  s t u d i e s  w i l l  a l s o  e v a l u a t e  t h e  use o f  t he  space  shu t t : l e  
t o  reduce t h e  c o s t  of payload and experiment design,  and h e l p  e s t a b l l s h  require-  
ments f o r  t h e  s h u t t l e  hardware development. 

For t h e  st intion i t s e l f ,  a c t i v i t i e s  t o  be supported i n  FY 1972 inc lude  
t echn ica l ,  p.rogranunatic, and c o s t  t r a d e  o f f  comparisons of space s t a t i o n  concepts  
compatible wl th  launch and r e t u r n  by t h e  space  s h u t t l e ,  and i n  depth s t u d i e s  
of s p e c i f i c  technica l  problems; t r a d e  o f f  ana lyses ,  t o  v e r i f y  system:; s e l e c t i o n ;  
i n i t i a t i o n  o E  prel iminary engineer ing  designs o f  s e l e c t e d  long l e a d  riystems; 
technology mr: l f  i c a t i o n  and proof of  concept through e a r l y  i n i t i a t i o i i  of 
breadboard t e s t i n g  of  c r i t i ca l  systems. 

D e f i n i t i o n  e f f o r t s  on t h e  research  and a p p l i c a t i o n s  module undiertalren i n  
FY 1971 w i l l  be  continued. S ince  t h e  e a r l y  and accu ra t e  d e f i n i t i o n  of experi-  
ments and payloads is v i t a l  t o  eventua l  mission success  and t h e  achicvement of 
program o b j e c t  lves and n a t i o n a l  goa ls ,  experiment d e f i n i t i o n  e f f o r t s  w i l l  re11 ate 
t o  acqu i r ing  t h e  t echn ica l  and s c i e n t i f i c  e f f o r t  e x p e r t i s e  needed t o  i d e n t i f y  
and v e r i f y ,  through ground experimentat ion and a n a l y s i s ,  t hose  worthwhile 
experiments conducted by man i n  space,  t o  a s s u r e  e f f e c t i v e  use of  f u t u r e  manned 
space f l i g h t  systems. 
emphasis and p r i o r i t y  being given t o  t h e  start of  work on long l e a d  t i m e  items. 

A l l  major d i s c i p l i n a r y  areas w i l l  be  represen1:ed with 

Space l i f l e  s c i ences  i n t e g r a t e s  space medical,  biotechnology arid biology 
a c t i v i t i e s  o f  the  Nat ional  Aeronaut ics  and Space Adminis t ra t ion.  A c c i v i t i e s  
inc lude  b ioresearch  f o r  s tudy and i n v e s t i g a t i o n  i n  medical,  bi01.0gici~l and 
behaviora l  ,areas t o  determine human e f f e c t ,  adap ta t ion  and t o l e r a n c e  t o  space 
ope ra t ions ;  use of  t h e  space  environment for t h e  s tudy  of  fundamental b io log fc  
processes;  bioengineer ing f o r  s tudy  and experimental  test of  bioinstieumentatf.on 
and bioassay concepts on man and o t h e r  l i v i n g  systems; t h e  des ign  of space  
veh ic l e s  f o r  h a b i t a b i l i t y ;  and bioenvironmental  systems s t u d i e s  t o  tsst 
experimental  l i f e  suppor t  and p r o t e c t i v e  devices .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF - MANN'EiD --- SPACE FLIGHT ADVANCED MISSIONS I?ROGR,AM -- 
PROGRAM OBJEC?'l.VE,S --- AND JUSTIFICATION : 

The o b j e c t i v e s  of t h e  Advanced Missions ac t iv i t i e s  inc lude  examining the  
enhancement of cu r ren t  and advanced manned space f l i g h t  program concepts 
and developing t h e  requirements f o r  f u t u r e  systems. The s t u d i e s  conducted 
provide both g,tiidance f o r  t h e  r e sea rch  and technology e f f o r t  r equ i r ed  t o  
support  t h e s e  systems and t e c h n i c a l  information upon which t o  base f u t u r e  
program decisicins . 
SUMMARY O F  --- RESCIUR.CES REQUIREMENTS : 

(Thousands of D o l l a r s )  
1970 1971 1972 

Advancedi missian s tudies . . . . . . . . . . . . .  $2,500 $1,500 $1,500 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2,500 $1,500 $1,500 

BASIS OF F'UND -- I;:EQIUIREMENTS: 

Advanced Mission S tud ie s  

Advanced s t u d i e s  are conducted t o  provide t h e  necessary knowledge t o  a s s e s s  
and t o  d i r e c t  t.he f u t u r e  course of t h i s  coun t ry ' s  manned space f l i g h t  
program. 
cep tua l  designs and provide comparative t e c h n i c a l  d a t a  t o  supplement 
in-house ac t iv i t i e s .  During FY 1972, t h e  s t u d i e s  w i l l  i n v e s t i g a t e  new 
requirements fc t r  near and long range f l i g h t  missions,  and conduct comparative 
s t u d i e s  of the p o s s i b l e  long range u t i l i z a t i o n  of systems p resen t ly  being 
def ined o r  under development, such as t h e  space s t a t i o n ,  Skylab, and 
s h u t t l e .  

The s t u d i e s  u t i l i z e  t h e  c a p a b i l i t y  of i ndus t ry  t o  perforin con- 

Lunar exp lo ra t ion  s t u d i e s  f o r  ac t iv i t i e s  beyond t h e  p re sen t  Apollo 
program w i l l  be d i r e c t e d  toward aggregat ing and a s s i m i l a t i n g  t h e  knowledge 
gained from previous missions,  and applying t h i s  information toward t h e  
ex ten t  and na tu re  of f u t u r e  exp lo ra t ion ,  both on t h e  luna r  s u r f a c e  and i n  
luna r  o r b i t .  
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An assessment of program d i r e c t i o n s  w i l l  con t inua l ly  be compared wi th  
n a t i o n a l  o b j e c t i v e s  t o  a s s u r e  t h a t  advanced planning is kept  cu r ren t  and 
responsive.  

Cost and performance improvements are t o  be s tud ied  i n  r e l a t i o n s h i p  to  
e x i s t i n g  or prospec t ive  programs such as t h e  s h u t t l e  and space s t a t i o n .  
The impact of new missions and systems on f l i g h t  and ground operatiolns 
and, cc)nver~el.y, t h e  impact of advanced ope ra t ions  concepts  on f u t u r e  
missioris arid systems w i l l  be  s tud ied  t o  a s s u r e  t h a t  t he  e n t i r e  program 
b e n e f i t s  from advances i n  each area. 

As operat:ional s a f e t y  is  of t h e  utmost importance,  s t u d i e s  w i l l  be 
d i r e c t e d  tcwards promoting new s a f e t y  cri teria f o r  advanced concepts, dur ing  
t h e  e a r l y  phases of mission development. 

of s tudy  t h a t  w i l l  r e c e i v e  a t t e n t i o n  during F i s c a l  Year 1972 are: 

Earth o r b i t a l  mission a n a l y s i s  t o  determine t h e  most advantageous 
combination of f l i g h t  systems f o r  p ro jec t ed  mission o b j e c t i v e s .  
111 a d d i t i o n  t h e s e  s t u d i e s  can i d e n t i f y  a requirement f o r  a l t e r -  
n a t i v e  mission and f l i g h t  hardware concepts  when it is i n d j  ca ted  
thixt t hese  a l t e r n a t i v e s  show advantages over t h e  concepts  t h a t  
had been planned f o r  use. 

N t m  rnissions requirements i n v e s t i g a t i o n s  t o  focus a t t e n t i o n .  
and NASA resources  on p o t e n t i a l  a p p l i c a t i o n s  of space t h a t  w i l l  
improve t h e  q u a l i t y  of l i f e  on e a r t h .  

Liiinair exp lo ra t ion ,  beyond t h e  p re sen t  Apollo program and i n  t h e  
next decade, f o r  extended exp lo ra t ion  of t he  moon and i ts  near  
eiwiironment both from luna r  o r b i t  and on t h e  luna r  s u r f a c e ,  

Gir~mid and f l i g h t  ope ra t ions  ana lyses  t o  determine how advcmced 
concepts  would a f f e c t  p ro j ec t ed  ope ra t ions  using c u r r e n t  systems, 
an13 how proposed new systems would a f f e c t  f u t u r e  ope ra t ions .  

An i n t e g r a t e d  space  program s a f e t y  s tudy  t o  produce guidanc:e f o r  
f u t u r e  missions,  by e s t a b l i s h i n g  a f o c a l  po in t  w i th in  Manned 
Space F l i g h t  f o r  new s a f e t y  concepts  as they relate t o  t h e  develop-. 
mtcnt of advanced missions.  Th i s  s tudy w i l l  cont inue  t h e  srifety 
s tudy  work conducted during FY 1971 t o  a g r e a t e r  l e v e l  of tletail 
and ref inement  . 
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Progr an! - 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE AND APPLICATIONS PROGRAMS 

(Thous ands of d o l l a r s  ) 
1971 -- 1972 - 19 70 - 

Physics and astronomy.. ............ $112,851 $116,000 $11 0,300 

Lunar and plane tary  
144,900 311,500 explorat ion. .  .................... 150,900 

--- Bioscience.  ......................... 19,655 12,900 

Space appl ica t ions . .  ............... 128,304 167,000 lt12,500 

Launch vehyi cle procurement.. ....... 107,819 124,900 _. 11 16 ,100 

Tota.1.. .......................... $519,529 $565,700 $7!.iO 400 
=L 
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RESEARCH ANI) DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

S W R Y  

OFFICE OF SPACE SCIENCE AND APPLICATIONS PHYSICS AND ASTRONOMY, PROGRAM 

PROGRAM OBJE(oTTIVES AND JUSTIFICATION: --- 
The Physics and Astronomy program, when viewed i n  t h e  framework of  broad 

s c i e n t i f i c  arid technologica l  e f f o r t s ,  has  as i t s  o b j e c t i v e  t h e  understanding 
of  t h e  or ig i r i  and cont inuing  evo lu t ion  o f  t h e  e a r t h ,  o u r  s o l a r  system, t h e  
stars, ga lax ies ,  and t h e  universe .  We are explor ing  our  space  ewironment  i n  
o rde r  t o  understand its n a t u r e  and t h e  phys ica l  processes  t h a t  shape i t .  I n  
doing so, we a r e  increas ing  our  knowledge of t h e  fundamental laws and pr in-  
c i p l e s  cl f na t.ur e. 

To at t :a in  1:hi.s goa l ,  a v a r i e t y  of  techniques are used t o  ga ther  information.. 
These includlt: t h e o r e t i c a l  and l abora to ry  research;  a i r c r a f t ,  ba l loon ,  and 
sounding rocket: f l i g h t s ;  as w e l l  as observa t ions  us ing  s m a l l  and .Lar@,e auto- 
mated spacec:saf:t and manned systems. Research groups p a r t i c i p a t i n g  i n  t h i s  
e f f o r t  are c!ist:ributed throughout t h e  United S t a t e s  and t h e  f r e e  world.  
Groups are 1.ocated a t  most of t h e  NASA cen te r s ,  a t  several o t h e r  bvernment  
labora tor ies ;  ,, and a t  many 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 .  Foreign 
p a r t i c i p a t i o n  is arranged through the  sc i ence  min i s t ry  of  each o f  the partic-.  
i p a t  ing  coun t r i e s .  

The techno:togy developed and d a t a  gathered i n  t h i s  program a re  made avail-  
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 i n  o r d e r  t o  con t r ibu te  t o  
f u t u r e  s c i e n t i f i c  research ,  educat ion,  and t h e  advancement of technology. 

SUMMARY --- OF RESOURCES REQUIRENENTS : 

(Thousands o f  Do1lai.s) 
19  7 1  1972 - - 1970 - 

Large observator ies . . . . . . . . . . . . . . . . . . . . .  $47,798 $42,831 $43,400 
Orb i t ing  exp:Lorers.. .................... 18,295 26,200 24,500 
Sub-orbi ta l  programs. ................... 21,100 23,000 21,500 ................. 20,900 Supporting ac t iv i t ies . .  25,658 23,969 - 

Totill.  . .............................. $112,851 $116,000 $!.10,300 -. 
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BASIS OF FUND --- IW!UIREMENTS: 

Large Observa tor ies  

The l a r g e  observatory program inc ludes  t h e  Orb i t ing  So la r  Observa tor ies  
(OSO) , t h e  Orb i t ing  Astronomical Observa tor ies  (OAO) and t h e  new spacec ra f t  
series known a:; High Energy Astronomical Observator ies  (MEAO) . 

The OS0 provides  a spec ia l i zed  space observing platform t o  con t r ibu te  t o  
our  underatancl:ing of  t h e  sun. The spacec ra f t  design provides  a c a p a b i l i t y  
f o r  experiment::; r equ i r ing  s o l a r  and c e l e s t i a l  po in t ing ,  s o l a r  scanning, o r  
scanning of t h e  c e l e s t i a l  sphere.  Four missions , inc luding  c o r r e l a t e d  
ground-based observa t ions  of t h e  sun, are scheduled through t h e  mid-1970's. 
Previous OS0 m:Lssions have made major con t r ibu t ions  t o  our  understanding 
of t h e  sun and ,  i n  p a r t i c u l a r ,  t h e  obse rva t iona l  models of f l a r e s .  Twci 
obse rva to r i e s ,  080-5 and OSO-6 are  cont inuing t o  provide va luable  observa- 
t i o n s  i n  suppoirt of our  ob jec t ives .  FY 1972 funds w i l l  provide f o r  i n  
o r b i t  ope ra t ion  of OSO-H, cont inuing  development of t h e  instruments  anc 
spacecraft: hardware f o r  t h e  remaining t h r e e  missions , and reduct ion  and 
ana lys i s  of d a t a  obtained from t h e  a c t i v e  obse rva to r i e s .  

The OAO w a s  developed as an accu ra t e ly  s t a b i l i z e d  automated space  obs erva- 
to ry  system f o r  t e l e s c o p i c  observa t ions  of  ce l e s t i a l  o b j e c t s  i n  t h e  e l e c t r o -  
magnetic s p e c t ~ a l .  range from t h e  X-ray reg ion  through t h e  u l t r a v i o l e t  i n t o  
the  v i s i b l e  ragion.  OAO-2, launched i n  December 1968, cont inues t o  m a k e  
major contribtiicions t o  our  understanding of t h e  universe  by providing 
c r i t i c a l  :in f o r~na t  ion  i n  t h e  u l t r a v i o l e t  region o f t h e  e l e c t  romagne t i c  
spectrum. S i g n i f i c a n t  s c i e n t i f i c  accomplishments from OAO-2 inc lude  the 
discovery of  ozone on t h e  p l ane t  Mars and t h e  discovery of ex tens ive  hjdrogen 
clouds around two b r i g h t  comets. OAO-B, launched on November 30, 1970 f a i l e d  
t o  achieve orb.i t  when t h e  launch v e h i c l e  shroud d id  n o t  j e t t i s o n  propei ly .  
F i s c a l  Y e a r  1972 funds suppor t  t h e  launch of  OAO-Cy i n -o rb i t  operat ions o f  
OAO spacec ra f t  and the  reduct ion  and a n a l y s i s  of d a t a  obtained by t h e  
s c i e n t i f i c  i n s  :ruments. 

The primary obgect ive of t h e  HEAO p r o j e c t  is t o  observe our  galaxy arr.d t h e  
universe  :In t h e  X-ray and gamma-ray regions of  t h e  electromagnet ic  spec.trum 
and t o  measure t h e  energy spectrum and chemical composition of  t h e  corpuscular  
cosmic r a d i a t i o n .  This  program has been given t h e  h ighes t  p r i o r i t y  f o r  new 
starts by t h e  Nat ional  Academy of Sciences (Woods Hole Summer Study) ar:.d t h e  
Astronomy Miss:ions Board of NASA. A series of fou r  missions are planncd 
during the  1970's  with t h e  f i r s t  mission scheduled f o r  1975. T i t an  class 
launch vehiclt?:s w i l l  be  u t i l i z e d  f o r  t h e  f i r s t  two missions.  S tudies  \:ill 
be conducted t o  determine t h e  r o l e  of  t h e  space s h u t t l e  f o r  t h e  t h i r d  and 
fou r th  mission:;, i . e .  , launch, r e p a i r ,  and updating. FY 1972 funding t r i l l  

a l low exprximc!iiters on missions A and B t o  complete instrument  des ign  and 
procure long-:Leatl i t e m s  and a l s o  permit s e l e c t i o n  and con t r ac t  award t o  t h e  
spacecraf 1:: coweractor.  Cont rac tor  e f f o r t  w i l l  inc lude  d e t a i l e d  des igns  and 
procurement of long l e a d  items p r i o r  t o  f a b r i c a t i o n .  I n  add i t ion ,  f e a s i b i l i t y  
s t u d i e s  w i l l  be  conducted i n  regard t o  u t i l i z a t i o n  of  t h e  space shut t lc :  f o r  
t h e  C and D m:t:;sions. 
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Orb i t ing  Explorers  

I n  December 1970,  t h e  f i r s t  mission i n  t h e  Small Astronomy SatelILite (SAS) 
series was success fu l ly  launched. SAS-A, o r  Explorer 42, a l s o  c a l l e d  Uliuru 
(Freedom) was launched by an  I t a l i a n  crew from t h e  San Marco launch platform 
o f f  t h e  coas t  cif Kenya. This  i s  t h e  f i r s t  NASA s a t e l l i t e  t o  be launched out-  
s i d e  t h e  United States,  and t h e  f i r s t  t o  be launched by a fo re ign  c r e w .  A 
launch from t h e  United S t a t e s  i n t o  t h e  same o r b i t  would have requi red  a 
l a r g e r  v e h i c l e ,  The mission of Explorer  4 2  is  t o  search  sys t ema t i za l ly  f o r  
X-ray sources  :In space and t o  map the  br ightness  of t h e  ce l e s t i a l  sphere i n  
t h e  2-20 keV energy range. 

F i sca l  Year 1,372 funds w i l l  be  used t o  support  missions t h a t  w i l l  be 
launched over t h e  next  several years .  
used t o  o b t a i n  d a t a  f o r  i nves t iga t ions  i n  X-ray and r ad io  astronomy? atmos- 
phe r i c  and ionospheric  physics ,  t h e  r a d i a t i o n  b e l t s  and magnetospheric boundary, 
and i n t e r p l a n e  :ary space. A c t i v i t i e s  t o  be funded w i l l  inc lude  t h e  development. 
of t h e  spacecr,ifi: and instruments ,  t h e  p re - f l i gh t  t e s t i n g ,  launch,  and t h e  
ana lys i s  of  d a t a  from ope ra t ing  s a t e l l i t e s .  

These Explorer spacec ra f t  w i l l  b e  

Sub -0 r b  i t a1 Pro grams 

The Sub-Orb Lta:L programs inc lude  Sounding Rockets, Airborne Research, and 
Balloon Support. 

Sounding rocke t s  a r e  t h e  only  means of ob ta in ing  d a t a  below 150 k i l o n e t e r s ,  
where s a t e l l i t e s  cannot su rv ive ,  and o f  providing v e r t i c a l  p r o f i l e s  of geo- 
physical  parameters which are complementary t o  s a t e l l i t e  observa t ions .  
Sounding rockets  are a l s o  a f l e x i b l e ?  t imely,  and cos t - e f f ec t ive  means of 
providing space f l i g h t  oppor tun i t i e s  and, as such, c o n s t i t u t e  an j-nvalliable 
component of a balanced program i n  space  research .  
t i v e l y  inexpensive veh ic l e s  is u t i l i z e d  t o  c a r r y  a wide v a r i e t y  of s c i e n t i f i c  
instruments developed f o r  s t u d i e s  i n  t h e  d i s c i p l i n e s  of aeronomy, enerigetic 
p a r t i c l e s  and f i e l d s ,  ionospheres and r ad io  physics ,  g a l a c t i c  and radi!J 
astronomy, and s o l a r  physics.  F i s c a l  Year 1972  funding provides  f o r  a f l i g h t  
program a t  an  approximate level  of  80 f l i g h t s  p e r  year .  Some reduct ion  i n  
t o t a l  f l i g h t s  may be  a n t i c i p a t e d  as a r e s u l t  of i nc reas ing  emphasis on t h e  more 
complex stel1z.r and s o l a r  i nves t iga t ions .  Forty t o  f i f t y  s c i e n t i E i c  teams wil :L 
be engaged i n  ca r ry ing  o u t  t h i s  e f f o r t .  

A f l e x i b l e  s t a b l e  of rela- 

Airborne research  with instrumented j e t  a i r c r a f t  b r idges  t h e  gaip between 
ground-based experiments and those  r equ i r ing  bal loons,  rocke t s  and space 
v e h i c l e  systems. 
s c i e n t i s t s  arid 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 0bserv.a- 
t i o n s  over  arty geophysical area has  y ie lded  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  with NASA's s a t e l l i t e  systems. The a i rbo rne  research  program is 
an  ope ra t ing  approach which may be  a p p l i c a b l e  t o  Space S h u t t l e  and Space Statilon 
opera t ions  i n  t h e  fu tu re .  The physics  and astronomy a i rbo rne  research program 
emphasizes t h e  support  o f  i n f r a r e d  astronomy, and i n v e s t i g a t i o n s  o f  tEe physics  
of  t h e  aurora  arid a i rglow.  F i s c a l  Year 1972 funding is almost e n t i r e l y  a l l o c a t e d  

The f l e x i b i l i t y  involving t h e  d i r e c t  p a r t i c i p a t i o n  o f  
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f o r  an In f r a red  Airborne Observatory and w i l l  be u t i l i z e d  f o r  t h e  c:ompletion 
of a 36-inch te lescope  and its i n t e g r a t i o n  i n t o  a C-141A a i r c r a f t .  

Balloons play an  important r o l e  i n  t h e  Physics  and Astronomy pro;:ram by 
providing t imely and r e l a t i v e l y  low c o s t  f l i g h t  oppor tun i t i e s  f o r  (1) t e s t i n g  
proposed s a t e l l i t e  ins t rumenta t ion  i n  t h e  space environment, (2) ob ta in ing  
observa t icns  a t  a l t i t u d e s  which are n o t  a c c e s s i b l e  t o  s a t e l l i t e s ,  (3 )  l i f t i n g  
instruments  which are too  heavy and voluminous f o r  f l i g h t  i n  p re sen t  automated 
s a t e l l i t e s ,  ( 4 )  u t i l i z i n g  instruments  which can be  s a f e l y  recovered and reused, 
and (5) obtaining observa t ions  f o r  r e l a t i v e l y  extended per iods  of  t i m e  ( i n  
c o n t r a s t  t o  s h o r t  du ra t ion  rocke t  f l i g h t s ) .  Approximately one m i l l i o n  d o l l a r s  
are expended annual ly  t o  support  about  60 ba l loon  f l i g h t s  a ylear. 

S uppo r t ing  A c t i v i t i e s  

This area inc ludes  t h e  Supporting Research and Technology (SRT) , Advanced 
Studies  and Data Analysis programs. 

The SR’LIAdvanced Studies  program enhances t h e  o v e r a l l  s c i e n t i f i c  and tec:hno- 
l o g i c a l  i x 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  continued excell.ence 
and v i a b i l i t y  of t h e  f u t u r e  research  program i n  space sc ience .  The ob jec t ives  
can be  s i x t e d  i n  t h e  following ca tegor ies :  (I) Optimizat ion of  t k L e  r e tu rn  
expected from f u t u r e  missions by problem d e f i n i t i o n ,  developr.ent of  advanced 
experiments and concepts ,  and t h e  c a r e f u l  p repa ra t ion  of  new missjl.ons; ( 2 )  
enhancement of  t h e  va lue  of cu r ren t  space missions by a f u l l  comp:l.ement of 
simu.ltaneou:S ground-based, a i r c r a f t ,  and ba l loon  missions ; arid (3) development 
of t’heories t o  expla in  observed phenomena and p r e d i c t  new ones.  F i sca l  Year 
1972 funds w i l l  support  research  t a sks  a t  u n i v e r s i t i e s ,  non-profil: and indus- 
t r i a l  re.search 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 agcmcies i n  
two-thirds ‘of t he  states and t h e  D i s t r i c t  of Columbia. O f  specia.L s i g n i f i -  
cance is t h e  i n i t i a t i o n  of Phase B s t u d i e s  f o r  t h e  Large S h u t t l e  Launched Space 
Telescope (LST) . SRT/Advanced S tud ie s  funds a l s o  provide p a r t i a l  support: f o r  
t h e  Goddard I n s t i t u t e  for Space S tudies ,  t h e  Space Science Board, and t h e  
Research Associate  program. 

The o b j e c t i v e  of t h e  Data Analysis program is t o  e x p l o i t  t h e  d a t a  obtained 
from space science experiments on NASA s p a c e c r a f t .  Reduced d a t a  records i3re 
forwarded by each p r i n c i p a l  i n v e s t i g a t o r  t o  t h e  Nat ional  Space Science Data 
Center (NSSDC) loca ted  a t  t h e  Goddard Space F l i g h t  Center. The a v a i l a b i l i t y  
of t h e  d a t a .  is made known t o  t h e  world s c i e n t i f i c  community through pe r iod ic  
annc)uncements by t h e  NSSDC. The funding i n  FY 1972 provides  f o r  a cont inua t ion  
of t he  l a ta  c o l l e c t i o n  e f f o r t  of t h e  NSSDC and t h e  suppor t  of c o r r e l a t i v e  
s t u d i e s  trhich u t i l i z e  d a t a  from s e v e r a l  s epa ra t e  i n v e s t i g a t i o n s  21s w e l l  a s  
new approac:hes t o  t h e  a n a l y s i s  of a v a i l a b l e  da t a .  The Data Analysis program 
a l s o  suppor’ts research  involving t h e  use of  d a t a  acquired from 01 d e r  sa te l l i t es  
during per iods  of s p e c i a l  a c t i v i t i e s  f o r  t h e  purpose of a t t a i n i n p  s p e c i f i c  
s c i e n t i f . i c  ob jec t ives .  

RD 28 



Large O'bservatories : 
Sola r  Observator ies  

Astronomical Observator ies  

High Energy Astron. Obs. 

SCHEDULE OF LAUNCHES 

OSO-H 19'"l 
oso-I 19?3 
OSO-J 19?4 
OSO-K 19?6 

Explorers  ( Inc:Luding I n t e r n a t i o n a l  
Coope rat  i v e  !j a t  e l l i  t es ) 

Suborbi ta l  I? rograms : 

Sounding 14z~cltets 
Balloon F:LLglits 

OAO-C 19?2 

HEAO -A 19?5 
HEAO-B 19?6 

4 - 6 launches p e r  yr!ar 

About 80 launches p e r  yea r  
About 60 f l i g h t s  p e r  yea r  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF !;PACE SCIENCE AND APPLICATIONS 
__I--- 

LUNAR AND YLANETARY 
-- EXPLORAT~ ON PROGRAM -- 

P R O G W  OILIECTIVES AND JUSTIFICATION : ---- 
The Lunar and Plane tary  Explora t ion  program is d i r e c t e d  toward i r ives t iga t  ion 

of t h e  moon, t he  p l a n e t s  and t h e i r  satell i tes,  a s t e r o i d s ,  comets and the  
p a r t i c l e s  and f i e l d s  of i n t e r p l a n e t a r y  space. Its goal  is t h e  a c q u i s i t i o n  (of 
new and moire d e t a i l e d  d a t a  and knowledge of t h e  o r i g i n ,  h i s t o r y  and dynamics 
of our  s o l a r  system with p a r t i c u l a r  emphasis on understanding the  evolu t ion  
of OUT e a r t h  and t h e  processes  t h a t  c o n t r o l  i t s  environment. The c u r r e n t  pro- 
gram w i l l  ga the r  information from the  f u r t h e r  exp lo ra t ion  of t h e  maon by 
manned systemas as descr ibed  under the  Apollo program and from t h e  exp lo ra t ion  
of t h e  pliiiiets and the  i n t e r p l a n e t a r y  medium using automated s p a c e c r a f t .  
Interrnedia t e  and long range o b j e c t i v e s  encompass a broad exploraticrn of t he  
s o l a r  system and i n t e r p l a n e t a r y  space.  

An iinder:3t;mding of t h e  moon ' s  o r i g i n ,  evolu t ionary  h i s t o r y ,  relZltiOnShip 
t o  t h e  e a r t h  and t h e  s o l a r  system, and processes  of formation are t:he funda- 
mental sc:Lenitific o b j e c t i v e s  of t h e  lunar  exp lo ra t ion  program. 

Unmanned programs have a l ready  considerably advanced our  knowledp,e of t he  
moon through t h e  Ranger, Lunar O r b i t e r ,  and t h e  Surveyor programs. Current:ly, 
funds provfdcd under t h i s  program f inance  t h e  b a s i c  s c i e n t i f i c  r e sea rch  and 
planning e s s e n t i a l  t o  t h e  des ign  of experiments and t h e  a n a l y s i s  oi d a t a  
from the  Apo 110 Manned Space F l i g h t  program. 

The Plane tary  program has experienced a high degree of success  beginning 
with the  Marfner 2 f l yby  of Venus i n  1962. It has  extended t o  t he  Mariner 
4 Mars f lyby  i n  1964 and 1965, t h e  Venus f lyby  launched i n  June 19f17 and 
the  Pioneer  16 through 9 launched i n  the  1965-1968 per iod .  
6 through 9 were designed t o  measure t h e  i n t e r p l a n e t a r y  medium. 
r ecen t  successes ,  t h e  Mariners 6 and 7 ,  completed t h e i r  f l yby  of Mitrs i n  
July-.August 1969 and re turned  t h e  most comprehensive body of s c € e n t i f i c  
d a t a  ever  obtained from another  p l a n e t .  

The Pioneers  
Tlie most 

The next  p'hase of t he  P lane tary  program begins  wi th  the  launch of two 
Mariner s p a c e c r a f t  i n  1971 to  o r b i t  Mars f o r  a minimum of 90 clays each. 
Martian exp lo ra t ion  will then be extended by t h e  two Viking missioiis 
t o  be launched i n  1975. Both missions conta in  s e p a r a t e  spacec:raft t o  
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simultaneously o r b i t  and land on t h e  Martian s u r f a c e  i n  1976. 
another  Mariner is planned t o  f l y  by Venus and u t i l i z e  the  g r a v i t y  assist 
a v a i l a b l e  tto make t h e  f i r s t  f lyby  of Mercury. Launches of Pioneer  space- 
c r a f t  are planned i n  1972 and 1973, which w i l l  provide t h e  f i r s t :  measure- 
ments of i n t e r p l a n e t a r y  medium i n  t h e  reg ion  beyond Mars, i n  t h e  a s t e r o i d  
b e l t ,  and i n  t h e  v i c i n i t y  of J u p i t e r .  I n  each of 1974 and 1975,, two 
cooperat ive U.S/German s p a c e c r a f t  (Hel ios)  w i l l  be launched t o  f invest igate  
t h e  p a r t i c l e s  and f i e l d s  of t h e  i n t e r p l a n e t a r y  medium i n  as c l o s e  as 
approximately 0.3 AU (Astronomical Units)  from the  sun. 
d i s t a n c e  between t h e  e a r t h  and t h e  sun o r  93,000,000 miles. 

1% 1973 

One AU is the 

The FY 1972 budget provides  f o r  i n i t i a l  development of a long du ra t ion  
spacec ra f t  s u i t a b l e  f o r  a v a r i e t y  of missions t o  t h e  o u t e r  p l a n e t s ,  including 
f lybys  and c l rb i te r  missions.  I n i t i a t i o n  of t h i s  spacec ra f t  developmtent 
e f f o r t  i n  FY' 1972 is  designed t o  t ake  advantage of t h e  unique a:lignment 
of t h e  o u t e r  p l a n e t s  which w i l l  occur i n  t h e  la t ter  ha l f  of t he  1970's and 
w i l l  make pcissible g r a v i t y  a s s i s t e d  f lybys  of t h r e e  p l ane t s  with a s i n g l e  
spacec ra f t .  The mission set rece iv ing  primary a t t e n t i o n  inc ludes  1976 and 
1977 launches t o  J u p i t e r ,  Sa turn ,  and P lu to  and 1979 launches t o  J u p i t e r ,  
Uranus, and Neptune. 
we  w i l l .  a lm  study a mission t o  o r b i t  J u p i t e r .  

As an a l t e r n a t i v e  t o  t h e  f i r s t  of t hese  m i s s i o n s  

SUMMARI! --- OF ELESOURCES REQUIREMENTS : 

(Thousands of Dollars  ) 
1970 1971 - 1972 

Mariner. ,  ............................... 
Viking.. ................................ 
Outer plzinets missions. .  .............. 
Pioneer/€lelJios. ....................... 
Supporting research  and technology/ 

P lane tary  astronomy. .................. 
Data ana:Lys:Ls.. ....................... 
Plane tary  quarantine*. ................ 

advanced studies*... . . . . . . . . . . . . . . . .  

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

$63,871 $46,400 $*52,800 
40,000 35,000 180,400 --- --- 30,000 
22,570 37,400 20,100 

18,080 17,800 18,800 
3,800 4,800 4,800 
2,579 3,500 2,400 

--- --- 2,200 - 
$150,900 $144,900 -. $:illl,500 - 

BASIS OF FUND REQUIREMENTS: 

Mariner 

The ob jec t ive  of t h e  Mariner program is t o  conduct t h e  exp lo ra t ion  of the  
p l ane t s  w i t h  automated spacec ra f t  i n  t h e  medium weight class. Mariner 2 

--. * The Exobiology p a r t  of SRbT and Plane tary  Quarantine were, i n  t h e  p r i o r  
yea r s ,  p a r t  of t h e  Bioscience program. 
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flew by Venus i n  December 1962 t o  provide t h e  f i r s t  d i r e c t  temperature and 
magnetic f i e l d  measurements from near  t h e  p l ane t .  This  w a s  followed by t h e  
Mariner 4 f l i g h t  p a s t  Mars i n  1965, which conducted i n i t i a l  close--up s c i e n t i f i c  
observa t ions  of Mars showing a c r a t e r e d  s u r f a c e  similar t o  t h a t  of t h e  moon. 
Valuable information on t h e  p l a n e t ' s  atmosphere and ionosphere war; a la> acquired.  
In  1967, Mariner 5 f lew pas t  Venus some 2,600 m i l e s  from t h e  plantat 's :surface 
and made measurements t o  determine t h e  p r o p e r t i e s  of t he  Venusian atmosphere 
and the  i n t e r a c t i o n  between the  p lane t  and t h e  i n t e r p l a n e t a r y  medium. 

I n  1969, Mariner 6 and 7 passed wi th in  2,000 miles  of t h e  Martian su r face ,  
completing the: most ambitious and success fu l  p l ane ta ry  reconnaissance 'ever 
achieved by any na t ion .  
or igina1l .y  a n t i c i p a t e d  f o r  t h e  missions 
of t he  p lane t  taken by the  spacec ra f t  on t h e i r  approach t r a j e c t o r i e s .  

The s c i e n t i f i c  d a t a  re turned  g r e a t l y  exceeded t h a t  
inc luding  more than 200 p i c t u r e s  

The sc ien t i f ' i c .  i n v e s t i g a t i o n s  of Mars using o r b i t i n g  spacec ra f t  w i l l  begin 
i n  1971. The Mars 1971 s p a c e c r a f t ,  which w i l l  use many of t h e  proven subsystems 
of t h e  Mariner 1969 f lyby  miss ions ,  w i l l  begin d e t a i l e d  s t u d i e s  oE the  atmosphere 
and environmemt of t h e  p l a n e t ,  and provide a close-up look a t  l a r g e  areas of the  
su r face .  This  1.971 mission w i l l  provide broad topographic and thermal coverage, 
seasonal  va r io t fons  i n  the  atmosphere and on t h e  su r face ,  and o t h e r  long term 
dynamic observat ions.  From o r b i t  t h e  spacec ra f t  w i l l  observe approximately 
70 percent  of t h e  p l a n e t ' s  s u r f a c e  inc luding  albedo changes, clould movements 
and any o t h e r  dymamic changes i n  t h e  p l a n e t ' s  atmosphere and on t h e  p l a n e t ' s  
su r f  ace. 

In  1973 using t h e  same launch v e h i c l e  requi red  t o  go t o  Venus, a s i n g l e  mod%- 
f i e d  Mariner opncecraf t  w i l l  be acce le ra t ed  by Venus' g r a v i t y  and o r b i t a l  
v e l o c i t y  so t h a t  i t  can a l s o  swing by Mercury and begin t h e  exploraticin of 
t h i s ,  t he  clolsest p l ane t  t o  t h e  sun. 
u l t r a v i o l e t  cuid 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 ionosphere d a t a ,  
as w e l l  as thcmnal maps from both Venus and Mercury. 

This spacec ra f t  w i l l  r e t u r n  both 

F i s c a l  year  1972 funds requested f o r  Mariner Mars 1971 w i l l  be used t o  
support  pos t  Launch ope ra t ions ,  o r b i t a l  missions ope ra t ions ,  and continued 
a n a l y s i s  of s c i e n t i f i c  and engineer ing da ta .  F i s c a l  year  1972 funds l o r  
Mariner Mercircy 1973 w i l l  be used f o r  development and t e s t i n g  by t h e  c,ipace- 
craft system c o n t r a c t o r ,  f o r  launch veh ic l e  procurement and f o r  experiment 
development. 

Viking 

The explora t ion  of Mars w i l l  be extended t o  s u r f a c e  exp lo ra t ion  w i t l i  
t h e  Viking landing missions launched i n  1975. 
s tud ied  the  p l ane t  from o r b i t a l  o r  f lyby  d i s t a n c e s ,  t h e  1975 missdons w i l l  

While t h e  p r i o r  missions 
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be t h e  f i r s t  oppor tuni ty  t o  o b t a i n  d a t a  from d i r e c t  measurements i n  t h c  Mars 
atmosphere and on i ts  su r face .  
d a t a  on t h e  b i o l o g i c a l ,  chemical and environmental  f a c t o r s  r e l e v a n t  t o  the  
poss ib l e  ex i s t ence  of l i f e  now, i n  the  p a s t ,  o r  i n  the  f u t u r e .  

P a r t i c u l a r  emphasis w i l l  be placedl on ob ta in ing  

The lander  t o  b e  used f o r  t h i s  mission w i l l  be a s o f t  l ander  similar t o  
those used i n  t h e  Surveyor p r o j e c t .  This  lander  w i l l  be mated wit:h a inodified 
Mariner 1 9 7 1  o r b i t e r ,  which w i l l  have the  c a p a b i l i t y  t o  i n s e r t  t he  lanlier i n t o  
o r b i t  p r i o r  t o  landing.  This  w i l l  permit o r b i t a l  e n t r y  f o r  t he  lander  which 
has t he  advantage of smaller d i s p e r s i o n s ,  lower e n t r y  v e l o c i t i e s ,  and ' l e t t e r  
con t ro l  of e n t r y  angles .  

F i s c a l  year 1972 funds w i l l  be used t o  complete t h e  d e t a i l e d  design (of most 
elements of t h e  spacec ra f t  and t o  complete breadboards of a l l  c r i t i c a l  sub- 
systems. A l l  major subsystem c o n t r a c t s  w i l l  b e  l e t ,  c o n s i s t e n t  w i t h  t'he master 
schedule ,  and funds w i l l  cont inue t o  be provided f o r  s c i e n t i f i c  i n v e s t i g a t o r  
suppor t .  

Outer P lane t s  Missions 

The exp lo ra t ion  of t he  inne r  p l ane t s  is w e l l  underway. In  t h e  decade ahead 
w e  f a c e  t h e  chal lenge of p l ane ta ry  exp lo ra t ion  t o  t h e  o u t e r  s o l a r  systizm, 
where l i e  most of t h e  bodies  i n  t h e  s o l a r  system, inc luding  5 p l a n e t s ,  29 
sa te l l i t es ,  and thousands of comets and a s t e r o i d s .  

Our experience dur ing  t h e  1960's  has e s t ab l i shed  a s u c c e s s f u l  s t r a t e g y  of 
i n i t i a l l y  sending f lyby  missions t o  each p l ane t  t o  ga in  an i n i t i a N  knowledge 
of t h e  p l a n e t  and a t  t h e  same t i m e  t o  l a y  a groundwork f o r  t he  most prloductive 
planning of l a t e r  o r b i t e r ,  probe, and lander  missions.  We have i n i t i a , t e d  
t h i s  l o g i c a l  sequence of exp lo ra t ion  missions t o  J u p i t e r  wi th  t h e  Pioni2er 
F and G f lyby  missions t o  be launched i n  1972 and 1973. 

