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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTIMATES 

GENERAL STATEMENT 

The National- Aeronautics and Space Adminis t ra t ion w a s  e s t a b l i s h e d  on 
October 1, 1358, pursuant  t o  t h e  Nat iona l  Aeronautics and Space Act of 1958, 
approved on .July 29, 1958. The A c t  states t h a t  t h e  p o l i c y  and purpose of 
t h e  United S t a t e s  a c t i v i t i e s  i n  space w i l l  be: t o  conduct space and aero- 
n a u t i c a l  activit ies f o r  peacefu l  purposes f o r  t h e  b e n e f i t  of a l l  mank,ind. 
These activj.i;iss should c o n t r i b u t e  m a t e r i a l l y  t o  : t h e  expansion of human 
knowledge i n  the  atmosphere and space ;  t h e  improvement and usefu lness  of 
aeronaut ical .  arid space v e h i c l e s ;  t h e  development and opera t ion  of space 
veh ic l e s  ; t h e  es tab l i shment  of long-range s t u d i e s ,  t h e  p re se rva t ion  cif United 
S t a t e s  l eade r sh ip  i n  ae ronau t i c s  and space technology and u t i l i z a t i o n  ; t he  
d isseminat ion  of p e r t i n e n t  information gained i n  the  program t o  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  pursuant  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 t :  and engineer ing t a l e n t s  and f a c i l i t i e s  of t he  na t ion .  

A t o t a l  of $3,333,000,000 is reques ted  t o  suppor t  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  w i th  t h e  NASA, w i l l  cont. inue t o  
c a r r y  forward t h e  prime des ign ,  development, and f a b r i c a t i o n  e f f o r t  a f  t h e  
NASA program., S p e c i f i c  elements of t he  a c t i v i t y  w i l l  cont inue  t o  be pursued 
wi th in  NASA iLns ta l la t ions ,  o t h e r  government agencies ,  u n i v e r s i t i e s ,  and 
research  c o n t r a c t o r s  which have the  necessary l e v e l  of e x p e r t i s e  i n  s p e c i a l  
areas of engineer ing  and sc ience .  The major elements of t he  program f a l l  
w i th in  the  foll.owing c a t e g o r i e s  : 

MANNED SPACE; FLIGHT: A program f o r  t h e  continued development and 
demonstratZ)n of a c a p a b i l i t y  f o r  manned space ope ra t ions  and ex- 
p l o r a t i o n ;  t o  maintain progress  i n  manned space f l i g h t ;  and t o  
provide information requi red  f o r  f u t u r e  dec i s ions  concerning follow- 
on space programs. 

SPACE SCIISNCE AND APPLICATIONS: A program of unmanned space f l i g h t  
i nvo lv ing -  (1) s c i en t i f i c :  i n v e s t i g a t i o n s  of t he  e a r t h ,  s o l a r  syst.em, 
stars and space environment; compiling new knowledge i n  astronomy; 
p l ane ta ry  arid i n t e r p l a n e t a r y  s t u d i e s  and experiments on t h e  e f f e c t s  
of space txwironment on l i v i n g  organisms; and (2) t he  adapt ing  of 
space tec:tinology so  acquired f o r  t h e  d i r e c t  b e n e f i t  of mankind i n  
areas suc:ti iis weather ,  conmunications, naviga t ion ,  t r a f f i c  c o n t r o l ,  
geodesy, r ieteorology, and e a r t h  resources .  

ADVANCED RESEARCH AND TECHNOLOGY: 
t h e  techrlological  base f o r  s i g n i f i c a n t  f u t u r e  aerospace missions.  

A cont inuing  program t o  provide 



TRACKING AND DATA ACQUISITION: 
requi red  by t he  worldwide NASA manned and unmanned space f l i g h t  
programs. 

A program f o r  providing t h e  support  

Deta i led  j u s t i f i c a t i o n  of ):he FY 1971 budget estimate f o r  t h e  t o t a l  pro- 
gram of $3,333,000,000 is provided i n  the  fol lowing t h r e e  volumes: 

Volume Amount 

I1 Research and Development $2,606,100,000 
I11 Construct ion of F a c i l i t i e s  34,600,000 

I V  Research and Program Management 692,300,000 

TOTAL $3,333,000,000 

SUM 2 
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NASA INSTALLATIONS 

*Nuclear  Rocket  Deve lopment  S ta t i on  
Jackass Flats, Nev. 

A m e s  Research Center P lum Brook  S ta t i on  * Moffett Field, Calif. \ Wmk- ,  Sandusky, Ohio D e w i s  Research Center 

Cleveland Ohlo 

E lect ron ics Research Center  
Cambridge Mass 

Kennedy Space Cen te r  
Western Test Range, Lompoc, Calif 

Fl ight Research Center  
Edwards, Calif 

* J e t  Propu ls ion  Labora tory  
Pasadena, Calif 

W h i t e  Sands Test  Fac i l i tv  

r @ V - G o d d a r d  Space Flight Center 
Greenbelt.  Md ' \ Wallops  Sta t ion  

Las Cruces, N. Mex. 

* M a n n e d  Spacecra f t  Center  
Houston, Texas 

Wallops Island. Va 

N A S A  Headquar te rs  \ Washington D C 

Langley Research Center  

* Kennedy Space Center 

Hampton Va 

Cape Kennedy Fla 

Marsha l l  Space  F l igh t  Center I f' Huntsvi l le  Ala 

Sl idel l  Computer  Fac i l i ty  
Slidell, La 

M i c h o u d  Assembly Faci l i ty 
New Orleans, La 

Miss iss ipp i  Test Faci l i ty 
Bay St Louis Miss 

* Installations for which construction projects 
are requested in the FY 1971 budget estimates. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971  ESTIMATES 

SLJNMARY OF APPROPRIAT IONS 

(In thousands of dollars) 

Research and 
Research and Construction l? r 0 g r a?!! 

Total Development of Facilities Management 

FISCAL YEAR 1969 
Independent Offices and Department of Housing 

and Urban Development Appropriation Act, 
1969 (82 Stat. 945)  ........................ $3,995,273 $3,370,300 $21,800 $603,173 

NASA Appropriation Transfers ( 8 2  Stat. 945) . .  -56,358 +11,140 +45,218 
Transfer to "Operating Expenses, Public 

Buildings Service," General Services 
-280 --- .............. --- Administration (82 Stat. 9 4 3 )  -280 

to P.L. 90-364... .  
Reserved from apportionment pursuant ......................... --- --- -L -117 473 -117,473 - 

$32,940 $648 , 111 Appropriation available.................... -?L-- $3 877 520 $3,196,469 



NATIONAL URONAUTICS AND SPACE AD~lINISTRATION 

FISCAL YEAR 1971 ESTIMATES 

SUMWY OF APPROPRIATIONS (CONTINUED) 

(In thousands of dollars) 

Research and 
Research and Construction Program 

Total Development of Facilities Management 

FISCAL YEAR 1970 
Independent Offices and Department of 
Housing and Urban Development Appropriation 
Act, 1970 (83 Stat. 229) ................... $3,696,633 

NASA Appropriation Transfers (83 Stat. 230).. --- 

Administration (83 Stat. 229) .............. -474 

Transfer to "Operating Expenses, Public 
Buildings Service," General Services 

Application of 1969 appropriation reserved 

Proposed supplemental for civilian 
from apportionment pursuant to P.L. 90-364. +117,473 

pay act increase........................... +41,767 .- 

Appropriation available and proposed. ...... $3,855,399 

$3,006,000 $53 , 233 
-9,708 --- 

+117,473 --- 

$3,113,765 $53 233 

FISCAL YEAR 1971 
Appropriation request.... .................... $3,333,000 $2,606,100 $34 600 

$637,400 
+9 , 708 

-4.74 

+41 , 767 

$688,401 

$692,300 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY OF BUDGET PLAN BY MPROPRIATION BY BUDGET ACTIVITY 

(In thousands of dollars) 

Scientific 
Inves ti- 
gat ions 
in Space 

$420 , 240 

341 , 440 
1,100 

Planned 
Space 
Flight 

$2,508,219 

2,177,500 
10 , 719 

Space 

cations 

$130,404 

109,404 

Appli- 

--- 

Space 
Technology 

$307 , 452 

185 , 866 
386 

Aviation 
Technolopy 

S168.148 

Supporting 
Activities 

$347,011 

292,472 
19 , 875 

Appropriation Title 

Fiscal Year 1969. .............. 
Total 

$3,881,474 

94,748 --- Research and development ..... 
Construction of facilities... 
Research and program 
management...... ........... 

3 , 201,430 
32,080 

647,964 320 , 000 77,700 21,000 121 , 200 73,400 34 , 664 

$3,855,399 

3,113,765 
53 , 233 

Fiscal Year 1970............... $2,374,895 

2,031,745 
14 250 

$469 , 762 

380,46 7 
1,595 

$162 , 501 

138,801 
--- 

$300,772 

176,372 --- 

$186 , 247 
96 , 380 
4,767 

$361 , 222 

290,000 
32 , 621 

Research and development ..... 
Construction of facilities... 
Research and program 
management................. "688 , 401 328,900 87 , 700 23 700 124,400 85,100 38,601 

$3,333,000 

2 , 606,100 
34,600 

Fiscal Year 1971. .............. $1,810 , 300 

1 , 474,200 
2,000 

$469,200 

382 , 800 
7 00 

$213 , 350 

180 , 800 
5 $350 

$185,500 

102 , 000 

$362,075 

302,000 
20 275 

$292,575 

164 , 300 
6,275 

Research and development ..... 
Construction of facilities... 
Research and program 
management. ................ 692 , 300 334 , 100 85 , 700 83,500 39 , 800 27,200 122 , 000 



NATIONAL AERONAUTICS AND SPACE ADXXNISTRATION 

FISCAL YEAR 1971 ESTIM4TES 

DISTRIBUTION OF RESEARCH AND H L O P E E N T  BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

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

T u ~ a l  

~~ 

PROGRAM 
I .  F. Kennedy Manned Marshall Goddard J e t  Ameb E l e c t r o n i c s  Flight L a n g l e y  L e w i s  Space Nuclear NASA 
S p a ~ e  C e n t e r ,  S p a c e c r a f t  Space F l i g h t  Space F l i g h t  Propulsion Wallops Research Research Research R e s e a r c h  R e s e a r c h  Propulsion NASA Pasadena 

NASA c e n t e r  c e n t e r  Center L a b o r a t o r y  S t a t i o n  Center Center Center Center Center Office Headquarters  o f f i c e  

OFFICE OF M " E D  SPACE 
FLICVT. TOTAL ,177,500 

,414.200 
,031,745 

A p o l l c  

_ _ -  _ - _  _ _ _  _ - -  43,794 _- -  250 _ _ _  L , W ~  _ _ _  
__. 330 _ _ _  _ _ _  R5,400 

... 
50 100 --- 145 

__. _ _ _  ~4,443 
382,800 1,070,028 680,333 

223.700 603,200 559,700 
zoo 814 --- 3.457 410 
.__ ..- _ _ _  1,870 ..- 

267,918 1,013.748 678,707 

Space f l i g h t  o p e r a t i o n s  

453,238 

565,700 
519.718 

Advanced missions 

_ _ _  25,448 51,580 _ _ _  57,159 _ _ _  _ _ _  _ _ _  66,327 _ _ _  65,704 
_ _ _  61,246 1,447 34,404 3,478 

91,103 1.408 31,493 3.147 _ _ _  40,995 52,058 _ _ _  _ _ _  45,370 67,273 

3,450 10,861 2,176 201,989 

3.068 14,030 2,350 255,825 73.235 1,085 37.760 
1,717 14.416 1,851 ~15,203 

OFFICE OF SPACE SCIENCE 
AND APPLICATIONS. TOTAL 

87,923 
151,013 
144,900 

37,900 
19,670 
12,900 

98.665 
128.400 
167,000 

99.9nO 
108.800 
124.900 

P h y s i c s  and astronomy 

3 

100 
--_ 

- -_  
--- 
- -_  

58 - -_  
_-_ 

3,??Q 
1.717 
2,968 

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

B i o s c i e n c e  

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

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

1969 
1970 
1971 

025 000 382,800 1,014,856 
:686:lii5 I 258,318 873,540 
956.500 205,000 465,300 

586,065 

248,000 
512.010 

50 
2no _ - _  

100 --- 
h64 - - -  
.__ -- -  

54.707 93,458 _ _ _  _ _ _  ._. 
343,100 9,600 139,208 165,897 _ _ _  
515,200 18,600 136.900 310.700 _- -  _ _ _  _ _ _  
150,000 

150 - - -  I --- 
465 

1,000 
1.000 

8 10 
800 

1.000 

_ _ _  
50 
... 

145 
3,407 
1,870 

_ _ _  
.__ _ _ _  

128.850 60 
111,835 
116,000 

666 
490 
450 

246 
1,096 
680 

_-_ 
300 
400 

9,949 

12,500 
12.530 

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

777 
1,214 
1,500 

615 
115 
250 

135 
372 
400 

447 
150 
200 

202 _ _ _  _ _ _  
_ _ _  _ _ _  

99,422 
83,700 
86,800 

3,554 
4,632 
3,550 

86 
50 

100 

72.193 
91,622 
131,400 

26.734 
35,199 
33,975 

__-  _ - _  

537 
920 
650 

56,412 
86,221 
69.475 

2,003 
1,614 
1,100 

2,029 
1.858 
1.500 

265 
490 
510 

_ _ _  _ _ _  

2,017 
3,094 
4,910 

5,158 
19,774 
29,320 

27.129 
8.450 
3,330 

100 
175 
200 

_ _ _  _ _ _  _ _ _  
... _ _ _  

886 
773 
740 

10,487 
22,343 
25,100 

190 
127 
100 

980 
4,170 
4,300 

12.905 
13.582 
15,130 

... _ _ _  

23.600 
20.870 
20,090 

11,423 
16,807 
16,425 

8.277 

7,445 
8.727 

9,131 
14.331 
15,000 

4,728 
5 , 5 9 2  
6.744 

9,000 
7,000 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTINATES 

SUMMARY OF BUDGET PLAN 

OFFICE OF MANNED SPACE F'LIGHT PROGRAMS 

(Thousands of dollars) 
1969 1970 1971 

Research and Development $2,177,500 $2,031,745 $1,474,200 

Apollo ........................... 2,025,000 1,686,145 956,500 
Space flight operations .......... 150,000 343,100 515,200 
Advanced missions................ 2,500 2,500 2,500 

Construction of Facilities 10,719 14,250 2,000 

Kennedy Space Center............. 7,364 12,500 
Manned Spacecraft Center......... 1,333 1,750 
Marshall Space Flight Center..... 
Michoud Assembly Facility ........ 400 

--- --- 
--- 

Various locations................ 1,622 --- 

Research and Program Management 310,968 323,688 330,583 

Kennedy Space Center............. 95,794 97,445 98,150 
Manned Spacecraft Center......... 98,840 104,546 107,758 
Marshall Space Flight Center..... 116,334 121,697 124,675 

TOTAL, MANNED SPACE FLIGHT..... $2,499,187 $2,369,683 

SUM 8 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY OF BUDGET PLAN 

OFFICE OF SPACE SCIENCE AND APPLICATIONS PROGRAM!; 
OFFICE OF UNIVERSITY AFFAIRS PROGRAM 

(Thousands of do 1 lar  s ) 
1969 1970 --- 1971 

SPACE SCIENCE .AND APPLICATIONS 
PROGRAMS AND PROJECTS 

Research anli2evelopment 

Physics  and astronomy ................ 
Lunar and p lane tary  

e x p l o r a t i o n  ........................ 
l i ioscience ........................... 
Space a p p l i c a t i o n s . .  ................. 
Launch veh.ic:te procurement. .......... 

Constructionof! F a c i l i t i e s  

Goddard SIjiICt! F l i g h t  Center .  ......... 
John F. Kennedy Space Center  . NASA. .. 
Jet Propul.sion Laboratory.  ............ 
Wallops S t a t i o n . .  ..................... 
Various l o c a t i o n s .  ................... 

Research ancl_&ogram Manageme= 

Goddard Spiic': F l i g h t  Center.. . . . . . . . .  
Wallops S t a t i o n . .  .................... 

$453,238 

128,850 

87,923 
37,900 
98,665 
99 , 900 

1,100 

--- 
600 

500 
--- 
--- 

82 , 329 

73,227 
9,102 

TOTAL, SPACE SCIENCE AND 
APPLICATIONS ..................... 

UNIVERSITY AFFAIRS PROGRAM 

Research and-Evelopment 

S u s t a i n i n g  u n i v e r s i t y  program. ....... 

$519,718 

111 , 835 

151,013 
19,670 

128 , 400 
108 , 800 

1,595 - 

670 
--- 
--- 
500 
425 

94 , 317 

84 , 772 
9,545 

$615,630 

- $!i65,700 

l 1 6  , 000 

11-44 , 900 
12,900 

1.67,OOO 
11.24,900 

- 6,050 

2,050 

700 

3,300 

- 97,461 

87,670 
9,791 

--- 

--- 

- 

- $659,211 -- 
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NATIONAL AERONAUTICS ANI) SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY OF BUDGET PLAN 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS 
OFFICE OF TRACKING AND DATA ACQUISITION PROGKAEIS 

OFFICE OF TECHNOLOGY UTILIZATION PROGRAM 

(Thousands of d o l l a r s )  
1969 1970 1971 

ADVAiiCEI) RESEARCH AND TECKUOLOGY 
PKOGKAMS AND PROJECTS 

$264,200 $272,302 $278,220 Research and Development 

20,220 
31,349 
34 , 460 
19,402 

18,902 
30,670 
33 , 500 
21,900 

17,600 
30,000 
22,400 
17,900 

Basic research . . . . . . . . . . . . . . . . . . . . . .  
Space v e h i c l e  systems ............... 
E l e c t r o n i c s  systems.. ............... 
Human f a c t o r  systems ................ 
Space power and e lectr ic  

propuls ion  systems. ............... 
Nuclear rockets. . . . . . . . . . . . . . . . . . . . .  

Aeronaut ica l  vehic les . . . . . . . . . . . . . . .  
Chemical propuls ion  ................. 

38,787 
33,502 
25,752 
74,748 

34,450 
36,500 
20 , 480 
75,900 

30,900 
38,000 
20,300 
87,100 

4,767 6,275 386 Cons t ruc t ion  of F a c i l i t i e s  

386 --- 1,525 
1,250 

3,500 
--- 

Ames Research Center. . . . . . . . . . . . .  ... 
Jet  Propuls ion  Laboratory ........... 
Langley Research Center. . . . . . . . . . . . .  
Nuclear Rocket Development S t a t i o n . .  

201,521 208,578 193,890 Research and Program Management 

34,032 
17,237 

9,697 
62,945 
67 , 844 

2,135 

36,359 
19,483 
10,131 
67,973 
72,398 
2,234 

38,248 
4,470 

10,549 
70,734 
75,218 

2,302 

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

TOTAL, ADVANCED RESEARCH 
&LID TECHNOLOGY. ................. $471,996 $485,647 $472,496 
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(Thousands of Dollars) 
1971 -- 19 69 19 7 0  

TRACKING AND U T A  ACQUISITION 
PROGRAMS AND PROJECTS 

Research andl>veloPaPent 

Tracking and data acquisition... $279.672 $278.000 $298.1000 

Cone truct ioozof Facilities 18.875 17 .OOO 2- 1 275 

Various Locations............... 18,875 17,000 1,275 
-I_. 

TOTAL, TRACKING AND MTA 
AcQUISITION. ................ s298.547 &&oJg 

TECHNOLOGY UTILIZATION - Research 
and Dereloprnng $3.800 Ss.ooo WB 

SUM 11 
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NATIONAL AERONAUTICS AND SPACE ALDMINISTBATION 

FISCAL YEAR 1971 ESTIMATES 

NUMBER OF PERSONNEL POSITIOEIS 

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
19 69 1970 1971 

MMINED SPACE FLIGHT.. ........... 13.410 13,033 12.883 

John P. Kennedy Space Center ,  

Manned Spacecraf t  Center...... 4,384 4,250 4,200 
Marshal l  Space F l i g h t  Center..  6,149 6,004 5,935 

NASA........................ 2,877 2,779 2,748 

SPACE SCIENCE AND APPLICATIONS. . 4,625 4.900 4.900 

Goddard Spact  Flight Center... 4,141 4,412 4,412 
Wallops  statio^............... 484 488 488 

AIlPANCED RESEARCH MID 'RCHNOLOGX 11.617 11.294 10.694 

Amcs Rcsaarch Center.......... 1,992 1,972 1,972 
Electronic8 Research Center .  .. 802 600 -0- 

F l i g h t  Research Center........ 539 535 535 
Langley Research Center....... 3,912 3,872 3,872 
Lewis Research Center......... 4,268 4,215 4,215 
Space Nuclear Propuls ion  

Office...................... 104 100 100 

SUPPORTING OPE RAT IONS 

MSA Headquarters............. 2 -093 2.123 2 -073 

TOTAL PERXA NEWT POSITIONS.. . 31.745 31.350 30.550 

POSITIONS OTHER THAN 
P E R M A N E H T . . . . . . . . . . . . . . .  2.196 2 -300 2,300 

TOTAL POSITIONS............. 33.941 3&Jg 32.850 
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NATIONAL AEROHAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 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 
1971 ACTIVITY OF €‘ICE /PILOGRAP1 1969 1970 - -~ 

___.I_-- MANNED SPACE FLIGHT............. $2,177,500 $2,031,745 $1,474,200 

la  Apollo ........................ 2,025,000 1,686,145 956,500 
lb&c Space f l i g h t  opera t ions  ....... 150,000 343,100** 5 15,200 
Id  Advanced missions.  ............ 2,500 2,500 2,500 

SPACE SCIEXCE AND APPLICATIONS. . 453,238 - 519,718 __ 565,700 

2a Physics and astronomy. ........ 128,850 111,835 116,000 
2b Lunar and p l ane ta ry  

exp1oi:ation.. ............... 87,923 151,013 144,900 

3 Space ctpp1.ications.. .......... 98,665 128,400 167,000 
* Launch v e h i c l e  procurement. ... 99,900 108,800 124,900 

-- 

2c Bioscience. .  .................. 37,900 19,670 12,900 

UN IVERS I’II’I! -I AFFAIRS 

--- ---- 6b Sustaining; u n i v e r s i t y  program. 9,000 7,000 

4&5 
4 
4&5 
4&5 
4&5 

4 
4 
5 

8asic i:esearch. ................ 
Space v e h i c l e  systems.. ....... 
Elec t ron ic s  systems. .......... 
Human fixc1:or systems.. ........ 
Space power and electric: 

propu:Lsion systems. ......... 
Nuclear rocke ts . .  ............. 
ChemicaiL propuls ion. .  ......... 
Aeronati1:ic:al veh ic l e s . .  ....... 

20,220 
31,349 
34,460 
19,402 

38,787 
33,502 
25,752 
74,748 

18,902 
30,670 
33,500 
21,900 

34,450 
36,500 
20,480 
75,900 

17,600 
30,000 
22,400 
17,900 

30,900 
38,000 
20,300 
87,100 

278,000 __ :!9 8,000 

4,000 

TRACKIZJG AND DATA ACQUISITION. 279,672 6a _--- 
6c ---- TECHNO1,OGY UTILIZATION. ........ 3,800 5,000 - 

TOTN, BUDGET PLAN.. ......... $3,201,430 $3,113,765 $2,t)06,100 - 

*Funds f o r  ! t ie  procurement oE launch v e h i c l e s  are s t a t i s t i c a l l y  d i s t l - i bu ted  1:c 
unmanned f.Light programs ( e . g . ,  Physics  and Astronomy, Space Vehich! Systems) 

**Includes appl.Lcation of $117,473 which w a s  reserved  from apportionmcmt i n  
1969 pursuant  t o  t h e  Revenue and Expenditure Control  A c t  of 1968 (Piib. L. 
90-364, 82 S t a t .  251). 
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NATIONAL AER.ONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTIYATES 

RESEARCH AND DEVELOPPENT BUDGET PLAii FOR 

hlA"EL) SPACE FLIGHT PROGMIS 

(T hous ands  of d o l l a r s  ) 
.L971 .- - Program 1969 - 1970 

Apollo ............................ $2,025,000 $1,6869145 $956,500 

Space f l i g h t  o p e r a t i o n s  ........... 150 , 000 343,100* 315 , 200 

Advanced m i s s  ions ................. 2,500 2,500 ___ 2,500 

T o t a l .  .......................... $2,177,500 $2,031,745 $l,lji74,200 - 

* I n c l u d e s  $117,473,000 of N 1969 funds  a p p l i e d  t o  FY 1970 budget  plitn. 

RD 7 





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTINATES 

OFFICE OF BlANblECi SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGWI 

PKOGRAFI OBJECTIVES -- AND JUSTIFICATION: 

--- 

The Space F l i g h t  Operations program is d i r e c t e d  toward inc reas ing  t h e  
s c i e n t i f i c ,  t achn ica l ,  and economic r e t u r n  on t h i s  n a t i o n ' s  investment i n  
space technology developed i n  t h e  G e m i n i  and Apollo programs. 

I n i t i a l  Space F l i g h t  Operations w i l l  be  conducted i n  the  Apollo Appl ica t ions  
program, which. is b u i l t  on the  s t r o n g  base of f l i g h t  experience,  ground f a c i l -  
i t i e s ,  and t r a i n e d  manpower developed i n  the  Apollo program. Apo:Llo Applica- 
t i o n s  employs a Sa turn  Workshop, launched on t h e  f i r s t  two s t a g e s  of a Sa turn  
V ,  Apollo Telescope Mount f o r  observing t h e  sun,  and b a s i c  space v e h i c l e  
hardware developed and procured i n  Rpollo.  This  b a s i c  hardware i s  being 
modified t o  meet t h e  unique requirements of t h e  Apollo Applicat ions mi,;sions 
and t o  c a p i t a l i z e  on t h e  Apollo-developed c a p a b i l i t y  by accomplishing 3 
l imi t ed  but  c a r e f u l l y  se l ec t ed  spectrum of s c i e n t i f i c ,  e a r t h  resources ,  
a p p l i c a t i o n s ,  t echnologica l ,  and medical i n v e s t i g a t i o n s .  

These Apollo Applicat ions missions w i l l  be  a pre lude  t o  the opera t ion  of 
a space s t a t i o n  and space s h u t t l e .  
provide the  c a p a b i l i t y  f o r  conducting continuous manned missions i n  ne(3r- 
e a r t h  o r b i t ,  and support ing a g r e a t  v a r i e t y  of experiments and a c t i v i t L e s  
t h a t  can be conducted i n  the unique environment of space.  

The space s t a t i o n  and space shut t l i?  w i l l  

SUPfMARY OF KESOURCES REOUIRKXENTS : 

(Thousands of Dol la rs )  
197 L _-- - 1969 1970 

Apollo app l i ca t ions  .............. $150,000 $300,052 $364,300 ....................... 40,900 24,548 Operations --- 
Space s h u t t l e  and s ta t ion . . . . . . . .  (8,800) 18,500 - 110,000 - 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  $150,000 $343,100 - $515,200 - --- 
BASIS OF FUND REgUIREMENTS : 

Apollo Appl ica t ions  

Apollo Applicat ions w i l l  be d i r e c t e d  toward near-ear th  missions empliasizing 
t h e  u t i l i z a t i o n  ,and a p p l i c a t i o n  of space f o r  man's b e n e f i t  and know1edj:e. 

With f l i g h t s  'commencing i n  1972, t h e  program is s t r u c t u r e d  about an e a r t h  
o r b i t i n g  workshop conta in ing  a s o l a r  observa tory ,  l a b o r a t o r i e s ,  work areas,  
c o n t r o l  s t a t i o n s  and crew l i v i n g  q u a r t e r s .  Af t e r  t h e  launch of t h e  Wo:i:kshop, 
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t h r e e  manned missions using Apollo Command and Service Modules w i l l  v i s i t  
and use  the  Workshop dur ing  its planned e i g h t  month ope ra t iona l  l i f e .  

The program w i l l  be t h e  p recu r so r  of space s t a t i o n  opera t ions  t h a t  w i l l  
begin i n  t h e  last  h a l f  of t he  decade. 
i n v e s t i g a t e  new technologica l  concepts ,  conduct experiments,  and develop 
ope ra t iona l  techniques a p p l i c a b l e  t o  t h e  s t a t i o n ,  i ts  g r e a t e r  importance 
w i l l  be  t o  demonstrate t h e  i n t e r - a s s o c i a t i o n  of man and h i s  experiments 
dur ing  long d u r a t i o n  manned f l i g h t s .  

While Apollo Appl ica t ions  w i l l  

The f i r s t  manned Apollo Appl ica t ions  f l i g h t  w i l l  be a 28 day mission 
which is t w i c e  t h e  d u r a t i o n  of e x i s t i n g  experience.  The primary o b j e c t i v e s  
are t o  determine t h e  e f f e c t s  of prolonged weight lessness  on man's h e a l t h  
and behavior  and on h i s  a b i l i t y  t o  c a r r y  ou t  h i s  va r ious  d u t i e s  and t o  
test wi th  t h e  ATM the  equipment and ope ra t ing  concepts  f o r  f u t u r e  manned 
o r  man-tended observa t ions .  The second and t h i r d  f l i g h t s  are planned as 
l a s t i n g  up t o  56 days each,  which approaches the  r e g u l a r  crew cyc les  on 
a space s t a t i o n  o r  space base.  

During t h e  summer of 1969, t h e  Apollo Appl ica t ions  mission sequence w a s  
cons iderably  a l t e r e d .  The p r i n c i p a l  changes r e s u l t e d  from the  dec i s ion  t o  
develop a ground-out f i t t ed  O r b i t a l  Workshop us ing  t h e  f i r s t  two s t a g e s  of 
t he  Saturn V v e h i c l e  t o  launch i t  i n t o  space.  Previous ly ,  t h e  Workshop w a s  
t o  be set up i n s i d e  t h e  empty tank  of a spen t  S-IVB a f t e r  both t h a t  s t a g e  
and t h e  f i r s t  s t a g e  of a Sa turn  I B  v e h i c l e  had launched i t  i n t o  o r b i t .  
Later, the  l a r g e  s o l a r  observa tory ,  ( t h e  ATM), w a s  t o  be launched by a 
Sa turn  I B  as a s e p a r a t e  mission and rendezvous and dock wi th  t h e  Workshop 
a f t e r  reaching o r b i t .  
of t he  Sa turn  V ,  t h e  Workshop w i l l  be launched wi th  a l l  t he  p r i n c i p a l  hard- 
ware elements ,  Such as t h e  Air lock ,  Mul t ip le  Docking Adapter, and ATM, 
i n t e g r a t e d  on the  ground. 
i n c l i n a t i o n  o r b i t  t o  provide improved coverage f o r  t h e  e a r t h  resources  
survey. A f i n a l  major change is t h a t  t h e  Workshop w i l l  now provide i ts  own 
electrical power, l i f e  suppor t ,  and l o g i s t i c s  s u p p l i e s .  I n  the  previous 
mode of ope ra t ion ,  t h e  Workshop w a s  t o  have r e l i e d  on the  Command and Service 
Module (CSM) f o r  t h i s  support .  

With t h e  g r e a t l y  increased  performance c a p a b i l i t y  

Fur the r ,  i t  w i l l  be launched i n t o  a h igher  

Following t h e  o r b i t i n g  of t h e  Workshop, a Sa turn  I B  w i th  a modified Apollo 
Command and Se rv ice  Module w i l l  be launched from Launch Complex 34 a t  t h e  
Kennedy Space Center  sending the  f i r s t  f l i g h t  crew toward a rendezvous and 
docking wi th  t h e  Workshop. The crew of t h i s  f l i g h t ,  as i n  each of t he  t h r e e  
manned miss ions ,  w i l l  c o n s i s t  of t h r e e  a s t r o n a u t s .  
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A f t e r  docking with t h e  Workshop, t he  crew w i l l  l e ave  the  Command and 
Service Module and en te r  t h e  Workshop, activate i t s  systems and hegin a 
mission planned t o  l as t  up t o  28 days. The Mul t ip l e  Docking Adapter w i l l  
provide access t o  both t h e  Workshop and t h e  Air lock.  The Air lock w i l l  
permit t he  crew t o  have access t o  space and perform e x t r a v e h i c u l a r  a c t i v i t y  
i n  p re s su re  s u i t s .  This f i r s t  mission w i l l  emphasize medical experiments 
and i n i t i a t e  t h e  ope ra t ion  of t h e  ATM. Upon completing t h i s  f i r s t  ma:iined 
mission,  t he  Workshop systems w i l l  be s h i f t e d  t o  a standby cond i t ion ,  and 
readied f o r  t he  next  crew v i s i t .  

Approximately two months a f t e r  t he  f i r s t  c r e w  has  l e f t  t h e  Workshop, a 
second f l i g h t  crew w i l l  be launched t o  r e v i s i t  and r euse  t h e  Workshop, The 
planned du ra t ion  of t h e i r  mission w i l l  be up t o  56 days; t h i s  mission w i l l  
concen t r a t e  on 'extended ope ra t ion  of t he  ATM, s o l a r  observatory,  addilzional 
medical experiments,  and t h e  conduct of e a r t h  r e sources ,  physics ,  bio.,logy, 
and technology experiments planned f o r  t h e  Workshop. Again, t h e  Workshop 
w i l l  be p l a c e d  i n  a standby cond i t ion  upon t h e  depa r tu re  of t h e  c:rew. 