For the  o u t e r  p l a n e t s  beyond J u p i t e r ,  i t  is aga in  appropr i a t e  t o  i n i t i a t e  
reconnaissance wi th  f lyby  missions.  
examined t o  accomplish these  i n i t i a l  f lyby  i n v e s t i g a t i o n s .  The most 
economical and product ive  approach has  been determined t o  be two d i f f e r e n t  
three-planet  f l ybys ,  t h e  f i r s t  t o  J u p i t e r ,  Saturn and P lu to  wi th  :Launc'h 
oppor tun i t i e s  ranging from 1976 t o  1978, and t h e  second t o  J u p i t e r ,  Ur#anus 
and Neptune with launch o p p o r t u n i t i e s  centered  at 1979. 
made poss ib l e  by a unique alignment of t h e  o u t e r  p l a n e t s  which occurs  i n  t h e  
l a te  19701's brit which w i l l  not  reoccur  f o r  179 yea r s .  

Various alternate means have been 

These mission83 are 
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It would a l s o  be d e s i r a b l e  t o  c l o s e l y  fol low the  Pioneer  F and G f lybys  of 
J u p i t e r  w i t h  a d e t a i l e d  second-generation i n v e s t i g a t i o n  of t h a t  enormously 
i n t e r e s t i n g  p l a n e t ,  f e a t u r i n g  a planetology o r b i t e r  t o  be followed l a t e r  wi th  
probe miss ions ,  a t  t h e  same t i m e  w e  are conducting the  mul t ip le -p lane t  f lyby  
surveys of t h e  remaining o u t e r  p l a n e t s .  It is recognized t h a t  a v a i l a b l e  
resources  may not  permit  p u r s u i t  of both l i n e s  of e f f o r t  dur ing  ithe same t i m e  
per iod.  NASA is cont inuing t o  s tudy  optimum s t r a t e g i e s  i n  pa r tne r sh ip  wi th  
both t h e  Space Science Board (SSB) and NASA's in-house s c i e n t i f i c  advisory  
groups. 

For a l l  s t r a t e g i e s  under s tudy ,  long-lead development of t he  Thermoelectr ic  
Outer Pl.anets Spacecraf t  (TOPS), which has  been under s tudy  f o r  some t i m e ,  
must be s tar ted,  b a s i c  experiments de f ined ,  and mission parameters determined 
t o  opt imize t.he experiment r e t u r n s .  The experiment and mission planning 
e f f o r t  w i l l  be g r e a t l y  advanced dur ing  t h e  coming year  by a team of h ighly  
q u a l i f i e d  s c i e n t i s t s  t o  be s e l e c t e d  i n  March 1971 t o  assist NASA i.n planning 
ou te r  p lane t  missions.  

During FY 1.972 d e t a i l e d  des ign  and development w i l l  begin on t h i s  TlDPS mult i -  
purpose ou te r  p l a n e t s  s p a c e c r a f t .  The program is scheduled t o  have t h e  TOPS 
spacec ra f t  developed i n  t i m e  t o  t ake  advantage of t he  J u p i t e r ,  Sa tu rn ,  P l u t o  
oppor tuni ty  i n  1976. 

Our currerit: program c a l l s  f o r  t h e  development of b a s i c  bu i ld ing  blocks , 
inc luding  the  TOPS spacec ra f t  and i ts  experiments,  t o  permit f l e x i b l e  planning 
of an optimum program of i n v e s t i g a t i o n  of t he  o u t e r  s o l a r  system. 

A FY 1.972 s t a r t  on t h i s  e f f o r t  is mandatory i f  w e  are t o  take  f u l l  advantage 
of t h e  rare and uniquely e f f i c i e n t  mul t ip le -p lane t  f lyby  o p p o r t u n i t i e s .  

Pioneer/Hel ios  

The o b j e c t i v e s  of t h e  Pioneer  p r o j e c t  are t o  ob ta in  s c i e n t i f i c  information 
a t  widely separa ted  p o i n t s  i n  i n t e r p l a n e t a r y  space; t o  supply i n t e r p l a n e t a r y  
environmental. d a t a  on a cont inuing  b a s i s ;  and t o  conduct,  dur ing  the  1972 
and 1973 Jovian o p p o r t u n i t i e s ,  explora tory  i n v e s t i g a t i o n s  of t h e  i n t e r -  
p lane tary  medium beyond t h e  o r b i t  of Mars, t h e  na tu re  of t he  a s t e r o i d  b e l t  
and t h e  environmental  and atmospheric c h a r a c t e r i s t i c s  of t he  p l a n e t  J u p i t e r .  

This  p r o j e c t  c o n s i s t s  of t h r e e  series of miss ions ;  P ioneers  6 4 ,  Pioneers  
F and G ,  and Hel ios  A and B. The f i r s t  series of spacec ra f t  weighed about 
140 pounds each and were launched i n  1965, 1966, 1967, and 1968. The four  
Pioneers, now i n  s o l a r  o r b i t  are a l l  func t ion ing ,  and Pioneer  6 has operated 
longer  i n  in.t:erplanetary space than any o the r  s p a c e c r a f t  . These i n t e r p l a n e t a r y  
outposts, a r e  e s s e n t i a l  elements of our  network of deep space "weather s t a t i o n s ' '  

The development of Pioneers  F and G w a s  i n i t i a t e d  i n  FY 1969. These space- 
c r a f t  are t o  be launched i n t o  t r a j e c t o r i e s  permi t t ing  t h e  exp lo ra t ion  of 
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i n t e rp l ane ta ry  space between one and f i v e  Astronomical Uni t s  (AU) from the  
sun including t h e  a s t e r o i d  b e l t  and the  v i c i n i t y  of J u p i t e r .  Wi th1  t h iu  
t r a j e c t o r y ,  w'e s'hould be a b l e  t o  s tudy t h e  poss ib ly  hazardous region 
of t he  a s t e r o i d  b e l t ,  t o  measure the  g rad ien t  of t h e  sun 's  i n f luence  on 
i n t e rp l ane ta ry  space and t h e  pene t r a t ion  of g a l a c t i c  cosmic radiat:ion 
i n t o  the  s o l a r  system. While t h e  spacec ra f t  are passing J u p i t e r ,  inst ruments  
w i l l  measure important p r o p e r t i e s  of t he  p lane t  and i t s  environment. "rhese 
missions w i l l  r equ i r e  new f e a t u r e s  on the  Pioneer spacec ra f t  t o  compensate 
f o r  t he  1.essening of s o l a r  r a d i a t i o n  as a power source and the  more demanding 
communications and thermal condi t ions .  For example, Radioisotope Thermo- 
electric Generators (RTG's )  r a t h e r  than the  more conventional soliar cells 
w i l l  be uti1iz:ed. t o  provide electrical power t o  the  spacec ra f t .  
ment inst:rumentaition w i l l  also b e  required t o  make measurements i n  the 
a s t e r o i d  belt :  arid near J u p i t e r .  

New experi-  

In  FY 1969,, NASA i n i t i a t e d  i t s  l a r g e s t  i n t e r n a t i o n a l  cooperat ive prclject 
as p a r t  of t he  Pioneer program. The ob jec t ive  of t h i s  p r o j e c t ,  cal led,  
Hel ios ,  is t o  i n v e s t i g a t e ,  i n  cooperat ion wi th  the  Federal  Republic of 
Germany, t h e  p rope r t i e s  of, and processes i n ,  i n t e rp l ane ta ry  space i n  the  
d i r e c t i o n  of, and c lose  t o ,  t h e  sun (about 0.3 AU). 
be developed fn West Germany with about one-third of t h e  s c i e n t i f i c  
experiments wupplied by NASA. 

The spacec ra f t  w j l l  

Fiscal year 1972 funds w i l l  be used f o r  t he  continued development of the  
Pioneer F an3 G spacec ra f t  l ead ing  t o  launch i n  t h e  t h i r d  qua r t e r  of t!:he 
year .  Development of U.S. experiments f o r  Hel ios  w i l l  cont inue with tle- 
l i v e r y  of engineering models. 

-- SuEort inp;  Research and Technology/Advanced Studies  

Supporting Research and Technology and Advanced Studies  programs a r e  the  
research  a c t f v i t i e s  which provide support  t o  the  f l i g h t  missions by pro- 
v id ing  the  base f o r  def in ing  the  s c i e n t i f i c  o b j e c t i v e s  of f u t u r e  missions,  
and e s t a b l i s h i n g  the  s c i e n t i f i c  and engineer ing c a p a b i l i t i e s  e s s e n t i a l  t o  t he  
performance s f  these  missions.  
nology a r e  e!iiforts i n  Advanced Technical Development, Lunar Science,  Plane- 
t a r y  Atolospht!res, Planetology and Exobiology. 

Included under Supporting Research and Tech- 

The a c t i v i t i e s  of t h e  Lunar Science program are devoted t o  increas ing  
our scientif:Lc knowledge of t he  moon by continuing l abora to ry  i n v e s t i g a t i o n s  
and theore t fcab  s t u d i e s ,  drawing on bas i c  da t a  derived from ground-based 
research  and automated and manned lunar  missions.  

The FY 19'72 :Lunar sc ience  e f f o r t  w i l l  include continued production of 
geologic  maps of landing sites; p l o t t i n g  t r a v e r s e  rou te s ;  eva lua t ion  of 
f u t u r e  1and:Lng sites; and the  a p p r a i s a l  of instrument concepts f o r  rcmote 
phys ica l  and chemical a n a l y s i s .  

RD 36 



The Plane tary  Atmosphere program suppor ts  research  i n  atmospheric 
phenomena of t h e  p l ane t s  inc luding  t h a t  of t h e  e a r t h ,  and t h e  gaseous 
phenomena assoc ia ted  wi th  comets. I n  FY 1972, research  w i l l  emphasize 
the  des ign ,  development, and modif icat ion of instruments  f o r  use in t h e  
explora t ion  of the ou te r  p l a n e t s  and the  lower atmosphere of Venus. 

The Plane  tology program suppor ts  research  i n  t h e  inc reas ing ly  importaxit 
f i e l d  of p.laneit,ary geology which inc ludes  geochemistry, geophysics and 
photogeology. 
instrumentat ion f o r  geochemical and geophysical  s t u d i e s  of Mars and t h e  
ou te r  p l ane t s .  

In N 1972 t h e  emphasis will be on t h e  development o f  

In t h e  area Of engineer ing technology, t h e  Advanced Technical  Develop-. 
ment (ATD) program suppor ts  t h e  development of new and improved spatcecritf t 
system, subsystem and component technologies  f o r  f u t u r e  missions.  In  FI! 
1972, research  i n  t h e  ATD program w i l l  cont inue work i n  these  areas, ,  wi th  
somewhat more ernpihasis on t h e  cr i t ical  technologies  f o r  Venus and Jupitc:r 
probes and comet rendezvous missions.  

I n  the  P lane tary  Advanced Studies  program, surveys of p o t e n t i a l  f u t u r e  
s c i e n t i f i c  missions are made, and t h e i r  genera l  system requirements and 
va lue  i n  f u l f i l l i n g  e s t ab l i shed  goa ls  and ob jec t ives  of NASA are defineci. 
A l t e rna te  mission approaches and advanced technology requirements are 
examined. In  FY 1972 it is planned t o  s tudy o r b i t e r s  and atmospheric 
probes of t h e  o u t e r  p l a n e t s ,  comet and a s t e r o i d  rendezvous, and Mars 
rovers .  

An i n t e g r a l  and perhaps i n e v i t a b l e  event i n  t h e  o r i g i n  and evolu t ion  
of t he  universe was t h e  o r i g i n  of l i f e .  An understanding of t h e  c o n t r o l l i n g  
f a c t o r s  in t he  o r i g i n  of l i f e  and determinat ion of t h e  uniqueness of l i f e  
on the  e a r t h  a r e  t h e  primary o b j e c t i v e s  of the  Exobiology program. 
research  a r e a s  considered b a s i c  t o  t h e  program area are: chemical 
evolu t ion ;  bio3.ogical adap ta t ion ;  l i f e  de t ec t ion ;  f l i g h t  experiments;  
r e t u r n  sample amalysis.  

The 

P lane tary  Astronomy 

The ob jec t ive  of t h i s  program is t o  i nc rease  our s c i e n t i f i c  knowledge of 
t h e  p l ane t s  and as soc ia t ed  bodies  by means of observat ions made from t h e  
v i c i n i t y  of t h e  ea r th .  
t he  e n t i r e  e lectromagnet ic  spectrum using instruments  c a r r i e d  i n  a i r c r a f t ,  
rocke ts ,  ba l loons ,  and e a r t h  o r b i t i n g  satell i tes i n  add i t ion  t o  thlose a t  
ground-based ci€iservatories.  Supporting l abora to ry  and t h e o r e t i c a l  s t u d i e s  
are being c a r r i e d  ou t  to assist i n  t h e  reduct ion  and a n a l y s i s  of t h e  
observat ions.  In  FY 1972, t h i s  program w i l l  be continued a t  t h e  e x i s t i n g  
l e v e l  of e f f o r t  and w i l l  be implemented using e x i s t i n g  ins t rumenta t ion  
t o  t h e  maximum poss ib l e  ex ten t .  

Observations will be made a t  wavelengths tlnroughout 
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Data Analysis  

The primary purpose of spacec ra f t  missions t o  t h e  moon o r  t o  t h e  p l a n e t s  
is t o  conduct experimental  i n v e s t i g a t i o n s  which w i l l  advance our  kinowledge 
and understanding. 
c r a f t  are t ransmi t ted  t o  e a r t h  f o r  a n a l y s i s  by t h e  s c i e n t i s t s  conducting 
the  experiments.  
t he  f l i g h t  p r o j e c t  as a p a r t  of its p r o j e c t  r e s p o n s i b i l i t i e s .  
t he  t i m e  requi red  t o  reduce and analyze t h e  d a t a ,  and t o  pub1.ish t h e  
r e s u l t s ,  is longer  than t h e  per iod of support  provided by t h e  p r o j e c t .  

Data obtained by s c i e n t i f i c  instruments  aboard t h e  space- 

The i n i t i a l  d a t a  reduct ion  and a n a l y s i s  is fundeld by 
Very  o f t e n  

In  1972, l u n a r  d a t a  a n a l y s i s  w i l l  emphasize d a t a  from t h e  A.pol10 missions,  
and p lane tary  d a t a  a n a l y s i s  w i l l  provide f o r  d a t a  reduct ion  from t h e  Mar ine r  
Mars 1971. o x b i t e r .  

P lane tary  Quarantine 

Accompanying NASA's high p r i o r i t y  i n  space exp lo ra t ion  t o  search f o r  l i f e  
o r  its o r i g i n  is t h e  abso lu te  requirement t h a t  a l l  f e a s i b l e  measures be  
taken t o  prevent t h e  t r a n s f e r  of v i a b l e  terrestrial microorganismai t o  the  
p l ane t s  t u i t J L 1  t h e  search  f o r  extraterrestrial l i f e  can be campletad and 
a conf i d m t  assessment of t h e  consequences of contamination can bcl made. 
To accomp.Lirth t h i s ,  outbound unmanned s p a c e c r a f t  missions destined, f o r  
landing,  Elying by o r  o r b i t i n g  a p lane t  of b i o l o g i c a l  i n t e r e s t ,  ai'e required 
t o  meet I: Lgid c o n s t r a i n t s  so t h a t  t h e  p r o b a b i l i t y  of b i o l o g i c a l  contamina-- 
t i o n  of the  p l ane t  is less than one chance i n  a thousand. 

Developing t h e  new technology requi red  t o  measure, c o n t r o l  and des t roy  
t h e  microbia l  l i f e  i n  spacec ra f t  hardware and f ind ing  appropxiate  com- 
p a t i b l e  c3tecontamination and s t e r i l i z a t i o n  procedures has been the  major 
chal lenge i n  meeting t h e  o b j e c t i v e s  of p l ane ta ry  quarant ine .  

A t r a n s i t i o n  is underway from a research  o r i en ted  program t:o on(.? of 
opera t ions  f o r  t h e  Mariner '71, Viking, Pioneer and o the r  p lane tary  
missions,  although a lowered l e v e l  of research  is going ahead t o  provide 
a l t e r n a t e  techniques of s t e r i l i z a t i o n  o the r  than dry  hea t .  

The p l ane ta ry  quarant ine  e f f o r t  to d a t e  has  been focused OIL M a r 1 3  and Venus. 
However, wi th in  t h i s  decade w e  may be concerned wi th  a d d i t i o n a l  missions 
t o  the  o u t e r  and inne r  p l ane t s .  
p lane tary  quarant ine  c o n s t r a i n t s  f o r  t h e s e  p l a n e t s  so t h a t  planning and 
ana lyses  may be undertaken t o  see how t h e  f l i g h t  missions can comply 
w i t h  t h e  requirements.  

E f f o r t s  must be d i r e c t e d  a t  de f in ing  t h e  

Spacecraf t  bioassay activit ies a t  t h e  Cape Kennedy l abora to ry  w i l l  
continue t o  provide t h e  inventory  and s u r v e i l l a n c e  d a t a  on Alpollo missions 
and t h e  upcoming Mariner Mars 1971 o r b i t i n g  mission i n  accord w i t h  NASA 
d i r e c t i v e s .  
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Project 

Pioneer 

Mar h e r  

Viking 

Outer PILmats 
M:Lss ions 

Schedule of Launches 

Mission 

Pioneer F 
Pioneer G 
Helios A 
Helios B 

Mars 1971 (2)  
Venus Mercury 1973 (1) 

Mars 1975 (2) 

Jupiter-Saturn-Pluto 
Jupiter-Saturn-Pluto 
Jupiter-Uranus-Neptune (2) 

Calendar 
Y,ear -- 
1972 
1973 
1974 
1975 

1971 
1973 

1975 

1..9 76 
1..9 7 7 
I979 
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RESEARCH AND DEVELOPFENT 

FISCAL YEAR 1972 ESTIMATES 

OFFICE --- OF !;'PACE SCIENCE AND APPLICATIONS B I O S  C IEN( :E PRO GI&!& 
- 1 _ 1  

P R O G W  0B.JgrIVES AND JUSTIFICATION: 

The Bioscience program w a s  e s t a b l i s h e d  i n  1961 t o  implement a S p < x e  
Biology and a P lane ta ry  Biology program (Exobiology and P lane ta ry  Qiarant ine)  . 
A d e c i s i o n  was r e c e n t l y  made t o  b r i n g  t o g e t h e r  i n  t h e  O f f i c e  of Namied Space 
F l i g h t  t h e  g r e a t e r  p a r t  of  t h e  NASA l i f e  s c i ences  a c t i v i t i e s  forrnerty d i s t r i -  
buted among t ' n e  Space Medicine Divis ion o f  t h e  O f f i c e  of Manned Spa.:e Flight:, 
t h e  Biotechnology and Human Research Divis ion of t h e  O f f i c e  of  Advanced 
Research and Technology, and t h e  Bioscience Programs Divis ion of thiz O f f i c e  
of Space Science and Applicat ions.  

The dec i s ion  t o  conso l ida t e  L i f e  Sciences ac t iv i t i e s  was supported by a 
r ecen t  s tudy of t h e  Nat ional  Academy of Sciences.  
Sciences excluded two gene ra l  f u n c t i o n a l  areas, P lane ta ry  Biology and Aero- 
n a u t i c s .  
w i l l  be  r e t a ined  i n  t h e  P lane ta ry  Programs Divis ion of t h e  O f f i c e  of Space 
Science and Applicat ions because o f  t h e  c e n t r a l  r o l e  t h a t  t hese  a c t i v i t i e s  
play i n  p l ane ta ry  exp lo ra t ion .  
Factors program w i l l  be  r e t a ined  i n  t h e  O f f i c e  of Advanced Research and 
Technology because of i t s  c r i t i c a l i t y  t o  a e r o n a u t i c a l  f l i g h t  and r e sea rch  
operat  ions.  

The conso l ida t io?  of  L i f e  

The P lane ta ry  Biology e f f o r t  o f  Exobiology and P lane ta ry  IQuarantine 

The Aeronautics p o r t i o n  of t h e  former Human 

The L i f e  Sciences budget i s  included i n  t h e  O f f i c e  of  ?fanned Space F l i g h t  
budget i n  IY 1972. 

SUMMARY OF' RESOURCES REQUIREMENTS : ---- 
(Thousands of  Dollars)  

1970 - 1971 1972 - 
$2,00'3 --- Plane ta ry  quarant ine.  ................. $2,540 --- Biosa t el.1.i t:e .......................... 5,970 332 

Support i.ng res ear ch and techno 1 ogy / 
- -- ac1vancx.d s t u d i e s .  ................... 11,145 10,568 - - -- - - ............................. T o t a l . ,  $19,655 $12,900 - 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

S W R Y  

OFFICE OF SPACE SCIENCE AND APPLICATIONS --- SPACE APPLICATIONS PROGRAM 

PROGRAM OBJEC'L'IVES -- AND JUSTIFICATION: 

The ob jec t ives  of t h e  Space Applicat ions program are t o :  (1) expantl t he  
knowledge of geophysical ,  oceanographic,  atmospheric,  and space phenomena; 
(2)  conduct .a broad program of research  and t e c h n i c a l  development oricmted 
toward t h e  app l i ca t ion  of space techniques f o r  t he  b e n e f i t  of martkind; (3) 
develop and tes t  procedures,  instruments ,  subsystems, s p a c e c r a f t  , and i n t e r -  
p r e t i v e  techniques f o r  t h e  var ious  a p p l i c a t i o n s ;  (4) f u l f i l l  NASA's responsi-  
b i l i t i e s  undler t he  Communications S a t e l l i t e  A c t  of  1962; (5) develop ,and 
implement f o r  t h e  Nat ional  Oceanic and Atmospheric Adminis t ra t ion ( N O M ) ,  
Department of Commerce; t h e  ope ra t iona l  meteoro logica l  sa te l l i t e  system; (6) 
cooperate  with t h e  use r  Government agencies ,  such as t h e  Departments iof 
Agr icu l ture ,  Commerce, I n t e r i o r ,  Navy and o t h e r s  t o  achieve p r a c t i c a l  b e n e f i t s  
t o  mankind i n  e a r t h  resources;  (7) cooperate  wi th  o t h e r  Government agencies 
i n  space r e l a t e d  a c t i v i t i e s  i n  t h e  communications, nav iga t ion ,  and geodesy/ 
e a r t h  physics d i s c i p l i n e s ;  and (8) cooperate  t o  t h e  e x t e n t  possib1.e with 
fo re ign  count.ries i n  t h e  gene ra l  advancement of space app l i ca t ions .  

The Space Applicat ions program e f f o r t  is d i r e c t e d  toward research ,  develop- 
ment, and f1j.gh.t test of experiments,  subsystems, and s p a c e c r a f t  i n  t h e  areas 
of appll.catlcms technology, communications, geodesy/earth phys ics ,  e a r t h  
resources ,  nieteorology , and n a v i g a t i o n / t r a f  f i c  c o n t r o l ,  and inc ludes  develop- 
ment of operatd.ona1 systems f o r  u se r  agencies.  
c lude TIROS ,, Nimbus, Synchronous Meteorological ,  Applicat ions Techno1 ogy , and 
Earth Resoui:ces; Satell i tes,  p l u s  a number of meteoro logica l  sounding rockets .  
Applicat ions Technology S a t e l l i t e s  of f e r  g r e a t  p o t e n t i a l  t o  mankind by 
developing iiiid extending t h e  technology common t o  many app l i ca t ions .  
Commnicat ioi~s  satel l i tes  provide an economical method f o r  worldwide communi-. 
c a t i o n  .and can be used t o  r e l a y  t o  ground s t a t i o n s  d a t a  obtained by zipplica- 
t i o n s  and s c i e n t i f i c  s p a c e c r a f t .  Ear th  resources  sa te l l i tes  can obtiiin 
va luable  agic Lciilture/f o r e s t r y  , geology/mineralogy , hydrology/oce anogr-aphy , 
and geograph.y/cartography da ta .  Meteorological  satell i tes provide tlie 
c a p a b i l i t y  t o  improve weather p r e d i c t i o n  on a g l o b a l  b a s i s  and Incre#ise  our  
knowledge oE t he  atmosphere Geodesy/earth physics  sa te l l i tes  <:an htzlp t o  
determine the s i z e  and shape of t h e  e a r t h  and t h e  v e c t o r  propert . ies  of i t s  
g r a v i t a t i o n a l  f i e l d  and i n c r e a s e  ou r  knowledge of t h e  dynamics of thi: 
e a r t h ' s  core ,  mantle, and c r u s t ;  t h e  motion of t h e  poles  of t h e  eartii; t he  
r o t a t i o n  of t h e  e a r t h ;  and the  gene ra l  c i r c u l a t i o n  of t h e  oceans. 

Current  f l i g h t  programs in- 
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SUMMARY --- OF PJ:SOURCES REQUIREMENTS: 

(Thousands of Do l l a r s )  
19 71 19 72 -. - 19 70 

c_ 

Earth resources  survey : ........... $26,000 

s ; a t e  1 : L i  t c ?  ..................... (15,000) 

Appli cat i o:as t e chnology sat e 11 i t es 38,965 
Nimbus............................ 27,239 
Synchronous meteorological  

s a t e l l i t e . .  ..................... 2,700 
Cooperative app l i ca t ions  

satellite....................... 83 
Global atmospheric r e sea rch  

program......................... 
Meteorological soundings...... .... 3,000 
TIROS/TOS improvements... ......... 3,700 
Radio i n t e r f e r e n c e  and propaga- 

t i o n  prcgram...,................ 4 38 
Geodetic satellites.,............. 1 , 700 
Earth obsmvatory sa te l l i t e  

studies......................... --- 
Air txaf f i c  c o n t r o l  sa te l l i t e  

s t u d i e s .  ........................ 
Supportin,g research and technology / 

advanced E; t ud ie s  ................ 24,479 

Ear i:h re:; our ces technology 

Aircraf tr program. ............... (11,000) 

--- 

_-- 

$59,950 

(48,950) 

30,300 
25,300 

(1 1,000) 

10,850 

100 

1,000 
3,100 
3,200 

1,000 
1,700 

3,000 

27,500 

$48,5CiO 

(3'7,5(10) 

60 ,300 
2 3,100 

( l 1 , O O O )  

13,000 

2,600 

2,500 
2,500 
1,630 

1,0130 
1,3'30 

1,080 

25 100 ---A- 

T o t a l  .,,,,.,....... ............... $128,304 $167,000 $182 5100 .- =:A- 

BASIS OF FIJIJD REQUIREMENTS: 

Earth Resources Survey 

The o b j e c t i v e s  of t h i s  p r o j e c t  are t o :  (1) assess t h e  p r a c t i c a l  yralue of 
remote s e n s h g  of e a r t h ' s  resources  from space; (2) compare the capiibil i t ier;  
i n  e a r t h  resources d a t a  a c q u i s i t i o n  of a space system w i t h  and without  
complementary a i r c r a f t  coverage; (3) determine whether o r  n o t ,  and tn what 
conf igu ra t ion ,  an o p e r a t i o n a l  space-assis ted and user-or iented eartli 
resources survey system could be developed t o  m e e t  e x i s t i n g  requireinents ; ( 4 )  
determine which remote senso r s  are most e f f e c t i v e  f o r  e a r t h  reL; c ources 
surveying; (5) develop and improve d a t a  handl ing procedures;  arid ( 6 )  ensure 
f u l l  understanding of f u t u r e  o p e r a t i o n a l  system requirements and coists. 

The p r o j e c t  includes t h r e e  ac t iv i t i e s  i n  t h e  e a r t h  resources  d i s c i p l i n e s :  
(1) a program t o  design, develop, launch, and eva lua te  two spacecraEt 
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ca r ry ing  e a r t h  resources  experiments;  (2) an  a i r c r a f t  f l i g h t  program t o  
develop and test  remote sens ing  techniques,  s enso r s ,  and d a t a  handl ing 
sys t ems  at a l t i t u d e s  of from 500 t o  60,000 f e e t ;  and (3) coord ina te  appl:i.ca- 
t i o n s  requirements with OMSF which is developing t h e  Earth Resources 
Experiment Package (EREP) t o  be flown on Skylab. 

The ob jec t ive  of t h e  Ear th  Resources Technology S a t e l l i t e  p r o j e c t  is t o  
design,  develop, launch, and tes t  a series of spacec ra f t  t o  conduct expeci-  
ments which w i l l  l e ad  to a r e l i a b l e  assessment of t h e  u t i l i t y  of spaceborne 
sensors  f o r  a p p l i c a t i o n  t o  problems r e l a t e d  t o  n a t u r a l  and c u l t u r a l  re- 
sources .  This zssessment w i l l  l e ad  t o  t h e  c a p a b i l i t y  t o  design spacecraEt  
and related data handl ing systems t o  support  t h e s e  n a t i o n a l  programs on an 
opera t iona l  bas i s .  It w i l l  a l s o  l e a d  t o  an eva lua t ion  of t h e  complementary 
r o l e s  of a i r c r a f t  and spacec ra f t  i n  acqui r ing  d a t a  on t h e  e a r t h ' s  ri- =sources .  
This e f f o r t  is progressing i n  FY 1971 and w i l l  cont inue  i n  FY 1972 through 
t h e  d e t a i l e d  design and f a b r i c a t i o n  of s p a c e c r a f t ,  payloads,  and grlound 
s y s t e m s  requi red  t o  launch, support ,  and ope ra t e  two Ear th  Resources 
Technology Sate;tli.tes: ERTS-A i n  t h e  s p r i n g  of  Calendar Year 1972 and ERTS-U 
about one year  :Lat.er. Both satel l i tes  are planned f o r  sun-synchronous o r b i t  
and are expected t.o nave u s e f u l  mission dura t ions  of  one yea r  each. These 
satel l i tes  will. c a r ry  ins t rumenta t ion  t h a t  w i l l  meet t h e  immediate requj  re- 
ments of t h e  use r  community i n  terms of s p a t i a l  and s p e c t r a l  r e s o l u t i o n  as 
w e l l  as r e p e t i t i v e  coverage. Both framing and l i n e  scanning sensors  w i l l  
be  flown i n  ord tx  t o  assess t h e  advantages of each. The satel l i te  sys t tm 
w i l l  a l s o  conciicrcsntly r e l a y  d a t a  from remote ground senso r s  such as ram 
gauges, stream gauges, and seismometers t o  assess t h e  va lue  of such a m:t- 
work f o r  compleneinting t h e  spaceborne senso r s ,  

The Earth Resources Survey a i r c r a f t  suppor t ing  p r o j e c t  o b j e c t i v e  is t i )  

conduct tests and experiments with instruments  analogous t o  those  being 
considered f o r  t h e  spacec ra f t  systems t o  eva lua te  both t h e  instruments  
themselves and t h e  p o t e n t i a l  of using such instruments  t o  perform usefu I 
t a sks  from space. The f l i g h t s  a l s o  c o n t r i b u t e  t o  a n  understanding of and 
s o l u t i o n  t o  the  d a t a  management problems t h a t  w i l l  be  a p a r t  of t h e  t o t a l  
system opera t ion ,  inc luding  t h e  i n t e r f a c e s  wi th  t h e  ex tens ive  and d i v e r s e  
user community . 

Fiscal Year 1.972 funds are being requested t o  cont inue a i r c r a f t  ope ra t ions ,  
sensor  prcicurement, and d a t a  processing t o  conduct about 150 f l i g h t s  over  15 
test sites wlil,ch r ep resen t s  a change i n  f l i g h t  emphasis needed i n  t h e  pre- 
pa ra t ion  of EF.1:S-A and Skylab. 

Appl ica t ions  Technology S a t e l l i t e s  

The ob jec t ives  of t h e  p r o j e c t  are t o  des ign ,  develop, f l i g h t  tes t ,  and 
eva lua te  i1 var:ieisy of s c i e n t i f i c  and technologica l  experiments w i th in  t h e  
app l i ca t ions  d i s c i p l i n e s  by use of a series of seven spacec ra f t .  Five space- 
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c r a f t  have been launched t o  d a t e .  ATS-1 and ATS-3 have performed success- 
f u l l y  f o r  s e v e r a l  yea r s  and continue t o  ope ra t e .  Due t o  launch v e h i c l e s  
anomolies t h e  planned o r b i t s  f o r  ATS-2 and ATS-4 were not  achieved. ATS-5 
experienced post.-launch problems with t h e  active s t a b i l i z a t i o n  system; how- 
ever ,  many objec:tives from seven of t h e  twelve experiments f l i g h t  t e s t e d  are 
being achieved. ATS-F and G are scheduled f o r  launch i n  Calendar Year 1973 
and 1975 , t-espextively . These s p a c e c r a f t  w i l l  be launched i n t o  synchronous 
o r b i t  and w i l l  f l i .gh t  test a space-erectable ,  p a r a b o l i c  antenna approxi- 
mately 30 f e e t  ZLn diameter,  demonstrate high po in t ing  accuracy, and w i l l  
f l i g h t  test: a numk~er of s c i e n t i f i c  and technology experiments. Development 
of t h e  ATS-F arid G s p a c e c r a f t  , ATS-F experiments and p ro jec t - a s soc ia t ed  
ground equipment is underway. E f f o r t  w i l l  be continued on development of 
promising advanced a p p l i c a t i o n s  f l i g h t  experiments which have been def ined 
but have not  bcxn assigned t o  a s p e c i f i c  mission. 

F i s c a l  Year It972 funds are required t o  continue development of t h e  space- 
c r a f t  , ATS-F experiments and ground equipment, t o  in i t ia te  procurement ct f 
ATS-G experiments,  t o  cont inue development of s e l e c t e d  advanced appl icat  i o n s  
f l i g h t  experiment:;, and f o r  extended experiments,  ope ra t ions  and d a t a  
a c q u i s i t i o n ,  rcxluction and a n a l y s i s  from t h e  ATS-1, -3, and -5 missions,  

Nimbus 

The Nimbus p r o j e c t  o b j e c t i v e s  are t o  develop a s i g n i f i c a n t l y  improved 
meteorological sa te l l i t e  t o  provide atmospheric d a t a  f o r  s c i e n t i f i c .  use ,; t o  
prove instrument a p p l i c a b i l i t y  by means of f l i g h t  tests; t o  f u l f i l l .  spec:ial 
d a t a  requirements of t h e  atmospheric s c i ences  research community; and t o  
provide f u r t h e r  s i g n i f i c a n t l y  advanced technology for meteorological  
satell i tes.  

The launch of Nimbus 3 w a s  s u c c e s s f u l l y  accomplished A p r i l  14, 1969. Its 
measurement of temperatures i n  t h e  atmosphere has been termed "as s i g n i  Eicant 
t o  t h e  advancerrent of meteorology as t h e  launching of t h e  f i r s t  sa t ie l l i ' t e . "  
On September 25 ,  1970, t h e  a f t  scanner  motor f a i l e d ,  s e r i o u s l y  degrading 
s t a b i l i t y  . Limited ope ra t ions  continue. 

Nimbus 4 was s u c c e s s f u l l y  launched on A p r i l  8, 1970. The advanced 
s t a b i l i z a t i o n  system has m e t  o r  exceeded t h e  performance s p e c i f i c a r i o n s .  
New and improved experiments are c a r r i e d  on t h i s  s p a c e c r a f t  f o r  determining 
t h e  ver t ic :a l  temperature s t r u c t u r e .  Addit ional  experiments include a 
temperaturelhcmhiity i n f r a r e d  radiometer,  a monitor of  t h e  water c'ontent of 
t h e  atmosphere.,, and a r e f i n e d  worldwide d a t a  c o l l e c t i o n  system which is 
providing t h e  f i r s t  meaningful spacecraf  t-obtained wind measurements. 

Nimbus E and F are planned f o r  launch i n  Calendar Years 1972 and 1974 respec-  
t i v e l y .  These missions w i l l  test  new i n f r a r e d  r ad iomet r i c  and spec t romet r i c  
and microwave Lnstrumentation designed t o  extend determinat ion of  t h e  v e r t i c a l  
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s t r u c t u r e  of t h e  atmosphere i n t o  cloudy areas. 
ments w i l l  extend sounding of  t h e  atmosphere t o  new areas of t h e  t l e c t r o -  
magnetic spect.rum and t o  higher  a l t i t u d e s  i n  t he  atmosphere. 

These and o t h e r  new i n s t r u -  

F i s c a l  Year 1972 funds are required tor i n t e g r a t i o n  o f  t h e  Nimbus E : ;pacecraft  
systems and experiments, and f i n a l  t e s t i n g  p r i o r  t o  t h e  launch, i n  August 
1972. They w i l l  a l so  support  continued development, assembly, and test of 
t h e  Nimbus F s p a c e c r a f t  and experiments,  and such continued a c q u i s i t i o n  and 
a n a l y s i s  of d a t a  from Nimbus 3 and 4 as appropr i a t e  t o  t h e i r  ope ra t ions1  
s t a t u s .  

Synchronous Meteorological S a t e l l i t e  

The object ives ,  of t h e  Synchronous Meteorological S a t e l l i t e  (SMS) a r e  t o :  
(1) dernortstrate a prototype o p e r a t i o n a l  SMS; (2) permit continuous observa- 
t i o n  of major weather systems r o u t i n e l y ,  thus enhancing t h e  a b i l i t y  tci  
p r e d i c t  and 1,ocate severe shor t - l i ved  storms; (3) d e r i v e  important wind f i e l d  
d a t a  over considerably l a r g e  areas and i n  much less t i m e  than h e r e t o f o r e  
p o s s i b l e ;  and (4) provide c a p a b i l i t y  f o r  r ap id  disseminat ion of processed 
meteorologicaL d a t a  t o  l o c a l  meteorologis ts .  

The s p a c e c r a f t  w i l l  be s p i n  s t a b i l i z e d  and w i l l  con ta in  a v i s i b l e  aitd 
i n f r a r e d  s p i n  scan radiometer system f o r  both I R  and high resolut. ion v i s i b l e  
photography, a communications system f o r  d a t a  c o l l e c t i o n  and d i s t - r ibu r ion ,  and 
a space environment monitoring (SEN) system. The s p a c e c r a f t  will. be  .;ized t o  
permit launch i n t o  synchronous o r b i t  by t h e  Delta launch v e h i c l e ,  

Fiscal Year 1972 funds are required t o  cont inue t h e  procurement of these 
s p a c e c r a f t ,  t h e i r  subsystems, and senso r s .  

Cooperative Applicat ions S a t e l l i t e  (CAS) 

lko unre1at:eil cooperat ive missions are included i n  t h i s  program: CAS-A, 
a cooperat ive p r o j e c t  with France; and CAS-C, a planned cooperat ive p r o j e c t  
with Canada. 

CAS-A: Tile CAS-A mission involves  t h e  u s e  of instrumented balloons with 
an earth-orb it:ing satel l i te  f o r  ob ta in ing  c h a r a c t e r i s t i c s  of air  masses. 
d a t a  thus obtained w i l l  be used by U.S. and French s c i e n t i s t s  t o  a s s a s t  i n  
t h e  understanding of t h e  s t r u c t u r e  of t h e  atmosphere and extending wc!ather 
f o r e c a s t i n g  c a p a b i l i t i e s .  One s p a c e c r a f t  and one backup wi th  instruaients 
and instrumented bal loons w i l l  be provided by France. 
launched by NASA from Wallops I s l a n d  i n  la te  1971  using a Scout 1aunii:h 
v e h i c l e  t o  g a t h e r  d a t a  from approximately 500 balloons.  
provide t h e  Scout veh ic l e ,  and backup if r equ i r ed ,  launch services, i n i t i a l  
sa te l l i t e  t r ack ing ,  and, along with France, a n a l y s i s  of t h e  reduced Idata. 

The 

The spacecraff':  w i l l  be 

The U. S. w i l l  
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F i s c a l  Year 1972 funds are requi red  f o r  cont inued t e c h n i c a l  support  and t o  
provide la.mcti arid pos t-launch support  . 

CAS-C: For the second coopera t ive  app l i ca t ions  p r o j e c t  t h e  Canadian 
Department of Communications and t h e  NASA p lan  t o  launch a Canadian 
Technology SalxLLite (CAS-C) i n  la te  1974 which i s  a s u b s t i t u t e  f o r  the: 
fou r th  planned cooperat ive ISIS mission. 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  is t o  advance t h e  s ta te -of - the-ar t  i n  s p a c e c r a f t  and r e l a t e d  giround 
based technologies  r e l evan t  t o  f u t u r e  educa t iona l  broadcas t ing  and. remote 
area communicatiuns and o t h e r  sa te l l i t e  a p p l i c a t i o n s  systems and t o  develop 
technologies  above 10 Gigahertz (GHz) . Major technologies  f l i g h t  testc!d by 
t h i s  mission w i l l  be super  e f f i c i e n c y  power tubes ,  un fu r l ab le  s o l a r  poirer 
arrays, and s a t e l l i t e  communications experiments wi th  12 GHz t e rmina ls  , 

It is plann,ed t h a t  t h e  spacec ra f t  w i l l  be developed and f a b r i c a t e d  i1i1 
Canada and launched from t h e  Eas te rn  Test Range (ETR) by NASA using a IDelta 
class launch vehic le .  The U. S. and Canada w i l l  subsequent ly  conduct 
experiments on a time-shared bas i s .  

Fiscal Year 1972 funds are requi red  f o r  CAS-C t o  begin high power tu'oe 
Canada development and i n i t i a t e  ground system planning and procurement. 

w i l l  provide cont inuing funding support  f o r  t he  s p a c e c r a f t  and t h e i r  
experiments. 

Global Atmospheric Research Program 

The Global Atniosheric Research Program (GARP) is  an i n t e r n a t i o n a l  
cooperat ive program designed t o  i n c r e a s e  our  understanding of t h e  gene ra l  
c i r c u l a t i o n  of tihe atmosphere and t o  e s t a b l i s h  t h e  mathematical  and phys ica l  
b a s i s  f o r  methocls of long range weather p red ic t ion .  
j o i n t l y  by thtr governments of i n t e r e s t e d  na t ions  (through t h e  World Meteoro- 
l o g i c a l  0rgart:iziition (WMO) ) and by t h e  world s c i e n t i f i c  community (thxough 
t h e  I n t e r n a t i o n a l  Council of S c i e n t i f i c  Unions (ICSU)) . National  and 
in te rna t iona l t  o rgan iza t ions  have been e s t a b l i s h e d  t o  p lan  and execute t h e  
program. 

GARP is  d i r e c t e d  

Two major experiments are planned: a t r o p i c a l  experiment i n  t h e  t r o p i c a l  
A t l a n t i c  Oceiw area i n  the  f a l l  of 1974 and a f i r s t  GARP g l o b a l  experil.ment 
during the  per iod of 1975 or 1976. Ten ta t ive  requirements for atmosplteric 
d a t a ,  and t e n t a t i v e  observing systems f o r  a c q u i s i t i o n  of t h i s  d a t a ,  hilve 
been def ined by WMO-ICSU planning groups. 
s a t e l l i t l e s  oE t he  United States, U.S.S.R., France,  and o t h e r  courttrie:; 
have been i d e n t i f i e d  as e s s e n t i a l  t o  t h e  GARP experiments. 

Operat ional  and experimentiil 

During FY 1972,  NASA w i l l  cont inue modeling and s imula t ion  s t u d i e s  1;o 
i m p  rove mathematical mode 1s of atmospheric behavior , incorp o ra  t i r ig  q u m t  i t a t  i v e  
atmospheric data obtained from meteoro logica l  satell i tes,  and t o  f u r t ' i e r  
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def ine  observing system d a t a  requirements. E f f o r t s  w i l l  be  continued t o  
e s t a b l i s h  pt'eliminary systems des igns  f o r  sa te l l i t e  g loba l  obserqing systems 
employing ope ra t iona l  and experimental  satell i tes a v a i l a b l e  through p a r t i  ci- 
pa t ion  by i r r teres  t ed  na t ions .  Deta i led  s t u d i e s  and comparative analyses  w i l l  
be  conducted t o  i d e n t i f y  f a c i l i t i e s ,  l o g i s t i c s  ope ra t ions ,  and advanced 
technology, imti advanced development t a sks  r equ i r ed  t o  provide d a t a  acquis i -  
t i o n ,  d a t a  c'ransmission, and d a t a  processing support  f o r  t h e  t r o p i c a l  
experiment ;aid the  f i r s t  GARP g loba l  experiment. Deta i led  planning w i l l  be 
i n i t i a t e d  f o r  t h e  conduct of t h e  f i r s t  GARP g l o b a l  experiment and technologica l  
s t u d i e s  w i L L  be conducted toward t h e  s o l u t i o n  of unresolved problems i n  
acqui r ing ,  (XI a global  b a s i s ,  e s s e n t i a l  atmospheric data .  

Meteorological  Soundings 

The ob jec t ives  of t h i s  p r o j e c t  are t o  use  research  and development 
meteorological  sounding rockets  t o  measure t h e  s t r u c t u r e  and charac tc ! r i s t ics  
of t h e  atmosphere i n  t h e  30 t o  100 km region and t o  develop an Econoriiical 
meteorological  sounding rocket  system t o  meet research ,  range suppor1:, and 
rou t ine  ope ra t iona l  requirements.  Three areas of e f f o r t  are involveii: (a)  
Research meteorological  rocke ts  of t h e  Nike-Apache class are used to explore  
t h e  c h a r a c t e r i s t i c s  of t h e  atmosphere between 30 and about 100 k i lcnwters .  
This region,  which is important  t o  meteoro logica l  s c i ence ,  cannot be reached 
except  by scunding rocket .  The r e l a t i o n s  and t h e  mechanisms opera t ing  
between and wi th in  t h e  var ious  reg ions  of t h e  atmosphere, and the  e fEec ts  of 
s o l a r  energy and i ts  v a r i a t i o n s  on t h e  s t r u c t u r e  and c i r c u l a t i o n  of the 
atmosphere are  explored. (b) A s m a l l  meteoro logica l  sounding rocket  system 
f o r  making economical atmospheric measurements i n  t h e  reg ion  30 t o  613 
kilomet.ers is being developed. This system w i l l  be  capable  of launching 
r e l i a b l e  inexpensive o p e r a t i o n a l  meteorological  sounding rocket:; amenable t o  
t h e  requirements f o r  range suppor t ,  atmospheric research ,  and network 
operat ions.  (c) The f i e l d  experiment support  program which provides ,  through 
cooperat ion with o t h e r  coun t r i e s  , f o r  t h e  es tab l i shment  of s e l f  - sus ta in ing  
c a p a b i l i t i e s  f o r  coordinated meteorological  sounding rocket  launches from 
sites t h a t  w i l l  con t r ibu te  mutually va luable  data .  

Fiscal Ywtr 1972 funds are requi red  t o  procure a d d i t i o n a l  l a r g e  research  
and s m a l l  developmental rocke ts ,  f l i g h t  test var ious  payload experiments,  
improve rocke t ,  sensor ,  and parachute  performances, and t o  cont inue f i e l d  
experiment p ro jec t s  with o t h e r  cooperat ing coun t r i e s  t o  ob ta in  addi ldonal  
atmospheric research data.  

TIROS/TOS Improvements 

The ob jec t ives  of t h i s  p r o j e c t  are t o  provide research  and develo]iment 
toward advanced ope ra t iona l  meteorological  sa te l l i t e  systems, s p e c i  t i c a l l y  
i n  support  of t h e  TOS program and t h e  development of  o p e r a t i o n a l  systems f o r  
t h e  Nat ional  Operat ional  Meteorological S a t e l l i t e  System (NOMS!;) ; t o  provide 
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maximum in t e r im o p e r a t i o n a l  d a t a  f o r  use i n  weather analyses  and fo recas t ing ;  
t o  provide improved o p e r a t i o n a l  subsystems f o r  t h e  a c q u i s i t i o n  of dat.s  
necessary t o  t h e  improvement of  weather analyses  and forecasts, s p e c i f i c a l l y  
i n  t h e  areas of i n f r a r e d  and v i s u a l  observat ions of e a r t h  cloud cover,  radio- 
metric observat ions of r e f l e c t i v e  and absorbed energy f o r  determinat ion of 
v e r t i c a l  temperature and water vapor p r o f i l e s  and t h e  e a r t h  atmospherle h e a t  
budget, and in t h e  area of improved d a t a  processing and handling f o r  t imely 
o p e r a t i o n a l  use. 

Nine 'I'1ROS research and development s p a c e c r a f t  funded by NASA and n i n e  
o p e r a t i o n a l  s p a c e c r a f t  funded by Nat ional  Oceanic and Atmospherilc Administra- 
t i o n  (NOAA) , fclrmerly ESSA, nave been s u c c e s s f u l l y  launched. TIROS-E, 
developed by NA.SA as t h e  o p e r a t i o n a l  prototype of t h e  second-generation 
o p e r a t i o n a l  sa te l l i t e  series, t h e  Improved TIROS Operat ional  s a t e l l i t e  (ITOS) , 
w a s  launched1 Jstnuary 23, 1970. The f i r s t  o p e r a t i o n a l  s p a c e c r a f t  (NOAA funded) 
of t h e  I.TOS series, ITOS-A (NOAA - l ) ,  w a s  s u c c e s s f u l l y  launched Decerrlber 11, 
1970. Under TOS Improvements, e f f o r t  w i l l  be  continued i n  t h e  dievelcpment of 
advanced senso r s  and subsys t e m s  , such as high-resolut ion r a d i m e  ters and 
altitude-det:e:rmination s y s  t e m s  which w i l l  be  incorporated i n t o  fu tu re  
o p e r a t i o n a l  s p a c e c r a f t  . 

Fiscal. Y e a r  1.972 funds are r equ i r ed  t o  i n i t i a t e  design and development 
t h e  advanced sansors  f o r  t h e  next generat ion of o p e r a t i o n a l  meteorological  
satell i tes.  

Radio I n t e r f e r e n c e  and Propagation Program 

The Radio l n l e r f e r e n c e  and Yropagation program (RIPP) commenced i n  Fiscal 
Year 1970 uridei: Communications SR&T. Due t o  t h e  growth i n  t h e  program and 
t h e  required i n t e r f a c e s  with o t h e r  agencies ,  i t  is d e s i r a b l e  t o  i d e n t i f y  
t h i s  program as a s e p a r a t e  l i n e  i t e m  i n  t h e  Communications program. The 
o b j e c t i v e s  oE IUPP are to:  (1) determine whether communications sat6 l l i t e  
s y s  t e m s  and t e r r e s t r i a l  systems can cont inue t o  s h a r e  t h e  same frequency 
bands as t h e  numbers of both systems inc rease ;  (2) determine t h e  b a s j s  f o r  
sha r ing  t h e  same frequency band; (3) determine t h e  in f luence  of weather 
phenomena on satel l i te  and ground communications s y s  tems; and (4) del.ermine 
t h e  u t i l i t y  (3f f requencies  above 10 GIlz f o r  communications sa te l l i te  services. 
This planned e f f o r t  w i l l  c o n s i s t  of two phases: 
c r i t e r L a  for  4 t o  10 GHz, and Phase 2 - t o  develop s h a r i n g  c r i t e r i a  itbove 
10 GHz. 

Phase 1 - t o  develolr sharing; 

Equipment h a s  been designed and assembled i n  an i n s t a l l a t i o n  f o r  m!asuremeiat 
of ground-to-ground i n t e r f e r e n c e  below 10 GHz. This i n s t a l l a t i o n ,  tlie only 
one of its kind i n  t h e  n a t i o n ,  is  j o i n t l y  supported by t h e  0ffic:e of  Te le -  
communicatilon Policy,  t h e  Department of Commerce, and t h e  Department of 
Defense. I n i t i a l  experimental  d a t a  were obtained i n  September 1.970. In t e r -  
f e rence  and propagation measurement d a t a  a t  frequencies  below 10 GHz w i l l  
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b e  used i n  support  of U. S. proposed p o s i t i o n  a t  t h e  1971 World Adminis t ra t ive 
Radio Conference (WARC) . Addit ional  experiments and s t u d i e s  on up l ink  and 
downlink propagation and i n t e r f e r e n c e  ground-to-satel l i te  and s a t e l l i t e - t o -  
ground, are a v i t a l  p a r t  of t h e  program, e s p e c i a l l y  with r e spec t  t o  use of 
t h e  higher  f requencies  above 10  GHz f o r  sa te l l i t e  communication services. 

F i s c a l  Year .L972 funds are requ i r ed  t o  cont inue t h e  p r e s e n t  ground-to- 
ground intlerfe:rence experiments below 10  GHz and t o  i n i t i a t e  e f f o r t s  t c l  

explore  frequcmqr bands above 10 GHz f o r  sa te l l i t e  services by conductjng 
satel l i te- to-ground and ground-to-satel l i te  propagation and i n t e r f e r e n c e  
s t u d i e s  and expeiriments . 

Geodetic S a t e l l i t e s  

The purpose of t h e  Geodetic S a t e l l i t e  p r o j e c t  is t o  support  t h e  Naticinal 
Geodetic Sate:LLii:e Program ( j o i n t  NASA/DoD/DoC program) and t o  develop t h e  
technology of geodetic sa te l l i tes  f o r  s o l i d  e a r t h  geophysics and oceanography. 
Geodetic I5ate:LLites launched t o  d a t e  are: Pageos-1, GEOS-1, and GEOS-;:. 
Data are :stil.L baing obtained from GEOS-2 . 

Fiscal 'Year 19'72 funds are requ i r ed  t o  cont inue analyses  of data. obtiiined 
from t h e  (GEOS f l i g h t s .  

Earth Observatory S a t e l l i t e  (EOS) S tud ie s  

S tud ie s  w i l l  b e  conducted on t h e  Earth Observatory S a t e l l i t e s  (E:OS) which 
will serve as t h e  i n i t i a l  members of a family of advanced e a r t h  observ#Itions 
platforms f o r  t h e  e f f i c i e n t  conduct of experimental  r e sea rch  and development 
i n  e a r t h  resources surveying and meteorology. This w i l l  combine, i n  oiie 
multipurpose s p a c e c r a f t ,  t h e  func t ions  p rev ious ly  provided by t h e  ERTS and 
t h e  Nimbus series of meteorological  technology satel l i tes  . Primary emphasis 
f o r  EOS i s  t o  be placed on observat ions of oceanographic phenomena and i n t e r -  
a c t i o n s  of t h e  ocean s u r f a c e  wi th  t h e  atmosphere i n  o r d e r  t o  m e e t  u rgen t  
needs f o r  research d a t a  and t h e  development of  advanced o p e r a t i o n a l  s enso r s  
f o r  oceanographic and meteorological  d i s c i p l i n e s .  Consideration w i l l  ,also 
be given t o  o t h e r  needs i n  atmospheric s c i ences  and i n  e a r t h  resources  
surveying. I n  t h i s  capac i ty ,  t h e  EOS w i l l  provide a space platform foe  t h e  
o r b i t a l  test of experimental  s enso r s  and s p a c e c r a f t  subsystems, f o r  t h e  
a c q u i s i t i o n  of environmental  d a t a  f o r  r e sea rch  and f o r  t h e  development of 
a p p l i c a t i o n s  of t h e s e  d a t a  and techniques t o  problem areas i n  resources/  
environmental management and meteorology. 

Remote sensing development, d a t a  a c q u i s i t i o n ,  and techniques development 
w i l l  address advanced research requirements f o r  d a t a  i n  d i s c i p l i n e s  of 
oceanography, meteorology, and t e r r a i n  observat ions.  

F i s c a l  Year 1972 funds are required t o  in i t ia te  prel iminary system design 
s t u d i e s  . 
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Air T r a f f i c  Control  S a t e l l i t e  S tud ie s  

S tud ie s  w i l l  be conducted i n  response t o  DOT requirements t o  e s t a b l i s h  t h e  
b a s i s  f o r  a s ses s ing  t h e  t e c h n i c a l  approaches and c o s t  e f f i c i e n c i e s  of 
commercial p roposa ls  f o r  a i r  t r a f f i c  c o n t r o l  and communication s a t e l l i t e  
services. Studaeo w i l l  a l s o  be conducted i n  coord ina t ion  wi th  DOT and E,SRO 
t o  determine t h e  needs f o r  advanced satel l i te  systems and technology and the  
approach t o  the: most e f f e c t i v e  o p e r a t i o n a l  system f o r  t h e  late 1970's and 
e a r l y  1980 " s . 

NASA e f f o r t s  w i l l  i nc lude  in-house and contractor-support  s t u d i e s ,  NASA/ 
ESRO s t u d i e s  as appropr i a t e ,  and NASA/DoT s t u d i e s .  These e f f o r t s  w i l l  
u t i l i z e  FY 19711 funds. No FY 1972 funds are being reques ted  by NASA for 
t h i s  project. 

Supporting Research and Technology 

The o b j e c t i v w  of t h e  suppor t ing  research  and technology e f f o r t  a r e  t o  con- 
duct  programmat: Lc s t u d i e s  , b a s i c  and suppor t ing  r e sea rch ,  advanced techriologicall 
developments a n d  t h e  t e s t i n g  of new concepts ,  techniques,  materials, 
components, seimo'ts, ins t rumenta t ion ,  d a t a  systems, and subsystems whicli have 
a p p l i c a t i o n  t o  f u t u r e  a i r c r a f t  and sa te l l i t e  p r o j e c t s .  The d i s c i p l i n a r y  a reas  
of e f f o r t  i n  t h e  ispace app l i ca t ions  program inc lude  a p p l i c a t i o n s  techno:l.ogy , 
communications, geodesy/earth physics ,  e a r t h  resources ,  meteorology, nairiga- 
t i o n / t r a f  f i c  c o n t r o l ,  and i n t e r d i s c i p l i n a r y  app l i ca t ions .  

Fiscal Year 1972 funds are requi red  t o  maintain t h e  c u r r e n t  level. of 
suppor t ing  research  and technology e f f o r t s  i n  t h e  s e p a r a t e  a p p l i c a t i o n s  
d i s c i p l i n a r y  areas and t o  p l ace  increased  emphasis on e a r t h  resources  d:iis- 
c i p l i n e s  i n  t h e  e a r t h  observa t ions  area and on t h e  advanced systems s t u d i e s /  
user requirements i n  Communications. 

SCHEDULE OF LAUNCHES 

Schedule of -- S i g n i f i c a n t  Research and Development Events 

P r o j e c t  Mission 

ITOS* Launch of ITOS A-G 

Ca:Lenda r 
Year --- 

19'70-19 74 
( sub jec t  t o  

Cia1 1-u p by 
NOAA) 
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Nimbus Launch of Nimbus-E 
Launch of Nimbus-F 

Synchronous Meteorological Launch of SMS-A 
S a t e l l i t e s  Launch of SITS-B 

Cooperative A.pp1.ications Launch of C M - A  
S a t e l l i  t:e Launch of Back-up 

( i f  r equ i r ed )  
Launch of CAS-C 

App li cat i ons Technology Launch of ATS-F 
S a t e l l i t e s  Launch of ATS-G 

Ear th  Resources Technology Launch of ERTS-A 
S a t e l l i t e s  Launch of ERTS-B 

Meteorollogicinl Soundings Launch about 250 annual ly  

INTELS AT * * Launch of INTELSAT IV S e r i e s  

* NOAA funded 
** COMSAT funded 

19 72 
19 74 

19 72 
1973 

13 7 1  
1'3 72 

1'3 7 4  

1 9  73  
1975 

1972 
19'73 

1.9 71-:!.972 
(,subj lzct t o  
call-up by 
COMS AT) 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF SPACE !SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT I’ROGRAM 

PROGRAM 0 BJECT IW3S AND JUSTIFICATION: 

The o b j e c t i v e  of t h e  Launch Vehicle  Procurement program is t o  pxovidc! a 
n a t i o n a l  capa‘bi l i ty  t o  launch automated spacec ra f t .  This is accomplislied 
through t h e  procurement of  v e h i c l e  hardware and suppor t ing  s e r v i c e s  anti 
equipment. 
of veh ic l e s  cDnsis t ing of Scout, Delta, Centaur, and T i t a n  I11 C .  I n  #addi t ion,  
t h e  program provides support  f o r  v e h i c l e  systems maintenance and updat ing, 
i n  o rde r  t o  o b t a i n  g r e a t e r  performance and r e l i a b i l i t y  a t  minimum c o s t ,  and 
f o r  a support ing research  and technologyladvance s t u d i e s  e f f o r t  t o  i n v e s t i g a t e  
promising a r e a s  of research  and technology r e l a t e d  t o  launch veh ic l e s .  

These procurements c u r r e n t l y  provide a f l e x i b l e ,  v e r s a t i l e  family 

SUMNARY OF RESOURCES REQUIREMENTS: 

(Thousands o f  Do1:Lars) 
1970 - 1971 L372 - 

Scout . , . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . .  $13,700 $14,200 $16,500 
Del ta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32,400 34,000 37,200 
Centaur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46,019 68,000 75,900 
T i t a n  3111 C : . . . . . . . . . . . . . . . . . . . . . . . . . . .  6,700 4,700 12,500 

Supporting research  and technology/ 
--- --- Agena ................................. 5,000 

advaric ed 5;  t u d i  es .................... 4 , 000 4,000 -, 4,000 

14.6 100 -:A Total.. ............................... $107,819 $124,900 $- 

BASIS OF FUND REQUIREMENTS: 

scout  

Scout is a Eonr s t a g e  a l l  s o l i d  p rope l l an t  v e h i c l e  which is u t i l i z e c .  t o  
launch small s a t e l l i t e ,  probe, and re-entry missions.  I n  Fy 1972, funds 
w i l l  be  used f o r  procurement of hardware, v e h i c l e  system improvements!, and 
maintenance o f  ,the requi red  launch and engineer ing se rv ices  and ancil : .ary 
equipmen e .  
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Delta i s  a t h r e e  s t a g e  veh ic l e ,  two l i q u i d  p r o p e l l a n t  s t a g e s  w i t h  a s o t i d  
propel lan t  t h i r d  s t a g e ,  capable  of launching payloads of moderate weight  
i n t o  e a r t h  o r b i t  and smaller payloads i n t o  s o l a r  o r b i t .  With i ts  f l~? .x ib i l i ty ,  
t h e  Delta v e h i c l e  is compatible with t h e  wide v a r i e t y  of miss ion  requireinents 
generated by a p p l i c a t i o n s  and s c i e n t i f i c  u se r s .  The requested funds f o r  FY 
1972 w i l l  be  employed t o  i n i t i a t e  new procurement and t o  s u s t a i n  c u r r e n t  
purchasing of v e h i c l e  hardware and suppor t ing  services.  Necessary I-mprove- 
ments t o  t h e  Delta te lemetry system and f a i r i n g  w i l l  b e  continued. 

Centaur 

The hydrogen-oxygen propel led  Centaur wi th  t h e  Atlas boos te r  is t h e  
h ighes t  energy launch v e h i c l e  c u r r e n t l y  used by NASA f o r  t h e  launch o f  
automated missions.  Development now under way w i l l  team the  Centaur w i t ' ?  t h e  
T i t an  I11 boos ter  t o  provide even g r e a t e r  c a p a b i l i t y  f o r  upcoming inter- 
p lane tary  and heavy payload, e a r t h  o r b i t  missions.  I n  add i t ion  t o  s u s t a i n i n g  
hardware and support  services procurements, t h e  FY 1972  reques t  wi1:L cont inue  
t h e  e f f o r t  t o  improve t h e  guidance system and t o  develop a l a r g e  diameter  
shroud. 

T i t a n  I11 C 

The A i r  Force-developed T i t a n  I11 C is  a four  s t a g e  v e h i c l e  which w i l l  be  
u t i l i z e d  by NASA f o r  t h e  launch o f  heavy payload missions.  
be used t o  1aunc.h t h e  Appl ica t ions  Technology S a t e l l i t e s  ( U S )  F&G inissions 
i n  1 9 7 3  and 1975 r e spec t ive ly .  The con t inua t ion  of r equ i r ed  hardware and 
service pro'curenients w i l l  b e  accomplished wi th  t h e  FY 1972 funds requested 
he re in .  

This  v e h i c l e  w i l l  

-- S t w o r t i n g  Research and TechnoloRy/Advanced S tud ie s  

Through t h i s  p r o j e c t  f u t u r e  miss ion  requirements are def ined ,  a l t e r n a t i v e s  
are arrayed fra'ci which optimum modes t o  f u l f i l l  t h e s e  requirements  B r e  s e l e c t e d ,  
and t h e  requi red  technology is developed i n  an  o rde r ly ,  t imely  manner. Sup- 
po r t ing  researc.h and technology is  c u r r e n t l y  c a r r i e d  on i n  f i v e  d i s c i p l i n e s  of  
launch vehic l  e t:ec.hnology: propuls ion  and energy conversion; guidance and 
con t ro l ;  instrcmientation and e l e c t r o n i c s ;  s t r u c t u r e s  and materials; and 
v e h i c l e  engineel-irtg. Advanced s t u d i e s  w i l l  be  continued o r  i n i t i a t e d  a n  
s o l a r  e1ect:ric propuls ion,  ve r sa t i l e  upper s t age ,  s m a l l  v e r s a t i l e  launct  
veh ic l e s ,  and m;-nimum c o s t  v e h i c l e  systems wi th  s p e c i a l  a t t e n t i o n  t o  p o t e n t i a l  
u t i l i z a t i o n  on s h u t t l e  missions.  

RD 56 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE 01' UNX'JERSITY AFFAIRS -_- SUSTAINING UNIVERSITY PROGRAM --- 
PROGRAM OBJEC'CIVES --- AND JUSTIFICATION : 

The Sus ta in ing  Un ive r s i ty  program w a s  e s t a b l i s h e d  i n  1962 when NASA"s ex- 
panding respons L b i l i t i e s  requi red  increased  p a r t i c i p a t i o n  of t h e  educ, i t ional  
community i n  the  space  program. 
l abora to ry  f a c i l i t i e s ,  t o  increase the  number of h igh ly  t r a i n e d  peoplt.:, 
and t o  conduct 'broad m u l t i d i s c i p l i n a r y  research .  
been m e t ,  NASA programs have b e n e f i t e d  and t h e  u n i v e r s i t i e s  have been 
s t rengthened  through t h e i r  p a r t i c i p a t i o n .  

The o b j e c t i v e s  were t o  provide adequate 

Many of t h e s e  goa l s  have 

NASA w i l l  cont inue t o  suppor t  r e sea rch  a t  u n i v e r s i t i e s  as needed f o r  NASA's 
mission with funding requirements t o  be  m e t  from program o f f i c e  li&D rlesources . 
The Sus ta in ing  Univers i ty  program has  been phased t o  a n  o r d e r l y  conclusion. 

SUMMARY --- OF RE SOURCES REQUIREMENTS : 

(Thousands of D o l l a r s )  
197 2 -- 1971 - 1970 - 

--- -- - ........ Sustaining;  u n i v e r s i t y  program. $7,000 --- 
--- --, - ............................. -- = -,- 

Tota l . . .  $7,000 
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Program - 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS 

(Thousands of d o l l a r s )  
1 9 7 1  1') 72 -- - 1970 - 

Aeronaut ical  research  and 
technology... ................... $95,685 $102,000 $110,000 

Space research  and technology.. ... 119,977 107,000 7!i, 105 

.... 27 , 720 Nuclear power and propuls ion. .  55.269 55,200 ~ 

Total, . . . . , . . . . . . . . . . . . . . . . . . . . .  $270,931 $264,200 -. $21:!, 825 -- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

AERONAUTICAL RES EARCH AND - --- 
TECHN OLOGYIGRAM -- 

The NASA Aeronautics program f o r  FY 1972 is aimed at providing s ippif icant :  
advances i n  t h e  technology base  t o  i n s u r e  t h a t  t h i s  country remains t h e  world 
l e a d e r  i n  t h e  development of m i l i t a r y  and c i v i l  a i r c r a f t .  
technology program, coordinated with t h e  FAA/DOT and DOD, is being continued 
which w i l l  i nc rease  a e r o n a u t i c a l  systems r e l i a b i l i t y  and s a f e t y ,  wi :Ll  reduce 
obtrusiveness  t o  t h e  environment, and is r e l e v a n t  i n  t h e  o v e r a l l  s ense  t o  
t h i s  decade's military a i r c r a f t  and c i v i l  t r a n s p o r t a t i o n  demands. 
w i l l  concen t r a t e  on aerodynamics, f l i g h t  dynamics, propuls ion,  oper ' l t ing 
systems, v e h i c l e  systems, l i f e  s c i e n c e s ,  e l e c t r o n i c s ,  materials and s t ruc tu - re s  , 
and n o i s e  reduction f o r  a p p l i c a t i o n  t o  f u t u r e  gene ra t ions  of al.1 sulBsonic, 
supersonic  and hypersonic a e r o n a u t i c a l  veh ic l e s .  
on p r o p u l s h n  research inc lud ing  engine n o i s e  reduct ion,  aerodynamiis and 
v e h i c l e  systems. 
ment of an experimental  s h o r t  take-off and landing (STOL) turbofan \:ransport. 
research airplane.  

A researc:h and 

ILesearch 

Emphasis i n  F Y  19 72 w i l l  be 

A major new i n i t i a t i v e  i n  FY 1972 is t h e  design a i d  develop- 

SUMMARY OF -- RESOURCES REQUIREMENTS : 

Experimental STOL t r a n s p o r t  
research airplane.......... 

Aerodynamics and veh ic l e  
systems.................... 

L i f e  sciences................ 
Propulsion.. ................. 
Operating, systems............ 
Materials and s t ructures . . . . .  
Guidance, c.ontro1 and 

P o w e r . . . . . . . . . . . . . . . . . . . . . . . .  
Information systems ........ 

Supercr i  t.ic.al technology. .... 
Total.,.................... 

(Thousands of Do l l i a r s  ) 
19 71 - 19 70 - 

--- $1,900 

$37,439 45,000 
3,000 2,100 

29,419 23,900 
6,996 8,000 
7,646 7,400 

10,190 4,200 
200 400 
795 9,100 

$95,685 $102,000 

19 72 - 

$15.000 

42,000 
3,100 

22,300 
6,500 

11,000 

3,000 
4QO 

6,700 

$110,000 - I 
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BASIS OF FUND REQUIREMENTS: 
-̂ - 

Experimental  STOL Transport  Research Airplane 

This e f f o r t  encompasses a major new in i t i a t ive  beginning wi th  design and 
development and l ead ing  t o  f l i g h t  t e s t i n g  i n  t h e  1974 through 19715 per iod of 
two experimen.t.al s h o r t  rake-off and landing  (STOL) turbofan  t r a n s p o r t  
research  airp1.an.e~.  
a i r p l a n e  p ro jec t  are t o  v a l i d a t e  t h e  p red ic t ed  performance and t o  permi t  t he  
establ ishment  of realist ic cri teria f o r  c e r t i f i c a t i o n  of c i v i l  su’bsonic STOL 
j e t  t r a n s p o r t s  and c r i t e r i a  f o r  enroute  and t e rmina l  area operat ions.  Noise 
reduct ion  thmugh inco rpora t ion  of technology developed i n  t h e  q u i e t  engine 
program w i l l  rec:eive major emphasis. 

The e s s e n t i a l  o b j e c t i v e s  of t h i s  experimental  research  

Navigation tmd f l i g h t  pa th  c o n t r o l  procedures w i l l  be  t e s t e d  and vex i f i ed .  
This f l i g h t  t.est: program is a necessary s t e p  t o  confirm t h e  r e s u l t s  of 
s t u d i e s ,  simuCtat.ion and wind tunne l  t e s t i n g  t o  complete t h e  technolog) base 
necessary f o r  development by indus t ry  of a jet STOL t r a n s p o r t  system. Such 
a system is e t i s en t i a l  to meeting f u t u r e  requirements f o r  s h o r t  haul  a3r  
transport:, a vi ta l  segment of t h e  n a t i o n a l  t r a n s p o r t a t i o n  system. 

NASA is c u r r e n t l y  working with DOT and i n d u s t r y  r e p r e s e n t a t i v e s  t o  e s t a b l i s h  
a j o i n t  i~pprC)iich t o  a s h o r t  h a u l  t r a n s p o r t a t i o n  system, inc luding  t h e  
experimental  I3”J.Y t r a n s p o r t  r e sea rch  a i r p l a n e  development and f l i g h t  f est 
program. The s p e c i f i c  a i r p l a n e  conf igu ra t ion ,  schedul ing ,  and p a r t i c j  p a t i o n  
by government and indus t ry  w i l l  be  def ined  over  t h e  next  s e v e r a l  months. 

The FY 1972 funding reques t  provides  for i n i t i a t i o n  of des ign ,  deve!.opment, 
and f a b r i c a t i o n  on t h e  two experimental  STOL t r a n s p o r t  r e sea rch  a . i rpk tnes ,  
and f o r  ~:ontiinui~tion of suppor t ing  model t e s t i n g  i n  wind tunne l s ,  prol’uls ion 
s t u d i e s ,  and tests aimed a t  no i se  reduct ion.  

Aerodynamics and Vehicle Systems 

The Aerodynam.Lcs and Vehicle Systems program is d i r e c t e d  t o  furidameiital 
research  i n  tne d i s c i p l i n a r y  technologies  of a i r c r a f t  aerodynamic:s , a:r.rcraf t 
loads ,  and a.irceaf t f l i g h t  dynamics for t h e  fol lowing c l a s s e s  of vehi1:les : 
genera l  a v i a t i o n  a i r c r a f t ,  V/STOL a i r c r a f t ,  subsonic  a i r c r a f t ,  supersonic  
a i r c r a f t  and hypersonic a i r c r a f t  - both c i v i l  and m i l i t a r y .  
placed,  as requi red ,  on f l i g h t  test programs and experimental  hardware? 
eva lua t ions .  T h i s  combined d i s c i p l i n a r y  and experimental  hardware ap.,>roach 
provides  t h e  da t a  and informat ion  which can b e  appl ied  by t h e  aircrafi:  
i ndus t ry  and government agencies  t o  t h e  development of s a f e r  and s u p e r i o r  
c i v i l  and m i l i t a r y  a i r c r a f t ,  advanced a i r c r a f t  concepts ,  r egu la to ry  cr i ter ia ,  
new ope ra t iona l  concepts and t h e  i n t e g r a t i o n  of t h e  p i l o t / a i r c r a f t  syistem. 

Emphasis is 

The FY 1972 program w i l l  inc lude  t h e  cont inua t ion  of s t u d i e s  t o  improve t h e  
s a f e t y  of genera l  a v i a t i o n  a i r c r a f t ,  s t u d i e s  of advanced r o t o r s  :€or hteli- 
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cop te r s  and rotolr-driven V/STOL a i r c r a f t  ; s t u d i e s  of a i r b r e a t h i n g  propuls ion 
system-airframe i n t e g r a t i o n  and dynamic problems f o r  a p p l i c a t i o n  t o  s u p e r -  
s o n i c  and hypersonic a i r c r a f t ,  and f l i g h t  dynamics s t u d i e s  f o r  each class of 
v e h i c l e  t o  i n s u r e  inc reased  compa t ib i l i t y  of t h e  p i lo t -veh ic l e  s y s  t e m ,  
including terminal  area and all-weather operat ions.  Experimental research 
and development a i r c r a f t  and engineer ing test  p i l o t  p ro f i c i ency  a i r c r a f t  
necessary t o  c a r r y  out  and support  t h e  t o t a l  a e r o n a u t i c a l  e f f o r t  are p a r t  of 
t h i s  program, 

L i f e  Sciences 

The ae ronau t i ca l  L i f e  Sciences program i s  d i r e c t e d  toward determinirig t h e  
l i m i t a t i o n s  and adap ta t ions  of man r e l a t i v e  t o  a e r o n a u t i c a l  environmertts ; 
i t  develops inethods and equipment t o  enhance human performance and saf 'e ty  i n  
a v i a t i o n  sys  tern:;; and advances t h e  s ta te-of- the-ar t  of aeronaut ic .a l  s:i.mulatioxi 
technology f o r  its a p p l i c a t i o n  of a i r  and ground personnel  t r a i n i n g  a i d  
p ro f i c i ency  maintenance, and f o r  conducting aeromedical research relative t o  
a e r o n a u t i c a l  problems. The a e r o n a u t i c a l  L i f e  Sciences program is; devctloping 
techniques f o r  p r e d i c t i n g  t h e  e f f e c t s  of  new gene ra t ion  a i r c r a f t  noisis on man, 
To t h i s  end, research w i l l  be  conducted t o  o b t a i n  q u a n t i t a t i v e  information 
on and develop means t o  minimize human annoyance and phys io log ica l  danage 
due t o  a i r c r a f t  n o i s e  and v i b r a t i o n ;  and t o  measure t h e  phys io log ica l  and 
psychological e f f e c t s  of o t h e r  stresses due t o  a v i a t i o n  systems !such as  
f a t i g u e ,  desynchronosis, d i s o r i e n t a t i o n  and v i s u a l  abe r ra t ions .  

Aviation s a f e t y  equipment and procedures have n o t  kep t  pace with advance- 
ments i n  o t h e r  a spec t s  of a e r o n a u t i c a l  technology. This program will conduct 
research and. technology t o  enhance man's performance as an o p e r a t o r  and 
i n s u r e  h i s  s,afe.ty and comfort as a passenger i n  a e r o n a u t i c a l  systems. 

Propuls ion 

The primary goa l s  of t h e  a e r o n a u t i c a l  Propuls ion Research and Technology 
program are 110 provide advanced technology through a n a l y t i c a l  and eweri- 
mental invea t i g a t i o n s  of engine components and engine systems. These programs 
are aimed at: improving engine performance, o p e r a t i o n a l  c a p a b i l i t y ,  si ifety 
and rel:iabi.LLty, and reducing weight and s ize .  During FY 1972 a. greilt d e a l  
of a t t e n t i o n  w:L11 be given t o  t h e  environmental problems of  a i r c r a f t  no i se  
and po l lu t ion .  
both small scale and f u l l  scale. P a r t i c u l a r  a t t e n t i o n  w i l l  b e  g;iven t o  t h e  
problems of a i r c r a f t  n o i s e  for Short  Take-Off and Landing veh ic l e s .  I n  
a d d i t i o n  t o  t h e  n o i s e  research a s s o c i a t e d  wi th  t h e  development of thi? NASA 
experimental  q u i e t  engine program, an extensive r e sea rch  e f f o r t  w i l l  be 
undertaken t o  develop j e t  n o i s e  suppressors  f o r  supe r son ic  a i r c r a f t  propulsion 
systems. Research on p o l l u t i o n  is aimed at reducing t h e  amount of sinoke 
and oxides cf n i t r o g e n  from t h e  exhaust gases emi t t ed  from tu rbo- j e t  engines,, 

A i r c r a f t  n o i s e  research w i l l  i nc lude  s t u d i e s  and expcriments , 
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Research ef € o r t  w i l l  cont inue on engine components and propuls ion concepts. 
Low-cost small gas t u r b i n e  engines will receive p a r t i c u l a r  emphasis for 
a p p l i c a t i o n  t o  missiles, t a r g e t  drones,  and gene ra l  a v i a t i o n  a i r c r a f t .  I n  
t h e  V/STOL technology area, research e f f o r t s  w i l l  be focused on s tudy ing  
var ious high t h r u s t  t o  weight r a t i o  propuls ion s y s  t e m s  t h a t  have t h e  p o t e n t i a l  
of meeting the s t r i n g e n t  n o i s e  requirements f o r  t h i s  class of veh ic l e .  I n  
supe r son ic  prclpulsion, research w i l l  be  aimed a t  t h e  r equ i r ed  high t h r u s t  t o  
weight r a t i o  engines capable of providing good performance a t  a l l  design con- 
d i t i o n s  which includes those  f l i g h t  cond i t ions  ( f l i g h t  maneuvers, g u s t s  s 
turbulence,  et:c.) r e s u l t i n g  i n  highly d i s t o r t e d  flow e n t e r i n g  t h e  i n l e t  and 
s t a l l i n g  t h e  engine. I n  t h e  Hypersonic a i r c r a f t  technology area, r e sea rch  
w i l l  be conducted on two and three-dimensional f i x e d  geometry propuls ion 
system concep':s I, and combustion experiments i n  supe r son ic  p e n e t r a t i o n  and 
mixing. 

Operat i n s  Sys t e m s  

The research lef f o r t  under the  a e r o n a u t i c a l  Operating Sys t e m s  program broadens 
t h e  t r a d i t i o n a l  a e r o n a u t i c a l  engineer ing emphasis upon f l i g h t  vehdcle!; t o  
inc lude  o t h e r  technology areas such as navigat ion,  guidance, a i r  t r a f f i c  
c o n t r o l ,  runway and environmental impact i n t e r f a c e s .  An air trarispor1:ation 
system is very complex and impacts and is impacted by i t s  environment, The 
problems of t h e  system must be approached i n  t h e i r  e n t i r e t y  r a t h e r  than from 
t h e  unconnected viewpoint of any s i n g l e  element. The r o l e  of t h i s  program is 
t o  focus s p e c i a l i z e d  knowledge upon problems of t h e  a i r c r a f t  and i t s  lanviron- 
ment. I n  t h e  area of a i r  t r a f f i c  systems, research w i l l  emphasize thle 
a p p l i c a t i o n  of advanced technology and new concepts i n  c o n t r o l ,  guidance, 
computers, sirid ground e l e c t r o n i c  a i d  sys t e m s  . J o i n t  programs i n  t h i s  area 
are being dsvel.oped with the FAA and DOT. 

Under ope ra t ing  f a c t o r s  research w i l l  b e  aimed a t  so lv ing  problems r e l a t e d  
t o  runway su:rface and atmospheric environment, o p e r a t i o n a l  hazards,  f l i g h t  
instrumentat ion,  and s o n i c  boom e f f e c t s  on bu i ld ings  and equipment. These 
w i l l  involve analyses  and l abora to ry  and f l i g h t  tes t  experiments. 