The t h i r d  and las t  a s t r o n a u t  c r e w  w i l l  r e v i s i t  and r euse  t h e  Worksliop i n  
another  mission t h a t  is a l s o  planned t o  l a s t  f o r  about 56 days. Ar r iv ing  
about one month a f t e r  t h e  previous crew has r e tu rned  t o  e a r t h ,  they w:i.ll 
cont inue making s o l a r  observat ions and performing t h e  va r ious  s c i e n t i f i c  
and technological  experiments. With t h e i r  l eav ing ,  t h e  Workshop w i l l  be 
deac t iva t ed  approximately e i g h t  months a f t e r  i ts  launch. 

Operations 

This a c t i v i t y  funds the  unique p r o j e c t  requirements of t he  missions t o  
be conducted w i t h i n  Space F l i g h t  Operations.  The b a s i c  support  for manned 
space f l i g h t  Launch, f l i g h t ,  and recovery ope ra t ions ,  is funded under Apollo. 

Operations include e f f o r t s  a t  t h e  Kennedy Space Center and the Planried 
Spacecraf t  Canter t h a t  are d i r e c t l y  involved with prelaunch, launch, i l i g h t ,  
crew, and recovery planning a c t i v i t i e s .  FY 1971  funds are required fclr : 
mission planri ing and a n a l y s i s  ; procurement of an AIM s imula to r  ; modif i c a t i o n  
of Apollo t r a . i ne r s  t o  t h e  AAI! conf igu ra t ions  ; maintenance of Saturn Iil 
launch capabi. Lity ; modif icat ion of launch checkout equipment, test  anc 
checkout procedures f o r  previously deac t iva t ed  equipment and systems il,s w e l l  
as Apollo App.Lications unique hardware and r e a c t i v a t i o n  of launch comrllexes 
f o r  Apollo App11.cations. 

Space s h u t t l e  and s t a t i o n  

Ouring t h e  last ha l f  of t h i s  decade, t h i s  country w i l l  commence a new 
epoch i n  manned space f l i g h t .  
i n t o  space have been both b r i e f  and i n t e r m i t t e n t ,  focused on l i m i t e d  cixplora- 
t i o n  of t h i s  new region and p r imar i ly  t e s t i n g  h i s  a b i l i t y  t o  su rv ive .  The 
space s t a t i o n  arid space s h u t t l e  w i l l  t ransform t h i s  h i s t o r y .  

In  t h e  s h o r t  age of f l i g h t ,  man's jourrieys 



To in t roduce  t h i s  new epoch, when man w i l l  t r u l y  e x p l o i t  t he  environment 
of space,  t h i s  country must develop an economical system f o r  f e r r y i n g  men and 
materials t o  and from e a r t h  o r b i t .  Without such a system, the  performance 
of space t a s k s  could become d i s p r o p o r t i o n a t e l y  expensive when compared w i t h  
t h e  knowledge and b e n e f i t s  obtained. 

With t h e  establ ishment  of a space s t a t i o n  and i t s  continuous ope ra t ion  i n  
near-ear th  o r b i t ,  and w i t h  t h e  a s s o c i a t e d  ope ra t ion  of the  s h u t t l e ,  t h e  
environment of space can be app l i ed  toward a tremendously q u a n t i t a t i v e  and 
q u a l i t a t i v e  expansion i n  human knowledge--to o b t a i n  a b e t t e r  understanding 
of t h e  e a r t h ,  sun,  s o l a r  system, and t h e  universe  beyond and of t h e  phenomena 
t h a t  e s t a b l i s h ,  c o n t r o l ,  and a f f e c t  t he  environment of t h i s  p l a n e t .  

The space s h u t t l e ,  w i th  i ts  v a r i o u s  c a p a b i l i t i e s ,  w i l l  be developed as a 
n a t i o n a l  v e h i c l e  which can be used by o t h e r  government agencies and depart-  
ments t o  assist them i n  meeting t h e i r  r e s p o n s i b i l i t i e s  t o  the  na t ion .  Each 
space s h u t t l e  is composed of two s t a g e s  - t he  boos te r  and t h e  o r b i t e r .  Both 
are reusab le ,  and w i l l  be designed t o  perform 100 missions wi th  a minimum of 
maintenance. It is  expected t h a t  both s t a g e s  w i l l  be manned, although t h e  
boos te r  may have t h e  c a p a b i l i t y  of making an automated r e t u r n  and landing. 

The space s h u t t l e  w i l l  be  a r eusab le  space v e h i c l e  and is  expected t o  
have a payload c a p a b i l i t y  of up t o  50,000 pounds t o  low e a r t h  o r b i t  ( a  cap- 
a b i l i t y  p r e s e n t l y  exceeded only by t h e  Saturn V) wi th  a payload compartment 
of 15 f e e t  i n  diameter and 60 f e e t  long and a volume of 10,000 cubic  f e e t .  
The payload c a p a b i l i t y  can be assigned t o  meeting a s i n g l e  requirement o r  
d i s t r i b u t e d  among s e v e r a l  u s e r s .  Once o p e r a t i o n a l ,  t h e  s h u t t l e  could be t h e  
only v e h i c l e  used by t h e  United S t a t e s  t o  t r a n s p o r t  men t o  and from e a r t h  
o r b i t .  With a cab in  environment similar t o  t h a t  found i n  today 's  commercial 
a i r l i n e r s ,  and w i t h  g r a v i t a t i o n a l  f o r c e s  of no more than 3G's being exe r t ed  
during t h e  launch and re-entry phases ,  passengers without  s p e c i a l  t r a i n i n g  
can be c a r r i e d  s a f e l y  and e f f i c i e n t l y  t o  and from space.  The s h u t t l e ,  as 
c u r r e n t l y  conceived, w i l l  be a b l e  t o  c a r r y  a t  least  12 passengers.  

During FY 1970, NASA p lans  t o  award two sets of d e f i n i t i o n  c o n t r a c t s  f o r  
t h e  space s h u t t l e .  One set ofacompeti t ive c o n t r a c t s  w i l l  be awarded f o r  a 
s tudy of t h e  b a s i c  s h u t t l e  v e h i c l e ,  i nc lud ing  t h e  aerodynamics, i n t e g r a t e d  
thermal p r o t e c t i o n  system and s t r u c t u r e ,  a v i o n i c s ,  and a u x i l i a r y  propuls ion.  
These s t u d i e s  w i l l  emphasize t h e  r e u s a b i l i t y ,  m a i n t a i n a b i l i t y ,  and low c o s t  
o p e r a t i o n a l  f e a t u r e s  of t h e  s h u t t l e  and produce a l t e r n a t i v e  prel iminary 
designs.  The second set of compet i t ive c o n t r a c t s  w i l l  be f o r  d e f i n i t i o n  
s t u d i e s  f o r  t he  high performance l i q u i d  oxygen/liquid hydrogen engine t o  
be used on t h e  s h u t t l e .  
of t he  engine system, components and o p e r a t i v e  concepts i nc lud ing :  perform- 
ance l i m i t s ,  design margins, and requirements f o r  engine test s t and  f a c i l i t i e s  
Also t o  be i d e n t i f i e d ,  are the  areas where design can c o n t r i b u t e  economies 
i n  engine product ion and maintenance. 

The c o n t r a c t o r s  w i l l  undertake prel iminary design 
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The FY 1971 funding reques t  f o r  t he  space  s h u t t l e  is f o r :  cont inuing 
Phase B def inLt ion  e f f o r t s ;  i n i t i a t i n g  a d e t a i l e d  des ign  of elements of the  
s h u t t l e ,  e s p e c i a l l y  t h e  engine;  and i n i t i a t i n g  pro to type  development of  
s e l e c t e d  c r i t i c a l  components. 
necessary test c#apab i l i t y  through f a c i l i t i e s  modi f ica t ions  a t  s e l e c t e d  sites 
where e x i s t i n g  engine test s t a n d s  are loca ted .  

Other funding may be appl ied  t o  develop a 

NASA is c u r r e n t l y  involved i n  t h e  d e f i n i t i o n  of a space s t a t i o n .  Tlie 
o v e r a l l  objecitivcss of t h i s  e f f o r t  are t o  o b t a i n  the  t e c h n i c a l  and mana8;erial 
information requi red  so t h a t  t he  choice of a. s i n g l e  approach t o  a space 
s t a t i o n  can be made from the  a l t e r n a t e  approaches a v a i l a b l e .  

The space s t a t i o n  w i l l  p r imar i ly  serve as t h e  suppor t ing  p la t form f o r  a 
very d ivers i f f iad  group of s c i e n t i f i c  a p p l i c a t i o n s  and technology experiments 
encompassing nea r ly  a l l  s c i e n t i f i c  d i s c i p l i n e s .  The experiments for  t h e  
space s t a t i o n  iand space base w i l l  be conducted i n  var ious  modes--some .in 
modules a t t ached  t o  t h e  s t a t i o n  o r  base and wi th  an  environment of zerci 
g r a v i t y  ox art::ifjical g r a v i t y ,  and some f r e e  f l y i n g  i n  var ious  o r b i t s ,  j .nclina- 
t i o n s ,  and a l t i t u d e s .  

F l i g h t  crews using the  s t a t i o n  and base w i l l  be f e r r i e d  t o  and from o r b i t  
by the  space s h u t t l e .  The space s h u t t l e  w i l l  a lso provide t h e  l o g i s t i c s  
support  of the! st :ation and base and w i l l  be a b l e  t o  c a r r y  many of t he  exper i -  
ment modules. Conceptual s t u d i e s  are underway on the  des ign  of experiment 
modules wi th  spec:ial emphasis on commonality so t h a t  four  o r  f i v e  bas i c  
types of modu1.e w i l l  be  a b l e  t o  con ta in  a wide v a r i e t y  of experiments wi th  
an ex tens ive  xange of requirements .  Basic s t r u c t u r a l  design and the  s y s t e m s  
f o r  power, therma,l c o n t r o l ,  a t t i t u d e  c o n t r o l  and l i f e  suppor t  are the 
p r i n c i p a l  elements where commonality appears  achievable .  

The space s t .a t ion  is be ing  designed as a long l i f e  main ta inable  sys tem 
f o r  men working a.nd l i v i n g  i n  space. I n i t i a l l y ,  i t  is expected t o  ope ra t e  
i n  a zero  gravi.ty condi t ion .  
having on-board. command and c o n t r o l  c e n t e r s  and l i f e  support  s y s t e m  t h a t  
are capable  of regenera t ing  the  environment, and opera t ing  f o r  extended 
per iods .  
d a t a  r e l a y  s a t e l l i t e  w i l l  provide continuous communications coverage wi th  
t h e  ground. 

The s t a t i o n  and base w i l l  be q u i t e  autonomous, 

The ntajor source  of power w i l l  be a nuc lea r  r e a c t o r  subsystem. A 

The d e f i n i t i o n  e f f o r t  is be ing  conducted i n  two p a r a l l e l  s t u d i e s  w i t h  
industry--one managed by the  Manned Spacecraf t  Center  and the  o t h e r  by the 
Marshall  Space F l i g h t  Center.  The e f f o r t  is focused on space s t a t i o n  pre- 
l iminary  systems design and appropr i a t e  development and ope ra t ion  p l ans .  
Addi t iona l  space s t a t i o n  suppor t ing  a c t i v i t y  inc ludes  a number of small, 
compet i t ive c o n t r a c t s  f o r  s t u d i e s  and technologica l  i n v e s t i g a t i o n s  re1al:ed 
t o  space s t a t i o n  d e f i n i t i o n .  

The f i r s t  phase of t he  d e f i n i t i o n  s t u d i e s  is scheduled f o r  completion a t  
the  beginning (of FY 1971. Funds, however, are requested i n  FY 1971 f o r  up 
t o  six month ex tens ions  of d e f i n i t i o n  s t u d i e s  with each con t r ac to r .  T h i s  
w i l l  a l low a d d i t i o n a l  work i n  s e l e c t e d  areas where ex tens ion  of sel.ectec1 
ana lyses  w i l l  be b e n e f i c i a l  i n  r e f i n i n g  d a t a  need f o r  dec i s ions .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

OFFICE OF SPPgESCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM ,- 

PROGRAM OBJECZZ'ES AND JUSTIFICATION: 

The Biosci.c!nc:e program has  t h r e e  p r i n c i p a l  ob jec t ives :  (1) t h e  
at ta inment  of a thorough understanding of  t h e  e f f e c t s  of t h e  space f l i g h t  
environment cm terrestrial organisms; (2) t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  
l i f e ,  with t h L e  primary emphasis d i r e c t e d  i n i t i a l l y  t o  t h e  moon and n e a r e s t  
p l ane t s ;  and (3) prevent ion of: t h e  t r a n s f e r  of terrestrial organisms and 
organic  materia1.s t o  t h e  p l a n e t s ,  so t h a t  t h e i r  s c i e n t i f i c  value f o r  s tudying 
hypotheses on ex i s t ence  of e x t r a t e r r e s t r i a l  l i f e  w i l l  n o t  b e  destroyed. 

SUMMARY OF RESOURCES -- REQUIREMENTS : 

(Thousands of  D o l l a r s )  
19 71  

--, 
1969 1970 

Supporting i:esearch and technology/ 
advanced ti t ud ie s  .................. $8,900 $11,170 $9,400 

P lane ta ry  quarantine. .  .............. 1,300 2,500 2,000 ........................ 1,500 B i o s a t e l l i  t.c! 27,700 6,000 - 
Total............................. $37,900 $19,670 $12,900 

BASIS OF FUND&:QLJIREMENTS : 

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

Emphasis i.n t h e  area of advanced programs and technology is heavi ly  
o r i e n t e d  towm:d d e f i n i n g  t h e  s c i e n t i f i c  requirements f o r  f u t u r e  b i o l o g i c a l  
space f l i g h t  i .nvestigations.  This a c t i v i t y ,  of  n e c e s s i t y ,  begins with 
determining t:he s c i e n t i f i c  c h a r a c t e r  of t h e  experiments t o  b e  flown and t h e  
space f l i g h t  s i t u a t i o n  under which t h e  i n v e s t i g a t i o n s  w i l l  be  conducted. 
Among t h e s e  s i t u a t i o n s  are t h e  op t ions  between manned and unmanned f l i g h t ;  
automated o r  rnan-tended experiments; and e a r t h  o r b i t a l ,  l u n a r  o r b i t a l  o r  
h e l i o c e n t r i c  f l i .gh t  . 

The classes of b i o l o g i c a l  specimens under cons ide ra t ion  f a l l  i n t o  t h e  
following brctad c a t e g o r i e s  : primates  ; microorganisms ; cel ls  and t i s s u . e  
c u l t u r e s ;  semi-microscopic animals and p l a n t s ;  s m a l l  v e r t e b r a t e  animals; 
p l an t s ;  and j.xive:rtebrate animals.  

Since sev~:i:aI. yea r s  are requ i r ed  t o  b r i n g  an i n v e s t i g a t o r ' s  hypothesis  t o  
f l i g h t  i n  t h e  space environment, i t  is necessary t o  e s t a b l i s h  experiment 
f e a s i b i l i t y  ear1.y t o  a s s u r e  r ead iness  t o  m e e t  t h e  va r ious  launch oppor tun i t i e s .  



Research i n  environmental  biology d e a l s  wi th  t h e  response and i n t e r a c t i o n  
of l i v i n g  e a r t h  systems wi th  t h e  v a r i a b l e s  of t h e  space and p l ane ta ry  environ- 
ments. Cr i t ica l  space environmental  f a c t o r s ,  e.g., a l t e r e d  g r a v i t y ,  are 
being s tud ied  t o  determine t h e  manner i n  which each of t hese ,  i nd iv idua l ly  
o r  i n  combination with o t h e r s ,  i n f luences  normal func t ion  i n  b i o l o g i c  sys t ems  
removed from t h e i r  normal e a r t h  h a b i t a t ,  A s i g n i f i c a n t  area of research  is 
t h e  s tudy  of t h e  e f f e c t s  of l una r  material on e a r t h  l i f e  such as growth en- 
hancement i n  c e r t a i n  p l a n t s .  
exped i t ious  and e f f i c i e n t  means f o r  us ing  a v a r i e t y  of l i v i n g  organisms t o  
assist i n  t h e  b i o l o g i c  e x p l o r a t i o n  of t h e  unique space environment. 
ground based r e sea rch  c a r r i e d  ou t  under Supporting Research and Technology 
(SR&T) suppor ts  f l i g h t  research  on missions such as t h e  Sa turn  Workshop and 
Space S t a t i o n .  

Knowledge of t h i s  n a t u r e  is requi red  t o  e s t a b l i s h  

The 

Behavioral  biology seeks  fundamental knowledge concerning t h e  behavior of 
organisms, t h e i r  behaviora l  mechanisms of adap ta t ion  t o  the  space environment 
and t h e  b i o l o g i c  bases  of such behavior.  This inc ludes :  (1) e f f e c t s  of t he  
space environment on behavior ;  (2) experimental  a n a l y s i s  of behavior ;  (3) 
neu ro log ica l  and biochemical bases  of behavior ;  and (4) b i o l o g i c a l  information,  
c o n t r o l ,  and communication systems. 

The Phys ica l  Biology program involves  ground based b a s i c  research  i n  bio- 
ins t rumenta t ion ,  comparative physiology and biophysics .  I n  comparative 
physiology, s t u d i e s  are being c a r r i e d  out  on t h e  dynamics of phys io log ica l  
systems; s p e c i a l  a t t e n t i o n  is be ing  pa id  t o  var ious  o s c i l l a t o r y  a c t i v i t i e s  
i n  t h e  thermoregulatory,  ca rd iovascu la r ,  behaviora l ,  and hormonal systems.  
Ear th  o r b i t a l .  satell i tes wi th  space monitor ing and p o s i t i o n  l o c a t i n g  systems 
p resen t  a unique oppor tuni ty  t o  s tudy  and monitor t he  e a r t h ' s  ecology and 
e s p e c i a l l y  t h e  e a r t h ' s  w i l d l i f e .  S tud ie s  are being i n i t i a t e d  t o  determine 
t h e  f e a s i b i l i t y  of using o r  developing va r ious  systems f o r  monitoring the  
behavior  and physiology of w i l d l i f e  and t h e  i n t e r r e l a t i o n s h i p  of t h e  t o t a l  
bioecology of e a r t h .  

The Exobiology research  program has dua l  o b j e c t i v e s  of understanding the  
c o n t r o l l i n g  f a c t o r s  i n  t h e  o r i g i n  of l i f e ,  and determining t h e  uniqueness of 
l i f e  on e a r t h .  The research  ranges from t h e  a n a l y s i s  of f o s s i l  remains and 
s imula t ion  of p l ane ta ry  atmospheres and o t h e r  environmental  extremes, t o  the  
development of automated l i f e  d e t e c t i o n  equipment intended t o  inc rease  t h e  
r e l i a b i l i t y  of t h e  d a t a  by broadening t h e  b a s i s  f o r  a n a l y s i s  of i nd iv idua l  
samples. I n  a d d i t i o n  t o  t h e  b i o l o g i c a l  i n t e r e s t  i n  Mars, l abora to ry  
experiments now suggest  t h a t  o rgan ic  s y n t h e s i s  may be occurr ing  on J u p i t e r  
which has  a p r i m i t i v e  reducing atmosphere. The development of pro to type  
ins t rumenta t ion  f o r  exobio logic  s t u d i e s  i n  t h e  Martian s u r f a c e  is needed as 
a precursor  t o  f l i g h t  instrument  developed f o r  f u t u r e  Mars landers .  The l i f e  
d e t e c t i o n  and o rgan ic  a n a l y t i c a l  techniques developed i n  var ious  l a b o r a t o r i e s  
must now be converted i n t o  f l i g h t  instruments  which i n  t u r n  must be t e s t e d  
and i n t e g r a t e d  i n t o  a s u i t a b l e  payload so as t o  achieve t h e  s c i e n t i f i c  
ob jec t ives  of t h e  exobiology program. Such work must be done t o  support  t he  
p l ane ta ry  exp lo ra t ion  program. The development of t h i s  ins t rumenta t ion  is  
considered t o  be one of t h e  most important  items i n  t h e  Bioscience Supporting 
Research and Technology (SR&T) p r o j e c t  . 
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The Bioscience Communications p r o j e c t  w a s  e s t a b l i s h e d  t o  i n c r e a s e  
e f f e c t i v e  communication among s c i e n t i s t s  on matters p e r t i n e n t  t o  space biology. 
Through suppclrt of -- ad hoc and i n t e r d i s c i p l i n a r y  conferences,  symposia, 
s c i e n t i f i c  t r a i n i n g  programs, research l i t e r a t u r e  and r e p o r t s ,  and t h e  Space 
Science Board of t h e  Nat ional  Academy of Sciences,  t h e  p r o j e c t  works itoward 
a more complete exchange of information and i d e a s  w i t h i n  t h e  s c i e n t i f i c  
community. 

P l ane ta ry  Quarantine 

Earlier P lane ta ry  Quarantine e f f o r t s  w e r e  d i r e c t e d  toward reducing and 
assaying t h e  b i o l o g i c  contamination on s p a c e c r a f t  and toward de f in ing  decon- 
tamination and s t e r i l i z a t i o n  procedures needed t o  reduce t h a t  contamination t i c )  
l e v e l s  r equ i r ed  t o  maintain t h e  p l a n e t s  f r e e  of terrestrial l i f e .  Ex(-ellent 
r e s u l t s  have been achieved i n  l i m i t i n g  contamination i n  s p a c e c r a f t  manufacture 
and assembly. S tud ie s  have continued t o  c r i t i c a l l y  examine va r ious  f c x t o r s ,  
i nc lud ing  microbial  r e s i s t a n c e  and s u r v i v a l  c h a r a c t e r i s t i c s ,  that: suggest 
modif icat ion i n  s t e r i l i z a t i o n  methods and procedures,  s o  t h a t  p l a n e t a  cy 
qua ran t ine  requirements w i l l  b e  achieved a t  less c o s t  along with g r e a t e r  ease 
and assurance.  Of p a r t i c u l a r  value have been t h e  r e s u l t s  of s t u d i e s  (of t h e  
p r o b a b i l i t y  of release of organisms bu r i ed  i n  t h e  s o l i d s  of t h e  space(-raf t  
and growth of terrestrial microorganisms i n  severe environments its m a v  be 
encountered on Mars and Venus. 

Continuing e f f o r t s  are being made, be fo re  i n i t i a t i o n  of space f l i g h t s  
des t ined  t o  land on t h e  p l a n e t s ,  t o  a s s u r e  adequate technology development i n  
t h e  s o l u t i o n  of t h e  complex problems r e l a t e d  t o  t h e  p l ane ta ry  qua ran t ine  
c o n s t r a i n t s  . 

I n v e s t i g a t i o n s  i n  FY 1971 are d i r e c t e d  towards f u r t h e r  s impl i fy ing  t h e  
s t e r i l i z a t i o n  requirements and i n  d i r e c t  support  of p l ane ta ry  mission:!s. 

B i o s a t e l l i t e  

Automated b i o l o g i c a l  sa te l l i tes  have been flown i n  low (200 nziuticial m i l e )  
Earth o r b i t  t o  study t h e  e f f e c t s  of  weight lessness  and r a d i a t i o n  upon l i v i n g  
specimens ranging from s i m p l e  c e l l u l a r  material, s m a l l  animals,  and p l a n t s ,  t o  
a p ig - t a i l ed  monkey. During t h e  f l i g h t s  of B i o s a t e l l i t e  I and 11, t h e  
engineer ing design and i n t e g r a t e d  ope ra t ion  of t h e  s p a c e c r a f t  systems were 
thoroughly checked ou t .  The 13 experiments c a r r i e d  i n  B i o s a t e l l i t e  I I  were 
recovered and a n a l y s i s  showed t h a t  t h e r e  w a s  a d e f i n i t e  i n t e r a c t i o n  biztween 
r a d i a t i o n  and weight lessness .  

The B i o s a t e l l i t e  I11 mission experiment sub jec t ed  a s m a l l  monkey t i3  t h e  
nea r  ze ro  g r a v i t y  environment f o r  a period of e i g h t  and one-half days. 

The B i o s a t e l l i t e  I11 launch occurred on June 28, 1969, and a s u c c e s s f u l  
o r b i t  of 212.8 n a u t i c a l  m i l e s  apogee and 195.2 n a u t i c a l  m i l e s  pe r igee  w a s  
a t t a i n e d  w i t h  a l l  of t h e  systems working s a t i s f a c t o r i l y .  Exce l l en t  d,zta 
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were obtained dur ing  the  e i g h t  and one-half days of t h e  mission. At t h e  end 
of t h a t  t i m e ,  t h e  spacec ra f t  w a s  recovered because of a r ap id  dec l ine  i n  the  
phys ica l  condi t ion  of t h e  monkey. 
phys io logica l  and behaviora l  response i n  t h e  space environment was obtained. 
A prel iminary ana lys i s  of t h e  da t a  has  revea led  many s i g n i f i c a n t  e f f e c t s  of 
weight lessness ,  one of which was t h a t  t h e  monkey experienced a high body 
f l u i d  loss. 

A uniquely complete record  of t h e  animal 's  

With t h e  c a n c e l l a t i o n  of t h e  C, E and F missions,  no f u r t h e r  launches 
i n  t h e  p re sen t  B i o s a t e l l i t e  series are planned. Funding f o r  1971 w i l l  pro- 
v ide  f o r  t h e  continued a n a l y s i s  of  t h e  s c i e n t i f i c  data by t h e  i n v e s t i g a t o r s ,  
and f o r  any claims r e s u l t i n g  from t h e  c o n t r a c t  t e rmina t ion  t h a t  could not  
be s e t t l e d  i n  FY 1970. 
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RESEARCH AND DEVELOPEENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF ADlI,g;ED RESEARCH AND TECHNOLOGY H U N U  FACTOR SYSTEMS I'ROGRAM 

PROGRAM O B J E C E J E S  AND JUSTIFICATION : 

The Human :Factor Systems program provides  c r i t i ca l  information wi th  
r e s p e c t  t o :  (1) man's phys io log ica l ,  psychologica l ,  and behaviora l  r e a c t i o n s  
t o  the  stresses of a i r  and space miss ions ,  (2) t h e  requirement f o r  anti. n a t u r e  
of ar t i f ic ia1L g r a v i t y  i n  space  v e h i c l e s ,  (3) man's c a p a b i l i t i e s  f o r  perform- 
ing  u s e f u l  t a sks  i n  f l i g h t  v e h i c l e s  and i n  ex t r aveh icu la r  environments, (4) 
t he  environmtmtal thermal requirements ,  t he  des ign  cri teria f o r  l i f e  suppor t  
and p r o t e c t i v e  systems, and the  technology which w i l l  a l low and assist : .  man 
t o  do u s e f u l  work f o r  extended pe r iods  of t i m e ,  and (5) design cri teria and 
requirements €01: equipment maintenance and r e l i a b i l i t y  and f o r  escape and 
rescue  systexn:;. 

The work :Ls accomplished through a m u l t i d i s c i p l i n a r y  approach whicki 
inc ludes  r e sea rch  i n  physiology, psychology, medicine,  b io logy ,  engineer ing ,  
phys ics ,  chemistry,  and e l e c t r o n i c s .  It is c a r r i e d  out  a t  NASA c e n t e r s ,  
Department of Defense aerospace medical l a b o r a t o r i e s ,  o t h e r  Government. 
f a c i l i t i e s ,  i i n i v e r s i t i e s  , and indus t ry .  

The o b j e c t i v e  of t h e  ae ronau t i c s  p o r t i o n  of t he  Human Fac tor  Systems 
program is t o  ensure the  proper  man-machine i n t e r f a c e  i n  gene ra l ,  subsonic ,  
V/STOL, and supersonic  a i r c r a f t .  T o  t h a t  end the  program mus t  also examine 
man's requircments ,  c a p a b i l i t i e s ,  and l i m i t a t i o n s  and t r a n s l a t e  t h e s e  i n t o  
des ign  cr i ter ia  f o r  f u t u r e  a e r o n a u t i c a l  systems. 

The o b j e c t i v e  of t h e  space p o r t i o n  of t h e  Human Fac tor  Systems program is t:o 
provide e s s e n t i a l  research  d a t a  l ead ing  t o  an understanding of man physio- 
l o g i c a l l y ,  psychologica l ly ,  behav io ra l ly ,  and as a n  ope ra to r  i n  and of space 
systems, and to supply technology f o r  t h e  hardware and systems tests which 
w i l l  provide €01: h i s  suppor t  and enhance h i s  o p e r a t i o n a l  c a p a b i l i t y .  This  
understanding must be of s u f f i c i e n t  depth t o  provide the  d a t a  upon which 
f u t u r e  f l i g h t  m:Lssion dec i s ions  may be based and t o  a l low subsequent des ign  
and developmcmt of appropr i a t e  ope ra t iona l  manned space f l i g h t  experimentat ion,  
t r a n s p o r t a t i o n ,  and exp lo ra t ion  systems. This  program genera tes  d a t a  which 
are d i r e c t l y  a p p l i c a b l e  t o  the  problems of t he  next  two decades i n  space 
f l i g h t ,  and :in a d d i t i o n  is of s i g n i f i c a n t  va lue  i n  dea l ing  wi th  s i m i l t r r  
problems i n  o t h e r  areas confront ing  our  n a t i o n  today. The program mus?t 
progress  a t  i I  rate commensurate wi th  the  development of t he  o the r  sys1.ems 
requi red  t o  ixh:ieve t h e  goa ls  and t h e  s p e c i f i c  o b j e c t i v e s  of t he  United 
States ' space picogram. 
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SUMMARY OF RESOURCES REQUIRENENTS: 
(Thousands of Dollars) 

1969 1970 1971 

Aeronautics research and technology ....... $3,000 $3,595 $2,100 
Space research and technology 

16,010 14,200 Supporting research and technology ...... 
Biotechnology flight projects ........... 2,073 2,295 1,600 

14,329 

Total................................... $19,402 $21,900 $17,900 

BASIS OF FUND REQUIRENENTS: 

Aeronautics Research and Technology 

An important feature of the Human Factor Systems program is the continuing 
study of community reaction to airport noise, to provide the basis for 
quantitative noise evaluation techniques and standards, for use by planners, 
aircraft manufacturers, airport operators, and the Department of Transporta- 
tion. 
abatement program, a psychoacoustic evaluation is being conducted to determine 
the effectiveness of the noise reducing acoustical treatment of aircraft 
engine nacelles. 
visibility landing operations are being studied. Finally, in the area of 
man-machine integration with special reference to information management, 
the aviation program has been expanded using as an example the human factor 
problems in air traffic control operations. This study is concentrating on 
the information management operations concerned, with a view to a possible 
better utilization of the human in such aeronautical man-machine systems. 

A s  part of the agency's contribution to the national aircraft noise 

The issues related to pilot work load during reduced 

A serious effort is being made to utilize the new knowledge and the 
technology from the Human Factor Systems program for maximum benefit to all. 
For example, a vibration research study which was started because of concern 
over the effects of vibration produced by launch vehicle rocket engines now 
is dealing with issues of vibration in public conveyances such as the Metro- 
liner and STOL aircraft. 

Space Research and Technology 

Supporting Research and Technology 

The Human Factor Systems program is determining the optimum use of man's 
capabilities in space missions, as well as the research essential to the 
support and the utilization of man in future space systems with particular 
reference to long-duration orbital space flights and extended lunar missions. 
Efforts are being made through support of basic and applied research in 
universities, government laboratories, and industry to solve the extremely 
complicated problems of the effects of weightlessness on cardiopulmonary 
function, radiation in the space environment, changes in circadian rhythms, 
potential changes in the natural microflora of man, and the possible need 
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f o r  ar t iEicia1 gravity--to mention only a few. Problems of l i v i n g  i n  i s o l a -  
t i o n  and con:Einement f o r  long pe r iods  of t i m e  are a l s o  being i n v e s t i g a t e d .  
Considerable .atitention is  being given t o  the  va r ious  i s s u e s  such as work 
space,  food, waste d i s p o s a l ,  c l o t h i n g ,  and s o c i a l  dynamics which w i l l  a f f e c t  
t h e  habi tabi .Li ty  of f u t u r e  manned ope ra t ions  i n  space as w e l l  as he re  on 
e a r t h .  Improved environmental c o n t r o l  systems are being s t u d i e d .  