Materials and S t r u c t u r e s  

The Materials and S t r u c t u r e s  program has as i t s  o b j e c t i v e s  an unde.i:standing 
of materials and t h e  development of new materials and s t r u c t u r e s  abLr t o  
ca r ry  t h e  loads ,  stresses, and temperatures encountered by advanced ,aircraft 
A broad m a t e r i a l s  and s t r u c t u r e s  program is necessary t o  i n c r e a s e  t h e  
p o t e n t i a l  of all classes of a i r c r a f t  . 
low-cost, l i g h t  weight,  e a s i l y  f a b r i c a b l e  materials, while  high speed air- 
c r a f t  clemand s , t ronger  and l i g h t e r  materials capable of ope ra t ing  a t  high 
temperatures and i n  co r ros ive  environments. 

For example, gene ra l  a v i a t i o n  r e q u i r e s  

Specifica:t ly,  emphasis i n  EY 1972 w i l l  be on t h e  development o f  inproved 
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titanium a l l o y s ,  on s t r o n g e r  n i c k e l  base  a l l o y s  f o r  use i n  a i rcraf t  
s t r u c t u r e s  and tu rb ine  b lades ,  and i n  new coa t ings  t o  p r o t e c t  t h e s e  a l loys  
from oxidation. a t  high temperatures.  Work on composite materials incorpora- 
t i n g  r ecen t ly  developed high modulus and high s t r e n g t h  g r a p h i t e ,  boron, and 
g l a s s  f i b e r s  w i l l  cont inue,  and t h e i r  a p p l i c a t i o n  t o  a e r o n a u t i c a l  s t r u c t u r e s  
w i l l  be s tud ied  i n  a broad program wi th  emphasis on l abora to ry  and s e r v i c e  
f l i g h t  demonstrations on t h e  use of t h e s e  materials f o r  s e l e c t i v e  re inforce-  
ment of rnetal. s t r u c t u r e s .  High performance p l a s t i c  composites f o r  both 
a i r f rame s t r u c t u r e s  and engine components w i l l  a l s o  be s tudied .  

The s y n t h e s i s  of non-flammable polymers w i l l  cont inue i n  EY 1972 as a 
r e s u l t  o€ t h e  eiicouraging r e s u l t s  ob ta ined  from las t  year's e f f o r t .  Severa l  
intumescent .and foam compositions were developed which markedly reductid f i r e  
hazards i n  experimental  a i r c r a f t  f i r e s .  

A s  a r e s u l t  of r e sea rch  on carbons and g r a p h i t e s ,  improved s e a l s  f o r  high 
temperature a i r c r a f t  engines  were r e c e n t l y  developed. Addi t iona l  s t u d i e s  on 
s e v e r a l  new carbons w i l l  be  made i n  N 1972 wi th  t h e  goal  of i n c r e a s i n g  l i f e  
t i m e s .  B a s i c .  s t u d i e s  on f r i c t i o n  and wear phenomena w i l l  cont inue i n  o r d e r  
t o  i d e n t i f y  the  important  parameters f o r  low f r i c t i o n  and wear bear ings ,  seals, 
and lub r i can t s .  

S tudies  of f a t i g u e ,  f r a c t u r e  mechanics, cor ros ion ,  f r i c t i o n s  and wear w i l l  
be  continuecl t o  provide t h e  materials needed f o r  t h e  advanced aircraft of 
t h e  fu ture .  

Guidance, Cont ro l  and Information Systems 

The ob jec t fve  of t h e  Guidance, Cont ro l  and Information Systems prol:ram is  
t h e  development of e l e c t r o n i c s  technology which is b a s i c  t o  t h e  need:; of 
modern av ia t ion .  Accent i n  FY 1972 w i l l  be p laced  on a i r c r a f t  c:ontrol 
( e i t h e r  au tomat ica l ly  or by t h e  p i l o t )  through improvements i n  e l e c t r o n i c  
components, i n  improved d i sp lays  and i n d i c a t o r s ,  and on t h e  developmcznt of 
new senso r s  f o r  b e t t e r  naviga t ion  and hazard avoidance. P a r t i c u l a r  ( a t t en t ion  
w i l l  be focused on t h e  "fly-by-wire" c o n t r o l  concept, which o f f e r s  the 
advantages of improved r i d e  c h a r a c t e r i s t i c s ,  g r e a t e r  s a f e t y  and reduced 
weight;  on CL new independent landing  monitor which gives  the  p i l o t  a 
p i c t u r e  of t h e  runway and a i r f i e l d  even under instrument  landing  condi t ions ;  
lasers and rniicrowave d e t e c t o r s  which w a r n  of clear a i r  turbulence ;  and 
o p t i c a l  d e t e c t o r s  t o  w a r n  of poss ib l e  c o l l i s i o n s  wi th  o t h e r  a i r c r a f t  . Research 
g ran t s  i n  t h e  area of a i r  t r a f f i c  c o n t r o l  technology w i l l  be i n i t i a t e d  and 
work w i l l  continue on t h e  development of t h e  technology which suppor ts  FAA 
a v i a t i o n  sys t e r n  development. 

Power 

A thorough study of p re sen t  and f u t u r e  a i r c r a f t  e l e c t r i c a l  power :requirements 
is cont inuing toge the r  wi th  a low level  R&D e f f o r t  intended t o  reduce the  
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weight , comp:Lex:ity and maintenance requirements of a i r c r a f t  elect.rica:l. systems. 

Supercr i  t i c a l  Technology 

NASA is  working on a broad-based and long-term program o r i e n t e d  towiard 
achieving s i g n i f i c a n t  improvements i n  t h e  q u a l i t y  of long h a u l  aircraft  
ope ra t ing  a t  speeds near Mach 1.0. 

The s u p e r c r i t i c a l  aerodynamic technology under s tudy  f o r  t h e  p a s t  6 years 
appears t o  o f f e r  t h e  p o t e n t i a l  of important  c r u i s e  speed and economic 
advantages fc 'r  t r a n s p o r t  a i r c r a f t .  I n  combination wi th  compatib:Le advances 
i n  t echn ica l  d i s c i p l i n e s  such as s t r u c t u r e s  , materials , propuls ion ,  aind 
f l i g h t  c.ontrcll systems , t h e  s u p e r c r i t i c a l  technology w i l l  provide a b a s i s  f o r  
achievement cif s i g n i f i c a n t  improvements i n  a i r  t r a n s p o r t  q u a l i t y ,  The program 
c o n s i s t s  of t h r e e  major elements:  (1) fundamental technology, (:2) 
explora tory  f l i g h t  research ,  and (3) systems s t u d i e s  t o  d e f i n e  t h e  f ea tu res  
t o  be incorpora ted  in subsequent t r a n s p o r t  genera t ions  , and t h e  research 
requi red  t o  to su re  t h e i r  development. 
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RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF --- ADVPNCED RESEARCH AND TECHNOLOGY 

PROGRAM O B J E C T I V E S  AND J U S T I F I C A T I O N :  
--I 

S P A C E  RESEARCH AND 
TECHNOL~ETEEERAM -- 

Space Research and Technology (R&T) f o r  NASA ope ra t ions  i n  t h e  (coming 
decades xequix'e a continuing s t r o n g  r e sea rch  a c t i v i t y  now. Near term pro- 
jects must USE! t h e  technology being developed f o r  p r i o r  y e a r ' s  research. 
The FY 1972 Space R&T budget is a balance between t h e  r e sea rch  and 
technology e f f o r t s  t h a t  w i l l  b e  used i n  t h e  f u t u r e ,  and t h e  more immediate 
support  of th . e  Agency's manned and unmanned program o b j e c t i v e s  of t h e  
p re sen t  clecaclc:. 

Research wi.:tl b e  continued i n  t h e  areas of materials and s t r u c t u r e s ,  power 
and propuls ion,  guidance, c o n t r o l  and information systems. There w i l l  be  a 
continued emphasis on advancing t h e  technology t o  produce l a r g e  amounts of 
e lectr ical  pc.tlrei: i n  space,  t o  develop high s p e c i f i c  impulse propulsion 
systems, inc1Ludj.ng electric propulsion. OART w i l l  support  t h e  Agency's near 
t e r m  o b j e c t i v e s  with a c t i v i t y  i n  t h e  c r i t i ca l  areas of thermal protect  i o n  
systems, aerotht?rmodynamics, conf igu ra t ion  development and e n t r y  technology 
f o r  t h e  space s h u t t l e  program. I n v e s t i g a t i o n s  w i l l  b e  conducted relat ive 
t o  advanced ooncep ts . 
SUMMARY OF --- lU5SOURCES REQUIREMENTS : 

(Thousands of Do1l.ars) 
19 7:! .-- 1970 1971 - 

Space propulsion and power 
generation............... ...... $36,954 $36,500 $28,600 

Materials and s t ructures . . . . . . . . .  29,419 25,800 1.8,600 
Guidance, c o n t r o l  and 

information systems............ 23,473 17,500 1.7,05.j 
Safety and ope ra t ing  systems.. ... 1,448 1,900 1,700 
Entry technology................. 9,893 9,500 9,150 
L i f e  sciences.................... 18,790 15,800 IC 

$119,977 $107,000 $:75,10'j .- --- Total.......................... 

*Transferred t o  Of f i ce  of Manned Space F l i g h t  under t h e  Space F1:Lght 
Operat i ons  program. 
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BASIS OF FUND RE:QUIREMENTS: 

Space Propulsion and Power Generation 

Act iv i t ies  d i r ec t ed  towards providing c r i t i c g l  propulsion technology f o r  
t h e  space shutt!te should be  completed with FY 1972 funding. This or ien ted  
technology includes component level examinations f o r  t h e  s h u t t l e  main 
engine, propc?.llmt feed system, and a u x i l i a r y  propulsion system. Two 
approaches t o  high performance space s t o r a b l e  propuls ion modules are 
cur ren t ly  being pursued: 
I n  FY 1972, emphasis w i l l  be placed on one of the  two approaches. A major 
problem t o  be solved f o r  space-based tugs  and t r ans luna r  s h u t t l e s  is 
cryogenic prope:llant t r a n s f e r  at zero  gravi ty .  Ground t e s t i n g  (drop tower) 
and preliminary d e f i n i t i o n  of a space f l i g h t  t r a n s f e r  experiment w i l l  be 
performed i n  FY 1972. 

pump-f ed FLOX/Methane and pressure  fed  OF2/Diborane, 

Sol id  rocket motors demonstrating s t o p / r e s t a r t  c a p a b i l i t y  and long tlurning, 
low t h r u s t  ( € o r  low impacted acce le ra t ions )  w i l l  be  f i r e d .  Inves t iga l ions  
w i l l  continue i n  the  areas of s o l i d  propel lan t  combustion, mechanical 
behavior,  and motor hardware. Liquid rocket technology work w i l l  i n c h d e  
turbomachinery inves t iga t ions ,  combustion research and long- l i fe  m u l t ~ p l e -  
use component development. 
continue t o  cap L ta l i ze  upon t h e  value of i ts  extremely high speci  f i c  :i.mpulse. 
A one millipound t h r u s t  cesium bombardment ion  engine w i l l  be  readied f o r  the  
Application Tecnnology Satel l i te  (ATS-F) . Pulse plasma and r e s i s  tojel:  
t h r u s t e r s  w i l l  b e  t e s t ed .  
w i l l  involve t h e  r e l a t i v e l y  iiigh t h r u s t  mercury e l e c t r o n  bombardment 1’:hruster 
f o r  s o l a r - e l e c t r i c  multi-mission space veh ic l e  (SEMEIS) f l i g h t  t e s t i n g  

Electric propulsion research and techno1oi;y w i l l  

A major por t ion  of t h e  electric propul.sion a c t i v i t y  

Technology f o r  l a r g e ,  high vol tage  s o l a r  a r r ays  w i l l  be generated a Long 
with improved s o l a r  c e l l  e f f ic iency .  Solar  c e l l  cos t  e f f i c i e n c y  is  a major 
goal of t h i s  a c t i v i t y .  The cyc le  l i f e  and energy dens i ty  of nickle-ccdmim 
b a t t e r i e s  w i l l  be improved. Component a c t i v i t y  w i l l  focus on high energy 
capac i tors .  

Materials and S t ruc tu res  

The Materia.ls and S t ruc tu res  program is composed of t h r e e  p a r t s ;  
fundamental materials research,  engineering materials research,  and 
s t r u c t u r e s  research and technology. 

Fundamental materials research  is aimed a t  understanding t h e  bas i c  pro- 
perties of t h e  s o l i d  state f o r  s t r u c t u r a l ,  e l e c t r o n i c  and r a d i a t i o n  sh ie ld ing  
appl ica t ions  i n  space. I n  FY 1972, the  research w i l l  emphasize atomic s c a l e  
de fec t  s t u d i e s  which w i l l  provide knowledge f o r  high s t r e n g t h ,  high 
temperature s t r u c t u r a l  materials and advanced e l e c t r o n i c  materials. 
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Materials c2ng:Lneering s t u d i e s  are concerned wi th  how materials behave i n  
t h e  environments of space  and i n  power and propuls ion  systems. The FJi 1972 
program w i l l  emphasize high temperature  d u c t i l i t y  and ox ida t ion  res i s i . ance ,  
fundamental behavior  of f iber -mat r ix  systems f o r  advanced composites,  
f r a c t u r e  and f a i l u r e  mechanisms, new high temperature  adhes ives ,  and naterialr; 
f o r  t h e  p r o t e c t i o n  of advanced s p a c e c r a f t  from t h e  space environment. 

Research and technology a c t i v i t i e s  f o r  space  s t r u c t u r e s  cover  ii bro#ad 
spectrum of i n v e s t i g a t i o n s  t o  explore  t h e  p o t e n t i a l  of applying advan1:ed 
concepts and materials, develop improved techniques f o r  s t r u c t u r a l  an8 i lys i s  
and design,  and provide advances i n  methods f o r  determining t h e  dynamic 
loading  and response of complex s t r u c t u r e s .  I n  FY 1972 emphasis w i l l  be 
given t o  the  most c r i t i c a l  s t r u c t u r e s  problems a s s o c i a t e d  wi th  t h e  s p  ice 
s h u t t l e ,  p l ane ta ry  v e h i c l e s ,  and o t h e r  types  of f u t u r e  space systems which 
w i l l  r e q u i r e  s u b s t a n t i a l  advancement i n  technology t o  achieve  t h e  neol:ssary 
levels of e f f i c i e n c y  and i n t e g r i t y .  

Guidance, Cont ro l  and Information Systems 

Maximum r e t u r n  of in format ion  from space e x p l o r a t i o n  r e q u i r e s  i3 cont inuing  
e f f o r t  t o  improve t h e  e f f i c i e n c y  of  space  vehicle-to-ground communication 
l i nks .  O p t i c a l  communication systems o f f e r  s u b s t a n t i a l  improvement over  
c u r r e n t  micrcbwave l i n k s  both i n  terms of t r a c k i n g  accuracy and d a t a  r a t e s .  
I n  FY 1972, development of sa te l l i t e  t o  ground experiments w i l l  lie i n i t i a t e d  
t o  demonstrat e t h e  f e a s i b i l i t y  of o p t i c a l  communications as h igh  capac i ty  
d a t a  t r a n s f e r  systems. The l a r g e  investment i n  c u r r e n t  microwave networks 
r e q u i r e s  tha.t. maximum r e t u r n s  be  sought  through improvements and innovat ions  
i n  t h e  t.echniques by which d a t a  is  handled. Research and development of t h e  
more e f f i c i e . n t  s p a c e c r a f t  antennas,  h ighe r  power s i g n a l  gene ra to r s  and 
advanced coding; techniques is i n  process  and w i l l  cont inue.  

Conconlitanl: wi th  t h e  demand f o r  h ighe r  d a t a  rates i s  t h e  need f o r  more 
e f f i c i e n t  arid e f f e c t i v e  process ing  of accumulated d a t a  both on t h e  giound 
and i n  space veh ic l e s .  Long dura t ion  missions such as o u t e r  p l ane t  
exp lo ra t ion  ,mcl space station r e q u i r e  d a t a  process ing  systems w i t h  long,  
r e l i a b l e  opei:at;ing l i v e s .  Techniques f o r  s e l f  tes t  and r e p a i r  of computers 
have been developed and hardware w i l l  be  eva lua ted  i n  FY 1972. 
f o r  i n t e rconnec t ing  d a t a  subsystems by t r a n s m i t t i n g  mul t ip l e  s i g n a l s  over  a 
minimum number of c i r c u i t s  are be ing  developed f o r  t h e  space s h u t t l e  and 
s t a t i o n .  
duc t ive  and i d L 1  be  cont inued i n  FY 1972. 

TechnLques 

P a s t  e f f o r t s  on d a t a  compression techniques have been very pro- 

P r e c i s e  guidance and c o n t r o l  is  a fundamental requirement of space(:raf t 
and t r a n s p o r t a t i o n  systems f o r  many missions.  Techniques f o r  space : ;hu t t l e  
guidance and c o n t r o l  w i l l  be eva lua ted  i n  f l i g h t  tests i n  FY 1972. !;ensors 
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and techniques f o r  mechanizing on-board guidance t o  provide s u f f i c i e n t  
accuracy i n  t h e  v i c i n i t y  of d i s t a n t  p l a n e t s  w i l l  be  emphasized. ‘he 
development of components wi th  no moving p a r t s  t o  improve t h e  r e l i a b i l i t y  of 
guidance and c o n t r o l  systems w i l l  b e  continued. 

Technology e f f o r t s  t o  make t h e  use of l a r g e  t e l e scopes  i n  space f e a s i b l e  
w i l l  be  cont i rued .  Comparative eva lua t ions  of several promising approaches 
f o r  producing 1a.rge precise mi r ro r s  f o r  space  t e l e scopes  w i l l  be i n i t i a t e d  
i n  FY 1972. 

Research on advanced components and c i r c u i t  technology w i l l  emphasize s o l i d  
state d isp lay  devices  and high dens i ty  memories. The development of  l a r g e  
scale int.egra.t.ed. c i r c u i t  p rocess ing  techniques w i l l  stress h ighe r  ope ra t ing  
speeds and reI.ia,ble techniques f o r  i n t e rconnec t ion .  

Sa fe ty  and Operat ing Systems 

The Safe ty  program is c a r r i e d  out  by t h e  a s s i m i l a t i o n  and e x p l o r a t i o n  of 
new technology f o r  developing fundamentally s a f e r  ways t o  a t t a i n  t e c h n i c a l  
ob jec t ives .  The main elements of t h e  program are a Sa fe ty  Management 
Information Syst.em f o r  a s s i m i l a t i o n  and Sa fe ty  Research and Analysis  f o r  
e x p l o i t a t i o n  of t h i s  new technology. 

The Safe ty  Management Information System program is t h e  Lewis  Resear ch 
Center  at?rospiIca s a f e t y  d a t a  bank which is composed of  t h e  L e w i s  in format ion  
s t o r a g e  and r:c?trieval system and t h e  d a t a  bank. Even i n  i ts  i n i t i a l  
implementation t h i s  system r e p r e s e n t s  a most f l e x i b l e  and powerful dat a 
management c z y ~ a b i l i t y  . Severa l  l a r g e  f i l e s  are p r e s e n t l y  being loadec. i n t o  
t h e  system. 

Safe ty  Research and Analysis  is composed of t h e  fo l lowing  areas : spacecraf  1: 
f i r e  p ro tec t ion , ,  space n u c l e a r  system s a f e t y ,  and oxygen handl ing i n  itero- 
space programs, s a f e t y  of l i q u i d  methane as a i r c r a f t  f u e l ,  s a f e t y  of 
hydrogen--fue:Led a i r b r e a t h i n g  engine f o r  s h u t t l e  , and a i r c r a f t  s t a t i c  I l ressure  
measurements ,, 

Entry Technology 

The e n t r y  :e~dinology program is composed o f :  (1) Lifting-Body Fl igl i t  
Research program and (2)  Space Vehicle  Aerothermodynamics program. The 
program is an appl ied  r e sea rch  and technology program focused on spacci 
v e h i c l e  f l i g h t  through t h e  atmosphere of e a r t h  and o t h e r  p l ane t s .  

The major ~emplnasis i n  FY 1972 w i l l  be  focused on cont inued f l i g h t  r e sea rch  
us ing  thle M2-F3 and X-24A l i f  ting-body v e h i c l e s  t o  i n v e s t i g a t e  promising 
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s p a c e c r a f t  c o n t r o l  systems and t o  extend v e h i c l e  f l i g h t  performance 
eva lua t ion  t o  Mach numbers near 2 and on e f f o r t s  a s soc ia t ed  wi th  t h e  manned 
space s h u t t l e .  These la t ter  e f f o r t s  w i l l  concen t r a t e  on d e t a i l e d  inve:s t i -  
ga t ion  of t h e  aerodynamic performance, s t a b i l i t y  and c o n t r o l ,  and hea t ing  
environment of' s e l e c t e d  o r b i t e r  and boos te r  conf igu ra t ions  and on performance 
tests of l i gh twe igh t ,  r eusab le  hea t  s h i e l d  concepts.  Research w i l l  a l s o  be 
continued i n  IY 1972 on aerothermodynamic problems of unmanned p lane ta ry  
probes wi.th p r i m a r y  e f f o r t s  d i r e c t e d  toward development of a technology base 
f o r  a J u p i t e r  probe. 

IXD 7 1  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY --- NUCLEAR POWER ANT) --- PROI’ULSION 
PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: --- 
The o v e r a l l  aim of t h i s  program is t o  provide the  technology arid f l i g h t  

qua l i f i ed  space nuclear  power and propulsion systems t o  meet the  cu r ren t  and 
f u t u r e  needs of t he  na t ion ’ s  space program. S i g n i f i c a n t  advances i n  .;pace 
power anld propulsion w i l l  become increas ingly  important as the  space ipro- 
gram undertakes more ambitious missions.  
missions t h a t  wi.11 r equ i r e  increas ing  amounts of energy for both poweic and 
propulsion; nuclear energy is expected t o  play an increas ing  part; i n  iful- 
f i l l i n g  these needs. 
Atomic Energy Commission. 

Future f l i g h t  programs include 

This program is conducted i n  cooperat ion with tlie 

Nuclear Power and Propulsion is composed of t h ree  parts,  nuclear  
power, nuclear  propulsion, and e lec t rophys ics .  
nuclear  power e f f o r t  is t o  ob ta in  the  experimental  and a n a l y t i c a l  da t l i  
needed f o r  the  eva lua t ion  and development of the  energy conversion 
equipment t o  be used i n  advanced nuclear  e l e c t r i c  power generat ing 
systems as well  as t o  obta in  necessary da ta  required f o r  the  
proper in t eg ra t ion  of nuc lear  power systems i n t o  p r a c t i c a l  spacecraf t  
systems. 

The ob jec t ive  of the  

The nuclear propulsion ob jec t ives  are t o  provide the  technology f o r  develop-- 
ment of a reusable nuclear  rocket  system, t o  extend the  technolo1:y of f i s s i o n  
propulsion t o  t he  u s e f u l  phys ica l  l i m i t s  f o r  space propulsion and t o  explore  
the  f e a s i b i l i t y  of fus ion  energy sources  f o r  space missions.  Development 
e f f o r t  on the NERVA 75,000 pound t h r u s t  f l i g h t  weight engine has been de- 
f e r r e d ,  bu t  w,ork w i l l  cont inue on se l ec t ed  long leadtime components ti:, pre- 
se rve  the  c a p a b i l i t y  t o  move forward with t h i s  h ighly  e f f i c i e n t  rocket  
development when the  need arises. 

The ob jec t ive  of e l ec t rophys ic s  research is t o  provide new knowledge of 
wave (gamma t o  i n f r a r e d )  and particle ( e l ec t ron  - nucleus - atom - moLecule) 
i n t e r a c t i o n s  underlying the  advances i n  design and cons t ruc t ion  of magneto- 
plasma - dynamic f i s s i o n  and con t ro l l ed  fus ion  space power and propulsion 
systems which. may pave the  way f o r  s i g n i f i c a n t  advances i n  f u t u r e  space 
vehic les .  
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SUMMARY OF RESOTJRCES REQUIREMENTS : --- 

(Thousands of Dlollai:.~) 
1970 1971 1972 

Nuclear power research and technology ... $16,952 $13,900 $9,320 
Nuclear propu:Lsion ...................... 36,317 38,000 15,000 
Electrophysic~s .......................... 2,000 3,30C! 3,400 

Total.. . . . . . . . . . .  ..................... $55,269 $55,20C! !$27,720 

BASIS OF --- F”D REQUIREMENTS: 

Nuclear Power Research and Technology 

One of t h e  e s s e n t i a l  elements i n  the  conduct of space missions is the 
a v a i l a b i l i t y  of adequate on-board electric power. 
contained energy source, can s a t i s f y  a wide range of these power needr;. 

Nuclear energy as 1 1  s e l f  

The primary objec t ives  of t h e  nuclear electric power generation e f f o r t  are t o  
obta in  the  experimental and a n a l y t i c a l  da ta  needed f o r  t he  evaluation and 
development of the energy conversion equipment and c e r t a i n  nuclear heat sources 
used i n  advanced nuclear electric power generating systems, as w e l l  at; t o  obta in  
necessary da t a  required f o r  t h e  proper in t eg ra t ion  of nuclear power systems 
i n t o  p r a c t i c a l  spacecraf t  systems. 

F i s c a l  year 1972 e f f o r t  w i l l  include continued research and tec:hnology on 
Brayton power systems, advanced Rankine power systems and thermionic and 
thermoelectric conversion systems. The small Brayton engine e f f o r t  i r t  aimed 
a t  highly r e l i a b l e ,  long l i f e  power systems with electric output of 2 t o  15 
thousand w a t t s .  
a range of 40-160 thousand watts f o r  missions requi r ing  high power levels 
such as d i r e c t  broadcast satell i tes.  

Research w i l l  a l s o  continue on the  l a r g e  Brayton engine with 

To s a t i s f y  even l a r g e r  space power requirements, e f f o r t  w i l l  continue on 
advanced nuclear Rankine power systems and thermionic systems technology. 
These systems could be used f o r  aux i l i a ry  power o r  f o r  nuclear e l -ec t r tc  pro- 
pulsion missions i n  the  1980’s and beyond. 
e l e c t r i c  propulsion systems have the  p o t e n t i a l  of providing a new prolpulsion 
capab i l i t y  having very high s p e c i f i c  impulse and low f u e l  consumption. 
Studies ind ica t e  t h a t  the  f l e x i b i l i t y  t h a t  nuclear electric propulsion g ives  
mission planners,  p a r t i c u l a r l y  i n  t rad ing  off tr ip-t ime f o r  payload, w i l l  
s i g n i f i c a n t l y  f a c i l i t a t e  the  design of r e l i a b l e  spacecraf t  f o r  d i s t a n t  
missions. 

Power generation f o r  nucltizar 
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Thermoelectr ic  systems have t h e  p o t e n t i a l  f o r  very  long l i f e  e l e c t r i c  power 
systems which could o p e r a t e  over  a per iod  of f i v e  t o  t e n  yea r s .  1isses;sment of 
candida te  systems,  o p e r a t i o n a l  c o n s t r a i n t s ,  and i n t e g r a t i o n  requirements ,  w i l l  
be made and techniques and advanced concepts  developed. 
t hese  systems would be f o r  space  s t a t i o n  and l u n a r  base  miss ions .  

Primary a p p l i c a t i o n  f o r  

Nuclear ProDulsion 

The o v e r a l l  aim of nuc lea r  propuls ion  is  t o  provide  a s i g n i f i c a n t  inlcrease 
i n  propuls ion  c a p a b i l i t y  f o r  f u t u r e  space a c t i v i t i e s .  A major program o b j e c t i v e  
has  been development of a 75,000 pound t h r u s t  f l i g h t  weight  engine ,  NEliVA, f o r  
i nco rpora t ion  i n  a r e u s a b l e  nuc lea r  s t a g e .  

The advantages of nuc lea r  propuls ion  over  chemical propuls ion  r e s u l t  from 
i ts  h igh  payload performance, propuls ion  e f f i c i e n c y  and v e r s a t i l i t y .  In 
t h e  types  of missions involv ing  high energy and l a r g e  payload,  s p e c i f i ' c  
impulse becomes an extremely important  performance requirement .  

The f i r s t  gene ra t ion  nuc lea r  rocke t  engine ,  NERVA, w i l l  p rovide  approximately 
t w i c e  t h e  s p e c i f i c  impulse of t h e  b e s t  chemical r o c k e t s .  NERVA could be in-  
corporated i n  a r eusab le  nuc lea r  s t a g e  as an i n t e g r a l  p a r t  of a new c a p a b i l i t y  
f o r  space t r a n s p o r t a t i o n  and used t o  move men, s p a c e c r a f t  and s u p p l i e s  between 
e a r t h  o r b i t  and luna r  o r b i t  and between low e a r t h  o r b i t  and geosynchronous 
o r b i t .  The same engine a l s o  could b e  app l i ed  i n  s i n g l e  use  a p p l i c a t i o n ,  e .g . ,  
as t h e  primary propuls ion  f o r  a nuc lea r  s t a g e  on a h igh  payload,  f a s t  , t r i p  
t o  one of  t h e  p l a n e t s .  I n  both i n s t a n c e s ,  t h e  increased  propuls ion  energy 
t h a t  can be made a v a i l a b l e  by NERVA can b e  used f o r  any of a v a r i e t y  oE 
purposes ,  such as t o  i n c r e a s e  payloads,  reduce t r i p  t i m e s  and t o  p r o v i l e  
g r e a t e r  r e l i a b i l i t y  f o r  t h e  completion of t h e  mission.  

NERVA. The 75,000 pound t h r u s t  NERVA engine is a long du ra t ion . ,  mult i -  
cyc le  propuls ion  system which can be  opera ted  a t  a s p e c i f i c  impulse of 825 
seconds over  a range of t h r u s t  l e v e l s .  Engine development w i l l  be  s h a r p l y  
reduced i n  FY 1972 wi th  e f f o r t  concent ra ted  on only  a f e w  of t he  c r i t i c a l  
long lead  t ime components i nc lud ing  t h e  turbopump and t h e  g r a p h i t e  noz,zle 
ex tens ion .  

Nuclear Propuls ion Research and Technology. Nuclear propuls ion  r e sea rch  
and technology covers  a broad spectrum of a c t i v i t i e s .  The general. a i m ( ;  of 
t h e s e  a c t i v i t i e s  are: (1)  t o  provide  f o r  t h e  cont inued improvemerit of 
nuc lea r  rocke t  performance, (2)  t o  provide t h e  base  of in format ion  f o r  t h e  
development of a nuc lea r  s t a g e ,  and (3) t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of 
advanced propuls ion  concepts .  



Nuclear --- Rocket Development S ta t ion  Operations.  The Nuclear Rocket Ilevelop- 
ment S ta t ion  (NRDS) is the  n a t i o n a l  s i t e  f o r  t he  ground s t a t i c  t e s t i n g  of 
nuclear  rocket  r eac to r s  and engines.  Overal l  management of t he  s i t e  is pro- 
vided by the  AECINASA Space Nuclear Systems Office-Nevada Extension. The 
funding i n  t h i s  area provides fo r  N A S A ' s  sha re  of t he  cos t  of genera l  support  
and s t a t i o n  operat ions.  In  FY 1972 the  NRDS w i l l  be put on a mainten,mce 
only b a s i s .  

Electrophysics  

The ob jec t ive  of Electrophysics  research  i s  t o  provide new knowledga of 
wave and p a r t i c l e  i n t e r a c t i o n s  underlying the  advances i n  design and icon- 
s t r u c t i o n  of magneto-plasma-dynamics, f i s s i o n  and con t ro l l ed  f w s i o n  'space 
power and pr'opulsion systems necessary f o r  t he  opera t ion  of f u t u r e  sp#ice 
vehic les .  

Inves t iga t ions  w i l l  be continued of e l e c t r o n  pa i r ing  phenomena t o  a1:hieve 
higher  t r a n s i t i o n  temperature (Tc) conductors. Laser research w i l l  emphasize 
e f f o r t s  t o  achieve higher  energy r a d i a t i o n  from uranium plasma, f lowing 
C02-Nz-He gas and chemical r eac t ions .  
laser r a d i a t i o n  i n  the  t r ansve r se  d i r e c t i o n ,  and t o  explore  the  poss i1 , i l i ty  
of u t i l i z i n g  copper plasma f o r  g r e a t e r  output .  

Work w i l l  be continued, t o  obt,ain 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

TRACKING ANI) DATA OFFICE OF --- TRACKING AND DATA ACQUISITION -~ 
ACQUXSITI~ON --- PROGRAM _- 

PROGRAM OBJECTIVES AND JUSTIFICATION: - --- 

The purpose of t h i s  program is t o  provide respons ive  and e f f i c i e n t  Itracking and 
d a t a  a c q u i s i t i o n  suppor t  t o  meet t h e  requirements of a l l  NASA f l i g h t  ~ i r o j e c t s .  
The Tracking and Data Acqu i s i t i on  program is a d i r e c t  and v i t a l  coun te rpa r t  t o  t h e  
t o t a l  f l i g h t  program of NASA through which t h e  conduct of a l l  space f . l i gh t  miss ions  
is c a r r i e d  ou t .  I n  a d d i t i o n  t o  NASA f l i g h t  p r o j e c t s ,  support  is provided, as 
mutual ly  agreed,  f o r  p r o j e c t s  of t he  Department of Defense, o t h e r  Govcmment 
agencies ,  and o t h e r  coun t r i e s  and i n t e r n a t i o n a l  o rgan iza t ions  engaged i n  space i-e- 
search  e n d e a w r s  . 

Support is  provided f o r  manned and unmanned f l i g h t s  ; for s p a c e c r a f t  , sounding 
rocke t s  , and research 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  rc:ssi.oL~s , foi: 
l una r  and p l ane ta ry  miss ions ;  and f o r  space probes.  

Types of s import  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  f i  om onboiird 
experiments,  ( c l  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  of commands from ground s t a t i o n s  t o  
s p a c e c r a f t  , (e) communication 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 medic a1 d a t a  on 
t h e i r  p h y s i c i t  cond i t ion ,  ( f )  communication of information between var i ous  
ground f a c i l i t i e s  and mission c o n t r o l  c e n t e r s ,  and (8) processing of (lata acquired 
from t h e  space veh ic l e s .  Such support  is 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 al.1 f l i g h t  miss ions ,  f o r  execut ing  t h e  c r i t i ca l  dec i s ions  which 
must be made t o  a s s u r e  t h e  success  of t h e s e  f l i g h t  mi s s ions ,  and, i n  t h e  case 
of manned miss ions ,  t o  i n s u r e  t h e  s a f e t y  of t he  a s t r o n a u t s .  

Tracking and d a t a  a c q u i s i t i o n  suppor t  is provided by a worldwide network of 
NASA ground s t a t i o n s  and an instrumented s h i p  supplemented by a p p r o p r i a t e  in-  
strumentation. a i r c r a f t  and ground s t a t i o n s  of t h e  Department of Defense. These 
f a c i l i t i e s  art! in te rconnec ted  by a network of ground communications l i n e s  , 
undersea c a b l e 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 provide t h e  c a p a b i l i t y  f o r  ins tan taneous  t ransmiss ion  of da t a  and c r i t i c a l  
commands between s p a c e c r a f t  and the  c o n t r o l  c e n t e r s  i n  the  United S t a t e s  from 
which the f l i p , h t s  are directed. F a c i l i t i e s  a l s o  are  provided t o  process  i n t o  
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meaningful fsmi the  l a r g e  amounts of s c i e n t i f i c  and engineer ing da ta  which are 
co l l ec t ed  from f l i g h t  p ro jec t s .  In  add i t ion ,  instrumentat ion f a c i l i t i e s  are 
providecl f o r  support  of sounding rocket  launchings and f l i g h t  telsting of re- 
search aircrcif t.. 

SUMMARY OF RSSCIURCES REOUIREMENTS : 

(Thousands of Dollars  ) 
1972 - -  1970 1971 

Operations, ................................ $225,181 $217,300 $210,000 
Equipnient. ................................ 41,109 59,800 42,500 
Supporting; research  and technology.. ..... 11,710 12,900 11,500 - -  

Total . . .  ................................ 
BASIS OF FUNI) E,EOUIREMENTS: 

$278,000 $290 ,000 - - - $264,000 - 

The Fl! 197:! reques t ,  i n  t o t a l ,  r ep resen t s  a decrease of nea r ly  10 percent  
from the  FY 1-97'1 l e v e l .  This decrease r e f l e c t s  the  e f f e c t  of changes i n  
c e r t a i n  f l i g h t  mission p r o f i l e s  which have allowed support  reduct ions as w e l l .  
as the  signl.fic:ant e f f o r t  t h a t  has been appl ied i n  reviewing support  require-.  
ments of previously launched f l i g h t  p r o j e c t s  wi th  the  ob jec t ive  of redcc*ing 
support  requirements f o r  s p e c i f i c  programs and of i den t i fy ing  f a c i l i t y  
cutbacks contristent with the  required support .  The decrease a l s o  reflects 
the  sust:ainixig charac te r  of the  equipment program i n  t h a t  t he  request pro- 
v ides  f o r  madnt:aining a network c a p a b i l i t y  to  meet only the  support  require-  
ments of: approved programs. 

Operations 

Continuing acljustments i n  network support  requirements have r e s u l t e d  i n  an 
o v e r a l l  reduct ion i n  the  funds requested f o r  network opera t ions .  The1 experieknce 
gained i n  support  of t he  Apollo program, along with a s t r e t c h o u t  i n  schedule,  
has l e d  t o  t:he c losure  of the  t racking  s t a t i o n  a t  Guaymas, Mexico, arid redu- 
t i ons  i n  support  requirements i n  the  areas of l o g i s t i c s ,  programming, and 
communications se rv ices .  A s  a r e s u l t  of t he  continuing review of s c l e n t i f i c  
requirements f o r  t he  a c q u i s i t i o n  of d a t a  from s c i e n t i f i c ,  app l i ca t ions ,  and 
p lane tary  spacec ra f t ,  f u r t h e r  reduct ions i n  d a t a  a c q u i s i t i o n  support  are under- 
way. In adcl:itl.on, t he re  has been a continuing e f f o r t  t o  improve s t a t i o n  
opera t ing  procedures and equipment u t i l i z a t i o n  a t  both the  s t a t i o n s  and con- 
t r o l  cen te r s  to provide more cos t  e f f e c t i v e  support .  
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The only increase  wi th in  network opera t ions  is i n  the  funding request  f o r  
da t a  processing opera t ions .  This increase  is necessary t o  provide f o r  the  
opera t ions  and l o g i s t i c s  of the  Earth Resources Technology Sate1:Lite (ERTS) 
da ta  processing f a c i l i t y  which w i l l  be required t o  handle l a r g e  imounts of 
imaging da ta .  

Equipment 

The t racking  and da ta  a c q u i s i t i o n  support  requirements placed on thl? net-  
works e s t a b l i s h  needs f o r  equipments which are e s s e n t i a l  t o  provide the 
cont inua l  on-going support  t o  approved programs. 
quired t o  rep lace  obso le t e  and wornout i t e m s ,  t o  modify e x i s t i n g  systlzms t o  
maintain compat ib i l i ty  with changes i n  f l i g h t  mission ob jec t ives  and ,associ- 
a ted  spacecraf t  instrumentat ion,  t o  increase  the  support  u t i l i z a t i o n  md 
e f f i c i ency  of e x i s t i n g  systems, and t o  complete o r  provide new systemls re- 
quired tlo support  s p e c i f i c  f l i g h t  missions of approved programs. 
1972, emphasfs w i l l  cont inue on sus t a in ing  the  e x i s t i n g  c a p a b i l i t y  of t he  
networks along with augmentations of equipment t o  m e e t  t he  requiremencs of 
upcoming p lane tary  programs (P foneer G ,  Mariner/Venus/Mercury ‘73 , an11 
Hel ios) .  
Nimbus, ,QTS-’F, and o the r  approved s c i e n t i f i c  sa te l l i t e  programs. 

Funds f o r  equipment are re- 

I n  IT 

Some (equipment add i t ions  w i l l  a l s o  be required f o r  ERTS, MIS-B, 

Supporting Research and Technology 

The purpose of the  Supporting Research and Technology (SRT) program is t o  
t r a n s l a t e  t racking  and da ta  a c q u i s i t i o n  requirements of f u t u r e  space iiiissions 
i n t o  the  groirnd support  instrumentat ion c a p a b i l i t i e s  and network operitting 
techniques nt2ledad t o  success fu l ly  support  t hese  f u t u r e  f l i g h t  proljectri. 
The SRT program provides the  funds f o r  t he  inves t iga t ion ,  s tudy,  and tlevelop- 
ment of hardware systems and opera t ing  techniques needed not  only f o r  support  
of s p e c i f i c  pro;jects bu t  a l s o  f o r  achieving a cos t  e f f e c t i v e  and r e l i i i b l e  
o v e r a l l  itracking and data a c q u i s i t i o n  c a p a b i l i t y  t o  support  t he  t o t a l  mix 
and v a r i e t y  o E  f l i g h t  p r o j e c t s ,  Overall, the  SRT e f f o r t  i n  N 1972 w1.11 
continue a t  ii reduced l e v e l  with cont inuing emphasis on s t u d i e s  f o r  tile 
Tracking and Data Relay S a t e l l i t e  System (TDRSS). 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY 

OFFICE OF 1NI)USTRY AFFAIRS AND TECHNOLOGY UTILIZATION TECHNOLOGY -- IITIL1ZATI:ON _-. --- 
PROGRAM --- 

PROGRAM 0BJE)CTI:VES AND JUSTIFICATION : --- 
This prograni provides for the Nation's scientific, engineering, 

educational and medical communities, awareness and access to new scimtif ic 
and techno1ogic:al and managerial developments that become available its a 
result of the conduct of NASA' s mission oriented research and development 
programs. This program implements the basic principle that scientif j c , 
techno1ogica:L and management knowledge developed with public support be 
made avai1ab:Le to the public for its benefit in as expeditious and 
efficient a mariner as possible. New developments of use to the aeronautics 
and space industry are applied almost automatically within that industry. 
These same innovations have potential benefit as well to the nonaeronautics 
and space cormunity. It is the primary purpose of this program to dwelop 
and establish systems and mechanisms to identify, evaluate, publish zind 
transfer these innovations to the general public. 

The primary objectives of the NASA Technology Utilization program are: 
(1) to increase the return on the national investment in aerospace rcl- 
search and development by encouraging additional uses of the knowledtie 
gained :Ln those programs; (2)  to shorten the time gap between the dislcovery 
of new Imowl~?dge and its effective use in the marketplace; (3 )  to aicl the 
movement of new knowledge across industry, disciplinary, and regional 
boundaries; and (4) to contribute to the knowledge of better means of 
transferring technology from its points of origin to its points of pct'tential 
use. 

SUMMARY OF HIISOURCES REQUIREMENTS : 

(Thousands of Dollars) 
1971 1972 -___ - 1970 - 

New tt?chno:Log;y identification and 
evaluatioii. ........................ 650 435 625 
Publication. ........................ 1,020 490 66.5 
New t echno:Logy dissemination. 2,775 2,585 2,230 
Program evixluation.. ............... 555 490 480 

...... 
PI 

Total.. ., .......................... $5,000 $4,000 $4 000 A= 
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BASIS C)F FUND REQUIREMENTS: --- 

New Technology Identification and Evaluation 

Technology utilization officers at NASA field installations and 
special.ists from universities, research institutes and private industry 
search through selected areas of scientific and technical endeavor, and 
identif'y and document those inventions, innovations, improvements, and 
discoveries, that have potentj a1 utility to the nonaerospace sector cf 
the economy. These discoverjes are evaluated according to potential non- 
aerospace use criteria by competent technical personnel at nonprofit 
research instj tutes and at NASA field installations, prior to firial 
documen ta t 1 on and dissemina t i on. 

Publication 

The systemaitic publication through announcements of single innovations 
to major surveys of contributions to the state-of-the-art in broad 
technol.ogy areas continues to be an important element of the transfer of 
technol.ogy. This is accomplished through preparation of reports and 
comprehensive surveys by private and nonprofit contractor sources. 
reports are di sseminated broadly through various governmental mechan iscis 
and the private technical trade media. 

These 

New Technology Dissemination 

This program element is accomplished by the employment of regional 
dissemination centers that store, retrieve and interpret the new technology 
developed by NASA and work to transfer this new technology to industry. 
Biomedj cal application teams are also employed to assist medical and 
clinical resea.rchers in defining and solving medical problems by adaptation 
of NASA technology. In addition, government-developed computer software 
is evaluated and disseminated to industry. Technology applications teams 
are developing, cooperative programs with several other agencies such as 
the Air PolI.ution Control Office and the Water Pollution Control Office of 
the Environmental Protection Agency, Law Enforcement Assistance Adminis- 
tration, Soc:ial Rehabilitation Service of HEW, Small Business Adminis- 
tration and others. These joint efforts are designed to bring applicable 
aerospaice technology to bear on technical problems in areas of major 
nationail cortcern such as environmental quality, law enforcement and 
rehabilltat ion of the handicapped. 

Program Evaluation 

Independent research institute personnel are continually evaluating 
technol.ogy t:ra.nsfer mechanisms and feeding the new knowledge so gained 
into the Tec:hn.ology Utilization program. 
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NATIONAL AERONAUTICS AND SPACE A M I N I S T R A T I O N  

PROPOSED APPROPRIATION LANGUAGE 

(3ONSTRUCTION OF FACILITIES 

For advance planning, design, and construction of facilities for 
the National Aeronautics and Space Administration, and for the 
acquisition or condemnation of real property, as authorized by law, 

$24,950,000] $66,300,000, to remain available until expended. f 48 U.S.C. 2461, et seq. 60 U.S.C. 611-616; Independent Ofices 
and Department of Housing and Urban Development Appropriation 
Act,  1971; additional authorizing legislation to be proposed.) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONWRWCT~ON OF FACILITIES 

Program and Financing (in thousands of dollarr) 
- ~- - 

Budset plan (amounts for construction Coats and obligations 
-. 

of facilities actiow programed) 
1970 actual 1971 estimate 1972 nrtimnte 1'170 actual 1871 estimnto 1072 eatirnate 

Program by activities: 
Direct program: , 

I .  Manned space flight.. - - _.______.._____..___----------..-- 

2. Scientific investigations in space:-.- - _ _  - _ _  
3. Space applications--- -. _ _  - - _ _ _ _ _ _  ______. _ _  _ _  
4. Space research and technology _ _ _ _ _ _  _ _ _  .-. . . -. . . . - 
5. Aeronautical reaearch and twhnn!cgy- ~ ___. . .~ _ _  .__.._. ..- ~ 

6. Supporting activities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Tctd &ect piog:&- t23ts. funded ____. _ _ _  _ _  _ _  _ _  _ _ _  - _ _  _ _  

3. Space applications-. _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
Total program costs. funded. - ______-.___________________ 

Change in selected resources _ _ _ _ _ _ _ _  ~ - _ _ _ _ -  _ _ _ _ _ - _ _ _ _ _ _  - _ _ _  - _ _  - 
IO Total ._________ ~ ~ _ _ " _ _ _ _ _ _ _ _ _ _ _ _  

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

. . . . . . 

Reimbursable program: 

Financing: 
I 1  
21 

Receipts and reimbursements from: Federal funds _____________.___ 

Unobligated balance available, start of year: For completion of prior 

14,250 
I ,  170 

___---_...__ 
4,767 

29,925 
~- 

50, I ii 

53,233 

570 
700 

1.880 
I ,  250 

20,550 

24.950 

._.___....._ 

20, OOO 12,529 18, 100 9, so0 
15,200 5,359 2,300 4.500 _ _ _ _ _ _ _ _ _ _ _ _  -____..__--_ 1,OOO 2, ooo 

________..__ 11.791 !*% I ,  500 
6.5ocI 5,267 b, WO 4, 700 

14.600 17.576 26.100 32,500 . .. 

56,300 52,542 55. ooo 55,Oo 

67.199 _ _ _ _ _ _ _ _ _ _ _ _  ____.________ 

56,300 53,233 24,950 56,300 

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

Relation of obligations to outlays: 
71 Obligations incurred, net _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _  _ _  _ _ _ _  _ _  _ _  __. ___. . - - - _ _ _  __. . _ _  _._ ~ _ _  _. _ _  --. _ _ _ _ _ _  ~ ._ _ _  - _ _  
72 Obligated balance. start of year-. - - -. ~ - ___._____ _.__. _ _ _  -. - - - - -. .- ~. - __. _ _  - _ _  ._ - _ _  - .___.___ ____....__. 

74 Obligated balance, end of year ________________________________________---..---.--..-.-. .- ... .. -. . . . . . . . .. 

33,441 92,149 
72,998 52,142 

56,300 
94,291 

-52,142 -94.291 - 107,591 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATION ---- --- 
( I n  thousands of d o l l a r s )  

Lo c:a t i on ---- 
Ames Kesearch Center..  ............ 
Goddard Space F l i g h t  Center. . . . . . .  
Jet Prop u l s  i cln Lab o r a t o r y  ......... 
John F. Kennedy Space Center ,  

NASA............................ 
Langley Research Center. . . . . . . . . . .  
Manned Spacec ra f t  Center. . . . . . . . . .  
Wallops Stat ion. . . . . . . . . . . . . . . . . . .  
Various Locations. . . . . . . . . . . . . . . . .  
F a c i l i t y  Planning and Design... ... 

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

Fiscal  Year 
19 70 

-e- 

$670 

12,500 
4,767 
1,750 

500 
26,425 

3,500 

$50,112 

Fiscal Year 
1971 

--- 
$1,880 
1,950 

5 70 -- - 
--- 

16,050 
4,500 

$24,950 

F i s c a l  Year 
1 9  72 --_- 

L5,200 

--- 
--- 

.31,100 
- 3,500 

-- - $!i6 ,300 

The geographiz .Location of NASA i n s t a l l a t i o n  is shown on t h e  map under t h e  
Summary .information tab .  I n s t a l l a t i o n s  f o r  which c o n s t r u c t i o n  projects 
are requested i n  t h e  f i s c a l  y e a r  1972  budget  are i d e n t i f i e d  thereon .  
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N A T I O N A L  A E R O N A U T I C S  AND S P A C E  ADMINISTRATION 

INSTALLATION SUMMARY 
CONS7 RUCTION OF FACILITIES 

FISCAL Y E A R  1 9 7 2  BUDGET ESTIMATES 

(Dollars in thourands)  
-__ .___ __-__ 

NASA I N S T A L L A T I O N  C O G N I Z A N T  PROGRAM O F F I C E  FOR IN51  A t  1 AiTDh------ 

Ames Research Center  

Mof f e  t t  F i e l d ,  C a l i f o r n i a  

_ _ _ _ _ _ ~ - _  
L O C A T I O N  OF I N S T A L L A 1  I O N  

N E A R E S T  C I T Y  

banta  Clara Mountain ~ ---- V i e w ,  _- C a l i f o r n i a  _____ __-__ ____ 
I N S T A L L A T I O N  MISSION 

Laboratory research  i n  aerodynamics, thermodynamics, materials, structures, guidance 
and c o n t r o l ,  :pace s c i e n c e s ,  environmental  b io logy ,  l i f e  d e t e c t i o n ,  l i f e  s y n t h e s i s ,  
human f a c t o r s ,  and fundamental phys ics  and chemis t ry ,  p r o j e c t  management of Iinmanned 
s p a c e f l i g h t  F r o j e c t s  ( s c i e n t i f i c .  probes and s a t e l l i t e s ) ;  development of s c i e  i t i f i e -  
experiment payloads f o r  s p a c e f l i g h t  p r o j e c t s  managed a t  Ames  and elsewhere.  

- 
P R ' 3 I E C T  L I N E  I T E M  

Plodernizs.tion of t h e  40x80-foot 
Wind Tunnel 

COGNl Z A N 7  
O F F I C E  

OART 

N A S A  FORM 1025 JUN 6 9  P S E V I O U S  EDITiC)I.IS A l i f .  O B S O L E T E .  

F Y  1959 
T H R U  

C U R R E N T  Y 

294 

F Y  19- 72 
( E s t i m a t e d  

6,500 

F U T U R E  
Y E A R  I 

(Est lmale<l ,  

-0 - 

T O T A L  
A1  L YEARS 
( E  s l imstad)  

6,794 



Kennedy and Meriri t t  I s l a n d  B revard Cocoa Beach, Floidcla 

Tlie Center  conducts o v e r a l l  p lanning  and supe rv i s ion  of t h e  i n t e g r a t i o n ,  t e s  t ,  
checkout and launch of NASA space v e h i c l e  systems at  t h e  A i r  Force Eas t e rn  znd 
Western T e s t  i anges ,  and Merritt I s l a n d ,  and provides  suppor t  s e r v i c e s  f-or ~ 1 1  
NASA element:; l oca t ed  i n  t h e  area, 

P R C J E C T  L I N E  I T E M  

- 

Centaur Modif icat ions t o  T i t a n  III 
Launch area 

A l t e r a t i o n  t o  Launch Complex 1 7  

*Dependent upon f u t u r e  y e a r  requi re -  
ments. 

_-__ 
NASA FORM 1029 JUN 63 PREVIOUS EDIT IONS ARE OBSOLETE.  

CF a 

COGNIZANT 
O F F I C E  

OSSA 

OSSA 

F Y  1959 
T H R U  

I U R R E N T  V 

255 

8,186 

F Y  1 9 2  
(Estimated 

10,700 

4,500 

15,200 

F U  rU l iE  
YEARS 

(Est,me1ec4 

* 
* 

T O T A L  
AI-L YEARS 
( , IRt imstsd)  

10,955 

12,686 

NASA-I-IC) 



N A T I O N A L  A €  RONAUTICS A N b  SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 2  BUDGET ESTIMATES 

f n o l l w s  in thousands) 

Various Locations Various 

N o t  Applicab Le ____ 
I N S T A L L A T I O N  MISSION 

-2 
NASA FORM 10;'9 JUN 6 9  PREVIOUS EDITIC)NS A R E  OBSOLETE.  

. - -______- -___~  

P S 3 J E C T  L I N E  I T E M  

_ ~ _ _ _ _ _ - - -  

Rehabi l i tat ion imd Modification o f  
Fac ill. t ie s 

Space Shutt le  F a c i l i t i e s  

Powe r P 1 ant lie p ].ace me n t s 

Relocation of A'I'S Transportable 
Ground Stat ion 

COGNl ZAN 
O F F I C E  

O&M 

OMSF 
OART 

OT W 

OT DA 

F Y  1959 
T H R U  

CURRENT 

~ 

23,017 

630 

54 

60 

10,000 

20,000 

600 

500 

- 

T O T A L  
I ' L L  YEARS 
I Esrirnateg) 
- --_- 

.13,017 

:10,630 

6 54 

560 

CF 9 N A s A - ' ~ Q  



NASA INSTAL LATION 

Ice==- 
A l l  

LOC AT I ON 0 F I NST A I_ L AT ION 

COGNIZANT PROGRAM O F F I C E  FOR INSrA - 1  AT101 

I O f f i c e  of O r  a n i z a t i o n  and !yLanawm- 
NEAREST C I T Y  -I----- --- --- 

INSTALLATION MISSION 

PROJECT L I N E  ITEM 

F a c i l i t y  P l a n n i n g  and Design 

COGN I Z ANT 
OFFICE 

O&M 

___- 
NASA FORM 1029 JUN 69 PREVIOUS EDITIONS ARE OBSOLETE, 

-cF 10 

FY 1959 
THRU 

ZURRENT YF 

64,375 

FY 1 9 7 2  
( E s t i m a t e d  

3,500 

F U T U  Rl i  
Y ti AN S 

(Esrimrift-d) 

TOTAL 
P L L  YEARS 
[ E s f i m e t s d )  

Not 
App li cab :l e 

3.500 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

I?XSI~C.IRI:H AND P l l O G R A M  MANAGEMENT 
For  necessary expcnscs of research in Government laboratories, 

i nanagement of programs and other activities of the National Aero- 
iiniitics and S-;P:LCC Administration, not otherwise provided for, in- 
cluding uniforms or allowances therefor, as  authorized by law (> 
U.S. C. 5901-5902) ; niiiior construction; awards; [purchase of not to  
cxcccd one and] hii,e, innintenance and operation of administrative 
:iircraft; purch:tse (not to  exceed [thirty-nine] thirty-jive for 
replacement only) :iod hire of passenger motor vehicles; and inaink- 
nance, repair, and :i,l(,eratioii of r c d  and personal propertry; [$678, - 
725,000, of which ~10,000,000 shall be available only for use a t  the 

.ippi l o s t  F:icility/Slidcll Cornyutcr Complex and a t  ot)hcr 
facilities which can accommodate earth environmental 

studies to  furnish, on a noiircimbursable basis, b:tsic institJutiori:L1 
and technical service:; to  Federal agencies, resident a t  the conlplcscs, 
i n  1)ursuit of sp:~ce and environmental missions] $697,350,000: Pro-  
u idcd ,  Tlmt coiitxacts may be entered into undcr this appro1)ri:ltiorl 
for inaintciiancc and operation of facilities, and for other scrvicos, 
t o  be providcrl during the next fiscal year. (42  U.S.G. 2461, et seq.,  
50 U.S.C. Gl1-51.5: Independent  Ofices and Deparlment  of I Iousing 
!rnd U d a n  De!Jclopi,zenl Appropr ia t ion  A c t ,  1971; additional clzcthoriz- 
ing legislation l o  be proposed.) 

GENERAL PROVISIONS 
Not to exceed 5 per centum of any appropriation made available 

l o  the National Aeronautics and Space Administration by this Act 
may be transferred to any other such appropriation. 

Not to  exccod 535,000 of thc appropriation “Research and 
Program Managemtnt” in this Act for the National Aeronautics and 
Space Administration shall hc available for scientific consultations 
or extraordinary expense, to be expended upon the approval or 
authority of the Administrator and his determination shall be final 
and conclusive. (Inrlrpendent Oflices and  Department of Hous ing  and 
Urban Development -4ppropriation Act ,  1971 .) 

RPM m 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

w 

Program bv activities: 

b S K 4 R r H  n N n  PJ~OOR.\M MAYA(ILMENT 

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

Costs and obligations I3udeet plan 

1970 actual 1Y71 estimate 1972 estimate 1070 actual 1071 estimate 1972 estimate 
_ ~ _  

a r e c t  &owam: 
I .  Manned space flight.. - _.. .-.... . . . . . . ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~. . . . .- 
2. Scientific investigations in spdce- .. . ~ 

3. Space applications.. . . . . ..~. .-. _ _  ~.. ~. . . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

4. Space research and technology.. . . . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ 

5. Aeronautical research and technology.. . ~ 

6. Supporting activities-. __. . .. . . . .. . . . . . ~. . ~ ~ ~ ~ ~ ~ ~ ~ ~ . . .. 

. 

~. 

335.571 
90.252 
26.509 
113.01 I 
98,392 
38,443 

558.4YU 
93,256 
34,096 
108,874 
93.626 
50.091 - 

jji, iiX xiiir, 675 

36,100 26,352 
104.000 113.012 
98.150 98,383 
38,700 38.257 

89,300 89.960 

- 

?1)n inn 
,,I, I"" 

89.300 
36.100 
104,000 
98, 150 
38,700 

697,350 
Total direct program costs, funded-. ...-....... .. 702,178 718,433 697,350 706,639 722, OOO ____ __-- 

-.____ ___._ 
D-:-L ..c.,,,,u,.at!c ..-- p:ogrnm: 

1,249 I ,  859 2.000 
I .  152 I ,  100 

1. Manned space flight.. - - __.. . . . . . . . . ~ ~ ~ ~. ~~ ~ ~~ ~ ~. ~ . . . 
3. Space applications.. . . . . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ 

4. Sijacs research and technoloss .___ ~ ~. . . . . . . . . . . ~ ~. ~ ~. 494 689 700 504 689 700 

1.295 I ,  859 2. ooo 
1.023 I .  152 I ,  loo 895 

-~ 

3.800 

704,990 722,133 701,150 709,287 725,700 70l.150 
-3,567 . ~ ~. ~. . ~. . . . . 

701, I50 IO Total -.... ~~~~~ ....... ~~~.~ ....... ~ ....-.... ~ . . .~ .~.~-  704,990 722,133 701,150 704,990 722,133 

__- 
Total reimbursable pragram costs ... ~. . ~. ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ _ .  2,812 3,700 3,800 2,648 3,700 

~~ ____ -- _____ 
Total program costs, funded-. ~ ~ ~ ~. ~. . . . . . . . . . . . . . . . . . 

Change in selected resources 1 . . . . . . . . . . ~. ~ ~ ~. ~ ~. . ~. ~. . . . . ~. ~ ~ .-. . . . .___ ____...._._. __...__..... -4,297 
-~ 

Financing : 

____ 
43 
44.20 

Appropriation (adjusted) .. . -. . . . . . . . . . . . . . . . . . . . . . ~. ~ ~. ~ ~ ~ ~ ~. . . . . ~ ~ ~ ~ ~. . . . . ~ ~. . . . ~ ~ ~ ~. . . ~ ~ ~ ~. . . ~. 
Proposed supplemental for civilian pay act  increase^ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~. . . . . . ~ ~ ~. . . . ~ ~ ~. . . ~ ~ ~. . . . ~. ~ ~. . . . . - -. 

702,555 688,579 697,350 
29,854 ....___...._. 

-~ ~ ~ ~~ ~. .~ ~~ -~ ~ ~~~ ~ ~~~~~ 

..-., :..,...,,, ~, , , . . . l~ -~ , .+~l  707.210 680.530 696,896 
an pay act supplemental _... ~ ~ ~ ~ . . .  .... .~~~ ~... .. . . I ,  4>4 
. I  .. 

Ll5,W 
~ ~ . ~ ~ ~~ ... . . ~ ~ ~ ~. .~~~ .. . ~ . . ~  ~ ~ . . ~ ~ . .  

. ~ 
~ - . ~~ 

~ ~ 

1970 
odjurt- 

I Y 6 Y  mrnls iY70 j 9 ; i  1972 'Selected resources as of June 30 are as follows: 
Ilypaid undelivered orders ...... . ... ~ .... ~ ~ ~ ~ ~ . .  29,259 - 2 . 2 7 2  22.8:: 19, 29; 19, 2:: 

: E :  ____._. -- -- _ _  
T o t a l  * r l w t r d  w s n l l r r ~ *  ~~~ 29.440 -2 .  272 22 .071 19. 304 19.304 

2 Reimbursements from non-Federal sources are receipts for services performed on Communications Satell ite 
Corpora t ion  projects (42 U.S.C. 2473) and for personal propcrty sold for replacement purposes (40 U.S.C. 481). 

- - _ _ ~ _ _  *n"*-n-.... ..~. ...~ ...... . . .~  ~ ~ 



NATIONAL AERONAUTICS AND SPACE ADFIINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

RESEARCH AND PROGRAM MANAGEMENT 

SUMMARY OF OBLIGATIONS BY INSTALLATION 
(In thousands of d o l l a r s )  

Fiscal  Year F isca l  Year F i s c a l  Year 
1972 ---- __- 1970 19  7 1  

MANNED SSPACE, FLIGHT. . . . . . . $329,836 -9- $348 807 - $332,005 ---- 
John €'. Ke.rmedy Space  Center ,  

....... 106 ,56 1 109,113 106,255 planneci Spa.c:ec.raft Center .  
Piarshall  Space F l i g h t  Center. .  .. 125,693 142,448 130,191 

N A S A . . . . . . . . . . . . . . . . . . . . . . . . . .  97,582 97,246 95,559 

SPACE SCIENCX f d D  WPLICATIONS. . . $96,140 $101,26 8 - $100,326 - --- 
Goddard S p ~ e :  F l i g h t  Center. .  ... 86,452 91,194 90,299 
Wallops S t .ati.on ................. 9,688 10,074 10,027 

ADVANCED RESlCAllCH AND TECHNOLOGY. - . --- $213,044 $203,795 - $2U5,338 

Ames Kesearch Center..  .......... 37,602 39,899 39,719 
E1ectronic:s Research Center..  ... 19,106 
Flight ;  Research Center. .  ........ 10,308 10,895 10 ,974 

L e w i s  Resr!arc:h Center.  .......... 73,895 77,094 77,866 

--- --- 

Langley Research Center.  ........ 69,851 73,388 74,191 

Space Nucl.c!a~' Sys terns Off ice.  ... 2,282 2,519 2,588 

SUP PORTIlNG OPERATIONS --- 
NASA headquai: t ers ............... $6 3,158 $64,563 --L- :59 6 8 1  

TOTAL. ......................... $702,178 $718,43=/ - $697,350 - 

- a/ Inc ludes  $251,854 proposed supplemental  t o  cover pay i n c r e a s e  apprclved i n  
E'y 1970. 

It is  a n t i c i p a t e d  t h a t  a Goverpment-wide supplemental  w i l l  b e  reques ted  
s e p a r a t e l y  f o r  requirements  in FY 1 9 7 1  and FY 1972 t o  cover  pay  incresase 
approved by t h e  P r e s i d e n t  on January 8 ,  1971.  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIHATES 

P.ES%.1?C!! !.!?E ??.WAX XAJh1P.r'LEF 

pNn1ON 

Personnel 

1970 

1971 

1972 

TrPvel 

197c 

1971 

1972 

P a c i l i t i e a  
S e r v i c e s  

1970 

1971 

1972 

Technical  
S e r v i c e s  

1970 

1971 

1972 

Administrat 

1970 

1971 

1972 

.,-.-, ."cs. - 
1970 

1971 

- 
T o t a l  
NASA 

$529,448 

535.962 

530,916 

15.192 

17.946 

17,061 

82,980 

90,176 

78,527 

35,983 

33,654 

31,265 

e 

38.572 

40.695 

39.581 

702.178 

718.433 

- 
ubtota l  
m e  

229.473 

234,630 

230,088 

6,638 

7,816 

7,334 

55.435 

65,446 

54,330 

16.298 

16,077 

16.379 

21,992 

24,838 

23,876 

329,836 

348.807 

1972 1 697,350 1 332,005 

. Y.  ienneay manned irarshaii  
pace Center,  Spacecraft Space P l i g h t  

NASA Center Center 

$47.518 

48,271 

47,659 

687 

910 

760 

38.983 

36,874 

36.314 

811 

986 

986 

9.583 

10,205 

9,840 

97,582 

97,246 

95,559 

$78,871 

80,796 

78,654 

3,645 

4,246 

4.074 

9.408 

9,107 

8,606 

6,949 

7,317 

7,321 

7.685 

7,647 

7.602 

106,561 

109,113 

106.255 

$103,084 

105.563 

103,775 

2 I 303 

2,660 

2,500 

7,044 

19,465 

9.412 

8.538 

7,774 

8,072 

4,724 

6.986 

6,432 

125.693 

142,448 

130,191 

- 
u b t o t a l  

$76.377 

81,944 

82,319 

2,186 

2.713 

2,571 

6,677 

6.230 

6.212 

6,359 

5.768 

4.364 

4.541 

4,613 

4,860 

96,140 

101.268 

100,326 - 

DISTRIBUTION OF OBLIGATIONS 67 ?'UNCTION 
BY INSTALLATIDN 

!Thousands cf dollars) 

&.id.. d 
space F l i g h t  Wallops 

Center S t a t i o n  

$69.913 

75,034 

75.384 

2,038 

2,472 

2,372 

4,659 

4.300 

4,300 

6,207 

5,616 

4.211 

3,635 

3,772 

4.032 

86.452 

91.194 

90.299 

$6,464 

6.910 

6.935 

148 

241 

199 

2.018 

1.930 

1.912 

152 

152 

153 

906 

841 

828 

9.688 

10,074 

10,027 

- 
ubtota l  

180,591 

175.808 

177.405 

3,502 

4,191 

4,115 

20.488 

17,622 

17.648 

1,975 

614 

599 

6.488 

5,560 

5,571 

2 13,044 

203,795 

205,338 - 

..."=D * - - -  " m,--*--..,-- "..*_" .__~.._ ~ 1 , " ~ C  ,-""le.. ___~__, Levi. s..ere !?..c?ser 

esearch Research Research Research Research Systems 
Center Center Center Center Center Off ice 

$31,865 

33,656 

33.346 

698 

905 

866 

3,768 

4,203 

4,374 

240 

122 

122 

1,031 

1,013 

1,011 

3i.602 

39.899 

39,719 

$13,803 $8,507 

_ _ _  9,025 

9.064 _ _ _  

325 185 

220 

_--  220 

_ _ _  

2.998 1,247 

_-- 1,351 

- _ -  1.381 

918 286 

231 

256 

_ _ _  
_ - -  

iP,i06 i0.308 

_ _ _  10.895 

--- 10,974 

$59,341 

62.172 

63.029 

1.168 

1.792 

1,816 

5,666 

5.656 

5.596 

360 

352 

352 

3.316 

3,416 

3,398 

69.851 

73,388 

74,191 

$64.982 

68.636 

69,575 

941 

1.075 

1.017 

6,805 

6,412 

6,297 

230 

72 

72 

937 

899 

905 

7;,a95 

77,094 

77,866 

$2,093 

2,319 

2,391 

185 

199 

196 

4 

-_ -  
_--  

_ _ _  
_ _ _  
_ _ -  

_ _ _  
1 

1 

2,282 

2.519 

2.588 

- 
leadquartert 

$43.007 

43,580 

41.104 

2.869 

3,226 

3,041 

380 

878 

337 

11,351 

11.195 

9,923 

5.551 

5,684 

5,276 

63.158 

64.563 

59.681 



NATIONAL AERCMAUTICS AND SPACE ADMINISTRATICN 

FISCAL YEAR 1972 ESTIHATES 

RESEARCH AND PROCaAN HANAGEHENT 

-___ DISTRIBUTION OP OBLICATICHS BY OaTECT CLASSIFICATION 
BY WNCTIrn 

(Thousands of Do l l a r s )  

Personnel  compensat i on  
Personnel  b e n e f i t  s 
Benef i t s  fo r  former personnel 
T rave l  h t r m s p o r t a t i o n  of persons 
Transpor t a t  Lon of th ings  
Rent, c o m u n i c a t i o n s  and u t i l i t i e s  
P r i n t i n g  and reproduct ion 
Other s e r v i c e s  
Suppl ies  and m a t e r i a l s  
Equipment 
Lands and scructurfbs 
Grants ,  s u b i i d i e s  a n i  c o n t r i b u t i o n s  
Insurance c Laims and indemni t i e s  

1 T o t a l s  

- 
T o t a l  
NASA 

- 
Personnel  

-4- 

Adi,iini s t r a  til  
Support I-- Object C l i i e s i f i cn t ion  

F a c i l i t i e s  
Se rv ices  

Technical  
Se rv ices  Trave l  

F i s c a l  Year 19;'j I -- 
488,188 

38,060 
154 

17,050 
3,487 

43,202 
5,381 

88,121 
14,122 
3,289 
1,022 

28 
7L 

2;985 
12,973 
4,681 
7,728 
6,932 
1,486 

28 
_ _ _  

- - -  
19,404 

54,651 
6,823 
1,080 
1,022 

--- 

_ _ _  
74 

38,572 

-I- 

702.178 529,448 15,195 82,980 

I F i s c a l  yea r  1971 

Personnel  compensat i 3n  
Personnel  b a n e f i t s  
Bene f i t s  foi- former personnel 
T rave l  h t r a n s p o r t a t l o n  of persons 
Transpor t a t ion  of t h ings 
Rent, comunica t ions ,  and u t i l i t i e s  
P r i n t i n g  and r ep rodu- t ion  
Other servic.es 
Suppl ies  and m a t e r i a l s  
Equipment 
Lands and s t r u c t u r e s  
Grants ,  subi i idies  a n %  c o n t r i b u t i o n s  
Insurance claims and indemnit iee  

- - -  _ _ _  - _ -  
1,584 
3,151 

13,660 
4,912 
9,720 
6,433 
I ,  149 

51 
__-  

490,123 
40,663 

1,780 
19,750 

3,802 
42,648 

97.446 
12.R24 

2,265 
1,391 

51 
35 

718,433 

5,655 

33.654 40,695 I T o t a l s  535.962 - 
484,074 

41,440 
2,036 

228 
525 _ _ _  _ - -  

2,613 _ _ -  - _ _  
--- --- __ -  

530,916 

F i s c a l  Year 1972 

Personnel  c impensat i  m 
Personnel  b e n e f i t s  
B e n e f i t s  f o r  former i e r sonne l  
T rave l  h t r i i n spor t a t lon  of persons 
Transpor t a t ion  of t h lngs  
Rent, c o m u n i c a t i o n s ,  and u t i l i t i e s  
P r i n t i n g  and reprodu,:tion 
Other s e r v i c e s  
Supp l i e s  and mater iaLs 
Equipment 
Lands and s1:ructurea 
Grants ,  subu id ie s  anrl c o n t r i b u t i o n s  
Insurance cl.aims and indemnit ies  

T o t a l s  

--- -_ -  __ -  
1.672 
3,067 

13,564 
4,526 
9,451 
6,249 

966 

51 
35 

39,581 

_ _ _  
-,- 

484,074 
41,440 

2,036 
18,961 

3,651 
41,043 

5.173 
85,629 
12,495 

1,776 
986 

5 1  
35 

697,350 78,527 31,265 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

RESEARCH AND PROGRAM MANAGEMENT 

DISTRIBUTION OF 0 CT CLASSIFICATION 

(Thousands of dollars) 



I L A".. 

S 

er personnel 

ortation of 

ctures 

lies & contribution6 

Lms and indemnities 

things 

.ons, and 

. -  I 

40,663 

1,780 

19,750 

3 , a02 

42 , 648 
5,655 

97,446 

12 , a24 
2,265 

1,391 

51 

35 

118,433 - - 
i84,074 

41,440 

2 , 036 

18,961 

3,651 

41,043 

5,173 

O F  ~ 3 a  

12,495 

1,776 

986 

51 

35 

" 4 ,  " L A  

- 
:a7 ?I;n - J J  I 3 _a- 

:oduc t ion 

64 , 563 - 
36 , 501 
3,854 

75 

3,079 

2 13 

a 1 2 0  

902 

d , d 4 .  

ii,o6a 

403 

189 

--- 
50 

8 - 
59 , 681 - 

erials 

ure s 

s 6 contributions 

, and indemnities 

'EAR 1972 

isation 

its 

rmer personnel 

ortation of 

of thing6 

tions, and 

!product ion 

aterials 

17,522 

a32 

9,214 

1,734 

21,024 

3,955 

70,73c 

7 , 400 
961 

716 

1 

19 - 
348, a07 - 
210,635 

17 , 518 
471 

8,819 

1.628 

20,959 

3,735 

60: 068 

7 , 144 
555 

453 

1 

19 

3,564 

150 

1,943 

1,186 

8,218 

2 , ago 
4 & ,  21 1 A h  -- - 

3,408 

217 

257 

--- 
16 

5,920 

288 

4,516 

4 12 

7,698 

650 

12,911 

2,140 

2 78 

309 

1 

1 

8,038 

394 

2,755 

136 

5 , io8 

4 i 5  

26,633 

1 , 852 
466 

i5u 

--- 
2 

97,246 109,113 142,448 

43,659 

3,619 

31 

1,852 

1, iao 

8,063 

2,635 

30,751 

3,352 

201 

200 

--- 
16 

72,220 

5 , 919 
--- 

4,335 

3 54 

7,724 

700 

12,516 

2,140 

192 

153 

1 

1 

94,756 

7,980 

440 

2,632 

94 

5,172 

400 

., io , i iG1  

1,652 

162 

100 

- - -  
2 

95,559 106,255 130,191 

6,132 

--- 

2,835 

1,320 

7 , 896 

??2 

5,080 

z , 63;; 
3 10 

- .̂.1 

n 
L L W  

--- 
1 

75,112 

6,314 

287 

2 , 694 
1,395 

6,694 

173 

7 , .  1. QQ8 . 
2,048 

44 7 

163 

--- 
1 

100,326 

512 

--- 

324 

146 

455 

51 

1 , 200 
?ne 

104 

25 

1 

91,194 .. .10,.074 

68,748 

5,800 

287 

2,411 

1,257 

6,237 

121 

3; 775 

1 , 1 5 i  

368 

138 

e - -  

--- 

6,364 

5 14 

--- 

283 

138 

457 

52 

1,223 

88 1 

?9 

25 

--- 
1 

90,299 10,027 

13,166 

132 

4,437 

405 

9,852 

363 

9,577 

2 a96 

5a 7 

465 

--- 
7 

203,795 
- - 
161,826 

13,754 

1 , 203 

4,369 

415 

10,051 

363 

9,495 

2 , 901: 
585 

3 70 

--- 
7 

205,338 
- 

2,606 

35 

920 

74 

3,303 

10 

1,379 

300 

62 

2 50 

--- 
--a. 

27 

2 , 010 
242 

2, a50 

2 60 

3,820 

3 n 3 c  

150 

200 

L , W L A  

--- 

1 
~~ 

39 ;899 --- io, a95 73,388 77,094 2,519 

- - e  - - -  

8,223 

ao i 
--- 

220 

10 

200 

a 

1,216 

I?? 

100 

20 

--- 
1 

57,460 

4 , 850 
377 

2,042 

240 

2, a50 

2 60 

3 , 811 

2 : 000 

150 

150 

--- 
1 

63,429 

5 , 392 
579 

1,030 

80 

3,500 

a5 

3,091 

400 

2 75 

--- 
e-- 

5 

77,866 2,588 10,974 74,191 --- 39 , 719 

816 

3,264 

34 3 

3 , 876 
1,165 

12,059 

490 

4 0 i  

--- 
50 

4 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

JOHN F. KENNEDY SPACE CENTER 

MISSION :: 

The Kennedy Space Center w a s  e s t a b l i s h e d  a t  Cape Kennedy, F l o r i d a ,  as 
a s e p a r a t e  Cknt:er w i t h i n  NASA i n  J u l y  1962. It serves as t h e  primary 
Center w i th in  NASA f o r  t h e  tes t ,  checkout,  and launch of space v e h i c l e s .  
This  present:lty inc ludes  launch of manned and unmanned v e h i c l e s  a t  the1 
Kennedy Spacx? Center ,  t h e  A i r  Force Eastern T e s t  Range, and the  A i r  Force 
Western Test :  Range. The Center  is now concent ra t ing  on Apollo manned 
launches,  prepcirations f o r  Skylab launches,  design of Space S h u t t l e  
launch f a c i l k t t i e s ,  as w e l l  as r e sea rch  and o p e r a t i o n a l  unmanned launches.  
The Kennedy ispiice Center is s p e c i f i c a l l y  r e spons ib l e  f o r :  

1. Launch v e h i c l e  checkout and prepara t ion .  

2. Spacecicaft and payload checkout and prepara t ion .  

3. Lilunch f a c i l i t y  des ign ,  cons t ruc t ion ,  maintenance, and operaticins, 
iiic1ud:Lng advanced planning and s t u d i e s  l ead ing  t o  development of 
new liiiinch ope ra t ion  concepts and techniques,  inc luding  des ign  of 
Space ;Shuttle launch f a c i l i t i e s .  

4. F:Lnal i n t e g r a t i o n  and i n t e g r a t e d  checkout of v e h i c l e ,  spacecra j ' t  
and l w n c h  f a c i l i t i e s ,  and t h e  conduct of actual launch operat:l.ons. 

5 .  Operation and coord ina t ion  of suppor t ing  f a c i l i t i e s ,  ground suppor t  
equipment, and t r ack ing  and d a t a  a c q u i s i t i o n  and l o g i s t i c s ,  suplbort 
requi red  f o r  ope ra t ion  of a l l  NASA a c t i v i t i e s  a t  the  Eas te rn  aiid 
Was tern Test Ranges. 

6 .  T4echn:LcaL and a d m i n i s t r a t i v e  support  s e r v i c e s  f o r  a l l  NASAL elenients 
loca ted  Ln the  area. 

In  f u l f i l l i n g  i ts  ass igned  programs, t h e  Kennedy Space Center has  developed 
i n t o  a 'highly Elex ib le  "space po r t "  capable  of handl ing a wide v a r i e t y  of 
launch a c t i v i t i e s  f o r  p re sen t  and f u t u r e  manned and unmanned space mtssions.  
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DESCRIPTION : 

The Kennedy Space Center is s i t u a t e d  approximatley 50 m i l e s  east OC 
Orlando, F l o r i d a ,  i n  n o r t h e a s t  Brevard County. 

The t o t a l  land area occupied by t h e  i n s t a l l a t i o n  is 87,760 acres, in- 
cluding 83,783 acres owned by NASA. 
t h e  s t a t e  of F l o r i d a  has dedicated t o  t h e  United S t a t e s  exc lus ive  USE r i g h t s  
t o  some 53,553 acres of State-owned submerged lands.  