Biotechnology F l i g h t  P r o j e c t s  

The Biotechnology F l i g h t  p r o j e c t s  complement t h e  ground based reseitrch 
of t he  Human Factor System program. I n  some i n s t a n c e s  t h e  v a r i a b l e s  of 
in terest  can not be simulated wi th  s u f f i c i e n t  v a l i d i t y  t o  o b t a i n  meamngful 
r e sea rch  resiilt:;. I n  these  i n s t a n c e s ,  t h e  knowledge gap can be fi l let1 only 
through experiments conducted i n  a c t u a l  f l i g h t .  Work on f l i g h t  experi-ments 
i n  FY 1971 w.Ll1 i nc lude  a n a l y s i s  of d a t a  from t h e  o r b i t i n g  f r o g  oto1ii:h 
experiment scheduled f o r  launch e a r l y  i n  1970. 
s t and ing  of ]:ne v e s t i b u l a r  system, the  body‘s primary balance mechani:;m. 
Work w i l l  cont inue on t h e  d e f i n i t i o n  of experiments on the  e f f e c t s  of 
weight lessness  on major body systems. 
be d i r e c t e d  toward inc reas ing  understanding of t h e  va r ious  regenerati ire l i f e  
support  processes  i n  weight lessness  as w e l l  as a q u a n t i f i c a t i o n  of tht: 
metabolic c o s t  of performing u s e f u l  work i n  space.  

This w i l l  i nc rease  OUI’  under- 

Other f l i g h t  experiment e f fo r t : ;  w i l l  





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION IANGUAGE 

RESE.4RCH A N D  DEVELOPMENT 

For necessary expenses, not otherwise provided for, including 
research, development, operations, services, minor construction, 
maintenance, repair, and alteration of -real and personal property. 
and purchase, hire, maintenance, and operation of other than ad- 
ministrative aircraft9 necessary for the conduct and support of 
aeronautical and space research and development activities of the 
National Aeronautics and Space Administration, [$3,006,000,000 J 
$2,606,100,000, t o  remain available until expended. (46 U.8.C.  6461, 
et seq., 60 U . S . C .  511-51Fi; Independent Ofices and Department of 
Housing and Urban Development Appropriation Act, 19YO; additional 
authorizing legislation to be proposed.) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

Program and Financing (in thousands of doiiaraj 

Budget plan (amounts for research and Costa and obligstions 
TA"",:C.."*:,." ,...A" development action8 uroaramed) iyx$l"o.Ely.. 

1969 actual 1970 estimate 1971 estimate 1969 actual 1970 estimate 1971 estimate 

Program by activities: 
Duect Drouram: - I .  Minied space flight: 

(a) Apollo ..._____.._._... ._._____________I__._________ 2,025, 000 1.696. I45 956,500 2,263,331 1.629.000 I ,  100,000 
(b) Apollo applications program- - -. ._ - -___. _.__ __. . __. 150,000 324.600 405,200 167.144 341,OOO 470.000 
(e) Space shuttle and station _ _ _ _  ._. - ._ - - .__-___ ._____-. _ _ _ _ _ _  ____._ 18,500 110,Ooo _ _ _ _ _ _ _ _ _ _ _ _  10.000 65,000 
(d) Advanced manned mission studies. - ._._._______ _.__ - 2,500 2,500 2.500 5,086 5,400 3,000 

2. Scientific investigationa in space: 
(a) Physics and astronomy.. - 
ib) Lunar and planetary exploration __________........_. . . 
(c) Bioscience ...__._______._.__._____________________-- 

(d) Launch vehicle development and support- __.____... _._ 

3. Space appIications- - - _ _ _ _ _  - - - - - -_  - - - - - - _ _  - _ _ _  - _ _ _  - _ _  - _ _  - _ _  
4. Space technology .._________._______.___________ ._._ .-.. . 

5. Awahon technology. ..._._. _ _  - - - _ _  _ _ _ _ _ _ _ _  .___ __._._. -. _ _  . 
6. Supporting activities: 

(a) Tracking and data acquisition _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(b) Sustaining university program _ _ _ _  _ _  _ _  - -. - - - -. _ _  - - - - 
(c) Technology u t i l i t i on  .__. -. _ _ _ _ _  _ _  __._ _ _ _ _ _ _  _ _ _  

.. __. .___. _ _ _ _ _ _ _ _ _ _  
. .  

. .  

Total direct program costa, funded-.- ____I____.  -. - 

Reimbursable program: 
I .  Manned space flight: 

2. Scientific investigations in apace: 

- - - - -. .._ ... ...__ ..__ _ _ _ _ - _  ._. _ _  _ _  _ _  - 
3. Space applications-_ - _ _ _  _._ _ _ _  ._______ . __.___ - _ _  ____. . - -. 
4. Space technology.. ._ .__.__ ___--.- .__ _ _ _ - -  - __. 

5. Aviation technology--. - -. -. -. . . . . - - - -. -. . . . . . - . 
6. Supporting activities: 

(a) Apollo __.___________________ ~ _ _ _  
(b) Apollo applications program- - .  . . -. . . . . - _. . --. -. .. 

(a) Physics and astronomy 
(e) Bioscience. . .  

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

_ _  (a) Tracking and data acquisition.. . . _ _  - .  _ _  -. __. ~. _._ 

(b) Sustaining university program._ - -. -. . . . __. . -. -. . 

!c) Technn!cgy I?ti!lati=:: ._________.______ _._ -. .._ ~ - .  . . 

Total reimburaable program costs.. . . .. . .-- 

1 om1 program costa. tunded .___ _ _  -. .. . . . . . .. . . . _ -  -. 
Change in selected resources 1 ..___..._ _. . ....________.____ - __.. . 

. . .  - .  . .  

IO Total.- ~~~~ 

145.283 
101.379 

129.535 
165,413 
19.670 
65,849 
138.801 
176,372 
96,380 

127.600; 
165.100 
12.900 

150.856 
97 427 

139.400 
I79.000 

120,500 
171,000 
14,200 
77.800 

39,100 
55,678 
109,404 
185,866 
94,748 

39,762 
73,186 
98,861 
211,537 
85,874 

21,200 
64.300 

116.300 
75; 200 
180.800 
161.300 
102,000 

176; ON) 
176,900 
98,000 

. . . . . . . 
198.400 
96, ED0 

279,672 
9,000 
3,800 

278, 000 
7,000 
5,000 

298,000 289,000 
27.167 21,000 15,000 

3,550,306 3,l10,800 2.780.400 

326,136 285,000 

3,939 4. ooo 4.000 

===--== 
3,201,430 3,113,765 2,606,100 

1,257 685 

I, 347 
_ _  .-_---- 

725 

895 3,711 
95 

37,246 
26, I30 

999 

95 __._________ _ _ _ _ _ _ _ _ - -  - - -  
39.472 86,600 16.180 
26,902 33, 100 48,650 
2,673 5,900 3.350 

- _ _ _ _ - - - - - -  
48,774 
32,227 
3.300 

48 ; 650 
3.350 

593 
27 
! 44 

726 667 . -. . -. . . . . . . 

71.566 

3,bZi.uii 
-209,134 

69.800 

L,631>,YW 

70,202 

5,L/I.b5L 

87, OOO 

5 ,  LW. jb> 

?.2?!, 632 3. znn* 765 2.675.90(! 3.412 738 



RESEARCH A N  I, Dr;v YI.OPM ~ N T  --Con tinrieci 

Program and Financing (in thousands of dollars)-Continued 
___~ 

Buaget pian (amounts tor researcn ana 
development actions programed) 

Lost8 ana otxigationa 

Identification code 
27-OO-O!O8-0~i -250 

Financing: 
Receipts and reimbursements from: 

1 I Federal funds._. ............................................ 
14 Non-Federal sources 2 ........................................ 
21 

For completion of prior year budget plans~ ................. 
Available to finance new budget plans.. ..................... 

22 
Reprograming to or from prior year budget plans .............. 

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

Unobligated balance available, start of year: 

Unobligated balance transferred from other accounts. ............. 

Budget authoritp.. .................................... 

-47.720 
-22.482 

-56; 420 -63.828 -47.720 
-30,580 -5,972 -22,482 

-56.420 
-30,580 

-166.316 
-117,473 

-63.828 -5.972 

........................ -311,148 
- 1  17.473 ........................ 

. - - - - - - - - - -. - - - . -. - - - . -1,235 
..................................... 

......................... 166.316 

........................ 117,473 

2,996,292 2,606,100 3,313,942 

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

-4,961 

3,313,942 2,606,100 

Budget authority: 
40 Appropriation.. ............... 
41 Transferred to other accounts.. - ___. __.._ . 

- 3,370,300 3,006.000̂  2,666,100 3,370,300 3,006,000 2,j06,100 
-56.358 -9.708 ........ -56,358 -9.708 ............. 

-~ 
43 Appropriation (adjusted). . . . . .  3,313,942 2,996,292 2,606,100 3,313,942 2,996,292 2,606,100 

Relation of obligations to outlays: 
71 Obligations incurred, net ......................... . .  

72 Obligated balance. start of year .................................... 
........................... 3,342.536 3,280,081 2.606.100 

............................... 1,443,923 1,256,241 1,386,322 
......... - i ,256.24; - i ,386,322 -i ,354,422 74 Gbhiated balance. end oi Gar -  . . -. _ _  

3,530,218 3,150.000 2,638,000 90 Outlays 
-__ ~ 

1969 ocluo! 
Total budget plan ..________._____._______________________-.-- 3,271,632 
Deduct portion of budset plan to  be obliaated In subsequent years 126, I17 
Add obligations of prior year budget plans ..- ..__.. _._.. - 267, 223 

Total obligations. _ _ _ _ _ _ _ _ _ _  _ _ _ _  _______.___ _ _ _ _ _ _ _ _  3,412,738 

Note -Reconciliation of budget plan to  obligation^: 1970 cJfimofc 
3,200,765 

166,316 
......... 

3, ?67,081 

69 

2,675,900 

url- 
1968 n nli 1969 lYlU 

I Selected resources as of June 30 are as follows: 
S*nr-* v i ,w 1 3  704 40.492 40.492 
-..r..... - ..-....-..- ".IC." 060, e?? 756,858 RQl. 6 7 '  
Advances ................................................... 12, 123 ....... 14, 109 14, 109 

................................................ 
1 l_..-: J J-1:- .... J -.J... ...... .................................... 

~ __ - --__ 
Total seler:ed rcxriirces~ .............................. 1,016,889 13,704 821,459 9 4 6 , 2 7 2  

i97i 
40.492 
717. 371 
14, 109 

771,972 

2 Reimbursements from n -Federal sources are receipts for services performed on' Communications Satellite 
Corporation projects (42 U.S.en2473) .  



RESEARCH A.ND DEVEL0PME;NT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

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

Having accomplished the  na t iona l  goa l  of landing a man on the  moon and 
r e tu rn ing  him s a f e l y  t o  t h e  e a r t h ,  Apollo w i l l  cont inue the  ques t  t o  expand 
man's knowledge, no t  only of the  moon, bu t  through a s tudy of t he  morn, t o  
b e t t e r  understand the  e a r t h ,  sun,  and s o l a r  system. 

Apollo 11 and 12 have discovered t h a t  t he  moon can be a most remarkable 
ch ron ic l e  of the e a r l y  years  of t he  s o l a r  system. Nearly a l l  rocks on t h e  
e a r t h  f a l l  within t h e  age range of a few mi l l i on  years  t o  500 m i l l i o n  years ,  
with the  o l d e s t  being about 3.5 b i l l i o n  years .  The luna r  dus t  found a t  
Tranqu i l i t y  Base w a s  dated as being 4.6 b i l l i o n  years  old.  The crysl :a l l ine 
rocks re turned  by the  Apollo 11 as t ronau t s  w e r e  formed approximately 3.7 
b i l l i o n  years  ago by some volcanic  event .  A prel iminary da t ing  of the rocks 
from t h e  Ocean of Storms s i t e  of Apollo 12 i n d i c a t e s  t h a t  t hese  may liave been 
formed one b i l l i o n  years  a f t e r  those i n  the  Sea of T ranqu i l i t y .  Both the  
Apollo 11 and 12 landings w e r e  made a t  sites i n  the  l u n a r  maria which are 
charac te r ized  by t h e i r  f l a t n e s s  and a l a c k  of rough su r face  f e a t u r e s  such as 
mountains o r  major craters.. Many now be l i eve ,  based on the  a n a l y s i s  of 
Apollo samples, t h a t  t he  maria w e r e  formed by the  f looding  and cool ing of a 
vast sea of lava .  Future Apollo missions,  beginning with Apollo 13,  w i l l  
inc lude  highland areas of t he  moon, which are be l ieved  t o  be o lde r  than t h e  
maria and w h e r e  rocks da t ing  back t o  the  very beginning of t he  moon [nay be 
discovered. Another discovery r e s u l t i n g  from the  a n a l y s i s  of the  Apollo 11 
rocks is t h a t  t he  moon, having been d i r e c t l y  exposed through the  eons t o  
s o l a r  r a d i a t i o n ,  has  seemingly preserved t h e  h i s t o r y  of t h a t  r a d i a t i o n  i n  
i t s  su r face  materials. By analyzing samples of t h e  luna r  su r face  and sub- 
su r face ,  s c i e n t i s t s  be l i eve  a record of the  sun ' s  a c t i v i t y  over  hundreds of 
mi l l i ons  of years  can be developed, and man may be a b l e  t o  c o r r e l a t e  t h e  on- 
set  of ice ages o r  per iods  of near - t ropica l  warmth wi th  changes i n  si3lar 
a c t i v i t y .  
less than 15,000 years  ago and s i g n i f i c a n t  climatic changes have occurred 
i n  t h i s  millenium. From a s tudy of l una r  rocks,  w e  may be a b l e  t o  a s s o c i a t e  
p a t t e r n s  of s o l a r  a c t i v i t y  wi th  these  major c y c l i c  changes i n  the e a r t h ' s  
climate. 

Ihe  most r ecen t  i ce  age covering the  nor thern  United S t a t e s  w a s  

During quarant ine ,  terrestrial p l a n t s  and animals w e r e  exposed t o  t h e  
luna r  samples t o  observe any e f f e c t s .  An unexpected r e s u l t  w a s  t h a t  some 
terrestrial p l a n t s  t h r ived  on a n u t r i e n t  enr iched wi th  luna r  s o i l  and grew 
much l a r g e r  than t h e i r  counterpar t s  p lan ted  i n  the  c o n t r o l  n u t r i e n t .  The 
cause of t h i s  s u r p r i s i n g  growth is  being inves t iga t ed .  
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Greater understanding of t he  moon can a l s o  promote a g r e a t e r  understanding 
of t he  e a r t h .  The moon is  inva luable  because i t  has apparent ly  preserved i ts  
h i s t o r y  so w e l l ,  thereby providing a comparative b a s i s  f o r  examination of 
the  e a r l y  h i s t o r y  of t he  e a r t h  and the  e a r t h ' s  evolut ion.  The laser r e f l e c t o r  
placed on the moon by the  crew of Apollo 11 has been used t o  determine the  
r e l a t i v e  earth-moon d i s t ance  t o  an accuracy of one foo t .  Measurements using 
t h i s  r e f l e c t o r  may prove t h a t  t he  e a r t h ' s  cont inents  are d r i f t i n g  a p a r t ,  and 
have been doing so f o r  s eve ra l  hundred mi l l i on  years .  
accura te  d i s t ance  measurements w i l l  g ive  us precise information on the  
Chandler Wobble of the  e a r t h ' s  axis which is  thought t o  be r e l a t e d  t o  major 
earthquakes and thus ,  possibly make such events  pred ic tab le .  

Over a per iod of years ,  

Future Apollo missions w i l l  produce a more complete understanding of the  
moon by v i s i t i n g  d i f f e r e n t  s i tes,  each charac te r ized  by a major su r face  
f e a t u r e .  Among the  candidate  si tes s e l e c t e d  f o r  f u t u r e  Apollo missions are: 
F ra  Mauro, the  s i te  f o r  t he  Apollo 13  mission t h i s  A p r i l ,  which is a h i l l y  
upland area bel ieved t o  be material e j ec t ed  from a nearby mare as a consequence 
of impact; L i t t row,  a mare region,  ad jo in ing  the  Tarus Mountains and a "Mascon" 
a s soc ia t ed  with t h e  Sea of Sereni ty ,  and containing domes and a wrinkle;  
Censorinus, a highland s i te  and the  l o c a t i o n  of a f r e s h  impact crater; 
Descar tes ,  a highland wi th  many long grooves and furrows reminiscent of 
vo lcanic  regions on e a r t h ;  the  Marius H i l l s ,  a major r idge  system with 
volcanic  domes and cones; Copernicus, a major c r a t e r  near ly  60 m i l e s  i n  
diameter,  with a c e n t r a l  peak r i s i n g  t o  a he ight  of 2,500 f e e t ,  a c r a t e r  f l o o r  
with domes and flow areas, and crater w a l l s  towering about 13,000 f e e t  above 
the  f l o o r ;  Hadley-Apennine, f e a t u r i n g  a sinuous r i l l e  reminiscient  of a stream- 
bed on e a r t h  a t  t he  foo t  of the  20,000 f o o t  high Apennine mountain f r o n t ;  and 
Tycho, a l a r g e  f r e s h  impact c r a t e r  i n  the  highlands and the  loca t ion  of the  
Surveyor V I 1  spacec ra f t .  

Each of these  sites is charac te r ized  by su r face  topography t h a t  is much 
rougher than the  r e l a t i v e l y  smooth landing areas se l ec t ed  f o r  Apollo 11 and 
12. 
and con t ro l  system of the  Lunar Module t o  land a t  a p rec i se ly  ta rge ted  poin t .  
This a b i l i t y  is e s s e n t i a l  i f  success fu l  landings are t o  be made a t  these  
f u t u r e  si tes.  

The Apollo 12 f l i g h t  success fu l ly  proved the  a b i l i t y  of the  guidance 

Some of t h e  s i tes  are loca ted  a t  areas q u i t e  d i s t a n t  from the  lunar  equator ,  
t he  region t o  which the  i n i t i a l  Apollo landings w e r e  r e s t r i c t e d .  Because of 
earth-moon pos i t i ons ,  t he  Apollo spacec ra f t  w i l l  be a b l e  t o  land a t  seve ra l  
of these  sites only during a one t o  two month period every year.  This w i l l  
r equ i r e  a continuing p rec i s ion  of t he  e n t i r e  Apollo team t o  m e e t  these  very 
exac t  launch windows. 

A lunar  roving veh ic l e  is  being developed t o  assist the  a s t ronau t s  i n  
explor ing the  moon. 
sites where important f e a t u r e s  are somewhat d i spersed  over a l a r g e  area. 

It w i l l  be e s p e c i a l l y  va luable  i n  explor ing the  l a te r  
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Duriag FY 1971 the  Apollo 14 and 15 missions w i l l  be flown; product ion,  
f i n a l  assembly, modi f ica t ion ,  and check ou t  of Command and Serv ice  Modules 
and Lunar Modules w i l l  cont inue;  and production of t he  remaining unit!; of 
t h e  Saturn V w i l l  be completed. Development and product ion of improved 
instrumentat ion and equipment t o  support  enhanced luna r  su r face  and o r b i t a l  
s c i e n t i f i c  e f f o r t  on the  remaining Apollo missions w i l l  be i n  progress  during 
1971. 

SUNMARY OF --- RESOURCES REQUIREMENTS: 

(Thousands of Dol la rs )  
l(3 7 1 -- 1969 19 70 

Spacecraf t  ........................ $913,127 $778,978 $402,500 

Saturn I B . . . . . . . . . . . . . . . . . . . . . . . . .  42,276 - - - ~  

Saturn V . . . . . . . . . . . . . . . . . . . . . . . . . .  535,710 484,439 2 31,000 
Operations ........................ 533,887 422,728 3.23,OOO --- --- 

Tota l .  .......................... $2,025,000 $1,686,145 $9.56 . 500 
-.- 

BASIS OF ... FUND REQUIREMENTS: 

Spacecraf t  

The th ree  spacec ra f t  modules - t h e  Command Module, t he  Serv ice  Hodtile, and 
the  Lunar Nodule - developed f o r  t h e  Apollo program have, i n  every f l i g h t  
mission, success fu l ly  .proven t h e i r  c a p a b i l i t i e s .  The Command Module lias been 
manned s i x  t i m e s ,  including four  f l i g h t s  t o  and from the  moon. 

During FY 1970 and FY 1971, a l l  remaining Command and Service Plodules w i l l  
be i n  var ious  s t ages  of product ion,  checkout o r  s to rage .  These Command and 
Service Hodules w i l l  be used f o r  a d d i t i o n a l  l una r  missions,  and in this Apollo 
Applicat ions program. 

Five Lunar Nodule (LM) f l i g h t s  have been conducted, t he  f i r s t  bein;; an un- 
manned test i n  January 1968. This  success fu l  f l i g h t  permit ted the  f i r s t  
manned f l i g h t  i n  February of 1969, by the  crew of Apollo 9.  The Apollo 10 
a s t ronau t s  i n  May 1969, took t h e  LM t o  wi th in  50,000 f e e t  of t h e  s u r f , x e  of 
t he  moon. Apollo 11 and 12 conclusively demonstrated the  LM's c a p a b i l i t y  t o  
perform i ts  mission. 
are present ly  a t  the  Kennedy Space Center where checkout of t h e i r  systems is  
underway. During FY 1971, f i n a l  assembly, checkout,  and modi f ica t ion  of t he  
l as t  four  Lunar Modules w i l l  be i n  progress .  
be phased t o  provide the  most e f f e c t i v e  and economical production cyc le .  

The next  two Lunar Modules ass igned t o  land on the moon, 

Production of Lunar Modules wil:L 

Saturn V 

F i f t e e n  Saturn V launch veh ic l e s  are being produced f o r  t h e  Apollo program.. 
Of t he  e i g h t  veh ic l e s  t h a t  have not  y e t  been flown, one is  pos i t ioned  on 
Pad A ,  Launch Complex 39, a t  the  Kennedy Space Center being readied flDr an 
Apr i l  launch of Apollo 1 3  t o  the  moon. Another launch v e h i c l e  f o r  AplDllo 14  
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has a l s o  been de l ivered  t o  KSC. One veh ic l e  is i n  s to rage  and f i v e  o the r s  
are i n  the  f i n a l  phases of production and t e s t i n g .  One of these  has been 
assigned t o  Apollo Applicat ions t o  launch the  Saturn Workshop i n  1972. 
Fur ther  production of the  Saturn V launch v e h i c l e  has been suspended. 

Operations 

This p ro jec t  provides f o r  crew t r a i n i n g ,  launch, f l i g h t  and recovery and 
f o r  t he  programwide t echn ica l  and Department of Defense support  required f o r  
manned space f l i g h t s .  Included i n  the  Apollo po r t ion  of opera t ions  is funding 
of the  b a s i c  c a p a b i l i t y  t o  conduct manned f l i g h t ,  toge ther  with a c t i v i t i e s  
necessary f o r  s p e c i f i c  Apollo missions.  The assoc ia ted  operat ions p r o j e c t  
included i n  Space F l i g h t  Operations funds only those e f f o r t s  unique t o  t h a t  
program. Seven a d d i t i o n a l  l una r  missions are planned i n  the  Apollo program; 
two i n  1970, two i n  1971, one i n  1972 and two i n  1974. 

Saturn I B  

FY 1969 w a s  t he  last  year  of Apollo funding f o r  t he  Saturn 113 launch 
veh ic l e .  Seven unused Apollo Saturn I B  launch veh ic l e s  have been t r ans fe r r ed  
t o  the  Apollo Applicat ions f o r  use i n  t h a t  program. Production of the  Saturn 
I B  has been concluded. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF MAE?IiEI) SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

PROGRAM OBJEC'rIVES AND JUSTIFICATION : 

--- 

--- 

The ob jec1::ivt:s of - t h e  Advanced Missions program inc lude  examining 
advanced manned space f l i g h t  program concepts and developing t h e  require-  
ments f o r  f u t u r e  systems. The s t u d i e s  conducted provide both  guidanct: 
for t h e  r e semch  and technology e f f o r t  requi red  t o  support  t hese  s v s t e m s  
and technicall information upon which t o  base  f u t u r e  program dec i s ions  

SUMMARY OF --- RE!;OURCES REQUIREMENTS : 

(Thousands of Dol la rs )  
1971 --- 19 70 -~ 1969 

Advanced m1hs:ions s t u d i e s . .  .......... $2,500 $2,500 $2,500 

Tota:L ............................... $2 500 S2,500 $2,500 -- -L 

BASIS OF --- FUN11 REQUIREMENTS: 

Advanced Missions S tudies  ~ - -  

Advanced :; tudies  enable  t h i s  country t o  e f f i c i e n t l y  d i r e c t  f u t u r e  
manned space Elfght program planning. The s t u d i e s  use  t h e  c a p a b i l i t i e s  
of i ndus t ry  t o  perform conceptual designs and provide comparative t ec lmica l  
da t a  t o  suppl!emtmt in-house ac t iv i t i e s .  During FY 1970, emphasis 1s tieing 
r eo r i en ted  t o  s tudy t h e  elements of t h e  in t eg ra t ed  program endorsed bJf 
t h e  P r e s i d e n t ' s  Space Task Group. S tudies  during t h i s  f i s c a l  year  i n c h d e :  
Requirements assoc ia ted  wi th  f u t u r e  manned missions,  focusing on applJr ing 
hardware t o  €HZ developed f o r  t he  Space S t a t i o n ,  Space Base, and future! 
l una r  mission!; ; presc r ib ing  the  des i r ed  c h a r a c t e r i s t i c s  of nuc lear  st i iges 
and chemical s t ages  f o r  use i n  t r anspor t ing  men and payloads t o  and from 
synchronous o r b i t ,  l una r  o r b i t ,  t he  luna r  su r face ,  and the  p l a n e t s ,  arid 
between var ious  low e a r t h  o r b i t s ;  examining methods f o r  conducting maimed 
explora t ion  of t he  moon a f t e r  completion of Apollo: and eva lua t ing  the1 
e f f e c t  of in t roducing  var ious  degrees of s e l f  -support i n  conducting frLture 
manned space € l i g h t  missions ; and reviewing c r i t i ca l  a spec t s  of propo:,ed 
f u t u r e  m i s s i o ~ i s ,  t o  promote t h e i r  opera t iona l  s a f e t y .  

Funding i n  F7! 1971 w i l l  cont inue t o  concent ra te  on the  f u t u r e  activit ies 
included i n  t h e  in t eg ra t ed  program: 
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Escape and rescue systems studies will be conducted to establish the 
best methods and techniques for performing escape and rescue missions 
from low earth and synchronous orbit space stations and bases, from 
lunar orbit, and from the lunar surface. 

Integrated mission management and operations planning studies will 
be performed to develop a concept that supports all missions, and 
develop its evolution through the next decade. 

Space base studies will be directed toward the support requirements 
for major space operations, including the erection of large 
structures in earth orbit, geosynchronous missions, lunar missions 
and possible planetary missions. Also to be investigated is the 
practicality of using the space base for support of a refueling 
station, as a personnel and cargo staging platform, and as a hard- 
ware assembly area. Examination of the performance and operational 
characteristics of a reusable vehicle, such as a space tug, for  
manuevering men, equipment and modules in space will be conducted. 

Advanced lunar studies will be undertaken to determine the 
characteristics of a lunar orbit station and a lunar surface base 
as the integral part of an advanced lunar exploration and 
exploitation program. An assessment of the compatability of the 
proposed mission mode with the objectives of this future lunar 
program will include: personnel and equipment transfer mechanisms 
between the lunar surface, lunar orbit, and earth orbit; crew 
sizings for orbital operations; the commonality of a lunar orbit 
station with earth orbit space station modules; the modification 
of space station systems for use in a lunar surface base; and 
the design and operational characteristics of a reusable lunar 
landing vehicle. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Program - 

FISCAL YEAR 1971 ESTINATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE AND APPLICATIONS PROGRAMS 

(Thousands of d o l l a r  s ) 
1969 19 70 1971 __ 

Physics a n i  astronomy.... . . . . . . . . . . . . .  $128,850 $111,635 $116 , 000 

Lunar and p lane tary  
expl.orat ion .  ........................ 87,923 151,013 144 , 900 

Bioscience............................ 37,900 19,670 12,900 

Space a p p l i c a t i o n s  .................... 98 , 665 128 , 400 167,000 

124 , 900- Launch v e h i c l e  procurement.. .......... 99 , 900 108 , 800 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $453,238 $519,718 $565 , 700 - _- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS PHYSICS ANI) ASTRONOMY FROGRAM --- 
PROGRAM OBJECTIVES AND JUSTIFICATION : 

The PhySiC::: and Astronomy program, when viewed i n  the  framework of broad 
s c i e n t i f i c  arid technological  e f f o r t s ,  has  t h e  following objec t ives :  t o  
understand the  o r i g i n  and cont inuing evolu t ion  of t h e  e a r t h ,  our  so l a r  system, 
the  stars, ga:Laxies, and t h e  universe.  W e  are explor ing our  space environment 
i n  order  t o  understand i t s  na ture  and t h e  phys ica l  processes  t h a t  shape i t .  
I n  doing s o ,  we are increas ing  our knowledge of t he  fundamental laws and 
p r i n c i p l e s  of na ture .  

To a t t a i n  t h i s  goa l ,  a v a r i e t y  of techniques are used t o  ga ther  informa- 
t i o n .  These :include t h e o r e t i c a l  and labora tory  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 observat ions using s m a l l  and l a r g e  
automated spacec ra f t  and manned systems. The la t te r  category cov'ers m,anned 
e a r t h  orb i ta l .  f l i g h t s  (AAP) as w e l l  as observat ions conducted from the luna r  
su r face  under the  Apollo program. 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 d i s t r i b u t e d  a l l  over  t he  United S t a t e s  and the  f r e e  world. Groups 
are loca ted  at most of t h e  NASA c e n t e r s ,  a t  several o the r  government labora- 
t o r i e s ,  and til: nlany 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 ience  min i s t ry  of each of t he  p a r t i c i  
pa t ing  count r ies .  

The technolog;y developed and d a t a  gathered i n  t h i s  program are made avail- 
a b l e  t o  the  s c i e n t i f i c  and t echn ica l  community i n  o rde 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 the  advancement of the  technology 
of our country. 

SUMNARY OF --- R€:!iOIIRCES REQUIREMENTS : 
(Thousands of Dol la rs )  

1969 1970 1971 

Supporting iresearch and 
technolog;y/advanced s tud ie s . .  ........... $22,497 

Airborne research. .  ....................... 1,000 
Data analy,; CIS............................. '_ 3,412 
Sounding rockets . .  ........................ 19,234 
Solar  observa tor ies . .  ..................... 13,812 
Astronomic;il. observa tor ies . .  .............. 36,392 
Geophysical. observa tor ies . .  ............... 13,072 
Explorers .................................. 19,431 

$17,500 
1,600 
3,000 

18,500 
14,700 
31,600 

6,000 
18,935 

$17,500 
3,000 
3,000 

18,500 
16,100 
27,100 
5,200 

25,600 

Tota l . . . .# , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $128,850 $111,835 -. $116,000 -. 
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BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technology/ 
Advanced Studies  

The Supporting Research and Technology/Advanced Studies  programs enhance 
the  o v e r a l l  s c i e n t i f i c  and technologica l  r e t u r n  from NASA f l i g h t  p r o j e c t s  
and help a s su re  continued exce l lence  and v i a b i l i t y  of the  f u t u r e  research  
program i n  space science.  The ob jec t ives  can be s t a t e d  i n  the  following 
t h r e e  broad ca tegor ies :  (1) enhancement of t he  value of cur ren t  space 
missions by a f u l l  supplement of simultaneous ground-based, a i r c r a f t ,  and 
bal loon observat ions;  (2) development of t heo r i e s  t o  expla in  observed phenomena 
and p red ic t  new ones; and (3) opt imiza t ion  of t he  r e t u r n  expected from f u t u r e  
missions by problem d e f i n i t i o n ,  development of advanced experiments and con- 
cep t s ,  and the  c a r e f u l  d e f i n i t i o n  of proposed new missions.  

These funds provide p a r t i a l  support  f o r  the  Goddard I n s t i t u t e  f o r  Space 
S tudies ,  the  Space Science Board, and the  Research Associate  Program. About 
250 research  t a sks  are c a r r i e d  out  by u n i v e r s i t i e s ,  non-profit  and i n d u s t r i a l  
research i n s t i t u t i o n s ,  NASA Centers ,  and o the r  Government agencies.  

Airborne Research 

The Airborne Research p r o j e c t  provides f o r  space f l i g h t  research  using 
high f l y i n g  j e t  a i r c r a f t .  The p r o j e c t  supports  a u r o r a l  and airglow research ,  
s o l a r  corona s t u d i e s  during t o t a l  e c l i p s e s ,  and stellar,  p lane tary ,  and 
s o l a r  astronomy i n  a previously unexplored region of the  i n f r a r e d  po r t ion  of 
t he  electromagnet ic  spectrum. 

Data Analysis 

The ob jec t ive  of t h i s  e f f o r t  is t o  e x p l o i t  t he  d a t a  obtained from space 
sc ience  experiments on NASA spacec ra f t .  Reduced da ta  records are forwarded 
by each P r inc ipa l  Inves t iga to r  t o  the  National Space Science Data Center 
(NSSDC) loca ted  a t  the  Goddard Space F l i g h t  Center. 
catalog/ding, the  a v a i l a b i l i t y  of t he  d a t a  is made known t o  the  world s c i e n t i f i c  
community through pe r iod ic  announcements by the  NSSDC. 