I n  a d d i t i o n  t o  t h e  land area occupied, 

In a d d i t i o n  t o  t h e  ope ra t ion  and maintenance of a l l  f a c i l i t i e s  a t  the 
Kennedy Space Center , t h e  Center is r e spons ib l e  f o r  c e r t a i n  f a c : l l i t i e s  
w i t h i n  t h e  n a t i o n a l  Eastern Test Range launch area. The t o t a l  c a p i t a l  in- 
vestment a t  t h e  Kennedy Space Center ,  including f i x e d  assets i n  progress  
and conltract:or-held f a c i l i t i e s  a t  v a r i o u s  l o c a t i o n s  as of June :30, 1970, 
w a s  $ 1  , 005,1.4a8 , 000. 
SUMMARY --- OF Z:ES,OURCES REQUIREMENTS : 

(Dollars i n  Thousands) 
1972 -- 19 70 1971 

Authorized permanent p o s i t i o n s  , 
end of y e a . r . . . . . . . . . . . . . . . . . . . . . . . . . .  2,779 2,681 2,544 

Research rind. Program Management.. . . . . . . $97,582 $97,246 $95,559 



RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

MANNED SPACECRAFT CENTER 

MISSION : 

The Manned Spacecraf t  Center  (MSC) w a s  e s t a b l i s h e d  i n  November 1961, i n  
Houston, Texas, as NASA’s primary Center f o r  t h e  des ign ,  development, and 
manufacture of manned s p a c e c r a f t ,  and f o r  s e l e c t i o n  and t r a i n i n g  of a s t ronau t  
crews and t h e  conduct of space f l i g h t  missions.  The MSC mission f u r t h e r  
embraces an engineer ing ,  development, and ope ra t ions  c a p a b i l i t y  t o  support  
and t o  genera te  the  knowledge requi red  t o  advance the  technology of manned 
space f l ight . .  Engineering and development e f f o r t s  focus on appl ied  research  
and development i n  the  area of space r e sea rch ,  space phys ics ,  l f f e  systems, 
and tes t  and eva lua t ion .  Space sc i ence  e f f o r t s  are devoted t o  experiments 
i n  f l i g h t s ,  s c i e n t i f i c  l una r  exp lo ra t ion ,  r e sea rch  on re turned  lunar m a t e r i a l ,  
space environment s t u d i e s ,  and development of a c a p a b i l i t y  f o r  surveying 
e a r t h  I’~SOLIIXE:S from space.  The medical c a p a b i l i t i e s  inc lude  experiments i n  
f l i g h t ,  f l i g h t  crew monitor ing,  and development of phys io logica l  requirements 
f o r  spacecr <if t sys  t e m s  . 

MSC is ncw engaged i n  Apollo Lunar Explora t ion  and is proceeding biith 
necessary spac:ecraf t modi f ica t ions  f o r  l i m i t e d  ex tens ion  of explora t  ion 
capabil.itie:s. Spacecraf t  are a l s o  being modified t o  support  t he  requirements 
of t he  S k y l ~ b  program. The Cen te r ’ s  mission a l s o  involves  t h e  Eartki Resourc:es 
program as cortducted by MSC through the  Earth Resources Laboratory 1 ocated 
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 .  MSC is re spons ib l e  f o r :  

1. 

2. 

3 .  

4. 

5 .  

6 .  

The des ign ,  development, and f a b r i c a t i o n  of the  manned spacec ra f t  
inc luding  the  command and s e r v i c e  modules, and the  lunar  modul e. 

0vera:ll program management and c o n t r o l  of t h e  spacec ra f t  inc luding  
modu1.a i n t e g r a t i o n ,  t e s t i n g ,  and q u a l i f i c a t i o n .  

Conduct of a program of spacec ra f t  environmental  t e s t i n g .  

Se lec t ion  and t r a i n i n g  of a s t r o n a u t s  and p repa ra t ion  of primary 
and bitckup crews f o r  each mission.  

Operation of t h e  Mission Control  Center and c o n t r o l  of t h e  space 
flighrc niissions from l i f t - o f f  t o  recovery.  

1)eve:topnnent of s c i e n t i f i c  and medical experiments t o  be flown on 
manned space f l i g h t  missions.  
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7 .  

8. 

9. 

Operation of t h e  Lunar Receiving Laboratory,  which provides  a Icentral 
complex where samples of materials brought t o  e a r t h  by luna r  e :uplorat ion 
teams are rece ived ,  quarant ined ,  processed, undergo l imi t ed  experiment.s, 
and are d i s t r i b u t e d  t o  t h e  s c i e n t i f i c  community f o r  f u r t h e r  a n a l y s i s .  

Development and e x p l o i t a t i o n  of ae ronau t i ca l  and aerospact? photographic 
and remote sensor  systems t o  provide and i n t e r p r e t  s c i e n t i f i c  (data on 
the  phys ica l  s c i ences  wi th  emphasis on geography, geology,  oceanography 
and hydrology. 

Conduct of r e sea rch  i n v e s t i g a t i o n s  i n  the  Mississippi-Louisiana-Gulf 
a r e a  i n  the  a p p l i c a t i o n  of remotely sensed d a t a  obtained from , a i r c r a f t  
and s a t e l l i t e s ,  and d isseminat ion  of t h i s  knowledge t o  p o t e n t i a l  u s e r s  
o r  agencies  charged wi th  s p e c i f i c  r e s p o n s i b i l i t i e s  f o r  ope ra t i lma l  
a c t i v i t i e s .  

I n  the  per iod ahead, MSC w i l l  a l s o  p a r t i c i p a t e  i n  the  NASA program t o  produce 
a prel iminary design and design v e r i f i c a t i o n  of a space s h u t t l e  engi'ne and a i r  
frame, and a space s t a t i o n  module. 

DESCRIPTION : 

The Manned Spacecraf t  Center is loca ted  two m i l e s  east of t he  town of Webster, 
Texas. The s i t e  is  approximately 20 m i l e s  sou theas t  of downtown Houston and 25 
m i l e s  northwest of Galveston,  Texas. T o t a l  NASA-owned land a t  Ilouston c o n s i s t s  
of 1,620 a c r e s .  
White Sands T e s t  F a c i l i t y ,  Las Cruces,  N e w  Mexico. The t o t a l  c a p i t a l  investment 
of t he  Manned Spacecraf t  Center ,  inc luding  f ixed  assets i n  progress  and con- 
t rac tor -he ld  f a c i l i t i e s  a t  var ious  l o c a t i o n s ,  and t h e  White Sands Tes t  F a c i l i t y ,  
as of June 30, 1970, w a s  $748,579,000. 

The Center a l s o  occupies an a d d i t i o n a l  55,889 acres a t  the  

SUMMARY OF RESOURCES REQUIREMENTS : --- 

(Dol la rs  i n  Thousands) 
1971 1972 --.- ----_ 19 70 

Authorized, permanent p o s i t i o n s ,  

Resea.rch and  Program Management.. . . . . . . . $106,561 $109,1:13 $106,255 
end of y'ear........................... 4,249 4,1:20 3,935 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

MARSHALL SPACE FLIGHT CENTER 

MISSION : 

The Marshall  Space F l i g h t  Center (MSFC) a t  Hun t sv i l l e ,  Alabama, became a 
p a r t  of NASA i n  J u l y  1960. 
t h e  des ign ,  development, and t e s t i n g  of l a r g e  launch v e h i c l e s  arid s p m e  
t r a n s p o r t a t i o n  systems, and is engaged i n  the  program management: and payload 
i n t e g r a t i o n  of t h e  Skylab F l i g h t s .  MSFC a l s o  d i r e c t s  a c t i v i t i e s  a t  ithe 
Michoud Assembly F a c i l i t y  (MAF) a t  N e w  Orleans,  Louis iana;  t he  S l i d e  11 
Computer F a c i l i t y  a t  S l i d e l l ,  Louis iana;  and the  Miss i s s ipp i  T e s t  Fa1:ility 
(MTF) i n  Bay S t .  Louis ,  southwest Miss i s s ipp i .  The Center  is irivo1vI.d 
i n  the  d i r e c t i o n  and management of t he  fol lowing ongoing programs: 

Marshall  serves as NASA's primary cen te r  f o r  

1. 

2. 

3. 

4. 

5. 

In 

The Saturn V program, which provides  t h e  n a t i o n ' s  on ly  launch v e h i c l e  
f o r  manned lunar  landing  miss ions  and very  l a r g e  payloads,, suc'h as  t h e  
Skylab Workshop. 

The Skylab program, inc luding  development of ground support  equipment 
and c l u s t e r  modules such as t h e  O r b i t a l  Workshop, Apollo Telescope 
Mount, Air lock Module, and Mul t ip l e  Docking Adapter,  management of 
s e l e c t e d  experiments,  and o v e r a l l  systems engineer ing and i n t e g r a t i o n  
of the t o t a l  Skylab c l u s t e r .  

The Saturn I B  program, which serves as a launch v e h i c l e  f o r  e a r t h  
o r b i t a l  manned miss ions ,  

The Lunar Roving Vehicle ,  which w i l l  provide mobi l i ty  f o r  l una r  
e.xplor a t  ion .  

The Space S h u t t l e  main engine,  a h igh  t h r u s t ,  t h r o t t l e a b l e  l i q u i d  
hydrogen, l i q u i d  oxygen fue led  rocke t  engine capable  of many reuses .  
The Center is a l s o  a s soc ia t ed  w i t h  o t h e r  c e n t e r s  i n  d i r e c t i n g  t h e  pre- 
1.imin.arry des ign  and technology v e r i f i c a t i o n  of t h e  Space (Shut t le  vehic  le. 

ca r ry ing  ou t  its management r e s p o n s i b i l i t i e s  f o r  t hese  programs, 
t he  Marshall. Space F l i g h t  Center has  developed t h e  c a p a b i l i t y  t o  : 

1. Design end develop l a r g e  launch space v e h i c l e  systems, inc luding  
v e h i c l e  systems test  and i n t e g r a t i o n ,  t a i l o r e d  t o  manned (and 
unmanxied. payload requirements .  

2. Desig,n and develop s c i e n t i f i c  payloads,  space s ta t ions,  and systems 
required, f o r  ongoing and f u t u r e  space exp lo ra t ion .  
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3. Develop and i n t e g r a t e  s c i e n t i f i c  experiment payload packages tlo be 
flown on Saturn/Apollo v e h i c l e s  and Skylab o r  subsequent post-  
Apollo missions.  

4. Conduct systems engineer ing and o v e r a l l  systems i n t e g r a t i o n  of 
v e h i c l e s  and payloads as assigned.  

5 .  Conduct t echn ica l  and program management of i n d u s t r i a l  programs in- 
volving space v e h i c l e s ,  payloads and sys  tems . 

In  support of i ts  assigned mission,  t h e  Marshal l  Center a l s o  maintains  
an in-depth c a p a b i l i t y  t o  perform research  and development i n  a wide range 
of scientific and t echn ica l  d i s c i p l i n e s ,  and t o  conduct s t u d i e s  of f u t u r e  
launch vehic le  and space systems such as the  Space Shu t t l e .  Its c a p a b i l i t y  
f o r  reaearcki and f o r  t he  management of l a r g e  i n d u s t r i a l  program:; g ives  the  
Center a highly f l e x i b l e  base f o r  ongoing and f u t u r e  space programs. 

DESCRIF'TIOK : 
II- 

Operations alt t he  Marshall  Space F l i g h t  Center are conducted .at: t h r e e  
primary loc.ati  ons : 

The main Flaxshall Space F l i g h t  Center s i t e  is near  Hun t sv i l l e ,  Alabama, 
on Army proper ty  a t  t h e  Redstone Arsenal .  The Center occupies  1,797 acres 
under a nonrevocable use  permit from t h e  Army. The c a p i t a l  investment as 
of June 30, 1970, was approximately $619,214,000 Cer ta in  f a c i l i t i e s  
such as t:he Redstone Arsenal A i r  F i e ld  and some u t i l i t i e s  are used j o i n t l y  
by NASA and t h e  Army. The Huntsv i l le  l o c a t i o n  has deepwater access  v i a  
the  Tennessee,  Ohio, and Miss i s s ipp i  Rivers .  

The Michotid Assembly F a c i l i t y  i s  loca ted  15 miles east of New Orleans,  
Louisiana. ,  The main f a c i l i t y  occupies  891 ac res .  The S l i d e l l  Cerltral 
Computer 1'ac:ility , a sa t e l l i t e  f a c i l i t y  20 miles t o  the  n o r t h e a s t ,  
occupies :14 a d d i t i o n a l  acres br inging  t h e  t o t a l  acreage t o  905. I h e  
c a p i t a l  investment as of June 30, 1970, w a s  approximately $159,87L1,000. 

The Michoud F a c i l i t y  provides  3,559,256 square f e e t  of space,  inc luding  
t h e  main assembly p l a n t ,  covering an area of 4 3  acres under one rctof. 
The Facil1:ity i s  loca ted  on t h e  Gulf Intra-Coastal  Waterway and has; deep- 
water access  v i a  the  Miss i s s ipp i  River .  

The 14issj.!;sippi T e s t  F a c i l i t y  is loca ted  i n  southwest Miss i s s ipp i  
approxima1:ely 50 miles no r theas t  of New Orleans,  Louis iana.  Total land 
area is  1,:38,,800 acres of which 13,358 acres make up the  a c t u a l  t e s t  area 
owned by NA!;A. The remaining 125,442 acres are he ld  as a b u f f e r  ittone. 
In  t h e  btiEfer area, 7,568 acres are owned by NASA, and 117 ,874  aci'es 
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are under r e s t r i c t i v e  easements. C a p i t a l  investment f o r  t h e  M i s s i f e i p p i  
Test Faci:Lfty as of June 30, 1970, w a s  approximately $276,771,000. Test 
s t ands  include a dual-posi t ion s tand f o r  t e s t i n g  t h e  Saturn V f i r s 1  s t a g e  
(S-IC), aiid two s t ands  f o r  t e s t i n g  t h e  1,000,000 pound t h r u s t  Satui'n V 
second s t a g e  (S-11). 
and t h e  In tra-Coastal  Waterway. 

The s i t e  has deepwater access v i a  t h e  P e a r l  Elver 

The t o t a l  ' c a p i t a l  investment of t h e  Marshall  Space F l i g h t  Center and its 
i n s t a l l a t i o n s  i a t  M i s s i s s i p p i  and Louisiana,  including f ixed  a s s e t s  i n  progress  
and contraceor-held f a c i l i t i e s  a t  va r ious  l o c a t i o n s ,  as of June 30, 11.970, 
w a s  $l,O55,!359,000. 

SUMMARY OF IZESOURCES REQUIREMENTS : --- 
(Do l l a r s  i n  Thousamds) 

1!172 --- 19 70 19 71 

Authorized permanent p o s i t i o n s ,  
end of yeair ........................ 6,002 5,804 !i,507 

Research i~nd  Program Management.. . . . . $125,693 $142,448 $130,191 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

GODDARD SPACE FLIGHT CENTER 

MISSION : 

The Goddard Space F l i g h t  Center ,  e s t ab l i shed  i n  1959 as the  f i r s t  major 
United S t a t e s  i n s t a l l a t i o n  devoted t o  t h e  i n v e s t i g a t i o n  and exp lo ra t fon  of 
space,  condrictts a wide-ranging program of experimentat ion i n  space science 
and a p p l i c a t i o n s .  The Goddard Center  has developed many d ive r se  c a p a b i l i t i e s :  
t h e  management of complex satel l i te  p r o j e c t s  ; t h e  development of who:I.ly in- 
tegra ted  s p a c e c r a f t ,  ranging from systems engineer ing t o  development, in-  
t e g r a t i o n ,  and t e s t i n g ;  t he  development and ope ra t ion  of sa te l l i te  ti-acking 
networks ; d a t a  a c q u i s i t i o n  and a n a l y s i s  ; and s c i e n t i f i c  research to  :l.nclude 
both theore  t ical  s t u d i e s  and the  development of many s i g n i f i c a n t .  sc icmt i f  i c  
experiments flown i n  satell i tes.  

The ma jo r i ty  of t h e  Goddard Cen te r ' s  personnel  are loca ted  a t  Greeiibelt,  
Md.; o t h e r  ipersonnel are loca ted  a t  the  Goddard I n s t i t u t e  f o r  Space S tud ie s  
i n  New York Ci ty ,  and throughout t h e  world,  managing t h e  ope ra t ion  of 
satel l i te  traclking and communications network s t a t i o n s .  

Goddard is r e spons ib l e  f o r  t he  management of communications arid ea:i:th 
observa t ion  satel l i te  programs, such as t h e  Appl ica t ions  Technol.ogy , Nimbus, 
and Earth R'esoiurces Technology satellites ; t h e  management of scienti : l i ic 
sa te l l i t e  p r o j e c t s  which inc lude  the  Orb i t ing  Solar  (OSO) and t h e  Or ld t ing  
Astronomical (OAO) Observa tor ies  and the  Explorer series ; pro jec:t mauage- 
ment of NASA's  Delta launch v e h i c l e ;  management and ope ra t ion  of two world- 
wide t racking  and d a t a  a c q u i s i t i o n  networks, t he  Space Tracking and ]lata 
Acquis i t ion  Network and t h e  Manned Space F l i g h t  Network; and the  devielopment 
of t h e  sounjding rocke t  program. 

Major Goddard a c t i v i t i e s  dur ing  t h e  year  were concerned wi th  work Ln t h e  
fol lowing areas: 

I n t e r n a t i o n a l  S a t e l l i t e s  - An inc reas ing ly  important mission f o r  t he  
Center is i t s r e s p o n s i b i l i t y  f o r  ca r ry ing  ou t  t he  i n t e r n a t i o n a l  coopera t ive  
space program under NASA auspices .  During the  year ,  two communficatiiws 
satel l i tes ,  NATO-1 and Skynet-2, w e r e  launched f o r  t he  North Atliantic 
Treaty Organizat ion and United Kingdom r e s p e c t i v e l y .  Additionaltly, inumerous 
sounding rocket  launchings were conducted i n  cooperat ion wi th  s c i e n t i s t s  
throughout t he  world,  o f t e n  from fo re ign  launch sites. 
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Applicat ions Satellites - Goddard is t he  primary NASA Center f o r  weather ,  
communications and e a r t h  resources  sa te l l i t e  e f f o r t s .  In  a d d i t i o n  t o  launchi  
ITOS-1 and Nimbus-4 dur ing  t h e  yea r ,  t he  Center began work on two advanced p'r 
grams, E a r t h  Resources Technology Satell i tes (ERTS) and Appl ica t ions  Technolci 
Satellites FbG (ATS F&G). The ERTS satellites w i l l  i n v e s t i g a t e  the  \Earth's 
resources  from space whi le  t h e  ATS FbG satell i tes w i l l  c a r r y  advancelj meteorc 
l o g i c a l ,  communications, a i r  t r a f f i c  control and s c i e n t i f i c  experimeiits. 

Sounding --- Rockets - During 1970 more than 160 sounding rocke t  :Launclnings, 
p r imar i ly  a t  t h e  Wallops S t a t i o n ,  were conducted by Goddard, b r lnging  t o  
1,400 t h e  ncimber of launchings i n  the  program s i n c e  1959. 

T r a c k a r m d  Data Acquis i t ion  - The Goddard-managed Space Tracking and Data 
Acquis1.tion-K:twork provided communications and t r ack ing  coverage for a l l  of 
NASA's sc ie . r&lf ic  and a p p l i c a t i o n s  satell i tes launched during t h e  year .  The 
Manned Space F l i g h t  Network provided g l o b a l  t r ack ing  support  for one Apollo 
manned f l i g h t  during t h e  year .  

DESCRII'TIOFI:: -- 
The Coddetrd Space F l i g h t  Center ,  loca ted  15 miles nor theas t  of Washington, 

D.C.,  a t  Grc!eribelt, Maryland, is s i t u a t e d  on a 554-acre main si te.  Three 
a d d i t i o n a l  nearby p l o t s  of 639 acres comprise the  remote s i te  area and c o n t a i  
t h e  Goddarcl Antenna T e s t  Range, t he  Goddard Op t i ca l  F a c i l i t y ,  t h e  Pxopulsion 
Research Foc:il.ity, t h e  Magnetic F i e l d s  Component T e s t  F a c i l i t y ,  t he  Attitude! 
Controlt Teaii: F a c i l i t y ,  and t h e  Network Tra in ing  and T e s t  F a c i l i t y .  

The totalt c a p i t a l  investment f o r  t he  Goddard Space F l i g h t  Center,  inc luding  
f ixed  assets i n  progress  and cont rac tor -he ld  f a c i l i t i e s  a t  va r ious  l..ocations; 
as of June :30, 1970, was  $628,794,000 ( inc luding  c a p i t a l  type f a c i l i t i e s  of 
t h e  MSI? and STADAN network and o t h e r  suppor t ing  act ivi t ies  including!; equip- 
ment aboard sh ips  and a i r c r a f t )  . 
SUMMAR'Y OF 'RESOURCES REQUIREMENTS: --- 

(Dol la rs  i n  Thousaiids) 
19 71. 1972 --_ 19 70 

Authorized .permanent p o s i t i o n s ,  

Research and Program Management.. . . . . . . . . . end of yeear... . . . . . . . . . . . . . . . . . . . . . . . . . .  4,412 4,412 4,18'V 
$91,1.94 $90,29!3 $86,452 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

WALLOPS STATION 

MISSION : 

Wallops S1tat:Lon is re spons ib l e  f o r  planning and conducting appl ied  r e sea rch  
and developinenit wi th  emphasis on s c i e n t i f i c  payload development, insi::rumentat:ion, 
faci1it :Les i ~ ~ d  techniques u t i l i z e d  i n  rocke t  borne experiments,  ae ronau t i ca l  
and tennina:L area research  p r o j e c t s  and eco log ica l  s t u d i e s .  

Wallops S1tat:Lon prepares ,  assembles,  launches,  t r a c k s  and acqu i re s  s c i e n t i f i c  
information Erm space veh ic l e s .  Its f a c i l i t i e s  are u t i l i z e d  by the  s c i e n t i s t s  
and engineers  :Erom t h e  l a b o r a t o r i e s  and r e sea rch  c e n t e r s  of NASA., otl ier  govern- 
mental  agencies ,  co l l eges  and u n i v e r s i t i e s ,  and the  worldwide s c i e n t i f i c  
community. cJa.Llops S t a t i o n  personnel  assist these  s c i e n t i f i c  researc:h teams 
wi th  t h e i r  p r o j e c t s ;  develop,  as necessary ,  s p e c i a l  types of ina t r u m m t a t i o n  
and equipment 'to complete the  mission;  and manage NASA resea rch  projt!cts.  

Research i a t  Wallops S t a t i o n  is d i r e c t e d  toward ga the r ing  information about 
t he  e a r t h ' s  atmosphere and i t ' s  near  space environment. The S t a t i o n  u t i l i z e s  
launch veh ic l e s  ranging i n  s i z e  from the  small Arcas and Hasp meteoro logica l  
rocke ts  t o  t'?e 72 f o o t  Scout rocke t  wi th  o r b i t a l  c a p a b i l i t y  i n  ab ta i i i ing  
s c i e n t i E i c  d#atin about t he  atmosphere and t h e  near space  environment. Thi r teen  
sa te l l i t es  liave been launched. Wallops S t a t i o n  has  launched more thibn 7,500 
research  v e h i c l e s  c o n s i s t i n g  of from one t o  seven s t a g e s  i n  t h e  quesi: f o r  
s c i e n t i  Eic knowledge. 

Wallops fi3i:i:lities are u t i l i z e d  f o r  many o the r  r e sea rch  p r o j e c t s ,  :ruch as 
space compoiilenr: tests, h e l i c o p t e r  and a i r c r a f t  drop tests, h e l i c o p t e r  and air- 
c r a f t  no i se  abatement p r o j e c t s ,  an t i - sk id  tests on grooved runwalys, V/STOL 
te rmina l  a i r  r e sea rch ,  c o l l i s i o n  avoidance programs, laser and r ada r  t r ack ing  
of a i r c r a f t  and satel l i tes .  

Wallops Sit st:Lon exe rc i se s  p r o j e c t  management r e s p o n s i b i l i t y  f a r  s e v e r a l  NASA 
sponsored pwojects such as Orb i t ing  Frog O t o l i t h  (OFO) , t h e  Experimental I n t e r -  
American Meit~eoirological Rocket Network (EXAMETNET) , t he  German-A.meric:an barium 
p r o j e c t ,  a :Bio-Space Technology Tra in ing  Program f o r  b i o - s c i e n t i s t s ,  ope ra t ion  
of remote s i t e  launching anG t r ack ing  f a c i l i t i e s ,  opera t ion  of l4ASA'i.i po r t ab le  
range faci1:Ltitss f o r  sounding r o c k e t s ,  and an A r c t i c  launch s i t e  a t  l 'oint  
Barrow, A l a s ' k a  . 

The S t a t i m  is a l s o  r e spons ib l e  f o r  a po r t ion  of t he  Nat ional  Souncling 
Rocket 'Program. This  r e q u i r e s  program i n t e r f a c e  wi th  t h e  s c i e n t i f i c ,  



u n i v e r s i t y  and i n t e r n a t i o n a l  
a n a l y t i c a l ,  f e a s i b i l i t y ,  and 
system engineer ing ,  test  and 

A po r t ion  cif t h e  S t a t i o n ’ s  
i n t e rna r iona  1. cooperat ion i n  
vided wi th  t r a i n i n g  programs 

community; engineer ing support  inc luding  
design s t u d i e s ,  payload, v e h i c l e s  and recovery 
eva lua t ion ;  and d a t a  a n a l y s i s  and r epor t ing .  

e f f o r t  is devoted t o  NASA’s program of 
space research .  
f o r  t h e i r  personnel ,  a s s i s t a n c e  i n  $ac t iva t ion  

Foreign coun t r i e s  ,are pro- 

of 1aunc:h si.l:es, and with t echn ica l  a s s i s t a n c e  and advice i n  lauachin,g 
experiments and. i n  opera t ion  of t h e i r  ranges.  Representa t ives  of e ighteen  
coun t r i e s  hawe v i s i t e d  Wallops S t a t i o n  t o  observe opera t ions  o r  seek 
a s s i s t a n c e  in e s t a b l i s h i n g  sounding rocket  f a c i l i t i e s  of t h e i r  own. 

Wallops St:iiti.on is  involved i n  e s t a b l i s h i n g  the  Chesapeake Bay areal as a 
multidi~cip1.ftnetry eco log ica l  test s i te  f o r  developing t h e  appl ica t ior i s  of 
remote sensing from a i r c r a f t  and space platforms.  A s  p a r t  of t h e  prclgram 
t h e  Stat:ion :is working c l o s e l y  wi th  use r  groups t o  develop remote sens ing  
a n a l y s i s  and monitoring techniques f o r  s tudying t h e  ecology of t he  a rea .  

DESCRIPTION :: - 
The S t a t i o n  inc ludes  t h r e e  s e p a r a t e  areas on t h e  A t l a n t i c  Coast of 

V i rg in i a ’ s  e a s t e r n  shore:  t h e  main base (formerly Chincoteague Naval A i r  
S t a t i o n ) ,  t h e  Wallops I s l and  launching s i te  and t h e  Wallops mainland si te.  
The adminis1:ical:ive o f f i c e s ,  range c o n t r o l  c e n t e r ,  support  shops, and main 
te lemetry bu i ld ings  are loca ted  on t h e  main base.  Wallops I s land  is about 
seven miles ieoiitheast of t h e  main base  and is connected t o  t h e  rniainliind by 
a causeway cind br idge.  The i s l a n d  is about f i v e  m i l e s  long and only one- 
ha l f  mi:Le w:Lde a t  i ts  widest  po in t .  
s to rage  bui:Ldings , blockhouses, assembly shops and t h e  launch sites. The 
Wallops mainLand s i te  is a one-half m i l e  s t r i p  w e s t  of t h e  i s l a n d  whii.ch 
houses the Ir,ndiar and o p t i c a l  t r ack ing  sites. The E a s t v i l l e ,  Va., dotlrn 
range t racking  s i te  is loca ted  about 50 miles south  of t h e  Wallops S ta t ion .  

Located on t h e  i s l a n d  are rockei. 

Wallops S t a t i o n ,  t o t a l i n g  6,561 a c r e s ,  c o n s i s t s  of 2,313 acres on 11:he 
main base;  :3,000 acres on Wallops I s l and ,  108 acres on t h e  mainland 
t racking  s i t e ;  and 1,140 acres of unusable marsh land.  The East.villr? 
t r ack ing  s i t e  c o n s i s t s  of an a d d i t i o n a l  53 acres of government-cwned 
property.  T h e  t o t a l  c a p i t a l  investment,  inc luding  f ixed  assets i n  pro- 
g r e s s  and contractor-held f a c i l i t i e s  a t  var ious  l o c a t i o n s ,  as of Juncz 30, 
19 70, was $110,364,000. 

SUMMARY --- OF :RES”RCES REQUIREMENTS : 

(Dol la rs  i n  Thousands) 
1972 -- 1970 1971 

Authorizezd permanent p o s i t i o n s ,  
end of year............................ 

Research and Program Management .......... 488 488 462 
$9,688 $10,074 $10,027 

RPM 22 



RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

AMES RESEARCH CENTER 

MISSION : 

The progriuns a t  t h e  Ames Research Center are d i r e c t e d  a t  r e sea rch  and devellop- 
ment i n  the  € i e l d s  of a e r o n a u t i c s ,  space sc i ence  and s p a c e c r a f t  technology as; 
w e l l  as app:Lications t o  n a t i o n a l  needs of t h e  new science and techno!l.ogy growing 
ou t  of the ialerospace program. S p e c i f i c a l l y ,  t h e  Cen te r ' s  major r e s p o n s i b i l i t i e s  
are concentiratad i n  f i v e  areas : Aeronaut ics ,  Space S h u t t l e / S t a t i o n ,  L i f e  
Sciences,  PLanetary Science and Astrophysics and t h e  Pioneer P r o j e c t  

The a e r o n a u t i c a l  r e sea rch  program a t  Ames is  among t h e  most import:mt R&D 
e f f o r t s  a t  the Center.  To provide a guide f o r  pursuing our experimeiital re- 
sea rch ,  emphasis i s  placed on t h e o r e t i c a l  ana lyses  as a b a s i s  f o r  tht! 
p red ic t ion  and understanding of f l u i d  flows t h a t  is intended t o  lead t o  a much 
s t ronge r  r o l e  of t h e  computer i n  t h e  design of a e r o n a u t i c a l  v e h i c l e s  through-- 
ou t  t he  speed range. E f f o r t s  are under way t o  e x p l o i t  t he  g rea t  potcintial  f o r  
using computational f l u i d  dynamics i n  t h e  f u t u r e  i n  p l a c e  of c e r t a i n  types of 
more c o s t l y  and t i m e  consuming wind tunnel  experiments. I n  a d d i t i o n  t o  t h e  
more b a s i c  areas, t h e  Center is a l s o  a major c o n t r i b u t o r  t o  V/STOL tc!chnology. 
VTOL and STOL a i r c r a f t  are important i n  both c i v i l  and m i l i t a r y  a v i a t i o n .  
Success i n  these a p p l i c a t i o n s  w i l l  depend upon e f f i c i e n t  f l i g h t  and iipon the 
a b i l i t y  t o  land and take-off quickly and p r e c i s e l y  from small areas wi th  s a f e t y  
and r e g u l a r i t y  under a l l -weather  condi t ions.  Research i n v e s t i g a t i o n s  are beI.ng 
c a r r i e d  ou t  on s p e c i f i c  concepts t o  achieve t h e s e  broad o b j e c t i v e s .  This re-. 
search involves systematic  a n a l y t i c a l  s t u d i e s  and wind tunnel  i r i ves t tga t ions  t o  
d e f i n e  and evaluate  concepts,  s tudy of t h e  f l i g h t  c h a r a c t e r i s t i c s  of t h e  con- 
c e p t s  using f l i g h t  s imula to r s  and f i n a l l y  f l i g h t  v e r i f i c a t i o n  wlth f Light 
v e h i c l e s  of t h e  technological  advances ind ica t ed  i n  t h e  r e sea rch  program. 

M i l i t a r y  a i r c r a f t  development programs h i s t o r i c a l l y  have been supported 
through i n v e s t i g a t i o n s  i n  t h e  Center's wind tunne l s  and s imula to r s ,  inany of 
which have unique test c a p a b i l i t i e s .  This  a c t i v i t y  w i l l  be continueld a t  a 
high level  because i t  is v i t a l  t o  s p e c i f i c  a i r c r a f t  programs and bec:iuse i t  
a f f o r d s  i n s i g h t  i n t o  problems r e q u i r i n g  f u r t h e r  r e sea rch  f o r  a p p l i c a t i o n  t o  
t h e  design of  f u t u r e  a i r c r a f t .  

The Space S h u t t l e / S t a t i o n  programs are being supported i n  a number of areas 
a t  Ames. P a s t  r e sea rch  a t  t h e  Center has con t r ibu ted  s i g n i f i c a n t l y  to t h e  
s o l u t i o n  of t h e  problem of t h e  s u r v i v a l  of s p a c e c r a f t  during t h e  very high 
aerodynamic hea t ing  a t t e n d a n t  t o  high speed e n t r y  i n t o  t h e  e a r t h ' s  atmosphere. 
The h e a t  p r o t e c t i o n  systems f o r  a r e l a t i v e l y  h igh ly  maneuverable r eusab le  



c r a f t  such i 4 S  t h e  Space S h u t t l e  p re sen t s  a very  d i f f e r e n t  problem from t h a t  
of previous spacec ra f t  which followed e s s e n t i a l l y  a b a l l i s t i c  t ra jecf .ory  and 
were designed on the  b a s i s  of a s i n g l e  mission.  
research  is me area of space s h u t t l e  suppor t  being c a r r i e d  out  a t  Arlies. Other 
areas involve s t u d i e s  of t he  aerodynamic performance, s t a b i l i t y  and c:ontrol of 
var ious  boos te r  and o r b i t e r  v e h i c l e  concepts under cons ide ra t ion ,  tht! d e f i n i t i o n  
of dynamic Loads and v e h i c l e  response t o  be expected,  and the  guidance, c o n t r o l  
and p i l o t i n g  problems t o  be encountered i n  landing such v e h i c l e s .  Si1:udies a r e  
a l s o  being made t o  he lp  provide a d e f i n i t i o n  of r e sea rch  t o  be conducted i n  
a space s t a t i o n ,  t he  design of t he  l i f e  support  systems, a b e t t e r  unclers tandhg 
of t he  space s t a t i o n  environmental  e f f e c t s  on human performance and [:he e f f e c t s  
of long tenn exposure t o  weight lessness  on the  physiology of humans. 

Thermal p r o t e c t i o n  s;ystem 

Research i n  the  l i f e  s c i ences  is conducted i n  th ree  major areas: (1) basil:: 
research  i n  the  phys io log ica l  and behaviora l  s c i ences  concerned wi th  obta in ing  
an understanding of t he  e f f e c t s  of a e r o n a u t i c a l  and space  f l i g h t  stri3sses upon 
man; (2) r e sea rch  i n  long-term advanced l i f e  support  systems arid i n  the  human 
f a c t o r s  a spec t s  of t he  r e l a t i o n s h i p s  between man and the  machines which t rans-  
p o r t  and support  him i n  a h o s t i l e  environment; and (3) s t u d i e s  i n  evobiologg 
o r i en ted  towards the  p r e d i c t i o n ,  d e t e c t i o n ,  and s tudy of e x t r a t e r r e s t r i a l  
f o s s i l s ,  chemicals,  and l i f e  forms. 

Research i n  space sc i ence  inc ludes  s t u d i e s  of s o l a r  phys ics ,  p l ane ta ry  en- 
vironments and geophysics.  The s t u d i e s  p e r t a i n  t o  magnetic f i e l d s  and plasmas 
i n  space,  t h e  composition and s t r u c t u r e  of p l a n e t s  and of p l ane ta ry  ,and s t e l l a r  
atmospheres, and c r a t e r i n g  mechanics i n  n a t u r a l  materials t o  a i d  i n  understand- 
ing the  s t r u c t u r e  of luna r  su r faces .  Also of concern is  the  p l a n e t  ea r th  and 
how the  technology t h a t  has  been developed i n  the  space program can b e  used t o  
improve our understanding of t h e  e a r t h  and the  conserva t ion  of its resources .  
The s t u d i e s  are both t h e o r e t i c a l  i n  na tu re  and experimental  using l abora to ry  
equipment, sounding rocke t s  and experiments c a r r i e d  on satel l i tes  and space 
probes. 
which serves  as an a i rbo rne  l a b o r a t o r y  t o  provide,  for example, a platform f o r  
an i n f r a r e d  t e l e scope  f o r  as t ronomical  observa t ions  which are h:Lghly degraded 
from surface: l o c a t i o n s  by t h e  f i l t e r i n g  e f f e c t s  of t he  atmosphere. Researchers 
throughout the s c i e n t i f i c  community are i n v i t e d  t o  p a r t i c i p a t e  in  s t u d i e s  
conducted from t h e  a i rbo rne  l abora to ry .  

EXFerimentS are a l s o  conducted on a s p e c i a l l y  o u t f i t t e d  a i r c r a f t  

Ames has f ’ l i gh t  p r o j e c t  management r e s p o n s i b i l i t y  f o r  t h e  Pioneer  P r o j e c t .  
Pioneer pravidles s c i e n t i f i c  observa t ions  of phenomena i n  i n t e r p l a n e t a r y  space 
from an umiatnned s p a c e c r a f t .  Four Pioneer s p a c e c r a f t  are c u r r e n t l y  i n  s e p a r a t e  
o r b i t s  about: t he  sun near  t h e  e a r t h ’ s  o r b i t  and a l l  r e g u l a r l y  provide information 
on s o l a r  r a d i a t i o n .  One of t hese  is i n  i ts  s i x t h  year  of ope ra t ion .  Pioneer  F 
and G space!c:reift are being readied  f o r  t he  s tudy of i n t e r p l a n e t a r y  f i e l d s  and 
p a r t i c l e s  beyond the  e a r t h ’ s  r a d i u s ,  t he  a s t e r o i d  b e l t  and the  environment s f  
J u p i  tet: . 
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In  ca r ry ing  o u t  i ts  mission,  Ames works c l o s e l y  with the aerospace itnd 
educat ional  communities and wi th  o t h e r  Government agencies.  A number of 
cooperat ive j o i n t  programs are c u r r e n t l y  i n  progress  wi th  the  Department 
of Transpor t # a t  ion.  

DESCRIPTION : - 
The Ames Research Center was e s t a b l i s h e d  i n  1940, and is loca ted  a t  t h e  

southern end of San Francisco Bay on land contiguous t o  t h e  U.S. Naval. A i r  
S t a t i o n ,  Moffett  F i e l d ,  C a l i f o r n i a .  Its phys ica l  p l a n t  comprises many 
s p e c i a l i z e d  fac i l i t i es  f o r  aerospace r e sea rch  i n  the  phys ica l  science:; as 
w e l l  as t h e  space sc i ences  and l i f e  s c i ences ,  a l l  of which are includc!d i n  
the  mission of t he  Center.  These inc lude  wind tunne l s ,  entry-heating 
s imula to r s ,  and f r e e - f l i g h t  b a l l i s t i c  test  f a c i l i t i e s  capable  of condiicting 
tests a t  speeds up t o  and above e a r t h  escape speed as w e l l  as lahoratcmies  
equipped t o  study s o l a r  and geophysical phenomena, l i f e  s y n t h e s i s ,  l i f e  
d e t e c t i o n ,  and l i f e  environmental f a c t o r s .  The Ames  Research Center 
occupies about 365 acres of land. Certain o t h e r  f a c i l i t i e s ,  such as il:he 
u t i l i t i e s  and a i r f i e l d  runways, are used j o i n t l y  by NASA and t h e  Department 
of t h e  Navy. T h e  c a p i t a l  investment a t  t h e  Ames Research Center ,  inc:l.uding 
f i x e d  assets i n  progress  and contractor-held f a c i l i t i e s  a t  v a r i o u s  1oi:ations 
as of June 310, 1970, w a s  $256,217,000. Also housed a t  t h e  A m e s  Research 
Center is t h e  U.S. Army A i r  Mob i l i t y ,  Research and Development Laboratory. 
Personnel from t h i s  Laboratory work c l o s e l y  wi th  Ames personnel  on re:;earch 
of mutual i n t e r e s t .  

SUMMARY OF --- RESOURCES REQUIREMENTS: 

(Dollars  i n  Thousatnds) 
l!:) 72 .-- 19 70 19 71 

Authorized permanent p o s i t i o n s ,  
end of year.......................... 1,972 1,922 1 , 8 2 4  

Research and Program Management.. . . . . . . $37,602 $39,899 $39,719 



RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

ELECTRONICS RESEARCH CENTER --- 

MISSION : 

The EXectronics Research Center ,  e s t ab l i shed  i n  September 1964, was closed 
i n  1970 follcwwlng a r e d i r e c t i o n  of t h e  n a t i o n ' s  space program undertaken dur i~ng 
t h e  f i s c a l  year 1971 budget process .  

SUMMARY OF R.E:SOURCES REQUIREMENTS -- : --- 

(Dol la rs  i n  Thousands) 
-- 1970 19 7:1. 1972 

Authorized permanent p o s i t i o n s ,  
-.-.-. --.- end of year. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  600 
e -._. --.- Research arid Program Management .............. $19,106 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

FLIGHT RESEARCH CENTER 

MISSION : 

The F l i g h t  Research Center e s t ab l i shed  i n  1947, conducts aercmaut:l.cal and 
space r e l a t d  re sea rch  using a v a r i e t y  of aerospace v e h i c l e s .  
c ludes e f f o r t  on problems of take-of f ,  l anding ,  low-speed f l i g h t ,  sul 'ersonic  
and hypersonic f l i g h t ,  and re -en t ry  t o  v e r i f y  p red ic t ed  cha rac t e r  ist:i.cs 
and t o  i d e n t i f y  unexpected problems i n  a c t u a l  f l i g h t .  

The work in-  

The c u r r e n t  iand p ro jec t ed  programs a t  t h i s  Center include:  aeronai r t ica l  
p r o j e c t s  coii~ceicning gene ra l  a v i a t i o n ,  STOL resea rch ,  subsonic  and suliersonic 
t r a n s p o r t  reseiarch; space v e h i c l e  systems p r o j e c t s  i n  which the  f l igl i t  be- 
havior  of atPvanced re-entry v e h i c l e s  inc luding  M2-F2, HL-10, and X-21'iA heavy- 
weight .Lift:lng bodies  is s tud ied ;  and e l e c t r o n i c  systems p r o j e c t s  suc:h as 
d i s p l a y ,  gu:L~dance, and c o n t r o l  i n  advanced f l i g h t  missions and improvements 
on systems iund sensors  used i n  biomedical monitor ing,  t r ack ing ,  and (lata 
a c q u i s i t i o n .  

Most .impor taiit of t h e  f a c i l i t i e s  and s p e c i a l  equipment f o r  conduct:l.ng progi:ams 
a t  the  F l i g h t  Research Center are the  a i r c r a f t .  They range from gentbra1 a v i a t i o n  
a i r c r a f  it for handl ing q u a l i t i e s  i n v e s t i g a t i o n s  t o  supersonic  a i r c r a f  i:, such 
as the  YF-lLI, used f o r  va r ious  r e sea rch  i n v e s t i g a t i o n s  having app1ic:ation t o  
both c i v i l  and m i l i t a r y  a v i a t i o n .  Spec ia l  purpose v e h i c l e s  such as 11.if t i n g  
bodies ,  STOI, , v a r i a b l e  s t a b i l i t y  a i r c r a f t  , o r  a i r b o r n e  s imula to r s ,  ai'e con- 
t r a c t o r  procured o r  developed in-house. Spec ia l ized  l abora to ry  f a c i l i t i e s  are 
availab.Le t o  complement the  f l i g h t  act ivi t ies  wi th  proper prelimiinarjr research  
and t e s t i n g .  !Simulation equipment is used t o  guide and assist i n  the! perforniance 
of product ive f l i g h t  a c t i v i t i e s .  
a c q u i s i t i o n  Ls operated t o  support  t he  f l i g h t  a c t i v i t y .  

A two-stat ion r ada r  f o r  t r ack ing  arid d a t a  

DESCRIPTION : 

The F l i g h t  Research Center ,  Edwards, C a l i f o r n i a ,  is 65 a i r  miles n w t h e a s t  of 
Los Angeles.  The Center is loca ted  a t  the  no r th  end of Edwards A:Lr I 'orce Base 
on 218 ;acres of land leased from the  A i r  Force. U t i l i t i e s  are provicled by t he  
A i r  Force 011 a reimbursable  basis. The Center is ad jacen t  t o  Rogers Dry Lakc!, 
a 55-square--ini:te area wi th  a complex of runways varying i n  l eng th  frcim 5 t o  
11 mi les .  

The p h y s i ~ i a l  p l a n t  c o n s i s t s  of an of f  ice- labora tory  bu i ld ing  wi th  ;idjoining 
shops, i i  f1:Lghl: maintenance hangar,  a c a l i b r a t i o n  hangar,  and a high 
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temperature Loads c a l i b r a t i o n s  f a c i l i t y .  Auxi l ia ry  bu i ld ings  include warehouses, 
an ami Liary power systems bu i ld ing ,  communications bu i ld ing ,  and an a i r c r a f  1: 
maintenance dock. The main s t a t i o n  of t he  two-stat ion r ada r  range operated 
by t he  Center :is l oca t ed  on t h e  t h i r d  f l o o r  of t h e  o f f i ce - l abora to ry  bui ld ing .  
The to ta l  capital investment of t h e  F l i g h t  Research Center, includinp, f i xed  
assets i n  progress ,  and cont rac tor -he ld  f a c i l i t i e s  a t  va r ious  I O C i n t i c a S ,  as 
of June 30, L970, w a s  $63,228,000. 

SUMMARY --- OF IXESOURCES REQUIREMENTS : 

(Do l l a r s  i n  ' Ihousmds) 
1971 19 7 2 ---- ---. 1970 

Authorized permanent p o s i t i o n s ,  
end of year . . . . . . . . . . . . . . . . . . . . . . . . . . . .  535 5315 5018 

Research and Program Management .......... $10,308 $10,895 $10,974 
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FISCAL YEAR 1972 ESTIMATES 

LANGLEY RESEARCH CENTER 

MISSION :: 

The Langley Research Center s t r i v e s  t o  main ta in  the  l eade r sh ip  of t he  
United States i n  ae ronau t i c s  and space a c t i v i t i e s  through t h e  conduct of 
a broadly batiecl r e sea rch  and technology development program t o  i d e n t i f y  
and i n v e s t i g a t e  t h e  fundamental t echn ica l  problems confront ing  the  
advancement of f l i g h t  i n  the  atmosphere and i n  space. It a t t e m p t s  t o  
d iscover  ancl t o  assess o p p o r t u n i t i e s  f o r  t he  e x p l o i t a t i o n  of importari t 
new f l i g h t  y r s t : e m s  and through its research  program t o  improve t h e  
technologicrd base f o r  t he  des ign ,  cons t ruc t ion ,  and ope ra t ion  of 
advanced a i r c r a f t  and space veh ic l e s .  It manages t h e  execut ion of 
nat ional- ly  s i g n i f i c a n t  f l i g h t  p r o j e c t s .  Through its g ran t ing  and coil- 
t r a c t i n g  c a p a b i l i t i e s  i t  involves  elements of t h e  n a t i o n ' s  e n t i r e  
research  cwlrnuriity, e s p e c i a l l y  among the  n a t i o n ' s  u n i v e r s i t i e s ,  in i ts  
research  prc)griuns . It d isseminates  t h e  impl ica t ions  of its re sea rch  
results f o r  t he  n a t i o n ' s  e n t i r e  i n d u s t r i a l  base.  

Langley is d i r e c t i n g  an inc reas ing  and s u b s t a n t i a l  po r t ion  of i ts  
research  programs t o  t h e  development of advanced concepts  and new 
technology on which f u t u r e  a i r c r a f t  wi th  increased  performance, range,  
and g r e a t e r  s a f e t y  and economy can be based. Spec ia l  emphasis is placed 
on the  app l ika t ion  of t he  r evo lu t iona ry  s u p e r c r i t i c a l  wing concept t c l  t he  
developrnent of an advanced t r a n s p o r t  which maximizes c r u i s e  ef f ic:ienc.y 
t o  improve i i  i r c r a f  t p roduc t iv i ty  and decrease  ope ra t ing  c o s t s  . I n  19 71 
t he  practica.L cons t ruc t ion  of t h i s  wing and the  performance of an ail,- 
c r a f t  w:Lth rsliiri wing a t  near  f u l l  scale w i l l  be i nves t iga t ed .  In 
1972 t h e  i n v e s t i g a t i o n  w i l l  be extended t o  examine a more complete aj.r- 

c r a f t  w:ith irea:Listic f l i g h t  c o n t r o l s  and high l i f t  devices .  Increasr!d 
emphasis is 1,e:ing placed on t h e  development of a technologica l  base 1:o 
support  a na t iona l  V/STOL a i r c r a f t  cons t ruc t ion  program and t o  evolve! 
systems f o r  optimum termina l  area instrument  opera t ion  and a i r  t r a f  f:l.c 
con t ro l  i n t e g r a t i o n .  

Emphasis iri.l:L cont inue  on t h e  improvement of t h e  supersonic  f l i g h t  
c a p a b i l i t i e s  f o r  both t r a n s p o r t  and m i l i t a r y  a i r c r a f t .  Configurat ioi ts  
are being stud:Led t h a t  a t tempt  t o  maximize the  f avorab le  interferencc!  
e f f e c t s  of aerodynamics, wi th  advanced s t r u c t u r e s  and propulsion.. Tlie 
advanced research  program is a l s o  aimed a t  t h e  technology r equ i r ed  



f o r  a i r c r a f t  whose performance extends i n t o  t h e  hypersonic  speecl ranlige. 
The evolu t ion  of materials and s t r u c t u r a l  systems f o r  c r i t i ca l  temperature  
environments is i n  progress  and p r a c t i c a l  methods f o r  active cool ing  of high 
hea t  areas of a i r c r a f t  s u r f a c e s  are being developed. Work is a l s o  piro- 
ceeding on t h e  development of hypersonic  ramjet engine technology. 

Other programs a t  t h e  Langley Center  are focused on the  c r i t i c a l  plroblems 
of a i r c r a f t  propuls ion no i se  and s o n i c  boom a l l e v i a t i o n ,  t h e  d e t e c t i o n  of 
clear a i r  turbulence  and a i r c r a f t  t r a i l i n g  v o r t i c e s ,  t h e  improvement of 
landing gears  and improved t r a c t i o n  and c o n t r o l  under adverse weather 
condi t ions .  

In  support  of gene ra l  a v i a t i o n ,  Langley w i l l  cont inue  its s t u d i e s  to 
i d e n t i f y  problems and t h e i r  r e s o l u t i o n  f o r  c u r r e n t  des igns ,  to  conso l ida t e  
d a t a  and techniques f o r  new des igns ,  t o  c o l l e c t  d a t a  t o  update :Load require-  
ments, and to  develop new devices  f o r  high l i f t ,  c o n t r o l  systems and gust-  
a l l e v i a t i o n  t o  improve ope ra t iona l  c a p a b i l i t i e s .  S impl i f ied  low-cos t 
e l e c t r o n i c  systems t o  a i d  s t a b i l i t y ,  naviga t ion  communication and c o l l i s i o n  
warning are under development. 

A l a r g e  po r t ion  of t he  Center ' s  s k i l l s  and resources  is d i r e c t e d  t o  the  
management of important space f l i g h t  p r o j e c t s .  Langley has  ove:call manage- 
ment r e s p o n s i b i l i t y  f o r  t h e  NASA Viking p r o j e c t  which p l ans  t o  o r b i t  and s o f t  
land unmanned instrumented v e h i c l e s  on Mars i n  1976. The p ro jec t  w i l l  pro- 
v ide  a d e t a i l e d  s tudy of Mart ian geophysics,  atmospheric c h a r a c t e r i s t i c s  
and su r face  p r o p e r t i e s .  Espec ia l ly  s i g n i f i c a n t  are i ts  experiments t o  
i n d i c a t e  the presence of l i fe-forms.  The support  of Viking and o t h e r  
n a t i o n a l  space f l i g h t  e f f o r t s  is based on ex tens ive  experience and 
cont inuing c o n t r i b u t i o n s  t o  advanced technology i n  such areas as atmosphere 
e n t r y  h e a t  Enhielding, space v e h i c l e  recovery systems, rocke t  propuls ion ,  
ins t rumenta t ion  and e l e c t r o n i c  equipment, and s p a c e c r a f t  s t e r i l i z a t i o n .  

Space: technatlogy programs have been expanded t o  suppor t  t h e  select i o n  and 
development of manned systems such as the  space s h u t t l e  and space s t a t i o n /  
base.  They inc lude  mission f l i g h t  mechanics, t r a j e c t o r y  selection, v e h i c l e  
configuiraticm and performance, l oads ,  s t r u c t u r e s  , and cryogenic  tankage, 
refurbi.shab3.e thermal p r o t e c t i o n  systems, on-board power systems and l i f e  
support. syst:euis , and the  development and i n t e g r a t i o n  of mission experiments.  

Contxibut ions w i l l  cont inue t o  be made t o  t h e  technology of automalted 
s p a c e c r a f t ,  such as space t e l e scopes ,  s enso r s  and d a t a  handl ing for e a r t h  
resourc:es s a t e l l i t e s ,  payloads f o r  micrometeoroid and r a d i a t i o n  envl ron- 
ment surveys; ais well as t h e  d e f i n i t i o n  of t h e  upper atmosphere. The Langley 
Center is x t spons ib l e  f o r  providing c r u c i a l  technology as w e l l  a s  experi-  
ments f o r  t h e  Apollo and Skylab programs. It is a l s o  r e spons ib l e  fcir t he  
a c q u i s i t i o n  ,, ciperation, and improvement of t he  Scout launch vehicle) i n  its 
a p p l i c a t i o n  t ci n a t i o n a l  and i n t e r n a t i o n a l  sat e l l  i t e exper iment s . 
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The Center ' s  ground based research  program includes comprehensive :i.nvesti- 
ga t ions  of t h e  e f f e c t s  of t h e  environment on space v e h i c l e s  includinl:  h e a t ,  
vacuum, no i se ,  micrometeoroid and r a d i a t i o n ;  t h e  development and appl- icat ion 
of advanced cornposite and polymeric materials t o  s t r u c t u r e s  and thermal 
c o n t r o l  sys tems ; and improved technology f o r  e n t r y  communication 'b1ac:kout. 
a l l e v i a t i o n ,  h x i z o n  sens ing ,  antenna and power ampl i f i e r s ,  ba t t e r i e i ; ,  high 
capac i ty  computer memories, l o g i c  c i r c u i t s  and o the r  advanced mfcroe.lectronic: 
devices .  

Langley w i l l  cont inue i t s  pioneering r o l e  i n  the  d e f i n i t i o n  of man's 
c a p a b i l i t i e s  and adap ta t ion  f o r  performance of space missions by ,worlc on 
p r o j e c t s  r e l a t i n g  t o  rendezvous and docking, e x t r a  veh icu la r  opera t i lms ,  
space assembly and maintenance and complex experiments. 

DESCRIPTION: 

The Langley Research Center ,  Hampton, V i rg in i a ,  is loca ted  approxiinately 
100 a i r  mi les  south of Washington, D.C. The Center occupies  773 acrirs of 
Government-owned l and ,  divided i n t o  two areas by t h e  runway f a c i l i t i i r s  of 
Langley A i r  Force Base. The West Area c o n s i s t s  of 750 acres, 430 owled by 
NASA and 320 under permit from the  A i r  Force. The East Area coniprislzs 23 
acres under A i r  Force permit .  Runways, some u t i l i t i e s ,  and c e r t a i n  lotlt%r 
f a c i l i t i e s  a r e  used j o i n t l y  by NASA and the  A i r  Force. In  a d d i t i o n ,  t t  re 
are 110 acres of NASA-owned land loca ted  i n  the  C i ty  of Newport N e w s ,  
V i rg in i a ,  3,277 acres under permit from the  A i r  Force,  and 9 acires under 
lease. The t o t a l  acreage p resen t ly  Owned, under permit o r  l ea sed ,  is 
4,169. The t o t a l  c a p i t a l  investment a t  t h e  Langley Research Center ,  in- 
cluding f ixed  assets i n  progress ,  and contractor-held f a c i l i t i e s  a t  
var ious  loca t ions  as of June 30, 1970, w a s  $402,968,000. 

SUMMARY ~ - -  OF F.ESOURCES REQUIREMENTS : 

(Dollars  i n  Thousan,ds) 
1972 --- 1971 --- 1970 

Authorized permanent p o s i t i o n s ,  
end of yea.r.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Research and. Program Management.. . . . . . . . . . 3 , 872 
$69,851 

3,790 3,596 
$74,191 $73,388 



RESFARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

- LEWIS RESEARCH CENTER 

MISSION: -~ 
The L e w i s  Research Cen te r ' s  p r i n c i p a l  mission is research  and technology 

i n  t h e  a reas  of a i r c r a f t  and spacec ra f t  propuls ion,  and power genera t ion  
systems f o r  spacec ra f t .  The emphasis is predominantly on research  alid 
technology; however, t he  e n t i r e  spectrum of a c t i v i t i e s  is undertaken from 
b a s i c  research  t o  development. The scope of technology ranges from )work 
on i nd iv idua l  components through complete systems. Most of t he  c r i t i c a l  
areas which l i m i t  t h e  performance of engines  and power systems are t ie  
s u b j e c t s  of in-house research  e f f o r t  a t  t h i s  Center.  Research by coinmercial 
and u n i v e r s i t y  l a b o r a t o r i e s  i s  a l s o  conducted under c o n t r a c t s  d i r e c t e d  by 
L e w i s  Research Center personnel .  

The L e w i s  Ceiiter is  r e spons ib l e  f o r  t he  Centaur boos t e r  p ro jec t  and f o r  
the  SERT (Space E l e c t r i c  Rocket Test)  p r o j e c t .  Large c o n t r a c t s  are 
d i r ec t ed  on t h e  Quiet  Engine ( f o r  a i r c r a f t )  and t h e  Brayton Cycle Nuclear 
Electr ic  Ger,erating System f o r  spacec ra f t .  There is a l s o  cons iderable  
support ing in-house research  e f f o r t  on t hese  p r o j e c t s .  

Some exarriples of major research  and technology a c t i v i t i e s  are discussed 
i n  the  follclwing paragraphs : 

Aircraft. engines f o r  f u t u r e  subsonic  and supersonic  a i r c r a f t  w i l l  in-  
corpora te  hl  gh compressor p re s su re  ratios and high tu rb ine  i n l e t  temper- 
a t u r e s .  A I.arge p a r t  of t h e  ae ronau t i c s  research  e f f o r t  a t  Lewis is 
d i r e c t e d  toward so lv ing  the  problems imposed by these  two f a c t o r s .  
Among; t hese  research  e f f o r t s  are: s l o t t e d  compressor b lades  t o  ircrease 
t h e  pressure  rise per  b lade  row, cooled tu rb ine  b lades ,  high-speed 
beari-ngs and seals  f o r  opera t ion  a t  high temperature,  engine i n l e t s ,  
engirie exhaust nozz les ,  combustor conf igu ra t ions ,  and high energy f u e l s .  
A f l x g h t  tes t  program is  being conducted wi th  an F-106 a i r p l a n e  tci 
determine! the  i n t e r a c t i o n  of engine i n l e t s  and exhaust nozzles  with w i n g s  
and fuse:iage a t  t ransonic  speeds.  These f l i g h t  tests complement tdnd 
tunnel  t e s t a  which have l imi t ed  c a p a b i l i t y  i n  p red ic t ing  the  engir e- 
a i r f rame in t e rac t ions  a t  t ransonic  speeds.  

L e w i s  :t:; support ing a series of advanced research  and techno:log!r pro- 
j e c t s  on ;ul)sonic a i r c r a f t  ,, These p r o j e c t s  are: t h e  Advanced Tec:hnology 
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 experimental^ Transport  (ATET) ,, t he  l i f  t-fan t r a n s p o r t  f o r  VTOL app l i -  
c a t i o n s ,  and the  externally-blown a i r p l a n e  f l a p s  f o r  STOL a p p l i c a t i o r s .  
The engine lxchnology f o r  t hese  a p p l i c a t i o n s  r e q u i r e s  new engine con-. 
f i g u r a t l o n s  €01: which t h e  technology has  no t  y e t  been e s t a b l i s h e d .  One 
element of t h e  in-house program is ,  f o r  i n s t a n c e ,  t o  determine t h e  ej f e c t s  
of c ros s  flow on high-pressure r a t i o  l i f t  f a n s  f o r  V/STOL a i r c r a f t  i r t  
experiments >e Lng conducted in t h e  low-speed r e t u r n  passage of t h e  8-. b y 4  
Foot Supersonic Wind Tunnel. 

High performance engines are p resen t ing  an increased requirement f o r  
f ind ing  means to reduce engine no i se .  Lewis  is conducting in-house !-e- 
search t o  provide t h e  technology r equ i r ed  and t o  develop prototype no i se  
reducing components. A q u i e t  engine development c o n t r a c t  is being milnaged 
by L e w i s  t o  provide a turbo-fan engine t h a t  w i l l  i nco rpora t e  t h e  teclinology 
being d e v e h p e d  both a t  L e w i s  and under c o n t r a c t  programs. 

The problems of high f l i g h t  Mach number a i r c r a f t  engines are al.so ’)e- 
ing inves t iga t ed .  This  r e sea rch  spans t h e  problems of i n l e t s ,  c:ombu:;tion, 
nozzles ,  and engine s y s t e m .  A new f a c i l i t y  near ing completion a t  PLum 
Brook w i l l  extend t h e  c a p a b i l i t y  t o  allow experiments on engines of 
p r a c t i c a l  s.ize. 

Contr ibut ions t o  rocket  technology cont inue t o  flow from L e w i s . ,  Re la -  
t i v e l y  small scale chemical rocke t s  are used t o  s tudy  t h e  problems oE 
combustion j n s t a b i l i t y ,  fuel-oxidant  mixing, r egene ra t ive  cooling of 
nozzles ,  a b l a t i v e  nozz le s ,  nozzle  i n s u l a t i n g  coa t ings ,  and spactxraf  t 
curface degradat ion due t o  rocke t  j e t  impingement. 

For f u t u r e  deep space missions a number of p o t e n t i a l l y  a t t r a c t t v e  pro- 
pu l s ion  sys t.erris are receiving, s e r i o u s  cons ide ra t ion ;  however, iiasuf f i c i e n t  
d a t a  e x i s t s  upon which t o  base a s e l e c t i o n .  One of t h e  systems under coni-- 
siderat:i.on u t i l i z e s  space s t o r a b l e  p r o p e l l a n t s .  
program t o  prcwide t h e  necessary engine performance d a t a .  The program 
w i l l  demons!:rate va r ious  p rope l l an t  combinations with f l i g h t - t y p e  s y s t e m s  
t o  proaide r:he base of techncxlogy and hardware t h a t  is requ i r ed  t:o reduce! 
the c o s t  of’ later f l i g h t  hardware development. 

L e w i s  has undert.aken a 

A fu:LL-s(:iilc! Centaur v e h i c l e  was i n s t a l l e d  and operated i n  the  Space- 
c r a f t  I’ropu.ls~.on Research F a c i l i t y .  
prototype tiink p res su r i z ing  system rep lac ing  the  c u r r e n t  pump syateni 
f o r  feeding the p r o p e l l a n t s  !:o t h e  engine.  Work w i l l  cont inue dririr~g the  
coming year  011 the developmerit of t h i s  p r e s s u r i z i n g  sys  tern. 

This v e h i c l e  w a s  equipped with a 

E l e c t r i c  rockets f o r  deep space propuls ion have bene f i t ed  g r e a t l y  from 
t h e  work i n  t h e  Electric Propulsion Research Building and t h e  newer 
E l e c t r  IC Pi:opulsion L a b o r a t r ~ y  . 
tanks where t h e  space environments e s s e n t i a l  t o  electric propuls  Lon re- 
search are npproximated. 

These bu i ld ings  con ta in  man:y l a r g e  vacuiim 

KPM 36 



Many devices  f o r  power genera t ion  i n  space are being s tud ied .  The 
s o l a r  c e l l  ccnve r t s  s u n l i g h t  d i r e c t l y  i n t o  e l e c t r i c i t y .  Batteries and 
f u e l  c e l l s  ccnver t  s to red  chemicals i n t o  e l e c t r i c i t y .  For a l a r g e  and 
sus t a ined  pober supply,  however, an adap ta t ion  of t h e  famil iar  tu rb ine  
dr iven  genera tor  seems most p r a c t i c a l .  To achieve  t h e  tremendous weight 
reduct ion  necessary t r i l l  r e q u i r e  i n t e n s i v e  r e sea rch  and development. 
Ins tead  of steam, t h e  tu rb ines  w i l l  be d r iven  by l i q u i d  metal vapor 
(Rankine cyc le)  o r  by heated gas  (Brayton c y c l e ) .  The only  way to 
r e j ec t  t h e  waste  hea t  is  by d i r e c t  r a d i a t i o n  t o  space ,  so  very  li3Kge 
r a d i a t o r s  w i l l  be  r equ i r ed .  High r o t a t i v e  speeds t o  reduce weight 
produce requirements  f o r  new des igns  of compressors, t u r b i n e s ,  bear inFs 
and e l e c t r i c  genera tors .  The hea t  source w i l l  probably be a nucLear 
r e a c t o r .  

Various prcblems i n  connect ion wi th  t h e  development of nuc lea r  power 
systems and nuc lear  rocke t s  a r e  conducted a t  the  Plum Brook Stat:Lon. 
A 60-megawatt thermal r e a c t o r  f a c i l i t y  i s  used t o  determine the  e f f e c t s  
of r a d i a t i o n  on materials,  on var ious  e l e c t r o n i c ,  hydrau l i c ,  and rrlechanical 
c o n t r o l  systems,  and on i t e m s  of equipment. 

A 28 m i l l i c n  d o l l a r  Space Power F a c i l i t y  has  been placed i n  o p e r a t i m  
a t  Plum Brook where nuc lea r  powered e lec t r ic  genera t ing  systems can b83 
operated under s imulated space environment condi t ions  f o r  long per iods  
of t i m e .  The f i r s t  system t o  be i n s t a l l e d  was a compressor-turbine u n i t  
f o r  a Brayton cyc le  e l ec t r i c  power genera t ing  system. 

Another type of e l e c t r i c  genera tor  and another  source of energy are  
more d i s t a n t  prospec ts .  A stream of ionized plasma flowing through a 
c o i l  w i l l  genera te  e l e c t r i c i t y  i n  t h a t  c o i l  (magnetohydrodynamic:;:). rhe 
success  of t h i s  e f f o r t  and of r e l a t e d  a c t i v i t i e s  depends l a r g e l y  (in tne 
development of superconducting e l ec t r i c  magnets. The L e w i s  Reseilrch 
Center has been a l eade r  i n  t h i s  f i e l d ,  and has  cons t ruc ted  a magnet 
with a f i e l d  of 150,000 gauss  over  a twelve-inch bore.  A new f a c i l i t y  
f o r  conducting r e sea rch  on plasma turbulence ,  d i f f u s i o n  and hea t ing  i s  
under cons t ruc t ion .  Known as t h e  "Bumpy Torus" i t  w i l l  u t i l i z e  1;cgelve 
superconducting magnets t o  compress a stream of deuterium plasma and 
f o r c e  i t  t o  flow i n  a roughly c i r c u l a r  pa th ,  thus  avoiding the  lil1:ge 
en te r ing  and leaving  l o s s e s  encountered wi th  e x i s t i n g  open-end f a c i l i t i e s  
Data obtained wi th  t h i s  f a c i l i t y  may a i d  i n  t h e  u l t i m a t e  development Df 
a con t ro l l ed  fus ion  r e a c t i o n  device .  

The perforaance of propuls ion and power genera t ion  systems,  laiinch 
v e h i c l e s ,  s p a c e c r a f t ,  and p r a c t i c a l l y  a l l  hardware is paced by phys ica l  
l i m i t a t i o n s  cf  a v a i l a b l e  m a t e r i a l s .  The Center has  maintained a :sub- 
s t a n t i a l  m a t e r i a l s  research  e f f o r t  aimed a t  r a i s i n g  these  l i m i t a c l o n s  and 
improving coaponent and system performance. A c t i v i t y  covers  t h e  e n t i r e  
temperature range of m a t e r i a l s  usage going from t h e  cryogenic  t.einperature 



of l ic ju i f ied  gases  t o  the  high temperatures encountered i n  the  rocket 
nozzles  of a i r c r a f t  engine combustors and tu rb ine  wheels. I f a t e r i a l s  re- 
search includes both fundamental s t u d i e s  of what makes materials s t rong  
o r  weak ar.d t h e  development of new materials.  "Super1' a l l o y s ,  c:orrosion 
r e s i s t . an t  coa t ings ,  u l t r a  pure tungs ten ,  and composites made of metal  
whiskers ,  f i b e r s ,  o r  s i n t e r e d  granules  are among the  many concepts being 
inves t.igat ed . 

The NASA Aerospace Safe ty  I n s t i t u t e  i s  loca ted  a t  t he  L e w i s  C c  ante r .  
The 1ristit:iite's s t a f f  of s p e c i a l i s t s  surveys the  research  needs and 
direct:s research e f f o r t s  i n  t h i s  f i e l d .  A d a t a  bank of research  irifor- 
matiori i s  k i n g  compiled and ca ta loged  f o r  ready access .  A computer 
sys t en  and d a t a  r e t r i e v a l  methods a r e  being e s t ab l i shed  t o  provi,de the  
s a f e t y  information t o  r eques to r s .  

DESCRIPTION : - ___--- 

The L e w i s  Research Center occupies  two sites i n  no r th  cen t r a  1 Ohio. 
The o lde r  orie was es t ab l i shed  i n  1941 on 200 acres ad jacent  t o  the 
Clevelaiid-Hopk:Lns I n t e r n a t i o n a l  A i rpo r t .  The o r i g i n a l  area has been ex- 
panded 'to 304  a c r e s .  Here t h e r e  are over 90 bu i ld ings ,  including two 
l a rge  supersonic  wind t u n n e l s ,  two zero g r a v i t y  research  f a c i l i t i e s  1 f r e e  
drop  s h . i f t s ,  one of which is an underground evacuated s h a f t  477 f e e t  deep 
i n  which z e i : ~  g r a v i t y  du ra t ions  of about 10 seconds are ob ta ined ) ,  a 
larg P :opu:L;ion Systems Laboratory i n  which f u l l - s c a l e  engines a r e  
operated under simulated h igh -a l t i t ude  condi t ions ,  t h ree  rocke t  
l a b o r a t o r i e s ,  :Five ma te r i a l s  research  bu i ld ings ,  e ighteen  major spact! 
s imulat ion f a c i l i t i e s  ranging from four  t o  t h i r t y  f e e t  i n  d iameter ,  ;I 

50-foot diain3ter Space Power Chamber 120 f e e t  long i n  which altiti,tde:o 
up t o  100,OO~I Feet are s imulated,  an Energy Conversion Laboratory,  ail 

Instrument Ilesearch Laboratory,  a High Energy Fuels Laboratory,  a 
Chemistry La>ora tory ,  an Eng hie Research Building containing 6 4  t l?st  
c e l l s  a i d  covering near ly  four  acres,  four  o f f i c e  bu i ld ings ,  machine 
shops and o t h e r  s e r v i c e  bu i ld ings .  

A newer s i t e ,  e s t ab l i shed  in1 1956, is loca ted  south of Sandusky, Oliio, 
about f i f t y  n i les  w e s t  of Cleveland, on land formerly occupied by thi! 
Plum Brook 13rdTiance Works. i<nown as t h e  Plum Brook S t a t i o n ,  i t  c:ccul,ies 
7 ,837  a c r e s  o f  which 7 ,787  arle owned by the  Government and f i f t 3 -  a r e  i n  
easements. 

There a r e  over 200 buil.clingis on the  Plum Brook s i t e ,  55 b u i l t  lby t i e  
NASA and the  r e s t  by the  former t enan t s .  The major f a c i l i t i e s  irclucle 
a Reactor F a c i l i t y ,  an Alt.it.ude Rocket T e s t  F a c i l i t y ,  a CryogenJ.1 P r  )- 
pellant:  Research F a c i l i t y ,  Heat Transfer  F a c i l i t y ,  a Spacecraf t  

RPM 38 



Dynamics Research F a c i l i t y  , a Rocket Pump Laboratory,  a Rocket Turbirle 
Laboratory,  i i  Rocket Turbo-pump Laboratory,  a Rocket Systems Hydraulic 
Laboratory and a Fluorine Pump Laboratory. The la tes t  major research 
f a c i l i t i e s  t o  he  completed are t h e  Spacecraf t  Propulsion Research 
F a c i l i t y  t o  t e s t  t h e  i g n i t i o n  and ope ra t ion  of f u l l - s c a l e  rocke t  
engines af tar ii prolonged shut-down period i n  a space environment, ar1.d 
t h e  Space Power F a c i l i t y  for t e s t i n g  f u l l - s c a l e  nuc lea r  powered elect r ic  
generating systems. Nearing completion is  a Hypersonic Tunnel F a c i l j  t y  
i n  which buining ramjet engines can be operated a t  speeds up t o  Mach 7. 
The r e sea rch  programs a t  Plum Brook are under t h e  t e c h n i c a l  d i r ec r io r l  
of personne:L loca ted  a t  Cleveland. They are conducted a t  t h e  l a r g e r  
s i te  because of the need f o r  l a r g e  s e p a r a t i o n  d i s t a n c e s  t o  minimize 
hazards .  

The t o t a l  c a p i t a l  investment of t h e  L e w i s  Research Center includinp; 
f ixed  assets i n  progress ,  and contractor-held f a c i l i t i e s  a t  v a r i o u s  
l o c a t i o n s ,  a : 3  of June 30, 1970, w a s  $398,051,000, of which $1:15,3:15,000 
r e p r e s e n t s  f a c i l i t i e s  l oca t ed  a t  t h e  Plum Brook S t a t i o n .  

SUMMARY --- OF ItESOURCES REQUIREMENTS: 

(Dollars i n  Thousands) 
1972 --__- - 19 70 1971 

Authoicized permanent p o s i t i o n s ,  
.3 , 8j'9 

Research arid Program Management.. . . . $73,895 $77,094 $7'7,806 
end of 1 -7 ear.. . . . . . . . . . . . . . . . . . . . . . 4,201 4,087 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

SPACE NUCLEAR SYSTEMS OFFICE 

M I  SSION : 

The j Dint AEC-NASA Space Nuclear Systems Off i c e  is re spons ib l e  f o r  planninp; 
and dirlecting <programs t o  e s t a b l i s h  t h e  technology and development of f l i g h t  
q u a l i f i e d  nuc lear  propuls ion and nuc lear  e l e c t r i c  power sys  terns f lor iise i n  
space.  

Important a spec t s  of t hese  func t ions  include:  (1) t he  development of t he  
75,000 pound tlnmst NERVA engine,  (2) t h e  planning and management of the  
program to  devlelop a r eusab le  nuc lear  s t a g e ,  (3) planning and mmageinent <of 
var ious  programs t o  advance nuclear  propuls ion technology, (4) t.he dlwelop- 
ment of nuc lear  e l e c t r i c  power systems, and ( 5 )  t he  planning and man4igement 
of programs t o  advance t h e  technology of nuc lear  e l e c t r i c  power systlzms. 

DESCRIPTION : 

The Space  Nuclear Systems Of f i ce  is a j o i n t  AEC-NASA o f f i c e  arid wars 
e s t ab l i shed  under Interagency Agreement t o  manage a l l  a spec t s  of: t he  space 
nuc lear  power and space nuc lear  propuls ion programs. 

The o f f i c e  c lons is t s  of a Headquarters group loca ted  a t  AEC Hedquai r te rs ,  
Germantown, Maryland and t h r e e  ex tens ions ,  loca ted  i n  Ohio, New Mexi':o 
and Nevada. 

The Space Nuclear Systems O f f i c e  is charged wi th  the  respons ib i l i t iy  f o r  
t he  management of t h e  Nuclear Rocket Development S t a t i o n  (NRDS). Tbi? 
Nuclear Rocket Development S t a t i o n  is l oca t ed  on a 78,000 acre s i t e  3d- 
j a c e n t  t o  t h e  AEC's Nevada Test S i t e  approximately 90 miles northwest of 
Las Vegas in southern Nevada, and is t he  national s i t e  f o r  t h e  s t a t i c  
ground t e s t i n g  of r e a c t o r s ,  engines and even tua l ly  of v e h i c l e s  assockated 
wi th  nuclear  rocke t  development. 

The t o t a l  capital  investment of NASA-funded f a c i l i t i e s ,  inc luding  Eixed 
assets i n  progress  and cont rac tor -he ld  f a c i l i t i e s  a t  va r ious  locatioias as 
of June 30, 1970, w a s  $53,172,000. 

SUMMARY OF RESOURCES REQUIREMENTS: - --- 

(Dol la rs  i n  Thouisands) 
1972 --. 1970 19 71 

Authorized permanent p o s i t i o n s ,  
end of year........................... 114 114 108 

Research aad Program Management ......... $2,282 $2,519 $2,588 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

_ _  NASA HEADQUARTERS 

MISSION : -___- 

The m Lssion of t he  Nat ional  Aeronautics and Space Adminis t ra t ion Ht!adquarters 
is t o  plan and provide execut ive  d i r e c t i o n  f o r  t h e  programs authorizc!d by the 
Congress, and 110 implement t h e  n a t i o n a l  ob jec t ives  s t a t e d  i n  the Nat:i.onal 
Aeronautics ,md Space A c t  of .L958, as amended. The p r i n c i p a l  s t a t u t o r y  
func t ions  a r e  : 

1. To conduct research  i n t o ,  and f o r  t h e  s o l u t i o n  o f ,  probleins of f l i g h t  
with.Ln and ou t s ide  t h e  e a r t h ' s  atmosphere and t o  develop,  coxs t ruc t ,  
test:, and ope ra t e  ae ronau t i ca l  and space veh ic l e s  f o r  resc2arc:h 
purposes. 

2.  To conduct a c t i v i t i e s  r equ i r ed  f o r  t h e  exp lo ra t ion  of space wi th  
manned and unmanned veh ic l e s .  

3. To xcrange f o r  p a r t i c i p a t i o n  by the  s c i e n t i f i c  community in  Iilanning 
scient:if i c  measurements and observa t ions  t o  be  made through iise o f  
ae ronau t i ca l  and space v e h i c l e s ,  and conduct o r  a r range  f o r  1:he con- 
duc t  of such measurements and observa t ions .  

4 .  To p:covide f o r  t h e  wides t  p r a c t i c a b l e  and appropr i a t e  dissemxnation 
of :information concerning i t s  a c t i v i t i e s  and t h e  r e s u l t s  t h e ~ ~ e o f .  

The fol lowing o f f i c e s  a t  Headquarters assist management i n  carryins:  ou t  the 
t echn ica l  a spec t s  of t h i s  mission : 

---- Off ice  of Manned Space F l i g h t  - Responsible f o r  a l l  NASA act ivi t ie : ;  d i r e c t l y  
involving maimed space f l i g h t  mi s s ions .  Programs inc lude  : 

-~ A g L l o  -- Based on the  demonstrated n a t i o n a l  c a p a b i l i t y  f o r  mannecl space 
exp.Loral:ion, t o  conduct s c i e n t i f i c  exp lo ra t ion  of t h e  moon th'roul:h luna r  
orb:Ltal m d  luna r  su r face  ope ra t ions .  

-:e -- F:L s i t  Operat ions - To expand c a p a b i l i t i e s  t o  conduct sc ie r i t i f  i c ,  
t echnologica l  and appl ied  ope ra t ions  i n  space through f l i g h t s  of in- 
c reas ing  du ra t ion  and complexity,  i n i t i a l l y  using Apollo hardwart! o r  
d e r i v a t i v e s  of Apollo hardware; development of a f u l l y  reusab Le sipace 
transpoi: eat ion sys  t e m ;  and progress ing  t o  an o r b i t a l  space s t i a t  ion.  
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--__ Advanced Missions - To plan a broad program of explora t ions  which w i l l  
achieve and. maintain a balanced program of space opera t ions  and explo- 
r a t i o n  f o r  t h e  United Stat.es. 

The Of'fice of Manned Space F l i g h t  has  launch r e s p o n s i b i l i t y  f o r  major 
manned and unmanned missions.  The t h r e e  i n s t a l l a t i o n s  p r imar i ly  concerned 
with t h e  mannec. space f l i g h t  programs are: t h e  George C .  Marshall. SFace 
F l i g h t  Center ,  inc luding  Missi s s i p p i  T e s t  F a c i l i t y ,  Michoud Assembly 
F a c i l i t y ,  anti S l i d e l l  where a computer f a c i l i t y  is loca ted ;  the  Yanned 
Spacecraf t  C:ent.er , including NASA ac t iv i t i e s  a t  t h e  White Sands 'Test 
F a c i l i t y ;  anti t.he John F. Kennedy Space Center ,  NASA, inc luding  NASA 
a c t i v i t i e s  ai: t h e  Eas te rn  and Western T e s t  Ranges. 

----- Off i ce  of !@tee Science and e l i c a t i o n s  - Responsible f o r  t h e  SASA 
automated SFIILCE! f l i g h t  program d i r e c t e d  toward 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 he  solar. system u t i l i z i n g  ground based, a i r b o r n e ,  and space techliiques 
including sounding rocke t s ,  e a r t h  satel l i tes  and deep space probes ; f o r  
s c i e n t i f i c  carperiments t o  b e  conducted by man i n  space and f o r  t h e  
s c i e n t i f i c  t.i:ai.ning of a s t ronau t s  ; f o r  the  research  and development cf 
space f l i gh t .  a p p l i c a t i o n s  i n  such areas as meteorology, communicatiors , 
naviga t ion ,  geodesy and e a r t h  resources  surveys,  and f o r  t h e  support 
of ope ra t iona l  systems using t.hese developments ; and f o r  t h e  deve:topn e n t  , 
procurement and use of l i g h t  and medium c l a s s  launch v e h i c l e s .  