Af te r  processing and 

The funding i n  FY 1971 provides f o r  a cont inua t ion  of the  d a t a  c o l l e c t i o n  
e f f o r t  of t he  NSSDC. 
of c o r r e l a t i v e  s t u d i e s  which u t i l i z e  da t a  from seve ra l  s epa ra t e  inves t iga t ions  
as w e l l  as new approaches t o  the  a n a l y s i s  of a v a i l a b l e  da ta .  

The FY 1971 funding a l s o  provides f o r  l imi ted  support  

Sounding Rockets 

A wide v a r i e t y  of experiments i n  aeronomy, p lane tary  atmospheres, iono- 
spheres and r ad io  physics ,  ene rge t i c  p a r t i c l e s  and electric f i e l d s ,  g a l a c t i c  
and r ad io  astronomy, and s o l a r  physics can be accommodated on rockets  s ince  a 
f l e x i b l e  s t a b l e  of veh ic l e s  is ava i l ab le .  The r e l a t i v e l y  s h o r t  l ead  t i m e  
required t o  arrange a rocket  f l i g h t ,  usua l ly  less than a year ,  makes i t  
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poss ib l e  t o  u t i l i z e  rocke ts  t o  conduct t imely and cos t - e f f ec t ive  f l i g h t  tests 
of advanced instrumentat ion being developed f o r  satell i tes,  observa tor ies ,  
spacec ra f t ,  e t c .  F ina l ly ,  rocke ts  o f f e r  t he  unique means of conducting 
s c i e n t i f i c  experiments designed t o  s tudy  unpredic tab le ,  s c i e n t i f i c a l l y  impor- 
t a n t  phenomena, such as, polar  cap absorp t ion  events ,  s o l a r  f l a r e s ,  dayglow, 
a i rglow,  aurora ,  noc t i l ucen t  c louds,  and ec l ip ses .  

F i s c a l  Yea.r 1971 funds w i l l  provide cont inua t ion  of the  Physics and 
Astronomy sounding rocket  f l i g h t  program at  about 90 f l i g h t s  p e r  yea r .  
Emphasis on the  s te l la r  and s o l a r  astronomy d i s c i p l i n e s  w i l l  continue with 
the  u t i l i z a t i o n  of advanced stellar and s o l a r  f i n e  poin t ing  con t ro l  s y s t e m s  
recent ly  developed wi th in  the  program. 

Solar  Observatories 

The Orbi t ing Solar  Observatory (OSO) provides a spec ia l i zed  space Iobserv- 
ing  platform t o  con t r ibu te  t o  our understanding of t he  sun. The Spacecraf t  
design provid.es a c a p a b i l i t y  f o r  experiments 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 he  c e l e s t i a l  sphere.  

Four missions,  including c o r r e l a t e d  ground-based observat ions of the sun, 
are scheduled through the  mid-1970's. Seven OSO's were launched i n  the per iod 
from 1962 t o  1969. These missions have made major cont r ibu t ions  t o  our under- 
s tanding of the  sun and, i n  p a r t i c u l a r ,  t he  observa t iona l  models of f l a r e s .  
OSO-V and V I  are continuing to provide va luable  observat ions i n  support  of 
our research ob jec t ives .  

In  FY 1971 funds w i l l  provide f o r  cont inuing OSO-V and V I  observatLons 
and f o r  da ta  ana lys i s  and pub l i ca t ion  of r e s u l t s  of these  missions;  f o r  the  
completion of development, t e s t i n g ,  launch, and i n i t i a l  opera t ion  of the 
f i r s t  of the  next  four  missions; and f o r  continuing development of thlz 
instruments and  spacecraf t  hardware f o r  the  remaining t h r e e  missions.  

Astronomical Observator ies  

The Orbi t ing Astronomical Observatory I1 (OAO-11) mission, launched 
December 7 ,  1968, is making major cont r ibu t ions  t o  our understanding (of t he  
universe  by providing c r i t i c a l  information i n  the  u l t r a v i o l e t  region of t he  
electromagnetic spectrum. This observatory has  success fu l ly  conducted 
s c i e n t i f i c  observat ions f o r  over a year.  Measurements have been made on the  
emission c h a r a c t e r i s t i c s  of d i f f u s e  nebulae and the  extension of the  (opacity 
of the  i n t e r s t e l l a r  medium i n t o  the  u l t r a v i o l e t  by the  Wisconsin Experiment 
Package (WEP). The Smithsonian Astrophysical  Observatory Celescope has 
provided sky mapping and br ightness  c h a r a c t e r i s t i c s  of nebulae and of ho t  
stars. O f  major i n t e r e s t ,  are d a t a  from the  WEP which i n d i c a t e  t h a t  inost 
nearby ga lax ies  are genera l ly  b r i g h t e r  i n  the  u l t r a v i o l e t  than previously 
theorized.  The u l t r a v i o l e t  measurements w i l l  provide an important input  t o  
cosmology. 
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The OAO was developed as an accurately stabilized automated space observa- 
tory system for telescopic observations of celestial objects in the electro- 
magnetic spectral range from the X-ray region through the ultraviolet into the 
visible region. 

FY 1971 funds will provide for completion of the OAO-B prelaunch operations, 
as well as support for launch, in-orbit operations, and processing and analysis 
of data from the scientific experiment. 
mission for completion of qualification tests of the experiments; acceptance 
tests of the flight experiments; integration of the experiments, and initiation 
of the observatory tests. 

Funds will also be used on the OAO-C 

Geophysical Observatories 

The Orbiting Geophysical Observatory ( O M )  project has as a primary objec- 
tive the accomplishment of a series of coordinated scientific studies of the 
earth's environment and the effect of solar activity on that environment.. 
Six observatories have been launched at the rate of one each year, starting 
in 1964. The launch phase of this project was completed in June 1969 with the 
successful launch of OGO-VI. This observatory carries instrumentation for 25 
experiments and has successfully accomplished its initial objectives. 

The scientific accomplishments of the OGO project have had a significant 
impact on our understanding of earth's space environment, particularly its 
complex and dynamic nature. The technology evolved in the development of a 
large, complex laboratory type system has benefited other space programs and 
provides a basis for advanced space laboratory concepts. 

N 1971 funds provide for operational support of OGO-V and VI, special 
operations of earlier OW'S as appropriate, and continuation of data analysis. 

Explorers 

Explorers are small special purpose satellites designed and instrumented 
to provide for specialized scientific investigations, and are flown in the 
unique orbits required for these investigations. The Explorer class space- 
craft and their experiments are developed by NASA installations, universities, 
other Government agencies, industry, and cooperating foreign countries. They 
are used for investigations of the earth's atmosphere, ionosphere, and 
magnetosphere; exploration of the magnetospheric boundary region and inter- 
planetary space; and astronomical observations of the sun and other celestial 
objects. 

The early Explorer satellites have been responsible for many of the 
discoveries made in the earth's environment during the past decade. 
the continuous development of Scout and Delta launch vehicle capability and 
instrumentation, they have become versatile and sophisticated tools for 
specialized space investigations as well as explorations. 

With 
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N 1971 fiinds provide f o r  the  development, t e s t i n g ,  and launching of 
s m a l l  sate1;t:ites i n  support  of X-ray and r ad io  astronomy; and atmosphere, 
r a d i a t i o n  b e l t ,  and magnetospheric boundary inves t iga t ions .  This inc:ludes 
support  f o r  interagency and i n t e r n a t i o n a l  cooperat ive p r o j e c t s .  

SCHEDULE OF LAUNCHES 

Pro j ec  t 

Solar  Ob SE!I:V~L t o r  ies 

As tronomic:al Observator ies  

Explorers ( Including In t e r -  
na t iona l  Ccloperative S a t e l l i t e s )  

Soundi.ng Ec1ck.e ts 

Calendar Year -- Mission 

OSO-H 1971 
oso-I 1973 
OSO-J 1974 
OSO-K 1976 

OAO-B 
OAO-C 

1970 
1 9 7 1  

3 - 5 Scout launches per  year  
1 - 3 D e l t a  launches per  year  

About 90 launches ]per year  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

OFFICE OF SPACE: SCIENCE AND APPLICATIONS --- LUNAR AND PLANETARY 
EXPLORATION P m  

PROGRAM 0BJE:CTI:VES -- AND JUSTIFICATION : 

The 0bjec:t:ive of t h e  Lunar and Plane tary  Explorat ion program i s  t h e  
s c i e n t i f i c  ~!xpl.oration of our s o l a r  system u t i l i z i n g  manned and automated 
spacec ra f t  supported by earth-based observa t ions  and l abora to ry  research .  
The c u r r e n t  program p laces  emphasis on planning the  f u r t h e r  exp lo ra t ion  
of t h e  moon by manned systems and on the  exp lo ra t ion  of t h e  p l a n e t s  and 
the  interp1aatet:ary medium using automated spacec ra f t .  In te rmedia te  and 
long range chjectives encompass a broad exp lo ra t ion  of t he  s o l a r  system 
and in te rp1met :a ry  space. The u l t ima te  achievement of these  o b j e c t i v e s  
w i l l  provide d a t a  t o  b e t t e r  expla in  t h e  o r i g i n ,  h i s t o r y  and mechanisms of 
development of our s o l a r  system, thereby inc reas ing  our  understanding of 
t he  evolu t ion  of t h e  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 fundelnierxtal s c i e n t i f i c  ob jec t ives  of t he  l u n a r  exp lo ra t ion  program 
are t o  understand t h e  moon's o r i g i n ,  evolu t ionary  h i s t o r y ,  r e l a t i o n s h i p  
t o  t h e  e a r t h  and t h e  s o l a r  system, and processes of formation. P r o j e c t s  
r e c e n t l y  completed have advanced considerably our knowledge of t h e  malon 
and providedl a weal th  of da t a  which have a ided ,  and w i l l  continue t o  a i d  
i n  unraveling t.he myster ies  of our nearest neighbor. 
t he  i n i t i a l  s t e p  i n  t h i s  e f f o r t ,  provided the  f i r s t  close-up d e t a i l  of the 
moon's surfawe through v id icon  p i c t u r e s  t r ansmi t t ed  t o  e a r t h .  The 
subsequent Lunar O r b i t e r  p r o j e c t  provided l a r g e  scale, d e t a i l e d  photolgraphs 
of t h e  moon t h a t  were requi red  f o r  t he  s e l e c t i o n  and c e r t i f i c a t i o n  of 
sites f o r  t h e  Apollo landing missions and improved photo coverage of t he  
e n t i r e  moon, nea r s ide  and f a r s i d e .  The Surveyor p r o j e c t ,  by s o f t  landing 
a spacecraf t  on t h e  moon, provided a cr i t ica l  demonstration of t h e  proposed 
Apollo technique. I n  add i t ion ,  Surveyor made va luab le  con t r ibu t ions  t o  
our knowledgp of t h e  moon by tak ing  hundreds of high r e s o l u t i o n  photalgraphs 
of t he  lunar. t e r r a i n ,  by measuring luna r  su r face  bear ing  s t r e n g t h ,  and 
by making t h e  first rudimentary chemical ana lyses  of l u n a r  su r face  m a t e r i a l s .  

The Ranger p r o j e c t ,  

The explatration of t he  moon i s  now concentrated i n  the  manned Apollo 
program. Funds are requested under t h e  Supporting Research and Technology 
and Data Ana.l.ysis program t o  provide the  b a s i c  planning f o r  s c i e n t i f i c  
experimentation. and d a t a  i n t e r p r e t a t i o n  of t he  manned exp lo ra t ion  phase. 
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The p lane ta ry  and i n t e r p l a n e t a r y  programs have experienced a high degree 
of success beginning wi th  t h e  Mariner I1 flyby of Venus and continuing 
wi th  t h e  mos t  r ecen t  s u c c e s s f u l  Mariner V I  and V I 1  missions t o  Mars. The 
Mariner I1 mission i n  1962, t h e  f i r s t  f lyby mission t o  Venus, provided new 
da ta  on t h e  magnetic and atmospheric c h a r a c t e r i s t i c s  of t he  p l ane t .  
Mariner I V  mission t o  Mars i n  1964-1965 provided the  f i r s t  close-up 
photography of t h e  p l a n e t ' s  c r a t e r e d  su r face  and e s t a b l i s h e d  t h a t  i ts  
atmospheric dens i ty  w a s  very  low compared t o  the  e a r t h .  Mariner V ,  launched 
i n  June 1967, made more p r e c i s e  measurements of Venus' ionosphere, magneto- 
sphere,  and atmosphere. Pioneer  I X ,  launched i n  November 1968, is the last  
ope ra t iona l  spacec ra f t  i n  t he  c u r r e n t  series designed t o  measure the  
i n t e r p l a n e t a r y  medium. Earlier missions provided d a t a  enabl ing  a b e t t e r  
understanding of t h e  mechanisms r e l a t e d  t o  t h e  propagat ion through space 
of s o l a r  d i s turbances ,  t h e  e f f e c t  of t hese  d is turbances  on terrestrial 
phenomena, and the  r e l a t i o n s h i p  between s o l a r  a c t i v i t y  and s o l a r  and 
cosmic rays.  Mariner V I  and V I I ,  launched on February 24 and March 27, 
1969, r e s p e c t i v e l y  completed t h e i r  missions t o  Mars i n  July-August 1969, 
when both spacec ra f t  re turned  t h e  most comprehensive body of s c i e n t i f i c  
d a t a  ever  obtained from another  p l ane t .  

The 

The next phase of t h e  P lane tary  program inc ludes  a series of missions 
t o  Mars, Venus, and Mercury and the  f i r s t  mission t o  t h e  v i c i n i t y  of 
J u p i t e r .  Two Mariner O r b i t e r  missions t o  Mars are scheduled f o r  1971. 
I n  1973 a s i n g l e  Mariner spacec ra f t  w i l l  be used t o  s tudy  both Venus and 
Mercury. 
approach used s u c c e s s f u l l y  i n  explor ing  the  moon is our most ambitious 
p lane tary  undertaking c o n s i s t i n g  of two f l i g h t  missions t o  Mars on the  
new Titan-Centaur conf igu ra t ion  i n  1975. An evolu t ion  of t he  success fu l  
Pioneer  spacec ra f t  design w i l l  permit missions beyond Mars t o  the  Asteroid 
B e l t  and J u p i t e r ;  Pioneer  F and G launches are scheduled f o r  t h e  1972 and 
1973 Jovian oppor tun i t i e s .  
missions w i l l  be an a c t i v e  program of p l ane ta ry  observa t ions  from the  
v i c i n i t y  of e a r t h .  
previous years  by t h e  Supporting Research and Technology/Advanced 
Studies  budget. 

The Viking p r o j e c t  which combines the  o r b i t e r / s o f t  l ander  

Concurrent with and complementary t o  these  

This p l ane ta ry  astronomy p r o j e c t  has  been funded i n  

SUMMARY OF RESOURCES REQUIREMENTS: 

(Thousands of Dol la rs )  
1969 19 70 1971 

Supporting research  and technology/ 
advanced studies..................... 

P lane tary  astronomy.................... 
Data a n a l y s i s  .......................... 
Pioneer................................ 
Mariner Mars 1969...................... 
Mariner Mars 1971...................... 
Mariner Mercury 1973................... 
Viking ................................. 

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

$18,571 
3,700 
2,337 
4,700 

26,130 
20,058 

12,427 

$17,980 
3,800 
2,600 

20,800 
4,491 

60,342 
1,000 

40,000 

$17,400 
4,800 
3,900 

32,900 
200 

29,600 
21,100 
35,000 

$87,923 $151,013 $144,900 
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BASIS OF FUNIIIREQUIREMENTS : 

- Sutppr t ing  Research and Technology/Advanced Studies  

Supporting Research and Technology provides f o r  support  of f l i g h t  missions 
by conceiving; and developing sc i ence  experiments and engineer ing c a p a b i l i t i e s  
and by condu~:ti.ng s t u d i e s  t h a t  de f ine  t h e  ob jec t ives  and requirements of 
var ious  long,--range f l i g h t  mission p o s s i b i l i t i e s .  Data obtained Erom ground- 
based a c t i v i t : i c s  supported by t h i s  program are combined with f l i g h t  r e s u l t s  
t o  y i e l d  s i g n i f i c a n t  advancement i n  our  knowledge of the moon and s o l a r  
system. The ad.vanced t echn ica l  development p a r t  of t h i s  program is or i en ted  
toward i n i t i a t i n g  technologica l  development of f u t u r e  subsystems, components, 
techniques arid processes t h a t  MY have a p p l i c a t i o n  t o  long-range space- 
c r a f t  concept:s and providing the  l abora to ry  research  requi red  t o  determine 
the f e a s i b i l i t y  of a l t e r n a t i v e  design concepts f o r  f u t u r e ,  more complex 
missions t o  t:he p l ane t s .  Areas of i n t e r e s t  are new telecommunication and 
da ta  automat ion. techniques and concepts, and increased  r e l i a b i l i t y  and l i f e -  
t i m e  of compcments. The advanced s t u d i e s  program i d e n t i f i e s  and eva lua tes  
long-range p o t e n t i a l  missions i n  terms of new information t o  be gained from 
t h e  p l ane t s .  

During FY' 1971 ,  e f f o r t  i n  t he  l u n a r  sc ience  area w i l l  l a r g e l y  be devoted 
t o  inc reas ing  our s c i e n t i f i c  knowledge of t he  moon by continuing l abora to ry  
i n v e s t i g a t i o a s  and t h e o r e t i c a l  s t u d i e s  r e l a t e d  t o  the  moon and by drawing on 
da ta  from ground-based research  and from Ranger, Surveyor , Lunar Orb i t e r  , 
and Apol.10 qiissions . Research i n  the  advanced t echn ica l  development program 
w i l l :  concent ra te  i n  the  areas of Grand Tour missions; provide more emphasis 
t o  t h e  critic:al. technologies for Venus probes and buoyant Venus s t a t i o n s ;  
and develop concepts f o r  advanced Mars exp lo ra t ion  i n  the  la te  1'370's. 

P lane tary  Astronomy 

The objec.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  p1anet:s and a s soc ia t ed  bodies  by means of observa t ions  made from 
the  v i c i n i t y  of t he  e a r t h .  
throughout 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 ea r th -o rb i t i ng  satell i tes i n  add i t ion  
t o  those a t  ground-based obse rva to r i e s .  Supporting labora tory  and 
t h e o r e t f c a l  stuidies are being c a r r i e d  o u t  t o  assist i n  the  reduct ion  and 
a n a l y s i s  of t:he observa t ions .  The program w i l l  be implemented using 
e x i s t i n g  in s tmmenta t ion  t o  the  maximum poss ib l e  ex ten t .  

Observations w i l l  be made a t  wavelengths 

Data Analysis 

The primary purpose of spacec ra f t  missions t o  the  moon or t o  the p l ane t s  
is t o  c0nduc.t: experimental i n v e s t i g a t i o n s  which w i l l  advance our knowledge 
and understamding. 
t h e  spacecra.ft and are t r ansmi t t ed  t o  e a r t h  f o r  a n a l y s i s  by the  s c i e n t i s t s  

Data are obtained by s c i e n t i f i c  instruments aboard 

RD 31 



conducting the experiments. The i n i t i a l  da t a  reduct ion and ana lys i s  is 
funded by the  f l i g h t  p r o j e c t  as a p a r t  of i t s  p r o j e c t  r e s p o n s i b i l i t i e s .  
Very o f t e n  the  t i m e  requi red  t o  reduce and analyze the da t a ,  and t o  publ i sh  
t h e  r e s u l t s ,  is longer  than the  per iod  of support  provided by the  p ro jec t .  

I n  1971 luna r  da t a  a n a l y s i s  w i l l  inc lude  d a t a  from the  Lunar Orb i t e r s ,  
with emphasis s h i f t e d  t o  areas of s c i e n t i f i c  i n t e r e s t  ou t s ide  the  equa to r i a l  
b e l t  of t he  i n i t i a l  Apollo landing zone, and from the  Apollo o r b i t a l  and 
landing missions themselves, g iv ing  v i t a l  science support  t o  l a t e r  Apollo 
missions.  

P ionee r 

The ob jec t ives  of the  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  po in 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, during the  1972 
and 1973 Jovian oppor tun i t i e s ,  explora tory  i n v e s t i g a t i o n s  of the  i n t e r -  
p lane tary  medium beyond t h e  o r b i t  of Mars, the  na tu re  of t he  a s t e r o i d  b e l t  
and the  environmental and atmospheric c h a r a c t e r i s t i c s  of the p l ane 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 missions; Pioneers  V I - I X  
Pioneers F and G, and Helios A and B. 
about 140 pounds each and were launched i n  1965, 1966, 1967, and 1968. A 
f i f t h  s p a c e c r a f t ,  Pioneer E,  w a s  l o s t  during launch i n  1969 when t h e  launch 
veh ic l e  f a i l e d .  
and Pioneer VI has operated longer  i n  i n t e r p l a n e t a r y  space than any o the r  
spacec ra f t .  
network of deep space "weather s t a t i o n s , "  

The f i r s t  series of spacec ra f t  weighed 

The four  Pioneers  now i n  s o l a r  o r b i t  are a l l  func t ion ing ,  

These i n t e r p l a n e t a r y  ou tpos t s  are e s s e n t i a l  elements of our 

The development of Pioneers  F and G w a s  i n i t i a t e d  i n  FY 1969. These 
spacec ra 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  the explora t ion  
of i n t e r p l a n e t a r y  space between one and f i v e  Astronomical Units  (AU) from 
the  sun inc luding  the  a s t e r o i d  b e l t  and J u p i t e r .  (One AU is equal  t o  the  
mean earth-to-sun d i s t ance ,  93,000,000 miles . )  With t h i s  t r a j e c t o r y ,  
we should be a b l e  t o  s tudy the  poss ib ly  hazardous reg ion  of the a s t e r o i d  
b e l t ,  to measure t h e  g rad ien t  of t h e  sun ' s  i n f luence  on i n t e r p l a n e t a r y  space 
and the  pene t r a t ion  of g a l a c t i c  cosmic r a d i a t i o n  i n t o  the  s o l a r  system. 
While the  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 h e  p l ane t  and its environment. 
new f e a t u r e s  on t h e  Pioneer spacec ra f t  t o  compensate f o r  the  lessening  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.  
(RTG's) r a t h e r  than the  more convent ional  s o l a r  cells w i l l  be u t i l i z e d  t o  
provide electrical power t o  the  spacec ra f t .  

These missions w i l l  r e q u i r e  

For example Radioisotope Thermoelectric Generators 

I n  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 p r o j e c t  
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 ,  c a l l e d  Hel ios ,  
i n  cooperat ion with t h e  Federal  Republic of Germany is  t o  i n v e s t i g a t e  the 
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p r o p e r t i e s  o f  and processes i n  i n t e r p l a n e t a r y  space i n  the d i r e c t i o n  )of and 
c lose  t o  the sun (about 0.3 AU). The spacec ra f t  w i l l  be developed i n  West 
Germany w i t h  about one-third of t h e  s c i e n t i f i c  experiments suppl ied  by NASA. 

F i s c a l  year  1971 funds w i l l  be used f o r  design and development work on t h e  
Pioneer F and G: spacec ra f t  and i t s  s e l e c t e d  experiments. 
p o r t  f o r  the fou r  active Pioneer  spacec ra f t  and f o r  d a t a  a n a l y s i s  w i l l  con- 
t inue.  DeveI.opment of U. s. experiments f o r  Helios w i l l  continue.  

Operat ional  sup- 

Mariner 

The objec1:ive of t h e  Mariner program is t o  conduct t he  explora t ion  of 
t he  p l a n e t s  wi th  automated spacec ra f t  i n  t he  medium weight class. 
I1 flew by Venus i n  December 1962 t o  provide the  f i r s t  d i r e c t  temperature 
and magnetic. f i e l d  measurements from near  t he  p l ane t .  This w a s  followed 
by the  Mariner I V  f l i g h t  p a s t  Mars on J u l y  14, 1965. 
o b j e c t i v e  WILL; t.o conduct i n i t i a l  close-up s c i e n t i f i c  observa t ions  of Mars 
and i ts  envli-orunent. The o b j e c t i v e  w a s  achieved and included p i c t u r e s  
of the planet: showing a c r a t e r e d  su r face  similar t o  t h a t  of t he  moon. 
Although clcse-up p i c t u r e s  of Mars w e r e  t h e  primary goal ,  va luable  in fo r -  
mation on the  p l a n e t ' s  atmosphere and ionosphere w a s  a l s o  acquired.  
October 19, 31967, Mariner V flew p a s t  Venus some 2,600 m i l e s  from the 
p l a n e t ' s  su r f ace  and made measurements t o  determine the  p r o p e r t i e s  of the 
Venusian atmosphere and the  i n t e r a c t i o n  between the  p l ane t  and t h e  inter-  
p lane tary  medium, improving and s i g n i f i c a n t l y  augmenting t h e  d a t a  acquired 
f i v e  years  eiirl.ier by Mariner 11. According t o  Mariner V ,  Venus is a ho t  
p lane t  with il t h i c k  lower atmosphere--mostly carbon dioxide.  
atmosphere is surrounded by a sphere of hydrogen analogous t o  t h a t  of 
e a r t h .  

Mariner 

Mariner I V ' s  primary 

On 

The heavy 

On J u l y  Xl tmd August 5 ,  1969, Mariner V I  and V I 1  passed wi th in  2,000 
miles of t h e  Martian su r face ,  completing t h e  most ambitious and success fu l  
p lane tary  rmonnaissance ever achieved by any na t ion .  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  planned f o r  the missions,  inc luding  mare than 
200 pictureci of the  p l ane t  taken by t h e  spacec ra f t  on t h e i r  approach trajec- 
t o r i e s .  Mar:Lnt!r V I I ,  which flew over t h e  south p o l a r  cap reg ion ,  found the  
po la r  cap t o  be composed of carbon dioxide and c r a t e r e d  i n  the  same fash ion  
as the  land :~ui:faces. The p o s s i b i l i t i e s  of l i f e  on Mars remains one of t he  
major unansmrttd s c i e n t i f i c  ques t ions  and the  combined spec t roscopic  and 
imaging dattr from the  Mariner V I 1  provided i n t e r e s t i n g  and l i k e l y  reg ions  
f o r  f u t u r e  rdsn ions  t o  concent ra te  t h e i r  e f f o r t s  i n  p u r s u i t  of t h i s  
question. 

The 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 Mars using o r b i t i n g  spacec ra f t  w i l l  
begin in 197.1. 
subsystems o E  t he  Mariner 1969 explora tory  f lyby  missions,  w i l l  begin d e t a i l e d  

The Mars 1971 s p a c e c r a f t ,  which wi l l  use many of the proven 
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s t u d i e s  of t h e  atmosphere and environment of t he  p l a n e t ,  and provide a close- 
up look a t  l a r g e  areas of t he  sur face .  This 1971 mission w i l l  provide broad 
topographic and thermal coverage, seasonal  v a r i a t i o n s  i n  t h e  atmosphere and 
on t h e  s u r f a c e ,  and o t h e r  long-term dynamic observa t ions .  Some of the 
s c i e n t i f i c  instruments f o r  t he  Mariner Mars 1971 missions w i l l  be improved 
ve r s ions  of those c a r r i e d  on the  Mariner Mars 1969 flyby. However, the 
s c i e n t i f i c  d a t a  r e t u r n  w i l l  be increased  s i g n i f i c a n t l y .  This i nc rease  i n  
d a t a  r e t u r n  r e s u l t s  from. the  spacec ra f t  being i n  o r b i t  about t h e  p l a n e t  
allowing mul t ip l e  measurements and observa t ions  over a per iod of months. 
During t h e i r  f i r s t  90 days i n  o r b i t ,  t he  Mariner H and I spacec ra f t  w i l l  
observe approximately 70 percent  of t he  p l a n e t ' s  su r f ace  inc luding  the  
wave of darkening, cloud movements and m y  o t h e r  dynamic and seasonal  
changes i n  the p l a n e t ' s  atmasphere and on t h e  p l a n e t ' s  sur face .  

A s i n g l e  modified Mariner spacec ra f t  w i l l  be used t o  s tudy  both Venus 
and Mercury i n  1973. 
e a r t h  make the  study of t hese  p l a n e t s  important t o  our knowledge of e a r t h  
and i t s  p lace  i n  the  s o l a r  system, t h e  knowledge of o t h e r  p lane tary  bodies 
can a l s o  make a s i g n i f i c a n t  con t r ibu t ion .  I n  1973 using the same rocket  
requi red  t o  go t o  Venus, a spacec ra f t  can 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  t h e  spacec ra f t  can a l s o  swing by Mercury and 
begin t h e  exp lo ra t ion  of t h i s ,  t h e  c l o s e s t  p l ane t  t o  the  sun. The Mariner 
s p a c e c r a f t ,  which w i l l  be launched by an Atlas/Centaur,  w i l l  r e t u r n  both 
u l t r a v i o l e t  and v i s u a l  t e l e v i s i o n  p i c t u r e s ,  atmosphere and ionosphere da t a ,  
as w e l l  as thermal maps from both Venus and Mercury. I n  add i t ion ,  i t  w i l l  
monitor t h e  space environment i n  the  unexplored reg ions  between Venus and 
Mercury. 

Although t h e  similarities between Mars, Venus and 

The funds requested f o r  FY 1971 w i l l  support  post-launch opera t ions  
f o r  t h e  Mariner Mars 1969 spacec ra f t  and continued a n a l y s i s  of s c i e n t i f i c  
and engineer ing data .  
Mars 1971 w i l l  be used f o r  spacec ra f t  system t e s t i n g ,  launch opera t ions  
and t h e  i n i t i a l  p o r t i o n  of mission opera t ions .  F i s c a l  year  1971 funds 
w i l l  a l s o  be used t o  prepare  func t iona l  s p e c i f i c a t i o n s  f o r  the Mariner 
Mercury 1973 spacec ra f t  i n  o rde r  t o  permit  i n i t i a l  f l i g h t  hardware procure- 
ment activities. 

F i s c a l  year  1971 funds requested f o r  Mariner 

A system con t rac to r  w i l l  be s e l e c t e d  during the  year.  

Viking 

The exp lo ra t ion  of Mars i n i t i a t e d  i n  1965 by the  Mariner series of space- 
c r a f t  w i l l  be extended t o  su r face  exp lo ra t ion  wi th  a Viking landing i n  1975, 
rescheduled from the  prev ious ly  planned 1973 da te .  While the p r i o r  missions 
s tud ied  t h e  p l ane t  from o r b i t a l  o r  f lyby  d i s t ances ,  t he  1975 missions w i l l  
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  the  
Mars atmosphere and on i t s  su r face .  P a r t i c u l a r  emphasis w i l l  be placed on 
obta in ing  b i o l o g i c a l ,  chemical, and environmental f a c t o r s  r e l evan t  t o  the  
ex i s t ence  of l i f e  on t h e  p l ane t  a t  t h i s  t i m e ,  a t  some t i m e  i n  the p a s t ,  o r  
t he  p o s s i b i l i t y  of l i f e  e x i s t i n g  a t  a f u t u r e  da t e .  



The l ande r  t o  be used f o r  t h i s  mission w i l l  be a s o f t  l ande r  similar t o  
those used i n  t h e  Surveyor p ro jec t .  This lander  w i l l  be mated wi th  a modified 
Mariner 1971 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  the l ande r  i n t o  
o r b i t  p r i o r  to :Landing. 
has the  advantage of smaller landing d i spe r s ions ,  lower e n t r y  v e l o c i t i e s ,  and 
b e t t e r  c0ntro.L of e n t r y  angles .  

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 

F i s c a l  year  :L971 funds w i l l  be used t o  continue the  development of c r i t i c a l !  
long l ead  itms, such as the  landing r ada r  system, t h e  landing propulcdon system 
and many of ithe sc ience  instruments.  Design e f f o r t  w i l l  continue and funds 
w i l l  be prov:Lded 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  support .  

Schedule of Launches 

P ro jec t  

Pioneer 

Mariner 

Viking 

Mission 

Pioneer  F 
Pioneer  G 
Helios A 
Helios B 

Mars 1971 (2) 
Mercury 1973 (1) 

Caltimdar 
I t  .t.ear -.- 

1!1)72 
1!1) 73 
1!1) 74 
1';) 75 

1';) 71 
1'3 7 3 

Mars 1975 (2) 1'9 75 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF SPACE -- SCIENCE .AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

SPACE APPLICATIONS P6.0GRAM -- 

The ob jec t ives  of the  Space Applicat ions program are t o :  (1) expand 
the  knowledge of atmospheric and space phenomena; (2) conduct a broad 
program of ixsearch  and t echn ica l  development o r i en ted  toward the  app li- 
ca t ion  of s ~ ) i ~ c t ~  techniques f o r  t h e  b e n e f i t  of mankind; (3)  develop arid 
test procedu:ces , inst ruments  , subsystems , spacec ra f t  , and i n t e r p r e t i v e  
techniques f o r  t he  var ious  app l i ca t ions ;  ( 4 )  f u l f i l l  NASA's responsi-  
b i l i t i e s  under the  Communications S a t e l l i t e  A c t  of 1962; (5) develop and 
implement f o r  the  Environmental Science Services  Adminis t ra t ion (ESSA) , 
Department of Commerce, t he  ope ra t iona l  meteorological  s a t e l l i t e  system; 
(6) cooperate with t h e  u s e r  government agencies ,  such as t h e  Departments 
of Agr icu l ture  !, Commerce , I n t e r i o r  , and Navy, through the  Earth Resources 
Survey Progl:im Review Committee 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  res;oui:ces; and (7) cooperate t o  the  ex ten t  poss ib l e  with fore ign  
count r ies  i n  the  genera 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 ,  
development arid f l i g h t  test  of experiments, subsystems , and spacec ra f t  
i n  t he  areas of app l i ca t ions  technology, communications , e a r t h  resoux ces, 
geodesy, met:eoi:ology, and nav iga t ion / t r a f  f i c  con t ro l  , and inc ludes  de- 
velopment of ope ra t iona l  systems f o r  u s e r  agencies .  Current f l i g h t  Flro- 
grams incluck 'IXROS , Nimbus , Synchronous Meteorological , Applications, 
Technology, Geodetic,  Earth Resources, S a t e l l i t e s ,  and a number of 
meteoro1ogic:al sounding rockets .  
o f f e r  g r e a t  pot:ential  t o  mankind by developing and extending the  teclmology 
common t o  many app l i ca t ions .  Communications sa te l l i t es  provide an economical. 
method fo r  worl.dwide communication, and can be used t o  r e l a y  t o  ground 
s t a t i o n s  da tx  obtained by e a r t h  resources  , meteorology, geodet ic ,  and' 
s c i e n t i f i c  spacec ra f t .  Ear th  resources  sa te l l i t es  can o b t a i n  va luable  
d a t a  i n  such areas as a g r i c u l t u r e / f o r e s t r y  , geology/mineralogy , hydrcllogy/ 
oceanography,, rind geography/cartography. Geodetic sa te l l i t es  can he lp  
determine the  s i z e  and shape of t he  e a r t h  and the  vec to r  p r o p e r t i e s  clf i t s  
gravitat:iona!. f i e l d .  Meteorological sa te l l i t es  provide the  c a p a b i l i t y  t o  
improve weat:her p red ic t ion  on a g loba l  b a s i s ,  and inc rease  our  knowledge 
of t h e  atmosphere. 

Applicat ions Technology S a t e l l i t e s  
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SLJMPIARY OF RESOURCES REQUIREMENTS: 

(Thousands of Dol la rs )  

Supporting research  and technology/ 
Advanced studies... . . . . . . . . . . . . . . . . . . .  

TIROS/TOS improvements... ............... 
Nimbus.................................. 
Synchronous meteorological  satellite.. . .  
Meteorological soundings ................ 
Cooperative a p p l i c a t i o n s  satellite.. . . . .  
Global atmospheric research  program 

study ................................. 
Applicat ions technology satellites...... 
Geodetic satellites..................... 
N a v i g a t i o n / t r a f f i c  c o n t r o l  

sa te l l i te  studies... . . . . . . . . . . . . . . . . . .  
Earth resources  survey... . . . . . . . . . . . . . . .  

A i r c r a f t  program...................... 
Earth resources technology satel l i te . .  

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

1969 

$19,600 
5,800 

31,800 

3,000 
100 

--- 

--- 
24,700 

2,465 

--- 
11,200 
(8,900) 
(2,300) 

$98,665 

19 70 

$24,900 
3,700 

27,300 
2,700 
3,000 

100 

--- 
39,000 
1,700 

--- 
26,000 

(15,000) 
(11,000) 

$128,400 

19 7 1  

$25,900 
3,200 

28,000 
15,600 

3,100 
100 

1,000 
31,100 

3,500 

3,000 
52,500 

(41,500 
(11,000) 

$16 7,000 

BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technology 

The ob jec t ives  of t h e  suppor t ing  research  and technology are t o  conduct 
programmatic s t u d i e s ,  b a s i c  and supporting research ,  advanced technologica l  
developments and the  t e s t i n g  of new concepts, techniques, materials, com- 
ponents, sensors ,  ins t rumenta t ion ,  da t a  systems, and subsystems which 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 satel l i te  p r o j e c t s .  
areas of e f f o r t  i n  t h e  space a p p l i c a t i o n s  program inc lude  app l i ca t ions  
technology, communications, e a r t h  resources ,  geodesy, meteorology, naviga t ion /  
t r a f f i c  con t ro l ,  r ad io  i n t e r f e r e n c e ,  and i n t e r d i s c i p l i n a r y  app l i ca t ions .  
F i s c a l  year  1971 funds are requi red  t o  maintain the  cu r ren t  l e v e l  of sup- 
po r t ing  research  and technology e f f o r t s  i n  t h e  separate app l i ca t ions  
d i s c i p l i n a r y  areas and t o  p lace  increased  emphasis on r ad io  i n t e r f e r e n c e  
and propagation, and information networks i n  the  communications d i s c i p l i n e s .  

The d i s c i p l i n a r y  

TIROS/TOS Improvements 

The ob jec t ives  of t h i s  p r o j e c t  are to :  (1) provide research  and develop- 
ment toward advanced ope ra t iona l  meteorological  sa te l l i t e  systems, (2) 
provide maximum i n t e r i m  ope ra t iona l  da t a  f o r  use i n  weather a n a l y s i s  and 
fo recas t ing ,  (3) measure emitted i n f r a r e d  and r e f l e c t e d  s o l a r  r a d i a t i o n  i n  
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se l ec t ed  s p e c t r a l  regions,  (4) observe cloud p a t t e r n s  and cloud cover., (5) 
measure the  earth-atmosphere hea t  balance,  and ( 6 )  use system concepts and 
b a s i c  conf igura t ions  which w i l l  maximize success  and minimize c o s t s  when 
used i n  subsequently ope ra t iona l  systems. 

Nine TIROS research and development spacec ra f t  funded by NASA and n ine  
opera t iona l  spacec ra f t  funded by ESSA have been success fu l ly  launched. TIROS-M, 
being developed by NASA as the  ope ra t iona l  prototype of t he  second-generation 
opera t iona l  sat:ellite series, the  Improved TIROS Operat ional  S a t e l l i t e  (ITOS), 
is scheduled f o r  launch during January 1970. Under TOS Improvements, e f f o r t  
w i l l  be cont:?tnued i n  the  development of advanced sensors  and subsystems such 
as high--reso:tut:ion radiometers and a l t i tude-de termina t ion  sys  t e m s  which w i l l  
be incorporated i n t o  f u t u r e  ope ra t iona l  spacecraf t .  F i s c a l  year  1971 funds 
are requi red  f o r  post-launch support  and da ta  a c q u i s i t i o n  and handling 
e f f o r t s  f o r  YIROS-M f o r  continued sensor  and subsystems development f o r  TOS 
Improvements!, and f o r  in-depth s t u d i e s  f o r  f u t u r e  ope ra t iona l  s a t e l l i t e  
sys  t e m s  

Nimbus 

The ob jec t ives  of t h i s  p r o j e c t  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 da t a  on atmospheric parameters f a r  use 
by t h e  s c i e n t i f i c  community; t o  ca r ry  out  f l i g h t  tests t o  prove the appl i -  
c a b i l i t y  of t he  instrumentat ion;  t o  f u l f i l l  s p e c i a l  da t a  requirements of the  
atmospheric sc iences  research  community which can be provided uniquely by 
t h i s  instrun1rmt:ation funct ioning as a space meteorological  observatory;  and 
t o  provide tlie b a s i s  f o r  fur t l ie r  s i g n i f i c a n t  technological  advances i n  
meteorological sa te l l i t es  f o r  ope ra t iona l  as w e l l  as s c i e n t i f i c  u s e s .  
These object:i.ves w i l l  be extended i n  the  Nimbus E and F missions t o  develop 
an appli-cati.ons observatory i n  p o l a r  o r b i t  a t  low t o  medium a l t i t u d e  t h a t  
w i l l  f l i g h t  test  technology and experiments f o r  meteorology and other appl i -  
ca t ions  disc:i-pI.ines. 

The f i r s t :  two spacec ra f t  i n  the ,p lanned  series of seven Nimbus satel l i tes  
were Nimbus I, launched on August 28, 1964, and Nimbus 11, launched on May 15, 
1966. Nimbtis II, a t h i r d  spacec ra f t  launched May 18, 1968, w a s  l o s t  due t o  a 
launch vehic::Le f a i l u r e .  I n  June,  1968, NASA approved launch of a replacement 
spacec ra f t  i d e n t i c a l  t o  t he  Nimbus B conf igura t ion ,  which w a s  designated B-2 
p r i o r  t o  launch. It w a s  success fu l ly  launched Apr i l  1 4 ,  1969, whereuipon i t  
was designat:ed Nimbus 111. Nimbus D ,  scheduled t o  be launched i n  CY 1970, 
w i l l  tes t  an advanced con t ro l  system, advanced experiments f o r  determining 
the  vertical. temperature s t r u c t u r e ,  and a d d i t i o n a l  experiments such als a 
temperature/’huniidity i n f r a r e d  radiometer,  a monitor of the  water content  
of t he  atmosphere, and a more r e f ined  worldwide da ta  c o l l e c t i o n  system 
t h a t  w i l l  include the  f i r s t  meaningful spacec ra f t  wind measurement 
experiment. Nimbus E and F ,  scheduled t o  be launched i n  CY 1972 and CY 



1973 respec t ive ly ,  w i l l  test advanced i n f r a r e d  radiometr ic  and spectrometr ic  
and microwave experiments designed t o  allow penet ra t ion  of cloud l aye r s  f o r  
the  g loba l  determinat ion of the  v e r t i c a l  S t ruc tu re  of the  atmosphere. 

F i s c a l  year  1971 funds are required f o r  continued a c q u i s i t i o n  and ana lys i s  
of the  da t a  from the  Nimbus D spacec ra f t  i n  o r b i t  and t o  continue the  develop- 
ment of t h e  Nimbus E and F spacec ra f t  and se l ec t ed  experiments. 

Synchronous Fleterological Sa t e l l i t e  

The ob jec t ives  of the  Synchronous Heteorological  S a t e l l i t e  (SI IS)  are to :  
(1) demonstrate a prototype ope ra t iona l  SNS, (2)  permit continuous observat ion 
of major weather systems rou t ine ly ,  thus enhancing the  a b i l i t y  t o  p red ic t  
and l o c a t e  severe shor t - l ived  storms, (3)  der ive  important wind f i e l d  da t a  
over considerably l a r g e  areas and i n  much less t i m e  than here tofore  poss ib le ,  
and (4) provide c a p a b i l i t y  f o r  r ap id  dissemination of processed meteorological 
da t a  t o  l o c a l  meteorologis ts .  

Fiscal year  1970 funds were used f o r  i n i t i a t i n g  the  design and develop- 
ment of t he  two SMS spacecraf t  and sensors .  Fiscal year  1971 funds w i l l  be 
used t o  i n i t i a t e  procurement of SFIS A and B spacecraf t  and t o  continue 
development of sensors .  

Meteorological Soundings 

The ob jec t ives  of t h i s  p r o j e c t  are t o  determine the  s t r u c t u r e  and 
c h a r a c t e r i s t i c s  of the  atmosphere i n  the  30 t o  about 100 ki lometer  (km) region 
through the  use of research and development type sounding rockets  and t o  de- 
velop a meteorological  sounding rocket  system amenable t o  research,  range 
support ,  and rou t ine  opera t iona l  requirements. Three areas of e f f o r t  are 
involved: (1) l a r g e  research  sounding rockets  t o  explore  the  c h a r a c t e r i s t i c s  
and phenomena of t he  atmosphere between 30 and about 100 km. This region is 
important t o  meteorological  sc ience ,  and cannot be reached except by sounding 
rocket.  Nike Apache and occas iona l ly  Tomahawk class rockets  are used t o  
explore  the  r e l a t i o n s  and mechanisms opera t ing  between and wi th in  the  var ious  
regions of the  atmosphere, and the  e f f e c t s  of s o l a r  energy and i t s  v a r i a t i o n s  
upon the  s t r u c t u r e  and c i r c u l a t i o n  i n  the  atmosphere; (2)  s m a l l  sounding 
rocket  systems are u t i l i z e d  t o  ob ta in  measurements i n  the  region of approxi- 
mately 30 t o  60 ki lometers  above the  e a r t h .  Included i n  t h i s  e f f o r t  is  the  
development of an inexpensive ope ra t iona l  meteorological  sounding rocket  
system capable of r e l i a b l e  launches amenable t o  the  requirements f o r  range 
support ,  research and network opera t ions ;  (3)  the  sounding rocket  f i e l d  
experiment support ,  which through cooperation with o the r  count r ies ,  pro- 
v ides  f o r  t he  establ ishment  of s e l f - sus t a 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  cont r ibu te  
mutually valuable  data .  



Approximately 50 l a r g e  research  rocke ts  and about 125 s m a l l  develo,pment 
rockets  are launched each year .  F i s c a l  year  1971 funds are requi red  t o  
procure a d d i t i o n a l  l a r g e  research  and small developmental rocke t s ,  f l i g h t  
test var ious  payload experiments,  improve rocke t  performance and t o  cont inue 
f i e l d  experiment p r o j e c t s  with o t h e r  cooperating coun t r i e s  t o  ob ta in  add i t iona l  
atmospheric research data .  

Cooperative Applicat ions S a t e l l i t e  

This p r o j e c t ,  being c a r r i e d  out  j o i n t l y  by the United S t a t e s  i3nd France, 
c o n s i s t s  of d.eveloping instrumented bal loon techniques t o  be uti:Lized i n  
conjunction with an ear th-orb i t ing  satel l i te  f o r  the  purpose of ob ta in ing  the  
c h a r a c t e r i s t i c s  of a i r  masses, e s p e c i a l l y  i n - s i t u  measurements of speed 
and wind d i r e c t i o n  a t  var ious  a l t i t u d e s .  The d a t a  obtained w i l l  be used 
by U. S. and French s c i e n t i s t s  t o  assist i n  t h e  understanding of the  s t r u c t u r e  
of t h e  atmosphere and extending weather fo recas t ing  c a p a b i l i t i e s .  
c r a f t  and one backup with instruments  will be provided by France. 
c r a f t  w i l l  be launched by NASA i n  1970 t o  ga the r  da t a  from approximately 500 
bal loons.  The instrumented ba l loons  w i l l  be developed and launched by 
France i n  the Southern Hemisphere. S a t e l l i t e  t racking  and d a t a  iacquis i t ion,  
reduct ion ,  ar.d ana lys i s  w i l l  be provided by France. The U. S. w i l l  provide 
the  Scout veF.icle, and backup i f  requi red ,  launch se rv ices ,  i n i t i a l  s a t e l l i t e  
tracking,,  and data a n a l y s i s ,  along with France,  of t he  reduced da ta .  

One space- 
The space- 

F i s c a l  Year 1971 funds are requi red  t o  cont inue t echn ica l  support  and 
provide launch and post-launch support .  

- G.lobal Atmospheric Research Program ( G A R P )  Study 

The Global. A.tmospheric Research program (GAPS) is  an i n t e r n a t i o n a l  
cooperat ive program d i r e c t e d  toward obta in ing  d a t a  f o r  increas ing  under- 
s tanding of the genera l  c i r c u l a t i o n  of the  atmosphere and f o r  lay ing  the 
mathematical and phys ica l  b a s i s  f o r  methods of long range weather pre-  
d i c t i o n .  GAFP is  d i r e c t e d  j o i n t l y  by the  governments of i n t e r e s t e d  
na t ions  through the  World l ie teoro logica l  Organization (WfO) and the 
world s c i e n t i f i c  community through the  I n t e r n a t i o n a l  Council f o r  Scien- 
t i f i c  Unions; n a t i o n a l  and i n t e r n a t i o n a l  organiza t ions  have been estab-  
l i s h e d  t o  p lan  and execute  the program. 
planned f o r  1.975, is  cu r ren t ly  seen as requ i r ing  seven (7) meteorological  
s a t e l l i t e s  in simultaneous opera t ion  f o r  about a year.  I n t e r n a t i o n a l  com- 
mitments, t o  provide these  satell i tes have no t  been made. 

The major event ,  a g loba l  exe rc i se  

Long term weather fo recas t ing  cannot be achieved without f i r s t  achieving 
I n  FY 1970, NASA i n i t i a t e d  s t u d i e s  t o  determine the  na ture  the GARP goals .  

of i ts  poss ib le  support  t o  the  GARP experiment. The Phase B s tudy planned 
f o r  FY 1.971 w i l l  involve d e t a i l e d  s tudy,  comparative a n a l y s i s ,  and pre- 
l iminary system design d i r e c t e d  toward f a c i l i t a t i n g  the  choice of a s i n g l e  

RD 45 



p r o j e c t  approach f o r  NASA support  t o  GAW. The Phase I) study w i l l  a l s 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  opera t ions ,  a d d i t i o n a l  advanced technology, 
and advanced development t a s k s  requi red  t o  fu rn i sh  spacec ra f t ,  ground 
support ,  and r e l a t e d  d a t a  management f o r  t he  Global Experiment. 

Applicat ions Technology S a t e l l i t e s  

The ob jec t ives  of t he  Applicat ions Technology S a t e l l i t e s  p r o j e c t  are 
t o  design,  develop, f l i g h t  tes t ,  and eva lua te  a v a r i e t y  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 spacec ra f t ,  most of which are launched i n t o  synchronous 
o r b i t .  Of the  seven spacec ra f t  i n  t h e  series, f i v e  have been launched 
t o  da te .  Because of launch v e h i c l e  anomalies, t he  des i red  o r b i t s  f o r  
ATS-11, launched Apr i l  6, 1967, and f o r  ATS-IV, launched August 10, 
1968, were not  achieved, thus l i m i t i n g  t h e  experimental  value of t hese  
spacec ra f t .  ATS-V, launched Apr i l  12,  1969, experienced problems with 
t h e  active s t a b i l i z a t i o n  system p r i o r  t o  planned despinning of t he  
sa te l l i t e  and the  deployment of t he  g r a v i t y  g rad ien t  system. However, 
many ob jec t ives  from seven of t he  twelve experiments f l i g h t  t e s t e d  on 
t h e  mission w i l l  be obtained.  ATS-I, launched December 7,  1966, and 
ATS-111, launched November 5 ,  1967, i n t o  synchronous o r b i t s  have per- 
formed success fu l ly  and cont inue t o  opera te .  Two spacec ra f t ,  ATS-F and 
G ,  are scheduled f o r  launch i n  calendar  years  1973 and 1975, respec t ive ly .  
U t i l i z i n g  three-axis  active spacec ra f t  s t a b i l i z a t i o n ,  t hese  spacec ra 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 g h t  test  a space 
e r e c t a b l e ,  parabol ic  antenna, approximately 30 f e e t  i n  diameter,  and 
capable of high poin t ing  accuracy. 
and technologica l  experiments w i l l  a l s o  be f l i g h t  t e s t e d  on these  
missions.  E f f o r t  w i l l  a l s o  cont inue i n  f i s c a l  year  1971 t o  develop 
promising advanced experiments which have been def ined but  have not  
been assigned t o  a s p e c i f i c  f l i g h t  mission. 

A number of a d d i t i o n a l  s c i e n t i f i c  

F i s c a l  year  1971 funds w i l l  be used for cont inua t ion  of ATS-F and G 
spacec ra f t  development and experiment,  and f o r  continued development 
of advanced app l i ca t ions  experiments. 

Geodetic S a t e l l i t e s  

The purpose of t he  Geodetic S a t e l l i t e  p r o j e c t  is  t o  support  t he  Nat ional  
Geodetic S a t e l l i t e  program ( j o i n t  NASA/l)OD/DOC program) and t o  develop 
the  technology of geodet ic  satell i tes f o r  so l id-ear th  geophysics and 
oceanography. 

Three geodet ic  sa te l l i tes  have been :Launched: Pageos-I i n  June 
1966; GEOS-I on November 6,  1965; and GEOS-I1 on January 11, 1968. Data 
obtained from these  launches are u t i l i z e d  i n  the  establ ishment  of a 
un i f i ed  worldwide geodet ic  datum. One a d d i t i o n a l  mission, GEOS-C, is  
planned f o r  launch i n  1972 t o  complete t h e  grav imet r ic  ob jec t ive  of the  
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National  Geodetic S a t e l l i t e  program and t o  demonstrate t he  f e a s i b i l i t y  
of employing a geodet ic  sa te l l i t e  r ada r  altimeter t o  measure the  mean sea 
level of t he  ocean. F i s c a l  year  1371 funds w i l l  be used f o r  continued 
ana lys i s  of GEOS-I1 da t a  and t o  cont inue the  development of GEOS-C space- 
c r a f t  and experiments. 

- N a v i g a t i o d T r a f f i c  Control S a t e l l i t e  S tudies  

The ob jec t ive  here  is t o  s tudy t h e  design of a spacec ra f t  system which 
w i l l  be capable o f :  
over-ocean a reas ;  (2)  providing communication and naviga t ion  services t o  
sh ips  and a i r c r a f t ;  and (3)  providing a i d  i n  search  and rescue opera t ions  
and c o l l i s i o n  prevent ion system opera t ions  f o r  marine and a v i a t i o n  
vehic les .  

(1) improving a i r  t r a f f i c  con t ro l  services :in thiz 

Earth Resources Survey 

The ob jec t ives  of t h i s  p r o j e c t  are t o :  (1) assess the  p r a c t i c a l  value 
of remote sensing of e a r t h ’ s  resources  from space,  (2)  compare the 
c a p a b i l i t i e s  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 with 
and without  c:omplementary a i r c r a f t  coverage, (3) determine whether or 
no t ,  and i n  wha.t conf igura t ion ,  an ope ra t iona l  space-assis ted and user- 
o r i en ted  eart:h resources  survey system could be developed t o  meet e x i s t i n g  
requirements,  ( 4 )  determine which remote sensors  are most e f f e c t i v e  f o r  
e a r t h  resourc:es surveying, (5) develop and improve d a t a  handling procedures,  
and ( 6 )  ensure f u l l  understanding of f u t u r e  ope ra t iona l  system requirements 
and cost:s. 

The p r o j e c t  inc ludes  two ac t iv i t i e s  i n  the  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 spacecraf t  
car ry ing  e a r t h  resources  experiments; and (2)  an a i r c r a f t  f l i g h t  pro- 
gram t o  devel-op and test remote sensing techniques,  sensors ,  and data 
handling systems a t  a l t i t u d e s  of from 500 t o  50,000 f e e t .  

The objec,l:ive of the  Earth Resources Technology S a t e l l i t e  p r o j e c t  is t o  
design, devel-op, launch, and test  a series of spacec ra f t  t o  conduct ex- 
periments whi-ch w i l l  l e ad  t o  a r e l i a b l e  assessment of t he  u t i l i t y  of 
spaceborne sensors  f o r  app l i ca t ions  t o  problems r e l a t e d  t o  na tu ra l  and 
c u l t u r a l  resources .  This assessment w i l l  l e ad  t o  the  c a p a b i l i t y  t o  
design spacec ra f t  and r e l a t e d  d a t a  handling systems t o  support  t h e s e  
n a t i o n a l  programs on an ope ra t iona l  b a s i s .  It w i l l  a l s o  l ead  t o  an 
eva lua t ion  of the  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  da ta  on the  e a r t h ’ s  resources .  
i n  FY 1970 through the  performance of two p a r a l l e l  d e t a i l e d  system 
design s t u d i e s  t h a t  encompass both the  f i r s t  two spacec ra f t  and the  
r e l a t e d  ground da ta  handling system. 
system w i l l  be made very e a r l y  i n  FY 1 9 7 1  so t h a t  t he  system can c n t c r  
i n t o  t h e  detail!ed engineer ing and f a b r i c a t i o n  s t a g e  i n  FY 1971. ‘Che two 

This e f f o r t  is  progressing 

A s e l e c t i o n  of the more promisjng 



sa te l l i t es ,  which are planned f o r  sun-synchronous o r b i t ,  are t o  be launched 
success ive ly  i n  CY 1972 and CY 1973. These satel l i tes  wi l l  ca r ry  in s t ru -  
mentation t h a t  w i l l  meet the  requirements of t h e  user  community i n  terms 
of s p a t i a l  and spectral r e so lu t ion  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  order  t o  assess the  
advantages of each. The sa te l l i t e  system w i l l ' a l s o  concurrent ly  r e l a y  
da t a  from remote ground sensors  such as r a i n  gauges, stream gauges, and 
seismometers t o  assess the  value of such a network f o r  complementing 
the  spaceborne sensors .  

The Earth Resources Survey a i r c r a f t  support ing p r o j e c t  ob jec t ive  is 
t o  conduct tests and experiments with instruments  analagous t o  those 
being considered f o r  the  spacec ra f t  systems t o  eva lua te  both the  in s t ru -  
ments themselves and the  p o t e n t i a l  of using such instruments  t o  perform 
use fu l  t a sks  from space. The f l i g h t s  a l s o  con t r ibu te  t o  an understanding 
o f ,  and s o l u t i o n  t o ,  t he  d a t a  management problems t h a t  w i l l  be a p a r t  
of the  t o t a l  system opera t ion ,  including the  i n t e r f a c e s  with the  
ex tens ive  and d ive r se  use r  community. 

F i s c a l  year  1971 funds are being requested t o  continue a i r c r a f t  
opera t ions ,  sensor  procurement, and da ta  processing t o  conduct about 30 
f l i g h t s  over 60 test sites, and t o  i n i t i a t e  spacec ra f t  and sensor  hard- 
ware procurement f o r  the  f i r s t  two ERTS spacecraf t .  
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SCHEDULE OF LAUNCHES 

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

P r o j e c t  

TIROS 

TOS and I T 0 9  

Nimbus 

Miss i o n  

Launch of TIROS M 

Launch of ITOS A-G 

Launch of Nimbus D 
Launch of Nimbus E 
Launch of Nimbus F 

Synchronous Pk teo ro log ica l  Launch of SMS-A 
S a t e l l i t e s  Launch of SXS-B 

Cooperative App1:Lcations Launch of CAS-A 

( I f  Required) 
S a t e l l i t e  Launch of Back-up 

Appl ica t ions  'I'echnology Launch of ATS-F 
Satel l i tes  Launch of ATS-G 

Geodetic Sate:L Lirtes Launch of Geos C 

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

INTELSAT** 

*ESSA funded 
**COMSAT funded 

Launch of INTELSAT I11 & I V  
S e r i e s  

Calendar 
Y ea.r 

--,- 

19 70 

It9 70- .L9 74 
(about 2 p e r  
yr, s u b j e c t  
to ca.:tl-up 
by ESSA) 

1.9 70 
1.9 72 
1.9 73 

1.9 72 
1.9 73 

1.9 70 

1.9 7 1  

1973 
1975 

1972 

1972 
19 73 

1970-I972 
( sub jec t  t o  
cal l -up by 
COMSA'.:') 

375-328 0 - 70 - 5 





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

OFFICE OF SPACE SCIENCE AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

-- 

-- 
L4UNCB VEHICLE PROCUREMENT PROGRAM -- 

The Launch Vehicle Procurement program o b j e c t i v e  is to  provide launch 
v e h i c l e s  and launch s e r v i c e s  t o  suppor t  mission requirements.  
a c t iv i t i e s  inc lude  t h e  procurement of v e h i c l e  hardware, launch o p e r a t i o n a l  
services, engineer ing  and maintenance suppor t ,  and product  improvement!3 t o  
f l i g h t  veh ic l e s  and suppor t  equipment. Vehicles  being procured are: :Scout, 
Delta, Thor Agena, A t l a s  Centaur,  T i t a n  I11 Centaur,  and T i t a n  III C. 

Ma;jor 

SUMMARY OF RESOURCES REQUIREMENTS : --- 
(Thousands of D o l l a r s )  

19 7 1  -- 1969 19 70 

Supporting research  and technology/ 

scout......:........................ 12,600 13,700 15,100 
advanced studies.................. $4,400 $4,000 $:l,ooo 

Delta............................... 24,300 32,100 34,000 
Agena.......... ..................... 11,300 5,300 --- 
Centaur............................. 44,200 50,000 68,100 

4,700 T i t a n  I11 C.......................... 3,100 3,700 - 
Total............................. $99,900 $108,800 $124 900 -L 

BASIS OF FUND -- REpIREMENTS: 

-d S i i w x t i n g  Research and Technology/Advanced S tud ie s  

The o b j e c t i v e  of t h e  SR&T/Advanced S tud ie s  p r o j e c t  is t o  provide d a t a  f o r  
management dec i s ions  r equ i r ed  f o r  f u t u r e  automated missions by conducting a 
sys t ema t i c  program of s t u d i e s  and research.  

s cou t  

Scout i s  t h e  smallest launch v e h i c l e  i n  t h e  NASA v e h i c l e  family and is used 
f o r  s m a l l  s c i c m t i f i c  sa te l l i tes ,  space probes and h igh  speed r e e n t r y  experi-  
ments. N 197.1 funds f o r  procurement w i l l  be  u t i l i z e d  f o r  purchase of new 
hardware, t o  s u s t a i n  t h e  Scout launch c a p a b i l i t y  a t  two launch si tes arkd t o  
cont inue  e f  f oii% r e l a t e d  t o  v e h i c l e  improvements. 
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Delta 

Delta is a t h r e e  s t a g e  v e h i c l e  c o n s i s t i n g  of t h e  f i r s t  s t a g e  Thor boos te r ,  
t h e  Delta second s t a g e  and a s o l i d  p r o p e l l a n t  t h i r d  s tage.  
has performed success fu l ly  68 t i m e s  i n  74 a t tempts .  It has been used t o  
launch communication, meteorological ,  s c i e n t i f i c  and b i o l o g i c a l  satellites. 
I n  FY 1971 funds w i l l  b e  u t i l i z e d  t o  continue hardware c o n t r a c t s  i n i t i a t e d  
i n  FY 1970, and continue support  of launch opera t ions  and maintenance of 
ground support  equipment. I n  addition,improvements on t h e  TE-364 motor and 
t h e  i n e r t i a l  guidance system f o r  use  wi th  D e l t a  w i l l  be made with FY 1971 
funds . 

Through 1969, i t  

Agena 

The Thrust  Augumented Thor Agena veh ic l e  is used by NASA f o r  po lar  o r b i t a l  
missions launched from t h e  Western T e s t  Range i n  Ca l i fo rn ia .  No FY 1971 funds 
are requi red  s i n c e  t h e r e  are no NASA missions cu r ren t ly  planned for  t h i s  
v e h i c l e  system a f t e r  t h e  launching of t h e  SERT I I A  and Nimbus D missions 
dur ing  t h e  f i r s t  h a l f  of 1970. 

Centaur 

The Centaur is a high energy upper s t a g e  veh ic l e  using l i q u i d  hydrogen 
and l i q u i d  oxygen p rope l l an t s .  To da re ,  t h i s  veh ic l e  has been used 
exc lus ive ly  wi th  t h e  Atlas boos ter  i n  support  of NASA's Surveyor, Mariner, 
Orbi t ing  Astronomical Observatory and Applicat ions Technology Satel l i te  
missions. A new conf igura t ion ,  T i t an  111-D/Centaur, is based on i n t e g r a t i o n  
of an improved Centaur s t a g e  wi th  t h e  T i t an  I11 booster.  
conf igura t ion  w i l l  become o p e r a t i o n a l  i n  1974. During FY 1971, funds w i l l  
be requi red  t o  cont inue  t h e  procurement of veh ic l e  hardware f o r  t he  Pioneer,  
Mariner Mars 1971, t h e  Proof F l i g h t  T e s t ,  and the  OAO missions. I n  a d d i t i o n ,  
purchase of new hardware and support  w i l l  be  i n i t i a t e d  f o r  t h e  Mariner 
Mercury 1973 and t h e  Hel ios  A missions along wi th  t h e  cont inua t ion  of v e h i c l e  
improvement begun i n  p r i o r  years.  

This veh ic l e  

T i t a n  1 1 1 - C  

The T i t a n  I I I C  launch v e h i c l e  is a four  s t age  s o l i d  and l i q u i d  f u e l  v e h i c l e  
developed and managed by t h e  Department of Defense. 
are necessary t o  cont inue  v e h i c l e  hardware procurements and supporting 
services i n i t i a t e d  i n  p r i o r  yea r s  i n  support  of t h e  ATS F and G missions which 
are planned f o r  launch i n  1973 and 1975. 

During FY 1971, funds 
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RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1971 ESTIMATES 

SUSTAINING UNIVERSITY 'PROGRAM --- O F F I C E  O F  --- UNIVERSITY AFFAIRS 

PROGRAM 0BJEC:TIVES AND J U S T I F I C A T I O N :  --- 
The Sustaining Universi ty  program w a s  e s t ab l i shed  i n  1962 when NASA, 's  

expanding r e s p o n s i b i l i t i e s  required increased p a r t i c i p a t i o n  of t he  
educat ional  c:tnnunity i n  the  space program. 
adequate 1aboi:at:ory fac i l i t i es ,  t o  increase  the  number of h ighly  trainled 
people,  and t:o conduct broad mul t id i sc ip l ina ry  research .  Many of these  
goals  have been m e t ,  NASA programs have benef i ted  and the  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 ob jec t ives  were t o  provide 

NASA w i l l  continue t o  support  research a t  u n i v e r s i t i e s  as needed fclr 
N A S A ' s  mission wi th  funding requirements t o  be  m e t  from program o f f i c e  
R&D resources:., The Sustaining Universi ty  program w i l l  be phased t o  an 
o rde r ly  concl.usion. 