The Off ice  of' Space Science and Appl ica t ions  has over -a l l  i n s t i t u t i o n a l  
r e s p o n s i b i l i t y  f o r  NASA i n s t a l l a t i o n s  pr imar i ly  involved i n  space sc ience  
and app:Licat::ions programs. These are the  Goddard Space F l i g h t  Ceritex , 
Wallops S t a t i o n ,  t h e  Jet Propulsion Laboratory (a Government-owned 
f a c i l i t y  opeirated f o r  NASA by t h e  C a l i f o r n i a  I n s t i t u t e  of Technology) , 
and the  NASA Pasadena Of f i ce ,  a component f i e l d  a c t i v i t y  of Headquarters. 

---- Off i c e  of Advanced Research - and Technology - Responsible f o r  the  pl annirig , 
d i r e c t i o n ,  execut ion,  eva lua t ion ,  documentation, and disseminat ion of t he  
r e s u l t s  of i t 1  NASA research  and technology programs t h a t  are  conduct ed 
primari:Ly t o  demonstrate t he  f e a s i b i l i t y  of a concept,  s t r u c t u r e ,  coniponerit, 
o r  system and which may have gene ra l  a p p l i c a t i o n  t o  t h e  n a t i o n ' s  aercaaut ical .  
and space ob-ject ives .  
t o t a l  program of support ing research  and technology r e l a t e d  t o  cairryj ng ou t  
specific: flitghi: missions i n  order  t o  avoid unnecessary dup l i ca t ion  arld t o  
insure  an inlregrated and balanced agency research  program. 

This  o f f i c e  is a l s o  r e spons ib l e  f o r  coord ina t ing  NASA' s 

In  a d d i t i o n ,  t h i s  of f  i c e  has  ove r -a l l  i n s t i t u t i o n a l  r e s p o n s i b i l l  t y  f o r  the  
research  ceri t e n  pr imar i ly  involved i n  ca r ry ing  ou t  NASA's advanced 1,esearch 
programs. These i n s t a l l a t i o n s  are: t h e  A m e s  Research Center ,  t h e  F;.ight 
Research Cer i  tei: , t h e  Langley Research Center,  t he  L e w i s  Research Ceni.er and 
t h e  Space Nuclear Sys t e m s  Off ice .  
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Off ice  of h a c k i n g  -I_--- and Data Acquis i t ion  -__ - Responsible f o r  t he  cic~vel~~pment,  
implementation, and ope ra t ion  of t r ack ing ,  d a t a  a c q u i s i t i o n ,  command, communi-- 
c a t i o n s ,  and d a t a  processing f a c i l i t i e s ,  systems and s e r v i c e s  requirelj f o r  
NASA f l i g h t  missions.  This  of f  i ce  is a l s o  respons ib le  f o r  agency-wid,? 
coordinat ion of t h e  management of automatic  d a t a  processing systems aad 
se rv ices .  I n  a d d i t i o n ,  t h i s  o f f i c e  provides f o r  cen t r a l i zed  planning and 
systems management f o r  t h e  admin i s t r a t ive  communications a t  NASA i n s t s l l a t i o n s .  

-____I__-- 

The _I____I____ NASA Pasadena Off ice  _I - Pasadena, C a l i f o r n i a ,  is a component f i e l d  
a c t i v i t y  of the NASA Headquarters Off ice  of Space Science and App l i ca t ions ,  
1 ts r e s p o n s i b i l i t i e s  are  t o  n e g o t i a t e  and adminis ter  NASA cont.racits wi th  
t h e  C a l i f o r n i a  I n s t i t u t e  of Technology f o r  t he  opera t ion  of t he  . J l ? t  P r o -  
pu ls ion  Laboratory ; provide pa t e n t  and technology u t i l i z a t i o n  s e r v i c e s  as 
they r e l a t e  t o  p r ime  and subcont rac ts  a t  t he  Jet  Propuls ion Laboratory;  
and perform such a d d i t i o n a l  procurement, con t r ac t  admin i s t r a t ion ,  corrmuni-. 
c a t i o n s ,  and o the r  func t ions  a s  may be assigned by the  Assoc ia te  Adminis t ra tor  
f o r  Space Scier.ce and Appl ica t ions .  

DESCRIPTION : -____ -- 

The NASA Headquarters i s  loca ted  a t  400 Maryland Avenue, S . I d . ,  lu’ashington, 
D . C . ,  arid al.so occupies o the r  bu i ld ings  i n  t h e  Distr ic t  of Columbia zind 
nearby Virg in ia .  Except f o r  some o f f i c e  space leased  i n  t h e  D i s t r i c t  of 
Columbia and a s to rage  a rea  i n  Vi rg in i a ,  personnel  occupy Government- owned 
builti ings .  The NASA Pasadena Of f i ce  is phys ica l ly  loca ted  a t  the  Jet. 
Pro.;,uls:ion 1,abboratory i n  Pasadena, C a l i f o r n i a .  

SUMMARY OF IU2SOURCE S RQU IREIIENT S : .-.-__-_.- __l_- I_ 

(Dol la rs  i n  Thousands: 
11.9 7 2 - _- -_ 1970 1 9 7 1  ___ I - -. 

Au thorizetl  Permanent P o s i t  i ons  , 
end of y ? a r . . . . . . . . . . . . . . . . . .  ........ 2 ,126  1 , 8 9 7  .I. , 800 

Research and Program Management.. . . . . . . $63,158 $ 6 4 , 5 6 3  $5‘1,681 
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John F. Kennedy Space Center ,  NASA..... 
Manned S p a c e c r a f t  Center.. . . . . . . . . . . . . .  
Marshal l  Space F l i g h t  Center........... 

Goddard Space F l i g h t  Center.. . . . . . . . . . .  
Wallops Station........................ 
J e t  Propuls ion  Laboratory.  ............. 
Ames Research Center................... 
E l e c t r o n i c s  Research Center............ 
P l i g h t  Research Center................. 
Langley Research Center................ 
Lewis Research Center.................. 
Space Nuclear  Systems Office... . . . . . . . .  

NASA Headquarters :  
Headquar te rs  ......................... 
NASA Pasadena Office... . . . . . . . . . . . . . ,  

Var ious  Locations...................... 

F--214+.. Planning and Desig E........... 

i o t a 1  auagec r i a n  .................... 

.......... ......... 
NAILUNHL. H C K U N H U l l L . 5  H N U  arnb.o ~ U L . I I I ~ L J I N I I L V L I  

FISCAL YEAR 1972 ESTIMATES 

SUMMARY OF APPROPRIATION BUDGET PLANS BY INSTALLATION 

( I n  m i l l i o n s  of d o l l a r s )  

Research and Development 
2970 - 1971 __ 1972 - 
267.0 

1,019.7 
732.3 

432.0 
9.9 

161.4 

64.7 
7.3 

10.9 
106.7 
111.6 

33.6 

(153.3) 
153.3 --- 

--- 
- - -  

3,iiG.G 

182.6 
612.4 
618.6 

463.9 
9.2 

152.0 

81.3 
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103.8 
132.4 

35.3 

(150.9) 
150.9 

--- 

-_ -  
---  
--- 
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L , J J J . "  

196.5 
459.2 
624.5 

445.2 
9.7 

207.8 

67.1 

20.6 
206.5 
134.6 

13.3 

(132.7) 
132.7 

- -_ 

--- 
- -_ 
--_ 

- r - 7  ., 
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:ons t ruc t ion  of F a c i l i t i e s  
1970 __ 1971 - 1972 - 

Research and Program 
Management 

_._ 1970 1971 1972 
97.6 

106.6 
125.7 

86.4 
9.7 --- 

37.6 
19.1 
10.3 
69.9 
73.9 

2.3 

(63.1) 
61.3 

1.8 

--- 
- - -  - 

7 0 2 . 2  - 

97.2 
109.1 
142.4 

91.2 
10.1 --- 
39.9 

10.9 
73.4 
77.1 
2.5 

-__  

(64.6) 
63.1 

1.5 

- -_ 
--- - 

719.': - 

95.6 
106.2 
130.2 

90.3 
10.0 - - -  

39.7 

11.0 
74.2 
77.9 

2.6 

(59.7) 
58.4 

1 .3  

- -_ 

--- 
--- - 

597.4 - 

T o t a l  
- 1970 - 1971 - 1972 

377.1 

858.0 

519.1 
20.1 

161.4 

102.3 
26.4 
21.2 

181.4 
185.5 

35.9 

(21 6.4) 
214.6 

1.8 

26.4 

3.5 

3,862.7 

1,128.0 
280.4 
721.5 
761.0 

557.0 
19.3 

154.0 

121.2 

23.5 
177.2 
209.5 

37.8 

(215.5) 
214.0 

1.5 

16.0 

4.5 

1,798.b 

--- 

307.3 
565.4 
754.7 

535.5 
19.7 

207.8 

113.3 

31.6 
280.7 
212.5 

15.9 

(192.4) 
191.1 

1.3 

31.1 

3.5 

1 ; ? 7 1  .4 

--- 
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NATIQlAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTWTES 

DISTRIBUTION OF RESEARCH AND D E V E L O F " T  BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(Thousands of d o l l a r s )  

PROGRAW OFFICE 

Off ice  of Manned Soace P l i g h t  

1970...................... 
1971...................... 
1972 ...................... 

Off ice  of Soace Science and 
Apol ica t ions  

1970 ...................... 
1971...................... 
1972 ...................... 

Off ice  of Univers i ty  A f f a i r s  

1970 ...................... 
1971...................... 
1972...................... 

Off ice  of Advanced Research 
and T e c h n o l o a  

1970...................... 
1971...................... 
1972...................... 

Off ice  of Tracking and Data 
Acquis i t ion  

1970...................... 
1971 ...................... 
1972...................... 

Off ice  of Technolorn 
U t i l i z a t i o n  

1970 ...................... 
1971...................... 
1972 ...................... 

Total Budnet Plan 

1970... ................... 
. T i . . . . . . . . . . . . . . . . . . . . . . .  

1972 ...................... 
.... 

- 
ro t a1  - 
,029.967 
,431,100 
,286,475 

519.529 
565,700 
750.400 

7,000 -__  -_-  

270.931 

212.825 
264.200 

278,000 
290.000 
264,000 

5,000 
4,000 
4,000 - 

,110,427 

,517,700 

...... ,,,.""" 

~ 

Kennedy Manned Harsha l l  Coddard Jet Ames E l e c t r o n i c s  F l i g h t  Langley Lewis Space Nuclear 
Space Spacecraf t  Space F l i g h t  Space P l i g h t  Propuls ion  Wallops Research Research Research Research Research Systems NASA 
Center Can t a r  Center Center Laboratory S t a t i o n  Center Center Center Center Center O f f i c e  Headquarters 
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12,000 
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MTIaAL AKROIAUIICS MD SPACK AD"ISTRAT1a 
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3 . m  
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_ _ _  
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15.370 

112.400 
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4,166 
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69,741 
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88 

3.32 
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-__ - __- -_- 

.- 
-0 

415.503 

29.149 

17.191 
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25.361 
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38.910 
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3,288 

14 

-6 
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25 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1972 ESTIMATES 

J E T  PROPULSION LABORATORY _ _ _ - _ ~ - -  

The J e t  Prclpulsion Laboratory (JPL) is a Government-owned f a c i  Lity inanaged 
and operated by t h e  C a l i f o r n i a  I n s t i t u t e  of Technology under a c o n t r a c t  with 
NASA. The c a s t  of ope ra t ing  the Laboratory is funded from the  Research 
and Development appropr i a t ion ,  except f o r  t h e  lease o r  purchase o f  a d n i n i s t r a -  
t ive  a i r c r a f t  and the  purchase of passenger motor v e h i c l e s  which are funded from 
the  Research and Program Management appropr i a t ion  and are included i n  t h e  
NASA Headquarters budget p re sen ta t ion .  The Research and Program Management 
type c o s t s  a r e  presented f o r  purpose of comparison only and are not  a p a r t  
of t h e  NASA F.esearch and Program Management budget. 

MISSION : 

The Jet Propulsion Laboratory perf o m s  a v a r i e t y  of engineer ing,  s c i e n t i f i c  , 
and managememt missions including : 

1. Project: management of complete automated s p a c e c r a f t  systems f o r  plane- 
t a r y  e!xpI.oration. 

2.  Operation of t h e  Deep Space Network including t r ack ing  and da ta  
a c q u i s i t i o n  ac t iv i t i e s  r equ i r ed  by p l ane ta ry  f l i g h t s  , as we l l  a s  back- 
up t o  t h e  Manned Space F l i g h t  Network. 

3. A con t:inuing program of support ing r e sea rch  and technology. 

S p e c i f i c  taraniples of t h e  Jet Propulsion Laboratory 's  a c t i v i t y  i n  these 
areas are: 

P l a n e t a r y E 3 ) l o r a t i o n  - - The Mariner series of automated s p a c e c r a f t  w a s  
designed a t  t h e  Jet Propulsion Laboratory. The Laboratory has been respon- 
s i b l e  f o r  t h e  p r o j e c t  management of a l l  Mariner missions including the 
i n t e g r a t i o n , ,  assembly, and t e s t i n g  of t he  s p a c e c r a f t .  Five of t h e s e  
s p a c e c r a f t  hiavt? been s u c c e s s f u l l y  launched s i n c e  1962--two t o  Venus and 
t h r e e  t o  Mars---providing a wealth of s c i e n t i f i c  information on these  
p l a n e t s .  T h e  program revealed t h e  unsuspected e x i s t e n c e  of craters cln Mars 
(Mariner I V ) .  Two more missions t o  the  p l a n e t s  are planned f o r  1971 (Mars) 
and 1973 (Venus and Mercury). 

In  1975, itlie Viking mission c o n s i s t i n g  of two launches t o  Mars .is 
planned. 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 l ande r .  l 'he 
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Langley Research Center has r e s p o n s i b i l i t y  f o r  t h e  ove r -a l l  Viking p r o j e c t  man- 
agement and development of t h e  l ande r ,  while  JPL has r e s p o n s i b i l i t y  f o r  develop- 
ment of t he  o rb i te r ,  s p a c e c r a f t  naviga t ion ,  and t r ack ing  and dataa a c q u i s i t i o n .  
The spac:ecrad't w i l l  o r b i t  Mars, s e p a r a t e  a lander  capsule  which w i l l  e n t e r  
t he  Mart.ian titniosphere and s o f t  land on the  s u r f a c e  of t h e  p l a n e t .  O r b i t a l ,  
e n t r y ,  and Iandied sc i ence  d a t a  w i l l  be c o l l e c t e d  and t r ansmi t t ed  t o  e a r t h .  
The priniary func t ions  of t he  o r b i t e r  is t o  provide s i te  s u r v e i l l a n c e  d a t a  
f o r  use  i n  s e l e c t i n g  t h e  exact  landing s i te  f o r  t he  lander  capsule ,  and 
t o  se rve  as ii xelay s t a t i o n  t o  record  and t ransmi t  t o  e a r t h  d a t a  received 
from t h e  lander.. A t  o t h e r  t i m e s ,  t he  o r b i t e r  w i l l  conduct i t s  own sc i ence  
experiments,  inc luding  the  t ransmission of p i c t u r e s  of t he  Martian s u r f a c e  
back t o  earth, i n f r a r e d  radiometry t o  determine s u r f a c e  t e m p e r a t u r e s ,  in- 
f r a r e d  spect I-onietry t o  d e t e c t  water vapor ,  and r a d i o  experiments t o  c b t a i n  
d a t a  t o  improve p l ane ta ry  naviga t ion  c a p a b i l i t i e s  and provide measurements 
of r a d i o  propagat ion p r o p e r t i e s  and Mars atmospheric da ta .  

The Jet Propuls ion Laboratory w i l l  have management r e s p o n s i b i l i t y  f o r  t h e  
Outer Pl.anet:s hlissions,  a proposed new s ta r t  i n  t h e  FY 1972 Research and 
Developnient tjuclget--which w i l l  send automated spacec ra f t  t o  t he  farttlest 
boundary of our' s o l a r  system t o  ga the r  s c i e n t i f i c  d a t a  on J u p i t e r , ,  Sa turn ,  
Uranus, Nept:unc! and P lu to .  The 1970's p re sen t s  rare o p p o r t u n i t i e s  fcir t he  
exp lo ra t ion  of t h e s e  p l a n e t s  by the  g r a v i t y  assist swing-by method. This 
method explcn ts  t he  unusual alignment of t hese  p l a n e t s  dur ing  t h i s  period--- 
an alignment. t h a t  w i l l  no t  be repeated f o r  179 years--by c a p i t a l i z i n g  on the  
gravitat:ionsr:t p u l l  of each p l ane t  to  propel  t he  s p a c e c r a f t  toward succeeding 
p l ane t s  , thelrehy permi t t ing  the  exp lo ra t ion  of s e v e r a l  of these  p:Lane ts by 
each spacecraf  1 : .  The economic advantages of t h i s  method are r e a d i l y  apparent . 

The developmt!nt of t h e  O u t e r  P l ane t s  spacec ra f t  r e q u i r e s  s t r e t ch ing  the  
s ta te  of t h e  art  i n  s e v e r a l  a r eas  of technology, inc luding  r ad io i so tope  
thermoe:Lectr:ic power; b u i l t - i n  s e l f  t e s t i n g ,  r e p a i r  and adap t ive  c a p a b i l i t y  
which w i l l  zissure r e l i a b l e  performance of t h e  spacec ra f t  f o r  t e n  yeat s ;  
higher  navigiational accuracy,  and g r e a t e r  p la t form s t a b i l i t y .  Develcipment 
of t he  technology necessary f o r  t h e  success  of t hese  missions commenced i n  
1969 anti has progressed t o  the. po in t  where the  f e a s i b i l i t y  of t h e  spacec ra f t  
design concept is  proven. Launches are planned during both the  1976-1977 
and 19 79 oppor tun i t i e s  . 

Supporting Research and Technology - The Jet Propuls ion Laboratory 
maintains  a s t rong  program of suppor t ing  r e sea rch  and technology, and. 
advanced development. Much of t he  knowledge gained from a c t i v e  research  
i n  such areiis its f l u i d  phys ics ,  e l ec t rophys ic s ,  materials, appl ied  
mathematics,  and guidance and c o n t r o l  w i l l  cont inue  t o  be appl ied  t o  pro- 
blems i n  s p i x e  exp lo ra t ion .  

SA 6 



Another a c t i v i t y  of cons iderable  importance is t h e  development and 
f a b r i c a t i o n  of s c i e n t i f i c  experiments t o  be flown on v e h i c l e s  o t h e r  than 
Jet Propulsion Laboratory s p a c e c r a f t .  These inc lude  h igh -a l t i t ude  
ba l loons ,  Aerobee rocke t s ,  NASA a i r c r a f t ,  and e a r t h  o r b i t e r s .  'fie 
s c i e n t i f i c  teams involved i n  these  experiments f r equen t ly  inc lude  f a c u l t y  
members of va r ious  u n i v e r s i t i e s  and s t a f f  members from NASA f i e l d  i n s t a l -  
l a t i o n s .  

Track-eind Data Acquis i t ion  - The Jet Propuls ion Laboratory is 
respons ib le - fa r  t h e  design and opera t ion  of NASA's worldwide Delep Space 
Network.. The Deep Space Network is comprised of t h e  Space Fliglht 
Operations Iyaci l i ty  i n  Pasadena--the nerve cen te r  of t h e  network--and 
t racking  and diata a c q u i s i t i o n  s t a t i o n s  loca ted  i n  C a l i f o r n i a ,  Spain, 
South Af r i c m  and Aus t r a l i a .  The Deep Space Network provides  support  
t o  Jet Propulsdon Laboratory managed f l i g h t  miss ions ,  t o  al l  manned 
Lunar Missions;, and t o  p r o j e c t s  such as Pioneer and Helios which are' 
managed by o t h e r  NASA i n s t a l l a t i o n s .  

DESCRIPTION : 

The .Jet I'1:opulsion Laboratory is loca ted  i n  Pasadena, C a l i f o r n i a ,  
approximateCLy 20 m i l e s  no r th  of downtown Los Angeles. 
f a c i l i t i e s  i m ?  loca ted  a t  Goldstone, C a l i f o r n i a  ( t r ack ing  and data 
acquis:Ltion), Edwards A i r  Force Base, Muroc, C a l i f o r n i a  ( s o l i d  pro- 
p e l l a n t  foionu:Lation and t e s t i n g )  , and Table Mountain, C a l i f o r n i a  
(open air 1:est:ing and astronomy). 

Subsidiary 

A t  Pasadena, t h e  Laboratory occupies 175.5 acres of land of which 
145.9 acres are owned by NASA and 29.6 acres are l eased .  
f a c i l i t i e s  a r e  loca t ed  on land occupied under permit from t h e  Amy. 
Edwards Ai* r  Force Base, f a c i l i t i e s  are loca ted  on land occupied undtizr 
permit froin t h e  A i r  Force. 
on land occupied under permit from t h e  Fores t  Serv ice  of t h e  Departtnent 
of Agricu l ture .  The c a p i t a l  investment of t h e  Jet Propuls ion I.abor*itory, 
inc luding  t h e  Deep Space Network, f i xed  assets i n  progress  and con t r ac to r  
held f a c i l i t i e s ,  as of June 30, 1970, w a s  $231,468,000. 

A t  Goldstone, 
A t  

Facil i t ies a t  Table Mountain are locateci 

SUMMARY --- OF RESOURCES REQUIREMENTS: 

(Dol la rs  i n  Thousands) 
1972 -- 1970 1971 

Authorized penaanent p o s i t i o n s ,  

Research and Program Management 
end of year.......................... 4,200 4,200 3,990 

t y p e  c o s t s  ........................... $87,600 $94,820 $91,057 
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NATIONAL AERONAUTICS AND SPACE ADMIN1STRAT:CON 

FISCAL YEAR 1972 ESTIMATES 

SUMMARY OF AERONAUTICAL RESEARCH AND TECHNOILOGY 
OFFICE OF ADVANCED RESEARCH AND TECIINOLOE- 

(Millions of doL:l.ars) 
1971  1972 -- - 1970 - 

A ~ j ~ c p  r i  a t i on 

Research and Development.. .............. 95.7 102 .o 110.0 

6.5 _--_ Construction of F a c i l i t i e s .  ............. 4.8 

98.2 

T o t a l .  ................. .............. 198.9 195.6 214.7 

-- Research and Program Management.. ....... 98.4 93.6 

-- -- - 
Number of d i r e c t  pos i t i ons  (end year) 

as so^: Lated with Aeronautical  Research 
.and Technology. ....................... 3,927 3,894 3 !, 90 i 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Automatic Data Processing Equipment 

General Statement 

The uses  of (computers by NASA are d iv ided  i n t o  two c a t e g o r i e s :  Category A, 
gene ra l  purpose use,  and Category B y  s p e c i a l  purpose use.  Category A uses  
inc lude  a l l  equipments t h a t  can s e r v i c e  m u l t i p l e  users .  Within t h i s  
category continuous improvements i n  management and programming t:echnLques, 
coupled w i t h  t h e  experience gained on t h i r d  genera t ion  computers, have re- 
s u l t e d  i n  pas t  r educ t ions  of t he  number of computers i n  t h i s  category.  These 
reduct ions  were accomplished whi le  s t i l l  tak ing  care of t h e  inc reas ing  
requirements f o r  d a t a  processing services. Numbers of Category A computers 
f o r  FY 1971 r e f l e c t  a s l i g h t  i n c r e a s e  due t o  t h e  a d d i t i o n  and use of remote 
processing devices  t o  t h e  b a s i c  systems. 
computers are: 

The areas of use f o r  our  Category A 

The s c i e n c e  and en- area, which inc ludes  all t he  
resear-c<lations , engineer ing computations , and d e t a i l e d  
a n a l y s i s  of s c i e n t i f i c  d a t a .  

The d a t a  reduct ion  a r e a ,  which inc ludes  t h e  processing 
necessary t o  g e t  experimental  and ope ra t ions  d a t a  i n t o  a 
useable  form f o r  t h e  experimenter.  

--- Mis,sion c o n t r o l ,  which inc ludes  no t  only t h e  a c t i v e  mission 
conit:rol computations but  a l s o  those  mission support  a c t  i v i -  
t i e s  rlecessary f o r  e f f e c t i v e  con t ro l .  

The s imula t ion  area, which covers  t h a t  p a r t  of d i g i t a l  data 
proc:z;sing t h a t  a c t u a l l y  r ep laces  analog s imula t ion  functioris . 
The - bus iness  and admin i s t r a t ion  area, which covers  both 
bus iness  d a t a  processing and engineer ing support  d a t a  processing 
suc:h LLS master conf igu ra t ion  lists f o r  our  l a r g e  systems, 

The Category B uses ,  o r  special purpose a p p l i c a t i o n s  of computers ,, are 
pr imar i ly  rsrnalL1 computers i n t e g r a t e d  i n t o  o v e r a l l  o p e r a t i o n a l  systems i n  
such a way iaS t o  make i t  imprac t icable  t o  use  them f o r  other func t ions .  
Most of our ins t rumenta t ion  f a c i l i t i e s  , inc luding  wind tunnels  , utill.ize 
small c:ompiiteirs w i th in  t h e  t o t a l  system as c o n t r o l  o r  d a t a  acqu i s i txon  
devices ,  bu t  t hese  r ep resen t  only a minor p a r t  of t h e  ins t rumenta t ion  
f a c i l i r i e s  ,supported. 

The use  o E  ! m a l l  separate computers ("mini" computers) t o  perform many 
s p e c i a l  t a s ' k s  i n  complex phys ica l  systems is a c c e l e r a t i n g  rapid.ly diie t o  
t he  c o s t  per  computational capac i ty  of t h e s e  devices  which has  been 
dec l in ing  dra ina t ica l ly  i n  t h e  p a s t  s e v e r a l  years .  Not only does th(! use  
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of t h e s e  s m a l l  computers r e s u l t  i n  lower o v e r a l l  system c o s t s  bu t  t h e  
v e r s a t i l i t y  m d  range of t h e  o v e r a l l  system has been enhanced. 
NASA i s  expericmcing a r ap id  growth i n  numbers of i n s t a l l e d  computers; b u t  
a t  a modest increase i n  c o s t .  To i l l u s t r a t e  t h i s  phenomena, F igu re  :I. is  
shown. I n  ou r  p re sen t  inventory,  one percent  of our  i n s t a l l e d  c o s t s  of 
computers r ep resen t  15% of t h e  number of computers as compared w i t h  11.1% as 
of las t  year .  Th i s  t rend w i l L  become even more evident  i n  l a t e r  ‘yeai‘s and 
has imp l i ca t ions  on management phi losophies  f o r  ADP i n  gene ra l .  

As a r e s u l t ,  

Figure 2 r e f l e c t s  t h e  c a p i t a l  va lue  of t h e  ADP equipment which ‘was in- 
s t a l l e d  as o f  June 30, 1970. The f i g u r e s  show t h e  c a p i t a l  va lue  of 110th 
NASA-owned and l eased  equipment. Figure 3 r e f l e c t s  t h e  average empliqment 
of ADP personnel,  both C i v i l  Service and c o n t r a c t o r ,  a t  each i n s t a l L i t i o n .  
The inventory of our Category A ,  gene ra l  purpose, computers by j .nstaLlation 
i s  shown i n  Fipure 4 .  The table  a t  t h e  bottom of Figure 4 r e f l e c t s  1:he t l o t a l  
inventory of computers wit:h a breakdown between gene ra l  purpose and spec ia l  
purpose. 

Lease, maintenance, and purchase c o s t s  of ADP equipment by i n s t : a l l  a t ion 
are shown i n  Figure 5. A n a r r a t i v e  explanat ion of funding highlightis 
follow. 
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NATIONAL AERONAUTICS AND SPACE ADMINIS'TRATION 

PERCENTAGE DISTRIBUTION OF COMPUTERS 
--I-- AND CAPITAL --.- VALUES BY SIZE 

AS OF JUNE 30, i970 

LARGE I 7% 

LARGE S1.5M-UP 
MEDIUM S500K -Sl.jM 

S 50K -5500K SMALL 
MINI S -0- -%OK 

TOTAL COMPUTERS (,692) CAPITAL VALUE fS3SO. 8) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Capi ta l  Value of  Owned and Leased ADP Equipment 
on Band June 30, 1970 

(an thousands of  d o l l a r s )  

To i:a 1 NASA-Owned Leased 
Eauiment  Equipment &pita  1 Value 

Of f i ce  of Manned Space Flinh,r.. .. $120.894 $14.594 $m ,488 
Kennedy Space Center.,,........ 15 , 720 2,321 18,041 
Manned Spacecraft  Center....... 72 , 432 11,891 84,323 
Marshall Space F l igh t  Center... 32,742 382 33,124 

Off ice  of  Space Science and 
Applications.... ................ $134.672 $28,326 9 162.99g 
Goddard Space F l i g h t  Center.. .. 102,010 14,213 116,223 
Jet Propulsion Laboratory...... 29,913 14,113 44,026 

2,749 Wallops Station.......,,........ 2,749 --- 
-- Office of Ajyanced Research ................ 53,853 &x!22 ........... 1,455 13,413 

and Technoloav.. S!l!LaQ 
mes Research Center. 11,958 
F l i g h t  Research Center.. ....... 1 947 1,324 3,271 
Langley Research Center.. ...... 17 , 063 1,058 18,121 
Lewis Research Center. .......... 13,552 16 13,568 

..................... 92,402 $1.496 QLeeET 

...................... TOTAL... $302.493$48.269 smJ42 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Automatic Data Processing Personnel 
(Average h"plopeI?+, fo r  the Fiscal Year) 

FY 1971 
Civf 1 
Service 

Office of Manned Space F l i n h t  w 
Kennedy Space Center......... 68 
Manned Spacecraf t  Center..... 177 
Marshall Space F l i g h t  Center. 155 

Off ice  of SDace Science and ............ bDlicat ions. . . . .  zea 
2 Goddard Space F l igh t  Center.. 523 

Jet Propulsion Laboratory.... 2 4 9 d  
2 Wallops Station.............. 26 

gnd Technolonv............... 3 2  
Ames Research Center......... 59 
F l igh t  Research Center....... 18 
Langley Research Center...... 130 
Lewis Research Center........ 132 

w 
w c e  of Advanced Resear C h  

................... 22 Beadauarters - 
Total...................... 1.559 
Employees cf JPL. 

c i v i  i 
Contra ctor Service P n t r a  c t o r  

2.386 
396 

1, 354 
636 

t254 
939 
278 

37 

232 
103 
18 

136 
6 

ZQ 

3.973 

xu 
66 

180 
15 1 

lU.2 
523 
2 8 d  
26 

342 
61  
19 

131 
132 

19 

1.596 

UU 
3 18 

1,105 
646 

1.389 
1 , 060 

280 
49 

222 
150 
18 

207 
20 

- 80 

3.933 

FY 1972 
c i v i  1 

Service 

66 
18 1 
15 1 

26 

346 
61 
18 

135 
132 

19. 

- 1.607 

Contra c t o r  

1.917 
311 
986 
620 

1.403 
1,065 

284 
54 

150 
18 

2 17 
18 

ai 
3.799 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

End of F i s c a l  Year Inventory of Computers 

(General Purpose . Category A . Computers by I n s t a l l a t  ion:) 

--.- Off ice  of Manned Space F l i g h t  ........... 
Kennedy Space Center .................. 
Manned Sp, a c e c r a f t  Center .............. 
Marshall  Space F l i g h t  Center .......... 
.... Off i ce  of Space Science and Appl ica t ions  

Goddard Space F l i g h t  Center ........... 
Jet Pmpul s ion  Laboratory ............. 
Wallops S t a t i o n  ....................... 
... Off i ce  ofAdvanced Research and Technolonv 

Ames Research Center .................. 
F l i g h t  Research Center ................ 
Langley Research Center ............... 
L e w i s  Research Center ................. 

Headquarters ............................ 
Tota l  General  Purpose (Category A) .. 

Breakdown by Ca te~orv  of Eau imen t  : 
Category .A (General Purpose) .......... 
Category B (Special  Purpose) .......... 

2lxuzQ 

!iz 
7 

24 
36 

48 
24 
23 
1 

. 

30 
13 
1 
7 
9 

4 

A42 

149 
543 

692 

FY 1971. 

23, 
7 

24 
42 

50 
25 
24 
1 

. 

36 
16 
1 
8 

11 

4 

Ei 

163 . 620 

783 

;'Y 1972 

z2 
7 

24 
42 

. 48 
23  
24 
1 

22 
17 
1 

10 
11 

3. 

2.62 

163 
66p 

832 

Figure 4 
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Office of Manned Space F l ight .  ..... 
Kennedy Space Center............. 
Manned Spacecraft  Center.....,... 
Marshall Space F l ight  Center.,... 

Office of Space Science and 
Applications................ ..... 
Goddard Space F l ight  Center...... 
J e t  Propulsion Laboratory ........ 
Wallops Station.................. 

Office of Advanced Research 
and Technolorn ................... 
Ames  Research Center............. 

Lease 

$12,070 
860 

5,698 
5,512 

- 

8.884 
4,895 
3,953 

36 

?.53t 
1.218 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Sumnary of Automatic Data Processing Equipment Funding 
(In thousands of do l la rs )  

PI 1970 
Maint. Purch. Total  - - -  
$3,539 324.772 340.381 

54 2 144 1,546 
2,997 14,927 23,622 

- _ _  9,701 15,213 

4.674 15.110 28.668 
3,796 9,965 18,656 

823 4.505 9,281 
55 640 73 1 

1.642 11,603 15.776 
481 6.199 7.898 

Electronics  Research Center...... 492 
Fl ight  Research Center........... 266 
Langley Research Center,......... 411 
Lewis  Research Center..........,. 67 
Space Nuclear Systems Office..... 77 

4 10 

Total......................... $23,895 

Headquarters....................... - 

Breakdown by Appropriation: 
Research and Development ......... 13.091 
Research and Program Management.. 10,804 

Breakdown by Category of Equipment: 
Category A. . . . . . . . . . . . . . . . . . . . . . .  21,627 
Category B....................... 2,268 

i: 
I- 
n 

1 2 1  259 872 
63 191 520 

796 4,173 5,380 
181 781 1,029 

77 

5 60 

$9.929 351.561 $85,385 

--- _ _ _  
- 76 - - 74 

--- 
9,264 51,020 73,375 

665 541 12,010 

4,956 41,617 68,200 
.- _ _ _  

4 , Y i J  Y,YL)r( LI,LOJ 

Lease 

$7.268 
1,048 
5,948 

272 

- 

8.429 
5,027 
3,390 

1 2  

1.996 
7 60 

4 10 
688 
138 

--- 

--- 
590 

$18.283 

- 

8,834 
9,449 

15,880 - .^^  
L,.(U2 

34,047 
585 

3,057 
405 

4,018 
1,012 

133 

2.077 
623 

63 
1,145 

246 

--- 

_ _ _  
- 68 

$11.355 

10,426 
929 

6,113 
r ^.? 
J * L - t L  

FY 1971 
Total  - Maint. Purch. 

$951 
3 00 
620 

31 

21.973 
11,892 
9,876 

205 

8.553 
1,535 

295 
2,634 
5,089 

--- 

--- 
64 

$32.541 

- 

32,473 
68 

17,944 ., rn-, 
L - . , 2 2 #  

$12.266 
1.933 
9,625 

708 

35.565 
20,937 
14,278 

3 50 

13.626 
2,918 

768 
4,467 

--- 

5,473 _ _ _  
722 

$62,179 

- 

51,733 
10,446 

39,937 
“a “,a 
-e, -- - 

FY 1972 
w e  

97.362 
1,048 
6,042 

272 

6.999 
5,359 
1,628 

1 2  

3.119 
1,507 

610 
777 
225 

--- 

--_ 
593 

318.073 

- 

9,858 
8,215 

15,396 
rn <-I7 -,-. , 

Maint. 

$4.105 
585 

3,099 
421 

5.795 
4,403 
1,233 

159 

2.442 
692 

63 
1,391 

296 

--- 

_-- 
68 

$12,410 

- 

11,504 
906 

6,694 
c ’ I 1 L  -, . - -  

Purch. 

Q385 --- 
385 _-_  

11.668 
7,881 
3,522 

265 

17.042 
2,951 --- --- 
6,711 
7,380 - - -  

- - -  - 
$29.095 -- 

29,095 - - -  

16,063 
17,ny 

Total  

$11.552 
1,633 
9,526 

693 

- 

24,462 
17,643 

6,383 
436 

22.603 
5,150 

673 
8.879 
7,901 

_ _ _  

_ _ _  
661 

$59,5 78 

- 

50,457 
9,121 

38,153 
?I , A ? C  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

--- Automatic Data Process ing  Equipment Funding High l igh t s  

Manned !;pact?craf t Center -- 

The primairy 1JNIVAC 1108 computer systems w i t h i n  t h e  Computation an<. 
Analysis Div is ion  have been reconf igured  t o  improve e f f i c i e n c y  and i I i -  

creased inpi i t /output  f l e x i b i l i t y  wi thout  an inc rease  i n  c o s t s .  

Mar sha1:MSpal-e -- F1 igh  t Center  

An augmentat:Lon of realtime d a t a  reduct ion  c a p a b i l i t y  is  being plarmed 
during 'FY 1972 t o  support  Skylab te lemet ry  processing.  

Goddard Spac: -- e F l i g h t  Center  

The iinpleinentation of t h e  Ear th  Resources Technology S a t e l l i t e  (ER'I'S) 
d a t a  mainageinen: system w a s  begun i n  N 1971. Funds w i l l  a l s o  be ,app:I.ied in  
FY 1972 t o  ,acquire a d d i t i o n a l  computers f o r  upgrading a l l  s ta t ic ins  o!' t h e  
S a t e l l i t e  Tracking Network (S'IADAN) f o r  support  of t h e  new, more sopl i i s t ica ted  
unmanned spacec ra f t  , e s p e c i a l  Ly t h e  ERTS. 

Jet Pro.pulsion -- Laboratory 

Funds have been used i n  FY 1971 t o  purchase t h e  e x i s t i n g  l eased  U N W A C  
1108 computer (and p e r i p h e r a l  components, thereby reducing t h e  lease 1:osts 
i n  N 1972. During both  FY 1971 and 1972, funds w i l l  be used t o  pur1:hase 
numerous " m i n i "  and s e v e r a l  sinal1 computers t o  be added t o  t h e  Deep :;pace 
Network (DS'!?) i n  suppor t  of t h e  advanced missions.  These "mini" comjiuters 
w i l l  enable  t h e  network t o  use t h e  te lemet ry  decoding and t r ack ing  t lxhniques  
t h a t  a r e  requi red  f o r  deep spnce missions t o  J u p i t e r .  

Ames Research Center -__- 
Purchase funds w i l l  be used dur ing  FY 1971 f o r  augmentation OS t h e  IBM 

360/67 time-shared computer t o  provide f o r  remote processors  a t  t:he 1Jind 
tunne l s  and t h e  va r ious  r e sea rch  l a b s .  Purchase funds i n  both SiscaL yea r s  
1971 and 1972 w i l l  be u t i l i z e d  f o r  implementation of ae ronau t i c s  s imii la t ion 
computer equipment. 

F l i g h t  Research Center  --- 

' A  l a r g e  s c a l e  l ea sed  computer system t o  r e p l a c e  t h e  e x i s t i n g  g e n e r s l  
purpose system i s  planned for i n s t a l l a t i o n  dur ing  t h e  l a t te r  p a r t  of 1972. 

Langley Research Center  --- 

Purchase funds f o r  t h e  phased expansion of t h e  CDC 6000 c e n t r a l  coinputer 
complex w i l l  be  used dur ing  f i s c a l  yea r s  1971 and 1972 wi th  completion of 
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this expansion anticipated by the end of FY 1972. Several "mini" and small 
computers will be acquired for dedicated wind tunnel computations and research 
support applications. Several computers for the equipment test and checkout 
system for the Viking project are planned for purchase in FY 1972. 

Lewis Research Center --- 

Purchase funds in N 1971 have been utilized for the duplex of the IBM 
360/67 time-shared system. Purchase of a large scale general purpose 
computer to replace existing second generation computers, is planned for 
FY 1972 with installation in the succeeding year. 

SA 19 

U. S. GOVERNMENT PRINTING OFFI(:E : 1971 0 - 411-080 


	VOLUME
	NASA organiziition chart SUM
	Summary of appropriations SUM
	Office oE Manned Space Flight programs
	Appropriation language (proposed) RD


	SD
	Cooperative A.pp1.ications Launch of CM-A
	Launch of CAS-C

	Launch of ATS-F