SUMMARY O F  RE:SOIIRCES REQUIREMENTS - : ---- 
(Thousands of Dol la rs )  

1971 .-- 1969 1970 

Sus ta in ing  un ive r s i ty  program. . . . . . . . . $9,000 $7,000 . --I - 
--. - .-- .-- Tota l . ,  ............................ $9,000 $7,000 
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iJATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Program 

FISCAL YEAR 1971 ESTIMATES 

KESEARCH AND DEVELOPNENT BUDGET PLAN FOR 

ADVANCED RESEARCH AND TECHXOLOGY PROGRAMS 

(Thousands of d o l l a r s )  
L9 71 -~ 1969 1970 

Basic research... . . . . . . . . . . . . . . . . . . . . .  $20,220 $18,902 $ .L7,600 

Space v e h i c l e  systems ................. 31,349 30,670 :30 ,000 

Elec t ronics  s y s t e m s  ................... 34,460 33,500 .22 ,400 

Human f a c t o r  systems................ .. 19,402 21,900 L7,900 

Space power and e lec t r ic  
propuls ion systems .................. 38,787 34,450 30,900 

Nuclear rocke t s  ....................... 33,502 36,500 .38,000 

Chemical propulsion ................... 25,752 20,480 :,!O , 300 

Aeronautical  vehicles. . . . . . . . . . . . . . . . .  74,748 75,900 - r17,lOO 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $278,220 $27 2,302 -A $204 200 -- 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

BASIC RESEARCH PROGUM --- OFFICE OF ADVAXED -- RESEARCH AND TECHNOLOGY 

PROGRAM OBJ'ECTIVES -- AND JUSTIFICATION: 

The Basic Research program supports  fundamental research i n  the  pliysical  
and mathematical sciences. It is  aimed a t  providing an understandin!: 
of t h e  phys ica l  phenomena p e r t i n e n t  t o  o the r  NASA programs concerned 
with cur ren t  and f u t u r e  a i r c r a f t  and space activit ies.  This b a s i c  research 
is ca r r i ed  out  p r i n c i p a l l y  i n  NASA's  research and space f l i g h t  c.entei1-s 
supplemented by i nves t iga t ions  a t  u n i v e r s i t i e s  , i n d u s t r i a l  research 
l a b o r a t o r i e s ,  and o the r  Government research cen te r s .  Fundamental uncler- 
s tanding  of physical  phenomena i n  many f i e l d s  of sc ience  is  required t o  
develop the  technology f o r  NASA's programs. Basic research  i n  NASA, 
t he re fo re ,  m u s i t  encompass a wide spectrum of d i s c i p l i n e s .  It ranges from 
very fundamc~~ntial s t u d i e s  i n t o  the  na tu re  and p rope r t i e s  of atoms and 
molecules t o  the  more appl ied research  areas such as determining the  b e s t  
materials f o r  t he  space s h u t t l e .  

The Basic Research program is  divided i n t o  four  broad d i s c i p l i n e s  :: 
Fluid Physic:;, Electrophysics ,  Materials, and Applied Mathematics. These 
are discussed below, as app l i cab le  t o  aeronaut ics  and space.  The d i v i s i o n  
of the  13asic Research program i n t o  these  two ca tegor ies  is somewhat 
a r b i t r a r y  where t h e  program is  app l i cab le  t o  both  ca t egor i e s .  

SUMMARY OF IUSSOURCES REOUIREMENTS : 

(Thousands of Dol la rs )  
1971 1970 ---. 1969 

Aeronautic::; research  and technology. . . $5,900 $6,190 $6,600 
Space research and technology ......... 14,320 12,712 -.r. 11 0OCl 

Tota l . . .  ............................. $20,220 $18,902 $17 600 -A. --.. 

BASIS OF --- FupI[T) REQUIREMENTS: 

Aeronautics Research and Technology 

The Fluidl Physics subprogram promotes b a s i c  research  on aerodynamic 
and gas dynamiic: problems re levant  t o  NASA ob jec t ives  i n  aeronaut ics .  
During the  past: year ,  new research  programs have been i n i t i a t e d  on a i r  
po l lu t ion  from aeronaut ics  source,  no ise  generat ion from turbofan systems, 
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and supersonic engine exhaust jets. 
the understanding and reducing of sonic boom and noise, and also, in under- 
standing the origin and mechanisms of clear air turbulence. 

Substantial progress has been made in 

The Materials subprogram conducts basic studies to understand the 
relationship between the structure and properties of materials that are 
used in aircraft. Typical examples are studies of surface physics to 
understand and improve the performance of avionics devices, alloys research 
to increase the performance of both structural and power plant materials 
and basic studies to better understand such failure mechanisms as fatigue 
and corrosion. 

The objective of the Applied Mathematics subprogram is to develop new 
mathematical models and methods so that problems in aeronautics may be 
solved more readily or efficiently than possible today. Research is 
currently being carried out in data representation, ranking of alternatives, 
and in new methods of representing stochastic processes. Future plans in- 
clude work in simulation, information retrieval, and adaptive control. 

Space Research and Technology 

The Fluid Physics subprogram promotes basic research on aerodynamic 
and gas dynamic problems relevant to NASA objectives in space. During 
the past year, entry gas-dynamic research has been continued with studies 
primarily concerned with experimental simulation and verification of 
theories regarding high speed entry. A significant advancement in gas 
dynamic laser research has been made by the recent demonstration of an all 
chemical laser. 

The Materials subprogram is conducting basic studies to understand the 
behavior and properties of materials fo,r use in space. The research is 
concerned with materials for use in electronic devices such as semi- 
conductors and thin films, and with structural materials for spacecraft, 
in particular for their use at high temperature. In the next year, a 
sizable portion of these studies will be directed toward materials for the 
space shuttle. 

The Electrophysics subprogram is devoted to increasing our understanding 
of the behavior of electrons, nuclei, atoms and molecules comprising gases, 
liquids and solids under the influence of acoustic, electric, and magnetic 
forces. Such new information is applicable toward the advancement of the 
technologies of electronics, space power and propulsion. In electronics, 
new paths will be made toward stable wide-band modulated optical and 
infrared lasers capable of transmitting and receiving increased information, 
and higher temperature super conductors. For space power and propulsion, 
progress is being made to achieve stable high density plasmas and to 
minimize energy losses so that the magnetoplasmadynamic technique may 
become practical. 
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The goal of the Applied Mathematics subprogram is to achieve new 
mathematical techniques for the solution of problems related to space 
flight. Future plans include work in mathematical approaches to pattern 
recognition, information retrieval, automatic theorem proving, arid ad,aptive 
systems. 
problems in addition to the NASA requirements. 

This work will be applicable to many social and technologic(a1 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PF:OGRAEl -- -- 
PROGRAM --- OBJEXT1.VES AND JUSTIFICATION : 

The Space Vehicle Systems program is an appl ied research  and technlology 
program. The primary objec t ives  wi th in  the  d i s c i p l i n a r y  areas of aerothermo- 
dynamics, st.i:uc:tures, and space environmental p ro t ec t ion  and con t ro l  are t o  
(1) conduct foc.used research and technology e f f o r t s  on c r i t i c a l  problems 
assoc ia ted  with the  reusable  space s h u t t l e ,  the  space s t a t i o n ,  l una r  explora- 
t i o n ,  and p l .metary  veh ic l e s ,  and (2)  conduct c a r e f u l l y  s e l e c t e d  advanced 
technologicad research  of p a r t i c u l a r  importance t o  provide a balanced program 
f o r  a l l  types of unmanned and manned space veh ic l e s .  

The program a l s o  inc ludes  the  formulation of space v e h i c l e  design c r i t e r i a .  
documents, a s  well as a s p e c i a l  a c t i v i t y  concerning aerospace s a f e t y .  

SUMMARY OF RI:SOURCES REQUIREMENTS : --- 
(Thousands of Doll ,n-s) 

1969 1970- 1 9 7 1 .  

Research arid Technology : 
Space veh ic l e  aerothermodynamics.. ...... $9,116 $9,67 3 $7,300 

and control. . . . . . . . . .  ................. 10,603 8,048 7,800 

Space veh ic l e  s t ruc tures . . . . . . . . . . . . . . . .  9,496 10,35:5 12,050 
Space environmental p ro t ec t ion  

Space veh.icle design c r i te r ia . . . . . . . . . . .  1,669 1,394 1,350 
Aerospace s a f e t y  research.. . . . . . . . . . . . . . . .  46 5 1,200- 1,500 

Total . . . . . . . . . . . . . . . .  ................... $31,349 $30,670- - $30,000. 

BASIS O F  --- FUNCl REQUIREMENTS: 

Research and Technology 

A major pa . r t  of t he  space veh ic l e  aerothermodynamics and s t r u c t u r e s  sub- 
programs i n  FY 1971 w i l l  be focused on c r i t i ca l  problems assoc ia ted  wi th  the  
reusable  space shuttle--such a s  eva lua t ing  conceptual v e h i c l e  conf igura t ions ;  
i nves t iga t ing  aerodynamic performance, s t a b i l i t y ,  con t ro l  and f l y i n g  equalit ies 
of promising conf igura t ion  concepts;  determining the  aerodynamic heat ing and 
developing e f f e c t i v e  reusable  hea t  p ro t ec t ion  systems; and developing l i g h t -  
weight,  highly e f f i c i e n t  s t r u c t u r e s  t h a t  are a p r e r e q u i s i t e  f o r  a success fu l  
space s h u t t l e .  The cooperat ive NASA and USAF l i f t ing-body f l i g h t  reslzarch 
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program w i l l  cont inue t o  i n v e s t i g a t e  p i l o t i n g  problems and f l y i n g  q u a l i t i e s  
of advanced manned r een t ry  veh ic l e s  during the  terminal  phases of f l i g h t  from 
supersonic  speeds t o  landing.  F i f ty - f ive  g l i d e  and powered f l i g h t s  have been 
accomplished as of January 1. 

A s u b s t a n t i a l  p a r t  of t h e  space environmental p ro t ec t ion  and con t ro l  sub- 
program w i l l  be focused i n  FY 1971 on providing engineer ing technologies  
requi red  f o r  t he  space s t a t i o n  and extended lunar  exp lo ra t ion  systems. 
These inc lude  l abora to ry  and f l i g h t  i nves t iga t ions  of t he  space r a d i a t i o n  
and meteoroid environments, of advanced meteoroid p r o t e c t i o n  systems, of 
improved v e h i c l e  thermal c o n t r o l  systems, and on the  problem of space v e h i c l e  
o p t i c a l  su r f aces  becoming contaminated i n  space.  

Research w i l l  cont inue on promising concepts f o r  advanced unmanned p lane ta ry  
veh ic l e s .  This inc ludes  research  on the  meteoroid hazard of such spacec ra f t  
pass ing  through the  a s t e r o i d  b e l t ,  on thermal con t ro l  problems assoc ia ted  wi th  
long du ra t ion  travel t o  t h e  f a r  reaches of t h e  inner  and o u t e r  p l ane t s  of t h e  
s o l a r  system, on s t r u c t u r e s  f o r  l igh tweight  e r e c t a b l e  antennas f o r  long 
d i s t a n c e  communication, and on aerodynamic hea t ing ,  performance, dece le ra t ion  
and landing c h a r a c t e r i s t i c s  of unmanned probe veh ic l e s  f o r  s o f t  landing on t h e  
p l a n e t  su r f aces .  

Although each of t h e  research  and technology program elements discussed 
above is focused p r imar i ly  on t h e  p o t e n t i a l  app l i ca t ions  noted,  each program 
element is a l s o  of underlying importance t o  s e v e r a l  space v e h i c l e  needs. To 
provide a balanced program f o r  a l l  types of space v e h i c l e s ,  t he  program a l s o  
inc ludes  advanced technologica l  research  on add i t iona l  problems such as t h e  
complex i n t e r a c t i o n s  of a b l a t i o n  by-products wi th  t h e  surrounding flow, t h e  
design and f a b r i c a t i o n  of advanced l igh tweight  tanks f o r  s t o r i n g  cryogenic 
f l u i d s  f o r  long du ra t ion  f l i g h t s ,  t h e  t e s t i n g  of u l t r a l igh twe igh t  e r e c t a b l e  
o r b i t a l  t e lescope  s t r u c t u r e s ,  t h e  mechanics of hyperveloci ty  meteoroid impact,  
and improved thermal vacuum s imula t ion  and t e s t i n g  techniques.  

I n  t h e  space v e h i c l e  des ign  c r i t e r i a  subprogram, cri teria and models of t he  
environment app l i cab le  t o  t h e  des ign  of space veh ic l e  s t r u c t u r e s ,  propuls ion 
systems, and guidance and c o n t r o l  systems are developed, documented and 
published. 
t echn ica l  expe r t s  ou t s ide  t h e  Government. 

The FY 1971 funds w i l l  be  used t o  con t r ac t  f o r  t h e  services of 

Aerospace Safe ty  Research 

The Aerospace Safe ty  Research and Data I n s t i t u t e  (ASRDI), which w a s  
r ecen t ly  e s t a b l i s h e d ,  has played an  active and increas ing  r o l e  i n  support  of 
aerospace s a f e t y  improvement. A key r e s p o n s i b i l i t y  of t h e  ASRDI i s  t h e  
Aerospace Safe ty  Data Bank which w a s  e s t ab l i shed  t o  c o l l e c t  and disseminate  
information on aerospace s a f e t y .  

The ob jec t ive  of t h e  program planned f o r  FY 1970 i s  t o  achieve a modest 
expansion of t h e  ac t iv i t i e s  of t h e  ASRDI i n  order  t o  provide increased 
a t t e n t i o n  t o  t h e  improvement of f i r e  s a f e t y  i n  manned spacec ra f t .  Spec ia l  
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a t t e n t i o n  is planned i n  support  of t h e  Space S h u t t l e  program. A c t i v i t i e s  
a s soc ia t ed  with t h e  Technical Data Bank have progressed approximately as 
planned, and i n i t i a l  opera t ion  of t h e  Bank is planned f o r  e a r l y  .L970 on an  
experimental b a s i s .  A t  t h a t  t i m e ,  t h e  Data Bank w i l l  have d i r e c t  hard l i n e  
access t o  s e v e r a l  major information cen te r s  throughout t he  country.  The 
program t h r u s t  i n  FY 1971 w i l l  emphasize t h e  c o l l e c t i o n ,  a n a l y s i s ,  evalua- 
t i o n ,  and s to rage  of s a f e t y  da t a  from many sources .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

ELECTRONICS SYSTEMS P'ROGRAM -- OFFICE OF ADVANCED -- RESEARCH AND TECHNOLOGY 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

Modern a i r c r a f t  and space missions r e l y  heavi ly  upon e l e c t r o n i c  sy.> ' *  t e m s  
f o r  i n t e r n a l  func t iona l  opera t ions  and coupling t o  t h e  ex te rna l  environment 
o r  terrestrial world. The ob jec t ives  of t he  Elec t ronics  Systems program 
are t o  provide advances i n  technology which s i g n i f i c a n t l y  improve the  
performance, cos t  e f f ec t iveness  and r e l i a b i l i t y  of aerospace e1ec:tron:iic 
systems; o f f e r  Important new func t iona l  c a p a b i l i t i e s ;  and provide the  
components s i u b s * y s t e m s  and systems needed t o  a s su re  continued opera t iona l  
e f f i c i e n c y  in the  Nat ion 's  c i v i l  aeronaut ics  and space a c t i v i t i e s .  These 
ob jec t ives  a r e  pursued through a se l ec t ed  program of appl ied  research and 
development on lkey pacing i t e m s  o r  problems i n  the  func t iona l  areas of 
guidance, contr131, communications, t rack ing ,  d a t a  handling and instrurnen- 
t a t i o n  backed by a more genera l  research e f f o r t  on the  electronic:  tecliniques 
and components which are fundamental bu i ld ing  blocks i n  a l l  electronic:  
systems . 
SUMMARY OF RESOURCES REQUIREMENTS : 

(Thousands of Dol la rs )  
l.9 7 1 - -- 1969 1970 

Aeronautics research and technology.. ..... $11,100 $10,495 S!i,800 
Space research and technology ............. 23,360 23,005 10,600 

Supporting research  and technology.. .... (22,960) (22,705) (10,600) 
F l i g h t  p:cojects. (400) (300 1 (---I ........................ 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $34,460 $33,500 $2::!,400 -.- -.- 

BASIS OF FUND REQUIREMENTS: --- 

Aeronautics Research and Technology 

That port:ion of t he  Elec t ronics  Systems program devoted t o  av ionics  
research  and development seeks so lu t ions  t o  s p e c i f i c  problems i n  the  c : iv i l  
aeronaut ics  fLe:Ld. I n  FY 1971, emphasis w i l l  be placed on the  development 
of techniques t o  a l l e v i a t e  a i r  t r a f f i c  congestion on and near  a i r p o r t  run- 
ways. In t eg ra t ion  of i n e r t i a l  system technology with conventional navi- 
ga t ion  and landing a i d s  w i l l  be inves t iga t ed  wi th  the  ob jec t ive  of 
permi t t ing  mo're p rec i se  con t ro l  and all-weather landing operat ion of 
commerical a i i m r a f t  . 
on f l i g h t  t e s t s  of advanced components and systems t o  improve f l i g h t  
c h a r a c t e r i s t i c s  during terminal  opera t ions .  

V/STOL av ionics  research w i l l  cont inue w i t h  emphasis 
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The advent of complex aircraft such as the jumbo jet and supersonic 
transport require better understanding of the role of a human operator as 
an active element in the control and guidance systems. Research will be 
continued to define the characteristics of optimum pilot-display-vehicle 
control systems and develop improved display and control systems. 

Development of fluidic components for simple, low cost autopilots 
suitable for general aviation applications will continue. Flight testing 
of a potentially light and inexpensive pilot warning indicator system 
suitable for general aviation will conclude in FY 1971. Results will be 
compiled and turned over to FAA and industry for further development. 

A substantial effort in instrumentation needed to facilitate aircraft 
development and operation will be continued. Emphasis will be placed on 
the development of precision altimeters, low speed indicators for V/STOL 
aircraft and systems and techniques for the detection and prediction of 
clear air turbulence. 

Space Research and Technology 

Funds requested for M 1971 are needed to support the Space Shuttle 
and Space Station/Base technology programs as well as future unmanned 
scientific missions. 
ment of precision electromagnetic sensors for attitude control of earth- 
orbiting vehicles such as the Space Station/Base and techniques for 
on-board guidance of planetary spacecraft as they approach their target 
planets. Advanced inertial components and automated systems for reentry, 
approach and landing of Space Shuttle vehicles will be investigated. 
Development of an optical radar for automatic rendezvous and docking of 
the Space Shuttle will continue. 

Research in guidance systems will emphasize develop- 

Control systems research will continue the development of long-life, 
precision control components for manned and unmanned spacecraft. 
Techniques for passive stabilization of satellites using gravity gradient 
techniques will receive increased emphasis with applications to earth 
resources satellites as a primary goal. Continued development of control 
moment gyro systems will be directed toward the long term reliability 
requirements of the Space Station/Base. 

Research on communications and tracking systems will emphasize the 
development of electronically steered antennas, higher frequency components 
and extended system lifetimes. Particular effort will be devoted to 
transmitting and receiving systems required for Space Shuttle operations. 
Development of telescope technology and optional communication systems will 
continue . 
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The complexity of automated systems and high volumes of d a t a  generated 
through space explora t ion  r equ i r e  major advances i n  computer performance 
and d a t a  processing techniques.  Development of high dens i ty  computer 
memories wil:L be continued wi th  emphasis on magneto o p t i c  m a t e r i a l s  artd 
holographic s to rage  systems f o r  Space S t a t i o n  app l i ca t ions .  Research on 
redundant systein organiza t ions  and improved components t o  ob ta in  long l i f e  
opera t ion  w i l l  continue.  Techniques f o r  p a t t e r n  recogni t ion  and da ta  com- 
press ion  w i l l  be pursued t o  maximize t h e  r e t u r n  of information from rcxorded 
da ta .  

Instrumentat  Lon research  w i l l  emphasize t h e  development of improvetl 
sensors  wi th  broader s p e c t r a l  response and increased s e n s i t i v i t y .  P a r t i c -  
u l a r  e f f o r t  w i l l  be appl ied t o  the  development of o p t i c a l  instrunlentat ion 
such as g ra t ings ,  l i g h t  i n t e n s i f i e r s ,  and image recording systems; neetled 
t o  f u l l y  u t i l i z e  d i f f r a c t i o n  l imi t ed  space te lescopes .  

Research on e l e c t r o n i c  techniques and components w i l l  c en te r  on thi: 
development of s o l i d  s ta te  materials, components and techniques f o r  diwice 
f a b r i c a t i o n  and tes t .  So l id  s ta te  d i sp lay  devices ,  d a t a  s t o r a g e  and 
microwave components w i l l  be developed t o  support  Space S t a t i o n  systein 
developments. Automated screening and t e s t i n g  techniques f o r  l a r g e  
scale in t eg ra t ed  c i r c u i t s  w i l l  receive major emphasis t o  in su re  1:he 
a v a i l a b i l i t y  of r e l i a b l e  components for t he  Space S h u t t l e  and Space 9:ation 
programs. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF --- ADVANCED RESEARCH AND TECHNOLOGY: SPACE POWER AND ELECTRIC 
PROPULSION SY ST EET EGRAM 

PROGRAM 0BJE:CTl:VES -- AND JUSTIFICATION: 

The princ:ipal ob jec t ive  of the  Space Power and Electric Propulsion pro- 
gram is t o  provide the  advanced technology base necessary f o r  thle development 
of electric power generat ion and electric propuls ion systems f o r  a n t i c i p a t e d  
aeronautical .  and space app l i ca t ions .  

The power d i . s t r ibu t ion ,  regula t ion ,  and con t ro l  systems p resen t ly  employed 
i n  a i r c r a f t  tire based on design concepts khat are twenty o r  more years  old.  
The ob jec t ive  of the  aeronaut ics  po r t ion  of t he  electric power generat ion 
program is t:o determine whether more recent  technology concepts emanating 
from the  spalce program can be employed t o  advantage i n  a i r c r a f t  systems. 

Future missions such as the  space s t a t ion /base ,  s h u t t l e ,  app l i ca t ions  
satell i tes arid outer-planets  explora t ion  r equ i r e  the  development of 
electric power systems having power l e v e l s ,  endurances, and r e l i a b i l i t i e s  
f a r  beyond those a t t a i n a b l e  with cu r ren t  systems which were designed t o  
meet the  rel.ati.vely s h o r t  dura t ion ,  low power requirements assoc ia ted  
with the  f i r s t  t en  years  of the  Nat ion 's  space program. Within the  power 
program, the need f o r  nuc lear  system technology is becoming p a r t i c u l a r l y  
press ing  as the: NASA mission requirements begin t o  exceed the  c a p a b i l i t y  
of s o l a r  power systems. 

The Elect.i:ic: Propulsion Sys t e m s  program cont inues t o  a i m  a t  e a r l y  
app l i ca t ions  t o  achieve the  p o t e n t i a l  advantages of mission f l e x i b i l i t y  
and increased payload. 
systems f o r  fiut:ure manned space s t a t i o n s  and synchronous satell i tes t o  
perform stat.j.on keeping is becoming evident .  
advantages of primary electric propuls ion i n  performing d i f f i c u l t  i n t e r -  
p lane tary  missions.  
t he  a u x i l i a r y  and primary propuls ion sys  t e m s  technology areas as demonstrated 
by ground tests and the  SERT I1 f l i g h t  program. 

The need f o r  long- l i fe  a u x i l i a r y  e l e c t r i c  propulsion 

S tudies  continue t o  sholw the  

Continuing good progress  is being achieved i n  bclth 



SUMMARY OF RESOURCES REQUIREMENTS: 

(Thousands of Dol la rs )  
1969 19 70 1971 

Aeronautics Research and Technology: 
Supporting research and technology.. . . --- $200 $400 

Space Research and Technology: 
Supporting research and technology .... $37,287 33,750 30,225 
Space electric rocket  test (SERT). . ,, . . 1,500 500 275 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $38,787 $34,450 $30,900 

BASIS OF FUND REOUIREMENTS: 

Aeronautics Research and Technology 

A thorough s tudy of present  and f u t u r e  needs i n  a i r c r a f t  e l e c t r i c a l  systems 
is underway, toge ther  with a low l e v e l  e f f o r t  toward reducing the  maintenance 
requirements,  weight and complexity of a i r c r a f t  electrical systems. This work 
w i l l  continue i n  FY 1971. 

Space Research and Technology 

The Nuclear F l i g h t  Safe ty  program continues t o  include:  (1) the  coordinat ion 
and d i r e c t i o n  of the  NASA por t ion  of t he  j o i n t  AEC/DOD/NASA reviews and analyses  
of proposed missions u t i l i z i n g  nuc lear  space power systems, (2) providing 
guide l ines  t o  the  NASA Centers f o r  f u t u r e  mission app l i ca t ions ,  (3) developing 
s p e c i f i c  design information i n  such areas as reen t ry  aerodynamics where NASA 
has s p e c i a l  competence and f a c i l i t i e s ,  and (4) the  recovery of NASA launched 
spacecraf t  car ry ing  s i g n i f i c a n t  q u a n t i t l e s  of nuc lear  materials i n  those 
cases where a determinat ion i s  made t h a t  recovery is  f e a s i b l e  and des i r ab le .  

The major reasons f o r  i n t e r e s t  i n  electric propuls ion technology are: 
(1) t he  p o t e n t i a l  f o r  increased  mission c a p a b i l i t y  and f l e x i b i l i t y  and, (2)  
reduced launch veh ic l e  s i z e  and/or c o s t s  as compared with e x i s t i n g  chemical 
propuls ion systems. The i o n  engine,  an electric t h r u s t e r  of t he  class 
which accelerate charged p a r t i c l e s  i n  e l e c t r o s t a t i c  f i e l d s ,  w i l l  continue 
t o  receive the  major emphasis i n  t h i s  program during FY 1971. Res i s to j e t  
t h r u s t e r s ,  which produce t h r u s t  by means of expansion of an e l e c t r i c a l l y  
heated gas ,  and plasma t h r u s t e r s  which depend upon i n t e r a c t i o n s  between 
electric cur ren t  and magnetic f i e l d s ,  are the  sub jec t  of the  remainder of 
t he  program. 

A major milestone i n  the  r e s i s t o j e t  e f f o r t  w a s  passed i n  FY 1970 with the  
successfu l  conclusion of long term l i f e  tests on ammonia and hydrogen u n i t s .  
I n  J?Y 1971, f u r t h e r  t e s t i n g  w i l l  be performed on r e s i s t o j e t s  capable of 
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opera t ing  on biowastes and the  subsystem technology required f o r  i n t e g r a t i o n  
with l i f e  support  systems w i l l  be i n i t i a t e d .  
systems continue to  show s i g n i f i c a n t  promise f o r  i n t e rp l ane ta ry  spacec ra f t  
prime propulsion. 

Elec t ron  bombardment ion  t h r u s t e r  

The primary ob jec t ive  of t he  nuc lear  electric power technology program is 
t o  obta in  the experimental  and a n a l y t i c a l  da t a  needed t o  permit the  u l t imate  
development of the  energy conversion equipment t o  be used i n  advanced 
nuc lear  electric power generat ing sys  t e m s  required f o r  such f u t u r e  mi!3sions 
as space s t a t ion /base  and outer-planets  explora t ion .  
w i l l  u t i l i z e  i so tope  and nuc lear  reactor hea t  sources  furnished by thlz AEC, 
hence t h i s  program is  c lose ly  coordinated with AEC programs. 

The conversion !systems 

Two nuc1ea.r power generat ion programs are aimed a t  support ing the  space 
s ta t ion /space  base program t o  cover power needs which have now been i d e n t i f i e d  
by mission s t u d i e s  t o  range up t o  100KWe, perhaps higher.  These are the 
SNAP-8 and Emrayton cycle  programs. 

The advanced a l k a l i  metal Rankine program is  aimed a t  achieving low power 
system weights f o r  power i n  the  hundreds of k i lowa t t s .  
are very h i& power near  e a r t h  and electric propuls ion p lane tary  explora t ion  
missions.  

Eventual app l i ca t ions  

Continuing progress  i s  being made i n  FY 1970 i n  work aimed a t  developing 
the  techno1sg;y of thermionic r e a c t o r  systems. 
emitter techmol.ogy and on uninsulated ex terna l ly- fue led  diode concept w i l l  
be continued i n  FY 1971. 

Problem so lv ing  e f f o r t s  on f u e l /  

Progress tras made i n  FY 1970 i n  the  app l i ca t ion  of AEC developed 
rad io iso tope  thermoelec t r ic  genera tors  (RTG's) t o  NASA f l i g h t  missions 
(e.g., SNAP-.!l9 genera tors  were t e s t e d  on NIMBUS B2 and s e l e c t e d  f o r  f u t u r e  
use on I ' ionwr spacecraf t  and Viking landers ;  a SNAP-27 w a s  l e f t  on the  
moon by the  rlpollo 1 2  crew t o  power the  ALSEP experiment.) During Fy 1971 
NASA w i l l  continue work t o  i d e n t i f y  and reso lve  RTG/spacecraf t in te ra ,c t ions  
and operational. problems, and w i l l  continue t e s t i n g  of RTG's f o r  s t a b i l i t y  
and long- teirrn r e l i a b i l i t y  . 

An urgent::Ly needed f a c i l i t y ,  I so tope  Thermoelectric Systems App1ic:ations 
Laboratory, f o r  RTG/spacecraf t i n t e r a c t i o n s  work is  descr ibed under t:he 
FY 1971 Consrrruction of F a c i l i t i e s .  

Goals of t he  Solar  Power System program continue t o  be: (1) i nves t iga t ion  
of methods f o r  compact stowage and r e l i a b l e ,  automatic deployment of l a r g e  
area, l igh tweight  s o l a r  cel l  a r r ays ;  (2) adapta t ion  of such a r r ays  tct  the  
requirements f o r  manned space s t a t i o n  power; (3) understanding the  st ructural .  
and f l i g h t  dynamic i n t e r a c t i o n s  of l a r g e ,  f l e x i b l e  s o l a r  c e l l  a r r ays  with 



guidance, c o n t r o l  and propuls ion subsystems; (4) development of r e l i a b l e ,  
l ong- l i f e  mechanical d r i v e  mechanisms f o r  l a r g e  s o l a r  cel l  a r r ays ;  (5) 
development of s o l a r  cel l  a r r a y  designs f o r  a p p l i c a t i o n  t o  spacec ra f t  
f l i g h t s  on Venus-Mercury f lybys ,  s o l a r  probes, Mars landers  and J u p i t e r  
f lybys  and o r b i t e r s ;  (6) s u b s t a n t i a l  improvement i n  t h e  r e s i s t a n c e  
of s o l a r  cells t o  degradat ion i n  t h e  space r a d i a t i o n  environment; (7) 
b e t t e r  metal- to-s i l icon con tac t s  needed t o  withstand new extremes of 
temperature and thermal cyc l ing ;  and (8) new s o l a r  cells  having g r e a t l y  
improved e f f i c i e n c y  and reduced cos t .  

The Chemical Power Generation program is  aimed a t  achieving a new 
technologica l  p l a t eau  f o r  b a t t e r i e s ,  f u e l  cells and engine genera tor  systems. 
The space s h u t t l e  has  re-emphasized t h e  need f o r  f u e l  cells, so t h a t  t he  
cu r ren t  low level e f f o r t  on b a s i c  e lec t rochemis t ry  and engineer ing is being 
increased  t o  provide t h e  necessary technology. Work w i l l  continue on long- 
l i f e  rechargeable b a t t e r i e s ,  on s t e r i l i z a b l e  b a t t e r i e s  f o r  p lane tary  l ande r s  
such as Viking and on b a t t e r i e s  s u i t a b l e  t o  power launch veh ic l e s  and 
atmospheric balloons.  

So l id  state power d i s t r i b u t i o n  systems, c i r c u i t s  and devices are needed 
with every power genera t ion  source and on almost every launch veh ic l e  and 
spacec ra f t .  
technology needed f o r  f u t u r e  v e h i c l e s  such as t h e  s h u t t l e  and space s t a t i o n .  
Increased emphasis must a l s o  be given t o  power processing and d i s t r i b u t i o n  
systems f o r  f u t u r e  p l ane ta ry  s p a c e c r a f t ,  e s p e c i a l l y  those designed t o  explore 
t h e  o u t e r  p l a n e t s .  

Work i n  t h i s  area w i l l  need t o  be expanded t o  develop the 

Space Electric Rocket T e s t  (SERT) 

The SERT I1 spacec ra f t  is  t o  be  launched i n  t h e  f i r s t  q u a r t e r  of CY 1970 
from the  Western T e s t  Range i n t o  a near  p o l a r  s u n l i t  o r b i t .  Primary power 
from a 1.5Kw s o l a r  a r r a y  w i l l  be used t o  s e q u e n t i a l l y  power two 1KW t h r u s t e r s .  
The o b j e c t i v e  is  t h e  v e r i f i c a t i o n  of long-term i o n  t h r u s t e r  performance i n  
space. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

NUCLEAR ROCKETS PROGRAM OFFICE OF --- ADVANCED RESEARCH AND TECHNOLOGY -- 
PROGRAM --- 0BJE;CTIVES AND JUSTIFICATION : 

The overa.l.1 a i m  of t he  Nuclear Rockets program is  t o  provide a s i g n i f i c a n t  
The p r i n c i p a l  increase  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 .  

ob jec t ive  i s ,  t o  develop a 75,000 pound t h r u s t  engine,  NERVA, f o r  incorpora t ion  
i n  a reusab1.e nuclear  s t age .  

The advant:ag:es of nuc lear  propuls ion over chemical propuls ion r e s u l t  from 
its high payl-oad performance, propuls ion e f f i c i ency ,  and v e r s a t i l i t y .  In  the  
types of mistiions involving high energy and l a r g e  payloads, s p e c i f i c  impulse 
becomes an extremely important performance requirement. The f i r s t  generat ion 
nuclear  rock.et engine, NERVA, on which work is  now underway w i l l  provide 
approximate1.y t:wice the  s p e c i f i c  impulse of t he  b e s t  chemical rockets .  A s  
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 anspor t a t ion ,  t h i s  engine 
incorporated i n  a reusable  nuc lear  s t age  can be used t o  move men, space- 
c r a f t  arid suippl.ies 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 .  It a l s o  o f f e r s  major advantages f o r  t rans-  
po r t ing  heavy payloads i n t o  deep space. The increased propuls ion energy 
i t  makes avoilaible can be used f o r  any of a v a r i e t y  of purposes i n  suich 
missions,  e . ! ; . , ,  t o  increase  payloads, t o  reduce t r i p  t i m e s  and t o  provide 
g r e a t e r  r e l i i i b i l i t y  f o r  t he  completion of the  mission. 

SUMMARY --- OF IESOURCES REQUIREMENTS : 

(Thousands of Dollars)  
1969 19 70 - 19 7 1  

Supporting research and technology.. .... $6,002 $8,000 $5,000 

NRDS operat ions.  ........................ 4,500 1,415, 1,000 
NERVA....,,.. ............................. 23,000 27,085 32,000 

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

BASIS OF FUN13 REOUIREMENTS: 

$33,502 

Supporting Research and Technology 

$36,500 -. $38,000 
-. 

The supporting research and technology e f f o r t  covers a broad spectrum 
of act ivi t iss .  The general  a i m s  of t h i s  program are (1) t o  provide support  
t o  t h e  MERVA engine design and development, (2) t o  provide f o r  the  ccintinued 



improvement of nuc lear  rocket  performance, (3)  t o  provide the  base of in for -  
mation f o r  the  development of a nuc lear  s t a g e ,  and ( 4 )  t o  i n v e s t i g a t e  the  
f e a s i b i l i t y  of advanced propuls ion concepts. 

The NERVA engine is being designed as a t h r o t t l e a b l e  and r e s t a r t a b l e ,  
reusable  system, so t h a t  i t  can be used over a long per iod of t i m e  f o r  a 
number of missions.  The engine is being designed s o  t h a t  any improvements 
i n  r eac to r  f u e l  element c a p a b i l i t y ,  and thereby i n  l i f e t i m e ,  which are the  
r e s u l t  of t he  cont inuing AEC research  and technology program, can be 
incorporated i n  the  NERVA engine.  The engine w i l l  be approximately 34 
f e e t  i n  length  from the  bottom of the  p rope l l an t  tank t o  the  e x i t  plane 
of the  nozzle.  Its l a r g e s t  diameter w i l l  be approximately 10 f e e t .  The 
engine r eac to r  w i l l  have a r a t i n g  of 1,500 megawatts. Engine weight 
w i l l  be approximately 20,000 pounds, inc luding  a s h i e l d  weight of 
approximately 3,000 pounds. For c e r t a i n  missions,  a d d i t i o n a l  sh i e ld ing  
may be requi red ,  depending upon the  design of the  payload and the  command 
module s t r u c t u r e .  Engine performance goals  are as fol lows:  

Th 

Thrust  
Spec i f i c  impulse 
Endurance 
Operating cyc le  

75,000 pounds 
825 seconds 

Up t o  10 hours 
Up t o  60 cycles 

NRDS Operations - 
Nuclear Rocket Development S t a t i o n  is the  na t ion  1 s i t  

ground s t a t i c  t e s t i n g  of nuc lear  rocket  r e a c t o r s  and engines.  
f o r  the  
Eventually,  

i t  w i l l  be used t o  test the  propuls ion modules o r  rocket  s t ages .  
management of the  s i t e  is provided by the  AEC/NASA Space Nuclear Propulsion 
Office-Nevada Extension. 
share  of the  genera l  s i te opera t ions .  

Overall 

The funding i n  t h i s  area provides f o r  NASA's 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

CHEMICAL PROPULSION PROGRAM OFFICE OF ADVANCED -I RESEARCH AND TECHNOLOGY -- 
PROGRAM --- OBJECTIVES AND JUSTIFICATION: 

The Chemical Propulsion program is designed t o  provide the  engineering 
theory and experimental  d a t a  on which new and advanced propuls ion 
c a p a b i l i t i e s  necessary t o  support  the  Nation's space goals  can be projected.  
The program (1)  i d e n t i f i e s  f u t u r e  mission propuls ion requirements,  ( 2 )  re- 
searches fundamental propuls ion concepts t o  meet the  requirement:;, ( 3 )  s t u d i e s  
p r i n c i p a l  design parameters,  (4) i n v e s t i g a t e s  key design problems w i t h  a 
view t o  sound t echn ica l  s o l u t i o n s ,  (5) develops experimental  design,  
f a b r i c a t i o n ,  and test techniques,  (6) tests component designs and demonstrate:; 
experimental  engines and motors, and ( 7 )  evalua tes  concepts and provides 
t echn ica l  v e r i f i c a t i o n  of c a p a b i l i t y  t o  accomplish mission requirements.  
This e f f o r t  is  a precursor  t o  a c t u a l  system development. 

Research and experimental  work is  conducted on two p r i n c i p a l  types of 
propuls ion:  systems using p rope l l an t s  i n  l i q u i d  form, and motors which 
use cas t  s o l i d  p rope l l an t s .  Thrust  l e v e l s  range from mil l ipounds,  used i n  
a t t i t u d e  s t a b i l i z a t i o n  of s p a c e c r a f t ,  t o  mi l l i ons  of pounds f o r  Eirst 
s t a g e  booster  app l i ca t ion .  The goa ls  of t he  f u t u r e  space prograin demand 
extension of both the  performance and long s e r v i c e  l i f e  of propulsion 
systems, and these  must not  jeopard ize  r e l i a b i l i t y  of t he  operatLona1 system. 

Propulsion processes ,  performance improvements, combustion, engine 
design,  engine materials and f a b r i c a t i o n  technology are major ca tegor ies  
of a c t i v e  research .  Propel lan t  p r o p e r t i e s ,  gas dynamics, hea t  t r a n s f e r ,  
f l u i d  and s o l i d  mechanics, e l a s t i c  p r o p e r t i e s ,  and chemical r eac t ion  are 
s tud ied ,  both t h e o r e t i c a l l y  and experimental ly ,  i n  t h e i r  r e l a t ionsh ip  t o  
chemical propulsion. Basic theory and experimental  f ind ings  are supported 
by complementary demonstrations t o  e s t a b l i s h  the  v a l i d i t y  and p r a c t i c a l i t y  
of t he  propuI.sion systems concepts generated by the  program. 

SUMMARY --- OF R.E:SOURCES REQUIREMENTS : 

(Thousands of Dol la rs )  
19 70 19 7 1  ---- --- 1969 

Supporting research and technology .... $25,752 520,480 $20,300 

Total.... ........................... p&s& $2o.300 
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BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technology 

High performance liquid and solid propeIlants are being examined for use 
in launching payloads at low cost and for use in orbital, lunar, solar, 
and planetary space systems. High performance propellants can be translated 
into greater payload capability or into carrying the necessary payload with 
a smaller launch and space vehicle system. The work extends the use of 
hydrogen fuel as a rocket propellant for space missions and is examining the 
use of high density mild cryogenic oxidizers and fuels for certain long 
duration in space missions. A strong effort in simplified, relatively 
low-cost engine systems for launch vehicle systems will be continued. New 
propulsion concepts and advanced engine designs to improve the capabilities 
for transporting and maneuvering payloads in the solar space environment 
are being explored. 
identified with the Earth-to-Orbit Shuttle Vehicle propulsion problems. 
These efforts are designed to ease the development difficulties of both 
main engine and auxiliary propulsion systems. 

Significant liquid propulsion program funds are 

Research on solid propellant motor systems includes nondestructive 
testing techniques for inspection and qualification of loaded motors, 
methods of combustion termination and restart, lower burning rate pro- 
pellants, improved nozzles, long term space storability and investigation 
of ancillary applications. 

Experimental engineering programs in liquid and solid propellant motors 
verify research design and data extrapolations by demonstration tests of 
breadboard systems. Very often such tests disclose new problems that re- 
quire continued research effort. The experience helps greatly in defining 
the appropriate design criteria, cycle selection, and operating conditions 
for such new equipment. The work involves the design, fabrication and 
test of experimental components and systems to determine their practicality, 
providing a sound basis for selection of advanced propulsion equipment. 
furthermore provides a clear indication of design and test methods that 
will reduce the cost of development and production of these equipments. 
Fabrication process specifications, development procedures, costs, schedules, 
facility and special equipment requirements, can be assessed as a result of 
such work. 

It 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

AERONAUTICAL VEHICLES PROGRAM OFFICE OF ADVAJICE:D -- RESEARCH AND TECHNOLOGY -- 
PROGRAM 0BJECTl:VE:S -- AND JUSTIFICATION : 

The r o l e  of the  Aeronaut ical  Vehicles  program is t o  provide leadersh ip  
i n  the  app1iceit:ion of p r i n c i p l e s  developed i n  b a s i c  research  programs f o r  
improvements in s a f e t y ,  e f f i c i e n c y  and u t i l i t y  of a l l  classes of m i l i t a r y  
and c iv i l  aircraft. I n  o rde r  t o  provide t h i s  leadersh ip  necessary f o r  t he  
United S t a t e s  t o  r e t a i n  i ts  preeminent p o s i t i o n  in aeronaut ics ,  the NASA 
conducts a very broad program aimed a t  t h e  a p p l i c a t i o n  of veh ic l e  (oriented 
d i s c i p l i n a r y  technologies of a i r c r a f t  aerodynamics, aircraft loads  and 
s t r u c t u r e s ,  a i r c r a f t  propulsion, opera t ing  environment problems and a i r c r a f t  
f l i g h t  dynamics t o  t h e  following classes of veh ic l e s :  
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 iv i l  and military. 
program, t h e  disc: ipl inary technologies are not  focused on any one s p e c i f i c  
class of veh ic l e  whereas i n  t h e  Vehicle Technology program these  d i s c i p l i n a r y  
approaches a re  focused on s p e c i f i c  veh ic l e s .  To f u r t h e r  r e i n f o r c e  the  
research  and t o  assist i n  f e r r e t i n g  ou t  problems which may be overlooked 
or not evident in a n a l y t i c a l  and small-scale experimental approaches, 
emphasis is placed, as requi red ,  on f l i g h t  test programs and proof-of- 
concept or  l a rge - sca l e  experimental  hardware eva lua t ions .  

genera l  av ia t ion  

I n  t h e  Advanced Research 

SUMMARY OF --- RESOUPCES REQUIREMENTS : 

(Thousands of Dol1,ars) 
19 7 1  -.- 1969 19 70 

Advanced res,c!arch.. ..................... $16,857 $31,005 $31,565 
General avia,t:ion a i r c r a f t  technology. ... 507 950 925 
V/STOL a i r c r a f t .  technology. ............. 8,060 9,560 15,030 

Supersonic ad.rc:raft technology..... ..... 20,348 18,900 21,905 
Subsonic a i r c r a f t  technology.. .......... 19,291 9,425 11,900 

......... 5,775 Hypersonic ad.rc:raf t technology. 9,685 6,060 -I 

Total . . . . . ,  ........................... $74,748 $75,900 $87,100 -- 
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BASIS OF FUND REQUIREMENTS: 

Advanced Research 

Advanced research  information and techniques are requi red  t o  b e t t e r  
p r e d i c t  and t o  improve the  aerodynamic c h a r a c t e r i s t i c s  of va r ious  air- 
c r a f t  types. 
no t  only f o r  achieving aerodynamic refinement of conventional a i r f rames ,  
bu t  a l s o  f o r  f o s t e r i n g  advanced aerodynamic concepts lead ing  t o  revolu t ionary  
ae ronau t i ca l  veh ic l e s .  
of t h e  shock-wave flow f i e l d s  generated by supersonic  l i f t i n g  wings and wing- 
body combinations, of t h e i r  propagat ion from t h e  source through t h e  atmos- 
phere, and of minimizing t h e i r  e f f e c t s  ( sonic  boom) on t h e  e a r t h .  

A cont inuing  in-house and c o n t r a c t  a c t i v i t y  is warranted, 

The scope of t h e  work inc ludes  c r i t i ca l  i n v e s t i g a t i o n s  

The underlying goa l  of t h e  loads  and s t r u c t u r e s  program is t h e  achievement 
of l i g h t e r  weight a i r f rames  which e x h i b i t  s u p e r i o r  r e l i a b i l i t y  and s a f e t y .  
The program involves a n a l y t i c a l  and experimental  s t u d i e s  of t he  s t r u c t u r a l  
environment and the  s t r u c t u r a l  behavior  and response t o  t h i s  environment, 
inc luding  t h e  eva lua t ion  of new concepts. 
s t r u c t u r a l  response t o  gus t  loads,  eva lua t ion  of gus t  a l l e v i a t i o n  systems, 
b u f f e t i n g  and f l u t t e r ,  s t r u c t u r a l  f a t i g u e ,  t h e  use of composite materials 
t o  achieve l i g h t e r  weight a i r f r ames ,  and t h e  development of improved stress 
a n a l y s i s  procedures. 

Included are b a s i c  s t u d i e s  of t he  

The ob jec t ives  of t h e  research  i n  air  b rea th ing  propuls ion is t o  examine 
advanced energy conversion processes  and problems e i t h e r  i d e n t i f i e d  over a 
broad range of a i r c r a f t  a p p l i c a t i o n s  o r  else no t  r e a d i l y  i d e n t i f i e d  wi th  
s p e c i f i c  a i r c r a f t  app l i ca t ions .  
conducted on advanced bear ings  and l u b r i c a t i o n  systems, high speed s h a f t i n g  
and gearing, and engine seals. Limited research  w i l l  be conducted on s e l e c t e d  
r e a c t o r  containment, t o  provide t h e  information necessary f o r  a technologica l  
assessment of nuc lea r  power f o r  a i r c r a f t  use. 

Ana ly t i ca l  and experimental s t u d i e s  w i l l  be 

The programs i n  t h e  a i r c r a f t  ope ra t ing  environment research  area are aimed 
a t  so lv ing  problems r e l a t e d  t o  runway s u r f a c e  and atmospheric environment, 
ope ra t iona l  hazards,  f l i g h t  ins t rumenta t ion ,  n o i s e  and s o n i c  boom e f f e c t s .  
They involve t h e o r e t i c a l  ana lyses  and l abora to ry  and f l i g h t  test experiments 
t o  v a l i d a t e  c u r r e n t  engineer ing procedures and t o  explore s o l u t i o n s  t o  air- 
c r a f t  ope ra t iona l  problems. 
nology f o r  s a f e r  and q u i e t e r  a i r c r a f t  ope ra t ions  and t h e  b a s i c  environmental 
d a t a  f o r  a p p l i c a t i o n  t o  design of s p e c i f i c  classes of a i r c r a f t .  

The r e s u l t s  w i l l  provide both t h e  b a s i c  tech- 

Research i n  a i r c r a f t  f l i g h t  dynamics is aimed a t  achieving increased  
knowledge and understanding of t h e  b a s i c  elements which in f luence  a i r c r a f t  
handl ing q u a l i t i e s  and p i l o t i n g  performance, a t  obta in ing  expanded 
fundamental knowledge on t h e  f l i g h t  behavior  of a i r c r a f t ,  and at  developing, 
eva lua t ing  and applying improved t h e o r i e s ,  c o n t r o l  techniques and p i l o t i n g  
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a i d s  p e r t i n e n t  t o  a v a r i e t y  of a i r c r a f t  types.  
t h e o r e t i c a l  analyses, ground-based s imula tor  tests, wind tunnel  s t u d i e i ~  and 
i n - f l i g h t  i n v e s t i g a t i o n s  wi th  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 .  The research  
program a l s o  inc ludes  s t u d i e s  t o  evolve improved f l i g h t - t e s t  a n a l y s i s  tech- 
niques and continued compilat ion and c o d i f i c a t i o n  of a i r c r a f t  f l i g h t  
dynamics c h a r a c t e r i s t i c s  and handl ing q u a l i t i e s  data .  

This  research  involves 

NASA's ae ronau t i ca l  research  f a c i l i t i e s  are key t o  the  research  e f f o r t  
as w e l l  as being e s s e n t i a l  f o r  t he  support  of o t h e r  agencies.  Thus i t  is 
necessary t o  continue t o  provide f o r  t he  upgrading of t hese  f a c i l i t i e s  i n  
terms of new equipment, ins t rumenta t ion ,  and computerization of d a t a  
a c q u i s i t i o n  rleduction and ana lys i s ,  and t o  provide f o r  t h e  maintenance and 
support  of a i r c r a f t  necessary t o  t h e  conduct of f l i g h t  research  programs. 

General Aviation A i r c r a f t  Technology 

The genera l  a v i a t i o n  indus t ry  continues t o  e x h i b i t  r ap id  growth, e s p e c i a l l y  
i n  t h e  area of t h e  scheduled a i r  t a x i  ope ra t ion  (so-called t h i r d  l e v e l  carrier, 
min i - a i r l i nes ,  e t c . )  where t h e  small a i r p l a n e  is providing a i r  t r a n s p o r t a t i o n  
l i n k s  between small communities and major air terminals. I n  order  t o  l issure  
a continuing inc rease  i n  t h e  l e v e l  of ope ra t iona l  s a f e t y  and u t i l i t y ,  t h e  NASA 
is conducting research  t o  provide t h e  necessary technology base which the  
indus t ry  and :F.AA can use f o r  cons t an t ly  improving t h e s e  a i r c r a f t .  Emphasis 
is t h e r e f o r e  on aerodynamics, f l i g h t  dynamics and design wi th  spec:ific a t t e n t i o n  
being Daid t o  s a f e t y  a spec t s  and on f l i g h t  tests of p i l o t  warning indic:ator 
systems. 

V/STOL A i r c r a f t  Technology 

In t h e  V/S'.COL a i r c r a f t  d i s c i p l i n a r y  technology area, emphasis is being  
s h i f t e d  t o  i n c  Cease b a s i c  experimental and a n a l y t i c a l  s t u d i e s  lead ing  1::o 
improved undel::,timding of h e l i c o p t e r  r o t o r  performance, loading, and f l u t t e r  
c h a r a c t e r i s t i c s .  The f e a s i b i l i t y  of ob ta in ing  a r o t o r  test veh ic l e  enabl ing 
more r e a l i s t i c  eva lua t ions  of t h e  c h a r a c t e r i s t i c s  of advanced r o t o r  concepts 
evolved from ~ 1 ~ ~ 1 1  i n v e s t i g a t i o n s  w i l l  be s tud ied .  

F l i g h t  stud:ters r ecen t ly  i n i t i a t e d  t o  examine VTOL and STOL ope ra t iona l  
problems i n  t h e  descent  and landing phases of f l i g h t  w i l l  be augmented.. 

The jet-augmentor wing f l i gh t - r e sea rch  program is aimed s p e c i f i c a l l y .  a t  
providing technology app l i cab le  t o  t h e  design of improved STOL t r a n s p o r t s ,  
with both civKL imd m i l i t a r y  app l i ca t ions .  
w i l l  provide t h e  requi red  propuls ion system and t h e  NASA w i l l  modify i t s  
CV-7A a i rc raf t :  t o  i nco rpora t e  an augmentor wing and t h e  Canadian propuls ion 
package. A study of t h e  f e a s i b i l i t y  of modifying an e x i s t i n g  t ranspor t  air- 
c r a f t  t o  incorpora te  another  j e t  STOL concept -- t h e  externally-blown f l a p  -- 
t o  provide a PIASA research  v e h i c l e  is a l s o  planned. 

I n  t h i s  j o i n t  program, Canada 
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I n  another  phase of research  i n  thi.s area, the  advanced l i f t - f a n  a i r c r a f t  
program i s  being continued t o  advance information on l i f t - f a n  technology 
t o  the  po in t  where design of a commercial l i f t - f a n  V/STOL t r anspor t  can be 
i n i t i a t e d  with more confidence.  

Subsonic A i r c r a f t  Technology 

A s  during the  p a s t  several years ,  the  primary concentrat ion i n  subsonic 
a i r c r a f t  technology w i l l  be on t h e  reduct ion of no ise .  

Progress  i n  development of the  s u p e r c r i t i c a l  wing concept has warranted 
a concerted e f f o r t  t o  i n t e g r a t e  t h i s  technology along with new s t r u c t u r a l  
and propuls ion concepts i n t o  an o v e r a l l  s u p e r c r i t i c a l  design technology 
app l i cab le  t o  a new family of near-sonic t r anspor t s .  

I n  add i t ion ,  a modest e f f o r t  i n  c r i t i c a l  d i s c i p l i n a r y  technologies  is  being 
continued t o  e s t a b l i s h  a foundation f o r  the  next generat ion of subsonic 
t r anspor t s .  

Supersonic A i r c r a f t  Technology 

The design of advanced and h ighly  maneuverable m i l i t a r y  and commercial 
supersonic  a i r c r a f t  wi th  high performance levels i s  dependent upon f a c t o r s  
such as increased aerodynamic e f f i c i ency ,  decreased s t r u c t u r a l  weight,  and 
improvement of power p l a n t  c h a r a c t e r i s t i c s .  
a c t i v i t y  i n  the  var ious  technologies  :is being c a r r i e d  out  t o  achieve these  
goals  and t o  provide the  knowledge f o r  the  conception of advanced supersonic  
vehic les .  

A wide range of research 

Aerodynamics d a t a  w i l l  be der ived on such i t e m s  as h i g h - l i f t  devices ,  
e f f e c t s  of engine power, engine-airframe i n t e g r a t i o n ,  b u f f e t ,  and e f f e c t s  of 
v a r i a t i o n s  i n  wing geometry. 
t h a t  may be s u i t a b l e  f o r  use i n  supersonic  a i r c r a f t  s t r u c t u r a l  a p p l i -  
ca t ions  are being inves t iga t ed .  S t r u c t u r a l  specimens of t i t an ium re inforced  
with boron o r  g raph i t e  f i b e r s  w i l l  be subjected t o  an experimental  program 
inc luding  loading and environmental exposure. 

A number of m e t a l l i c  and non-metallic materials 

Propuls ion system technology f o r  advanced m i l i t a r y  and commercial air- 
c r a f t  w i l l  continue i n  the  area of i n l e t s  and nozzles with p a r t i c u l a r  
emphasis on the  mutual i n t e r a c t i o n  problems t h a t  r e s u l t  from i n t e g r a t i n g  
these  components i n t o  a complete a i r f rame and propuls ion system. Several  
approaches t o  reduce compressor and f an  component wei+ t and iT?prove per- 
formance w i l l  be inves t iga t ed .  l l u l t i s t a g e  compressors will i ccorpora tc  
the  most promising advanced concepts inves t iga ted  i n  s i n g l e  stage compressors. 
The a f t e rbu rne r  research  program w i l l  eva lua te  and improve the  performance, 
s t a b i l i t y ,  and l i f t  of a f t e rbu rne r s  designed f o r  high temperature engines. 
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Under t h e  turlbine aerodynamics research  programs, i n v e s t i g a t i o n s  w i l l  ‘be made 
on a number OE methods of i nc reas ing  blade loading i n  o rde r  t o  reduce rturbine 
s i z e  and hea t  t r a n s f e r  s u r f a c e  area. 

F l i g h t  dynamics research  is  being conducted t o  develop cri teria f o r  air- 
craft systems t h a t  w i l l  a l low the  p i l o t  t o  e a s i l y ,  economically, and srlfely 
c o n t r o l  and maneuver supersonic a i r c r a f t :  i n  accordance wi th  0perat:iona.L 
requirements. 
information nece:ssary f o r  t h e  FAA t o  e s t a b l i s h  c e r t i f i c a t i o n  regul.atioi,is f o r  
supersonic  trinnsports and f o r  developing r e v i s i o n s  i n  c e r t i f i c a t i o n  test  
maneuvers. 

A coopera t ive  research  program is d i r e c t e d  t o  providing t h e  

The NASA-USAF YF-12 f l i g h t  research  program is ob ta in ing  des ign  information 
app l i cab le  t o  , a i r c r a f t  t h a t  have a high sus t a ined  supersonic  mach numbw 
c a p a b i l i t y .  Air Force i n t e r e s t s  are o r i e n t e d  p r imar i ly  toward a f u r t h m  
d e f i n i t i o n  of the tactical performance of an advanced i n t e r c e p t o r .  The NASA 
programs are obtinining d a t a  i n  areas such as a i r p l a n e  s t r u c t u r a l  c :ha rac t e r i s t i c s ,  
f l i g h t  loads i ~ ~ d  deformations, a e r o e l a s t i c  e f f e c t s  on s t a b i l i t y  and c o n t r o l ,  
propuls ion ai~eEriune i n t e r a c t i o n ,  i n t e r n a l  d i f f u s e r  dynamics, and aerodynamic 
boundary l a y e r  c h a r a c t e r i s t i c s .  

Hypersonic A i r c r a f t  Technology 

The technoltogy is  being developed from cont inuing t h e o r e t i c a l  and ex- 
per imental  s tut i ies  i n  t h e  var ious  d i s c i p l i n e s  f o r  long range hypersonic: 
a i r c r a f t  systeins s u i t a b l e  f o r  t r a n s p o r t s  and reuseable  boos te rs .  
ga t ions  w i l l  be conducted t o  determine t h e  performance, s t a b i l i t y  and c:ontrol, 
and h e a t  t r a n o f e r  c h a r a c t e r i s t i c s  of complete hypersonic  a i r b r e a t h i n g  i i i rcraf  t 
configurations; inc luding  j e t  i n t e r f e r e n c e  e f f e c t s .  S t ruc tura l -mater ia l .  
design concept:r; and thermal p ro tec t ion  systems w i l l  be explored fur thei- .  
Advanced airbi:eat:hing cyc le  concepts and system e f f e c t s  w i l l  be evaluat ed 
as w e l l  as con1:inuing the  e f f o r t  t o  e s t a b l i s h  design criteria and eva lua te  
t h e  performance c h a r a c t e r i s  t i c s  of propuls ion components and systems. 

Inves t i -  

The Hypersonic: Research Engine program has progressed through t h e  def i n i t i o r t  
and design of 1111. of t h e  components. 
g r a t i o n  model is continuing. 

Assembly of t h e  aerothermodynamic! i n t e -  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

OFFICE OF TRACKIN:G -- AND DATA ACQUISITION TRACKING AND DATA 
ACQUISITION PROGRAM - 

PROGRAM OBJEC?'I:VE,S -- AND JUSTIFICATION: 

The purpose of t h i s  program is t o  provide responsive and e f f i c i e n t  
t r ack ing  and d a t a  a c q u i s i t i o n  support  t o  meet t h e  requirements of a11 NASA 
f l i g h t  p r o j e c t  st . I n  a d d i t i o n ,  support  is provided, as mutually agreed, 
f o r  p r o j e c t s  of the  Department of Defense, o t h e r  Government agencies,  and 
o t h e r  coun t r i e s  aad i n t e r n a t i o n a l  organiza t ions  engaged i n  space research  
endeavors. 

Support is provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  
sounding rockets ,  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  
missions; f o r  ].mar and p l ane ta ry  missions; and f o r  space probes. 

Types of support  provided included: (a )  t r ack ing  t o  determine the 
p o s i t i o n  and t r a j e c t o r y  of v e h i c l e s  i n  space,  (b) a c q u i s i t i o n  of s c i e n t i f i c  
d a t a  from onboaird experiments, (c )  a c q u i s i t i o n  of engineer ing da ta  on t h e  
performance of spacec ra f t  and launch veh ic l e  systems, (d) transmission 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 with 
a s t ronau t s  and a c q u i s i t i o n  of medical d a t a  on t h e i r  phys ica l  condi t ion ,  
( f )  communication of information between var ious  ground f a c i l i t i e s  and 
mission control. cen te r s ,  and ( 8 )  processing of d a t a  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  achieving t h e  s c i e n t i f i c  
ob jec t ives  of ri l l  f l i g h t  missions,  f o r  execut ing t h e  c r i t i ca l  dec is ions  
which must be made t o  a s su re  the  success of t hese  f l i g h t  missions, and, 
i n  t h e  case  of manned missions,  t o  i n s u r e  t h e  s a f e t y  of t he  astroninuts. 

Tracking and data a c q u i s i t i o n  support  is provided by a worldwide 
network of NASA ground s t a t i o n s  supplemented by appropr ia te  ins t rumenta t ion  
sh ips ,  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  are in te rconnec ted  by a network of ground communications l i n e s ,  
undersea cables ,  high frequency r a d i o  l i n k s ,  and communication satel l i t le  
c i r c u i t s ,  whichL provide t h e  c a p a b i l i t y  f o r  ins tan taneous  t ransmission 
of da t a  and c r i t i ca l  commands between spacec ra f t  and the c o n t r o l  cen te r s  
i n  t h e  United S t a t e s  from which t h e  f l i g h t s  are d i r ec t ed .  F a c i l i t i e s  
a l s o  are provided t o  process i n t o  meaningful form t h e  l a r g e  amounts of 



s c i e n t i f i c  and 'engineer ing d a t a  which are c o l l e c t e d  from f l i g h t  p r o j e c t s .  
In add i t ion ,  ins t rumenta t ion  f a c i l i t i e s  are provided f o r  support  of sounding 
rocket  launchings and f l i g h t  t e s t i n g  of research  a i r c r a f t .  

SUMMARY OF RESOURCES REQUIREMENTS: 

(Thousands of Dol la rs )  
1969 19 70 19 7 1  

Operations.. .......................... $229,354 $233,400 $229,600 
Equipment............................. 39,162 32,200 55,500 
Supporting research  and technology.... 11,156 12,400 12,900 

Total............................... $279,672 $278,000 

BASIS OF FUND REQUIREMENTS: 

Operations 

Funds requi red  f o r  maintenance and ope ra t ion  of t he  worldwide t r ack ing  
and d a t a  a c q u i s i t i o n  f a c i l i t i e s  c o n s t i t u t e  77 percent  of t h e  FY 1971 reques t  
f o r  t r ack ing  and d a t a  a c q u i s i t i o n .  S u b s t a n t i a l  adjustments i n  network 
support  requirements i n  FY 1970 have r e s u l t e d  i n  an o v e r a l l  reduct ion  i n  
t h e  funds requested f o r  network opera t ions .  The success of Apollo 11, t h e  
reduct ion  i n  t h e  number of Apollo f l i g h t s  t o  two p e r  year ,  and support  
reduct ions  i n  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  satel l i te  areas have per- 
mi t ted  s t a t i o n  c losu res  and downward adjustments  i n  requirements f o r  s h i p s ,  
a i r c r a f t ,  and communications support .  

The only s i g n i f i c a n t  i n c r e a s e  wi th in  network opera t ions  is t h e  reques t  
f o r  t h e  Deep Space Network. This i n c r e a s e  is necessary t o  provide f o r  t h e  
upcoming Mariner ' 7 1  launch and f o r  t h e  engineer ing e f f o r t  a s soc ia t ed  wi th  
t h e  network c a p a b i l i t y  requi red  i n  t h e  e a r l y  and mid-1970's. 
approved p r o j e c t s  t o  be supported i n  t h a t  t i m e  per iod  are Pioneer  F and G 
missions t o  J u p i t e r ,  Venus/Mercury '73, Helios,  and Viking. 

Among t h e  

Equipment 

The t r ack ing  and d a t a  a c q u i s i t i o n  support  requirements placed on t h e  
networks 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 
t h e  con t inua l  on-going support  t o  approved and planned programs. Funds 
f o r  equipment are requi red  t o  r ep lace  obso le t e  and wornout i t e m s ,  t o  modify 
e x i s t i n g  systems t o  maintain compa t ib i l i t y  with changes i n  spacec ra f t  in- 
s t rumenta t ion ,  t o  i n c r e a s e  t h e  support  u t i l i z a t i o n  and e f f i c i e n c y  of 
e x i s t i n g  systems, and t o  complete or provide new systems requi red  t o  support  
s p e c i f i c  f l i g h t  missions of approved programs. I n  FY 1971, emphasis w i l l  
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continue on s u s t a i n i n g  t h e  e x i s t i n g  c a p a b i l i t y  of t h e  networks along with 
s i g n i f i c a n t  augmentations of equipment t o  meet t h e  requirements of upcoming 
p lane tary  programs (Pioneer F and G ,  VenuslMercury '73 2nd Helios.) 
Some equipment: add i t ions  w i l l  a l s o  be requi red  f o r  AAF', ERTS, RAE-B, Klimbus, 
and o t h e r  approved s c i e n t i f i c  sa te l l i te  programs. 

Supporting Research and Technology 

The Tracking and Data Acquis i t ion  Supporting Research and Technology 
(SR&T) program has two primary ob jec t ives :  
ment of advanced systems, components, and techniques requi red  f o r  support  
of f u t u r e  NASA space f l i g h t  programs; and t h e  development of systems and 
techniques tal provide more cos t - e f f ec t ive  and r e l i a b l e  network opera t ions .  
The lat ter i t e m  is becoming inc reas ing ly  important and the  e f f o r t  i n  t h i s  
area has been. increased  i n  recogni t ion  of t h i s .  Overall, t h e  SR&T e f f o r t  
i n  FY 1971 w i 3 . 1  continue a t  a cons t ra ined  level with a small inc rease  f o r  
s t u d i e s  on the! Tracking and Data Relay S a t e l l i t e  System (TDRSS) and on 
X-band teleco'nmunications techniques. 

t h e  i n v e s t i g a t i o n  and develop- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SUMMARY 

OFFICE OF TECHNOLOGY UTILIZATION TECHNOLOGY UTILIZATION - FROGRAM --- 
PROGRAM OBJECTIVES --- AND JUSTIFICATION : 

The primary objectives of the NASA Technology Utilization program iire: 
(1) to increase the return on the national investment in aerospace re-, 
search and drnrel-opment by encouraging additional uses of the knowledgc 
gained in those programs; (2) to shorten the time gap between the 
discovery of new knowledge and its effective use in the marketplace; (3) to 
aid the movenwnt: of new knowledge across industry, disciplinary, and 
regional boundaries; (4) to contribute to the knowledge of better means 
of transferring technology from its points of origin to its points of 
potential use, 

New techno:togical developments of use to the aerospace industry arc1 
applied almost nutomatically within that industry. Many of these 
innovations hilvc! potential benefit as well to the nonaerospace communi ty. 
It is the primary purpose of this program to establish systems and 
mechanisms to identify, evaluate, publish, and transfer these technolagical 
innovations to the general public. This program provides a similar s r ' r -  
vice with regard to management techniques developed for large scale 
complex reseairch and development activities by creating awareness of 
and giving wfde spread dissemination to new systems and concepts in this 
area. 

SUMMARY OF --- RE!;OURCES REQUIREMENTS : 

(Thousands of Dcillars) 
1970 1971 -- 1969 

New technol-ogy identification and evaluation. .. $1,350 $1,300 $800 
Publicatiori.. .................................. 550 1,100 900 
New technollogy dissemination. .................. 1,900 2,200 1,900 ............................ 400 400 Program evil :Lua t i on. --- -- - 

....................................... $3,800 $5 000 $4,000 Total... A- ~ - -  

RD 91 



BASIS OF FUND REQUIREMENTS: 

New Technology Identification and EvaluaLizx) 

Technology Utilization Officers at NASA field installations and 
specialists from universities, research institutes, and private industry 
identify and document those inventions., innovations, improvements, and 
discoveries that have potential utility to the nonaerospace sector of 
the economy. 

Pub 1 i c a t i-02 

Transfer of technology is accomplished through publications ranging 
from reports of single innovations to surveys of contributions to the 
state-of-the-art in broad technology areas. These are prepared by both 
private and nonprofit contractors. 

New Technology Dissemination 

Regional dissemination centers store, retrieve, and interpret the new 
technology developed by NASA for local industry. Biomedical application 
teams are also employed to assist researchers 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 assisting in developing cooperative 
programs with several other agencies such as the National Air Pollution 
Control Administration, Federal Water Pollution Control Administration, 
Law Enforcement Assistance Administration, Social Rehabilitation Service 
of HEW, Small Business Administration, and others. These joint efforts 
are designed to bring applicable aerospace technology to bear on technical 
problems in areas of major national concern such as environmental quality, 
law enforcement, and rehabilitation of the handicapped. 

Program Evaluation 

Research institute personnel evaluate technology transfer mechanisms 
and furnish recommendations for their Improvement. 

RD 92 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

CONSTRUCTION OF FACILITIES 

For advance planning, design, and construction of facilities for the 
National Aeronautics and Space Administration, and for the acquisi- 
tion or condemnation of real property, as authorized by law, 
[$53,233,000] $34,800,000, to remain available until exuended. 
(48 U.S .C .  8.@l, rt seq., 60 U.S.C.  611-616: Independent Oflees and 
Department of Housing and Urban Development d p  ropriation Act, 
1970: additional authorizing legislation to be propose& 

CF 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Program and Financing (in thousands of dollars) 
-. 

Ritdget plan (amoqnts for construction 
of facilities actions programed) 

Costs and obligations 
Identificrdion code - ~- 
27-00-01 074-1-250 1969 actual 1970 estimate 1971 estimate 1969 actual 1970 eatimate 1971 estimate 

Pionram bv activities: 
&ect piogram: . 

1. Manned space flight_- 10,719 
1,100 2. Scientific investigations in space _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  - _ _ _  _____. 

14.250 
1,595 

2, OOO 
700 

5.350 
6,275 

20.026 
7,622 

16,100 
3.600 

16.600 
3,000 

900 
7,300 
5,300 

30,900 

. .  3. Space applications _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ - _ _ _ _ _ - -  _________.__ 

386 4. Space technolo-- _ _ _ _ _ _ _ _ _  _ _ _ _  - - - - _ _  _ _  - - _ _  - - - - _ _  - - - _ _  - - - - 
5. Awahon technology ._.____ _. _ _ _  - __.____ _..._ _ _ _  - - -. ._ - __._ _ _  _ _ _ _ - -  ._ _ _  

19,875 6. Supporting activities _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
32.080 Total direct program costs, funded _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

3. Space applications _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
Total program costs, funded _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  

Change in selected resourcea 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
32,080 10 Total ___________________-____________________---------- _ _  

21 Unobligated balance available, start of year: For completion of prior 
year budget plans. .._ __..._.. . . . . . ___. _.. ._.. - .. ... _. - .._ - 

Reprograming to prior year budget plans. -. _._______. - _ _ _  _ _ _  _ _ _  
24 Unobligated balance available, end of year: For completion of prior 

year budget plans-. -. - __. _..___... . . . _.._ .. ... . .. . . . . . . ..~ 

, .  . . .  

Reimbursable program: 

Financing: 

_. ___. . 

860 

i . .  . . ~. . . . . 

_ - - - _ _ _ _ _ - _ -  
IO, 100 
6.700 

23,500 

-. -. . . -. . - 
4,767 

32.621 
_...__-....- 

20,275 

34.600 52,292 

59 

6o.m 

42 

52,351 
2,451 

54,802 

60,042 

79,93s 

19. a93 
64, OOO 

-8,696 

55,304 34.600 

32,940 a; 233 



t 

Program and Financing (in thousanda of dollars)--Codimd. 
--- 

Budget plan (amounts for construction 
of facilities actions programed) 

Costs and  obligations 
Identificntion code 

1968 actual 1989 estimate 1970 estimate 1968 a c t u d  l9G9 estimate 1970 estimate 
2740-0 107u1-25 1 

Note.-Reconciliation of budget plan t o  obligations: 1969 actual 1970 estimate 1971 eatlmate 
Total budget plan .._.__._....._......_____________ 32,080 53,233 34,600 
Deduct portion of budget plan to  be obligated in subsc- 

quent years ._._....____._.____._________________ 7,766 12,347 ___.__ 
Add obligations of prior year budget plana _ _ _ _ _ _ _ _ _ _ _ _  30,488 39,049 20.704 

Total obligations _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54,802 79,935 55,304 

1968 menla 1969 1970 1971 

- - - 
1969 

adjud- 
1 Selected resources as  of une 30 are as follows: 

Unpaid undelivered orders .__...____________________ 52,498 -30 54,889 74,782 66,086 
Advances -.....-..-.--..---.-.------.---------.--- _ _ _ _ _ _  ..__ 30 30 30 - - - - -  

Tota l  aelccted resources _____. ___________.____ 52,498 -30 54,919 74,812 66, I I6 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YFAR 1571 ESTIMATES 

SUMMARY 017 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 Research Center.. ........ 
Goddard Space Fl.igh t Center. .. 
Jet Propulsion Laboratory.. ... 
John F. kkmiedy Space Center,  

Langley Reseai:ch Center. ...... 
Kaniied Spacec:i:af t Center. ..... 

NASA.......4n................ 

Plarshall Spacx Fligli t Center. . 
Michoud Assenihly F a c i l i t y . .  ... 
Nuclear Rocket Development 

S ta t ion .  .................... 
Various I,ocat.:.orts ............. 
F a c i l i t y  Planning and Design. . 
Wallops Stat i.on ............... 

Tota l  Plan. .................. 

Fiscal Year F i s c a l  Year F i s c a l  Year 
19 71  --.- 1969 1970 

$386 --- 

7,364 

1,333 

400 

--- 
--- 

--- 
500 

20,497 
1,000 

$32,080 

12,500 
4,767 
1,750 

--- 
500 

29,546 
3,500 

$53,233 

$1,525 
2,050 
1,950 

575 

900 
5 25 

--- 

3,500 

18,575 
5 000 

--- 

2,- 

$34 600 d:= 

The geographlc: l o c a t i o n  of NASA i n s t a l l a t i o n s  is shown on t h e  map under t h e  
Summary inforriat.ion tab.  I n s t a l l a t i o n s  for which cons t ruc t ion  p r o j e c t s  are 
requested i n  t:he f i s c a l  year 1571 budget are i d e n t i f i e d  thereon. 



NASA INSTALLATION 

Ames Research Center 

PFICIJECT L I N E  ITEM 

COGNIZANT PROGRAM O F F I C E  FOR INSTALLATION 

Off ice  of Advanced Research ,and Ttchnology 

Polymer Research Laboratory 

LOCATION 0 m x i ? ? r  IO N COUNTY 

Moffett  F i e l d ,  Ca l i fo rn ia  Santa  Clara 

COGNIZANT 
O F F I C E  

OART 

NEAREST C I T Y  

Mountain V i e w ,  C a l j  f o r n i a  - 

TO 
__-- 

NASA FORM 1029 JUI4 69 PREVIOUS EDITIONS ARE OBSOLETE. 

F Y  1959 F Y  19- 71 zuR:2\'+ yd (Est imated)  

1 

I 

I 

FUTURE 
YEARS 

(Est imated)  

TOTAL 
ALL YEARS 
(Ea !hate@ 

1,595 

NASA-HQ 

c F 7  

375-328 0 - 70 - 8 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALI.,ATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 1  BUDGET ESTIMATES 

(Dollars in thousands)  

NASA I N S T A L L A T I O N  COGNIZANT PROGRAM O F F I C E  FOR INSTALLATION 

Greenbelt, Maryland 

Goddard Space Flight Center I Space Science and Applications 
L O C A T I O N  O F  INSTALLATION COUNTY NEAREST C I T Y  

Prince George’s 1 Greenbelt, Maryland 

PROJECT L I N E  I T E M  

Earth Resources Technology Laboratory 

:OGN I 2  ANT 
0 F F I  C:E 

OSSA 

F Y  1959 
THRU 

URRENT YF 

67 

. . . . . . . 

F Y  1971 
‘Es t imated  

2,050 

. ______. 

2,050 
-I - 

F U T U R E  
YEARS 

(Estimeted) 

1 

T O T A L  
A L L  YEARS 
(Ee t ime te@ 

2,117 

NASA FORM 1029 JUN 69 PREVIOUS EDITIONS ARE OBSOLETE. 

CF 8 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALbATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 1  BUDGET ESTIMATES 

NASA I N S T A L L A T I C N  

Jet Propuls ion ]Laboratory 

(Dollars in thousands) 

COGNIZANT PROGRAM O F F I C E  FOR INSTALLATION 

O f f i c e  of Space Science and Avp1:Lcations 

Los Angeles I Pasadena - Pasadena, C a l i f o r n i a  

The Jet Propuls ion Laboratory (JPL) is a government-owned research  and development 
f a c i l i t y ,  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 contrac:t wi th  
t h e  Nat ional  Aeronautics and Space Adminis t ra t ion.  
research  prograrns and unmanned l u n a r  and p l a n e t a r y  space p r o j e c t s  f o r  NASA, and 
conceives and executes  advanced development and experimental  engineer ing  inves-  
t i g a t i o n s  t o  f u r t h e r  t h e  technology requi red  f o r  t h e  n a t i o n ' s  space  program. 

INSTALLATION MIS!IION 

The l a b o r a t o r y  carries o u t  

PROJECT L I N E  I T E M  

S o l a r  Simula,tor Modif icat ions 

I so tope  Thennoel.ectric Systems 
Applicat ion Laboratory 

TOTAL 

COGNIZANT 
O F F I C E  

OSSA 

OART 

F Y  1959 
T H R U  

ZURRENT YF 

1,721 

60 

F Y  1 9 7 1  
(Es t imated  

700 

1,250 

___.___ 

1,950 
_-I - 

FUTL'RE 
YEARS 

(Es t imated )  

I 

T O T  A L 
r'tLL YEARS 
, Estimated) 

2 ,421  

1,310 

NASA FORM 1029 JUN 69 PREVIOUS EDITIONS ARE OBSOLETE. 

CF 9 



N A T I O N A L  AERONAUTICS AND !SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 1  BUDGET ESTIMATES 

(Dollars in  thousands) 

NASA I N S T A L L A T I O N  COGNIZANT PROGRAM O F F I C E  FOR INSTALLATION 

John F. Ke-are C 
LOCATION OF I N S T A L L A T I O N  ' ,"::F@ C I T Y  

Kennedy and Merritt Island 1 Brevard I Cocoa Beach, F-a 
I N S T A L L A T I O N  MISSION 

The Center conducts overall planning and supervision of the integration, test, 
checkout and launch of NASA space vehicle systems at the Air Force Eastern and 
Western Test Ranges, and Merritt Island, and provides support services for all 
NASA elements located in the area. 

PROJECT L I N E  I T E M  

Launch Support Facilities 

1::. 

COGNl Z ANT 
0 F FI C:E 

MS F 

NASA FORM 10'29 JUN 69 PREVIOUS EDITIONS ARE OBSOLETE. 

F Y  1959 
THRU 

XURRENT YF 

33 

F Y  1 9 L 1  
f E s t i m a t e d  

FUTURE 
YEARS 

(Est imated)  

T O T A L  
A L L  YEARS 
(Est imated)  

608 

CF 10 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALbATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 x  BUDGET ESTIMATES 

(Dollars in thousands) 

NASA INSTALLATION COGNIZANT PROGRAM O F F I C E  FOR INSTAI-L ATIOtl 

Manned Spacecraft Center 

Eouston, Texas Harris Houston 

The Manned Spacecraft Center has 8s its primary misrion the development of tapace- 
craft for Manned Space Flight programs. The Center is also reepoasibllc for 
Manned Space Flight operations, conduct of astronaut training, and earth reiiiourcce 
aircraft project. 

Manned Space Flight 
NEAREST C I T Y  LOCATION O F  INST 4 L L A T I O N  COUNTY 

INSTALLATION MISLII>N 

PIqOJECT L I N E  I T E M  

Calibration Laboratory 

COGNIZANT 
O F F I C E  

MSF 

F Y  I959 
THRU 

CURRENT Y 

60 

F Y  1971 
(Estimated 

900 

900 

F U T U R E  
YEAFS 

(Estimeted) 

T O T A L  
A L L  YEARS 
(l3stlrnate4) 

- 
9 60 

- * 
NASA FORM lCiZ9 Jut4 59 PREVIOUS EDITIONS ARE OBSOLETE. NASA-HQ 

CF 11 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTAL4ATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 1  BUDGET ESTIMATES 

(Dollars in thousands)  

NASA I N S T A L L A T I O N  COGNIZANT PROGRAM O F F I C E  FOR INSTALLATION 

Huntsville, Alabama 

Marshall Space Flight Center 
LOCATION O F  INSTALLATION COUNTY 

Madison I Huntsville, Alabama 

The mission of the Marshall Space Flight Center is the development of launch vehicles, 
engines and vehicle systems for Manned Space Flight programs. The Center also 
performs advanced studies and research in the general field of astronautics. 

PROJECT L I N E  I T E M  

~~ 

Multi-Spectral Photographic Laboratoq 

COGNlZ ANT 
0 F FI C E 

MSF 

F Y  I959 
THRU 

URRENT YF 

36 

F Y  1921 
' E s t i m a t e d  

525 

525 

F U T U R E  
YEARS 

(Estrmeted)  

T O T A L  
A L L  YEARS 
(EstimatsdJ 

561 

NASA-HQ 

CF 12 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALkATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 1  BUDGET ESTIMATES 

(Dollars in thousands) 

NASA INSTALLATIOY I COGNIZANT PROGRAM O F F I C E  FOR INSTAI-L-ATIOt. 

IOffice of Advanced Research and I'ectmnlngy I Nuclear Rocker: Development Station 
COUNTY NEAREST C I T Y  LOCATION O F  INSTALLATION 

PI?OJECT L I N E  I T E M  

Engine/Stage Test Stand No. 2 

t 

COG N I Z AN T 
O F F I C E  

OART 

~ - -  
NASA FORM ~ $ 2 9  JUN 69 PREVIOUS EDITIONS ARE OBSOLETE. 

F Y  1959 
THRU 

ZURRENT Yl 

T O T A L  
A L L  YEARS 
( EstlmalerlJ 

48,500 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 1  BUDGET ESTIMATES 

(Dollars in thousands)  

NASA I N S T A L L A T I O N  COGNIZANT PROGRAM O F F I C E  FOR INSTALLATION 

Various Locations V8riOU8 
L O C A T I O N  O F  INSTALLATION COUNTY 

PROJECT L I N E  I T E M  

NEAREST C I T Y  

Rehabilitation and Modification 
of Facilities 

Alterations to hunch Complex 2 

rawer Plant Addition, 210' 
A n t m a  Facility 

Relocation of a Transportable 
Pact lity 

TOTAL 

OGNIZANT 
O F F I C E  

oa4 

OSSA 

OTM 

OTah 

NASA FORM 10'29 JUN 69 PREVIOUS EDITIONS ARE OBSOLETE. 

CB 14 

F Y  1959 
THRU 

URRENT YF 

10,360 

4,641 

35 

25 

. . . . .. , . . . . . . . . . . . . . . 

F Y  1 9 2  
Est imated  

14, OOO 

3,300 

750 

525 

18 , 575 

F U T U R E  
YEARS 

(Estimated) 

T O T A L  
ALL YEARS 
(Eatimste@ 

24,360 

7 941 

785 

550 

..... 

NASA-HQ 



LOCATION O F  INSl ’ALL4TION COUNTY 

F’FLOJECT L I N E  I T E M  

NEAREST C I T Y  _ _ _  ______-- 

Facility Planning and Design 

TOTAL 

COGNlZ ANT 
O F F I C E  

O&M 

NASA FORM 1029 JIJN 69 PREVIOUS EDITIONS ARE OBSOLETE. 

F Y  1959 
THRU 

ZURRENT Y 

59,131 

F Y  1 9 7 1  
(Es t imated  

5,000 

5,000 

--- 
FUTlJ R E  
YEARS 

(Es t imated )  

T O T  A L 
4 L L  YEARS 
(Estimated) 

lvo t 
Applicabl’e 



NATIONAL AERONAUTICS ’AND S P A C E  ADM1NISTRATl.ON 

PROPOSED APPROPRIATION LANGUAGE 

RESEARCH A N D  PROGRAM MANAGEMENT 
For necessary expenses of research in Governmnnt laboratorit!j, 

management of programs and other act.ivitie3 of tha  Nationel Aero- 
nautics and Spare Administration, not  otherwise provids j  for ,  
including uniforms or allowances therefor, as authorized by law 
(5 U.S.C. 5901-5902) ; minor con3t,ruction;  award^; pctrch.rse of n s t  
to ezceeu one and hire, maintenance and  operation of administrative 
aircraft; purchase (not t o  exceed [thirty-five] thirly-nins for  
replacement only) and hire of passengnr motor vehicles; and  m ~ i n -  
tenanre, repair, and alteration of real and persons1 propsr ty;  
[$637,400,000] $6‘Sd,SOC,OOO: Provided, Tha t  contract3 mey be 
entered into under this appropriation for maintenance and  operation 
of facilities, and for other services, t o  be provided during t h e  next. 
fisral year. (..I8 U.S.C. 2451, et seq., 60 U.S.C. 511-515; Independent 
O&es and Department of Housing and Urban Development Appropri- 
ation A c t ,  1 S7C; additio::al authorizing legislation to be proposec!.) 

GENERAL PROVISIONS 
Not  to exceed 5 per ceptum of any  appropriation mado available to 

the National Aeronautics and  Space Administration by this Act miry 
be transferred to  any  o t h w  nuah appropriation. 

Not  to exceed $35,000 of the  appropriation “Research and  Fro- 
r am Management” in this Aot for tho National Aeronautic* an4 

8pact. Administration shall be gvallable for scientific oonsultations or 
extraordinary expense, t o  be expended Upon the  trpproval or author- 
i ty  of the Administrator and  his determipation ohall bo Anal and 
conclusive. (Independed Ofices and Department of Housing and 
Urban Development Appropriation Act, 1970.) 

RPM 1 



NATION-AL AERONAUTICS AND SPACE ADMINISTRATION 

R E S E A R C H  A N D  P R O G R A M  i @ A N A C W M b N l  

Program and Financing (in thousands of dollars) 

Identification code 
27-0o-O 1030-1 -250 

Budget plan Costs and obligatiotu 

1969 actual 1970 estimate 1971 estimate 1969 actual 1970 estimate 1971 estimkt 

Program by activities: 
Direct program: 

1. Manned space Bight-. . - .__...__ -. ..._.. ___.._ . . . . .-. - 
2. Scientific investigations in space.. .. ... ~ ~ ._.. . . -.  . . . - ._.. 

3. Space applications- _.._. - -. . . _. . . . . . -. . ._. - ._ .. .. _ _ _  .- 
4. Space technology- __.____... . - -. - .. --. . .._ ._____._...__ 

5. Aviation technology .._. - .._ ...._. __. -. . _.__. _.__ _ _ _  - - 
6. Supporting activities. - - - -. - -. . -. - - -. . . -. -. -. -. -. -. . -. 

320. GOO 

73; 400 
34.664 

124.400 
85,100 
38,601 

334.100 

83; 500 
39,800 

320.600 
78; 300 
21. 100 

Il9.100 
78; 500 
34,722 

331.200 
a7.m 

38; 400 --- - .. - 

Total direct program costs, funded .____._. - - - - _ _  ____-. - 647.964 688,401 692,300 652.322 690,800 692.300 
~ ____ 

Reimbursable program: 
1. Manned apace flight. ._ __..__.._._._.__.__.____________ 1,342 1.898 I ,  775 1,250 1,898 I ,  775 

977 I ,  733 1,356 894 1.733 1,356 3. Space applications- - - - -. -. _ _  - - -. - - - - - -. -. - - - - - - - - -. - - - 
481 569 569 460 569 569 

. .  
4. space technology- - - - - - -_  - - - - - - - - - - - - _-. - - - - - - - - - -. - -- -__ -~ 

Total reimbursable program costs _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  - - _ _  - 2,800 4,200 3.700 2.604 4,200 3,700 -- -- --- - c_-- ___ __- 
Total pro ram costs, funded _.___ ~ _ _ _ _ _ _ _  _._ _._______ 650,764 692,601 6%, 000 654.926 695. OOO 6%. 000 

-4,162 -2.399 _ _ _ _ _ _ _ _ _  ._ _ _  
696,000 

Change in selecte! resources l - -  _ _ _ _ _ _  _._____.__._.__. ._._.. _ _  _.._._._..__ __________._ . _.....____ 

10 Total- - - - - - - - - - - - -. . . . . . - - - - -. -. . -. -. -. . 650.764 692,601 696. OOO 6H), 764 692,601 

1969 
adjurt- 

1968 menlr 1969 1970 1971 1 Selected resources as of June 30 are as follows: 
Unpaid undelivered orders ..._______.._.__..________ 35,806 -2,546 29,259 26,860 26,860 
Advances _._..._....._______...~..~.~~.~~.~_.__.._ 342 __._... 181 I81 181 

...... 36. 148 -2 .546 29,440 27,041 27,041 
- _ _ _ - _ _ - -  

Total .elected ~ ~ S O U ~ C ~ S  



RESEARCH AND P R O G R A M  &! ANAGE~ENT-cOntillU~~ 

Program and Financing (in thousands of dollars)-Continued 

Identification code 
27-00-01 03-0-1-250 

Budget plan Coats and obligations 

l96Q actual 1970 estimate 1971 estimate 1969 actual 1970 estimate 1971 estimate 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTIMATES 

RESEARCH AND PROGRAM MANAGEMENT 

SulrlMARY OF OBLIGATIONS BY INSTALLATION 
( I n  thousands of d o l l a r s )  

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
1971 - 1969 1970 

MANNED SPACE FLIGHT................. $310,968 $323,688 - $330,583 ---- 

John F. Kennedy Space Center ,  NASA 95,794 97,445 98,150 
Manned Spacecraf t  Center.......... 98,840 104,546 107,758 
Marshall  Space F l i g h t  Center.. . . . .  116,334 121,697 124,675 

SPACE SCIENCE AND APPLICATIONS...... $82,329 $94,317 - !$97,461 

73,227 84,772 87,670 Goddard Space F l i g h t  Center....... 
Wallops Station................... 9,102 9,545 9,791 

$ :!01,5 2 1  

Ames Research Center.............. 34,032 36,359 38,248 
Elec t ronics  Research Center....... 17,237 19,483 4,470 
F l i g h t  Research Center............ 9,697 10,131 10,549 
Langley Research Center........... 62,945 67,973 70,734 
L e w i s  Research Center.. .  .......... 67,844 72,398 75,218 
Space Nuclear Propulsion Office. . .  2,135 2,234 2,302 

ADVANCED RESEARCH AND TECHNOLOGY.... $193,890 $208,578 - 

SUPPORTING OPERATIONS --- 

................. :$6 2 ,7 35 NASA Headquarters $60,777 $61,818 - 
$1592,300 -. - TOTAL........................... $647,964 $688,401 
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RESEARCH AM) PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

J O H N  F. KENNEDY SPACE CENTER 

MISS I ON : 

The Kennedy Space Center, w a s  e s t a b l i s h e d  a t  Cape Kennedy, F lor ida ,  
as a sepa ra t e  Center wi th in  NASA i n  J u l y  1962. It serves as the  primary 
Center wi th in  NASA f o r  t h e  test, checkout, and launch of space veh ic l e s .  
This present ly  includes launch of manned and unmanned vehic les  a t  Kennedy 
Space Center,  F lor ida ,  and unmanned veh ic l e s  a t  t h e  A i r  Force Western Ti?st  
Range. The C e n t e r  is now concent ra t ing  on Apollo manned launches,  prepara- 
t i o n s  f o r  Apollo Applications launches,  as w e l l  as research and ope ra t iona l  
unmanned launches. Kennedy Space Center is s p e c i f i c a l l y  respons ib ie  for :  

1. 

2.  

3. 

4.  

5 .  

6 .  

Launch vehic le  checkout and preparat ion.  

Spacecraf t  and payload checkout and prepara t ion .  

Launch f a c i l i t y  design, cons t ruc t ion ,  maintenance, and opera t ions ,  
inc luding  advanced planning and s t u d i e s  lead ing  t o  development of 
new launch opera t ion  concepts and techniques.  

F ina l  i n t e g r a t i o n  and i n t e g r a t e d  checkout of veh ic l e ,  spacec r# i f t  
and launch f a c i l i t i e s ,  and t h e  conduct of  a c t u a l  launch operalrions. 

Operation and coord ina t ion  of  support ing f a c i l i t i e s ,  ground 
support  equipment, and t r ack ing  and d a t a  a c q u i s i t i o n  and 1ogi : ; t ics  
support  required f o r  opera t ion  of a l l  NASA a c t i v i t i e s  a t  the  
Eastern and Western T e s t  Ranges. 

Technical and admin i s t r a t ive  support  s e r v i c e s  f o r  a l l  NASA elements 
loca ted  i n  t h e  area. 

I n  f u l f i l l i n g  i ts  assigned programs, t h e  Kennedy Space Center has developed 
i n t o  a higtily f l e x i b l e  "space port"  capable of handl ing a wide v a r i e t y  (of 
launch ac t iv i t ies  f o r  present  and f u t u r e  manned and unmanned space miss ions. 

DESCRIPTION: - 

The Kennedy Space Center is s i t u a t e d  approximately 50 m i l e s  east: of Orlando, 
F lor ida ,  i n  no r theas 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, inc:luding 
83,783 ac res  owned by NASA. I n  a d d i t i o n  t o  t h e  land area occupied, t he  s ta te  
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of F lor ida  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  add i t ion  t o  t h e  opera t ion  and maintenance of a l l  f a c i l i t i e s  a t  t h e  
Kennedy Space Center, t h e  Center is re spons ib l e  f o r  c e r t a i n  f a c i l i t i e s  with- 
i n  t h e  n a t i o n a l  Eas te rn  T e s t  Range launch area. 
a t  t h e  Kennedy Space Center,  inc luding  f ixed  assets i n  progress  and 
con t r ac to r  he ld  f a c i l i t i e s  a t  var ious  loca t ions  as of June 30, 1969, w a s  
$1,047,293,000. 

The t o t a l  c a p i t a l  investment 

SUMMARY OF RESOURCES REQUIREMENTS : 

(Dollars  i n  Thousands) 

1971 - 1970 - 1969 - 
Authorized permanent pos i t i ons ,  

end of year....................... 2,877 2,779 2,748 
Research and Program Management..... $95,794 $97,445 $98,150 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

MANNED SPACECRAFT CENTER 

MISSION: 

The Manned Spacecraft  Center (MSC) w a s  e s t ab l i shed  i n  November 1961 
i n  Houston , TtZ:ICa!; , as NASA's primary Center f o r  t he  design , developmeni!: , 
and manufacture of manned spacec ra 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 innd the  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 opera t ions  c a p a b i l i t y  t o  
support  and t o  generate  the  knowledge required t o  advance the  technology 
of manned space f l i g h t .  Engineering and development e f f o r t s  focus; on 
appl ied  research and development i n  the  area of space research ,  space 
phys ics ,  l i f e  systems, and test and eva lua t ion .  
devoted t o  exper:iments i n  f l i g h t s  , s c i e n t i f i c  lunar  explora t ion ,  research 
on returned lunar material, space environment s t u d i e s ,  and development of 
a c a p a b i l i t y  :€!or surveying e a r t h  resources  from space.  
c a p a b i l i t i e s  :i.nc:lude experiments i n  f l i g h t ,  f l i g h t  crew monitoring, ant1 
development o f  phys io logica l  requirements f o r  spacecraf t  systems. 

Space sc ience  e f f o r t s  are 

The medical. 

MSC is now engaged i n  Apollo Lunar Explorat ion and is  proceeding with 
necessary spacec ra f t  modif icat ions f o r  l imi t ed  ex tens ion  of explorat ioi i  
c a p a b i l i t i e s .  Spacecraf t  are a l s o  being modified t o  support  the  requirements 
of t he  Apollo Applications p r o j e c t .  MSC is respons ib le  f o r :  

1. 

2. 

3 .  

4. 

5. 

6. 

The design , development , and f a b r i c a t i o n  of t h e  manned spacecraf t  
inlc1ud:lng the  command and s e r v i c e  modules, and t h e  luna r  module,, 

0veral:L program management and con t ro l  of t he  spacec ra f t  itic1ud:'ing 
module 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 o:E a program of spacecraf t  environmental t e s t i n g .  

Se1ect:Lm and t r a i n i n g  of a s t ronau t s  and prepara t ion  of primary 
and bakkup crews f o r  each mission. 

0perat:L'Dn of t he  Mission Control Center and con t ro l  of the  space 
f H g h t  :ni:;sions from l i f t - o f f  t o  recovery. 

Developineiit of s c i e n t i f i c  and medical experiments t o  be flciwn on 
manned spince f l i g h t  missions.  
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7. Operation of t h e  Lunar Receiving Laboratory, which provides a 
c e n t r a l  complex where samples of materials brought t o  e a r t h  by 
luna r  explora t ion  teams are received,  quarant ined,  processed, under- 
go l imi t ed  experiments,  and 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  ana lys i s .  

8. Development and e x p l o i t a t i o n  of aeronaut ica l  and aerospace 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  da t a  on 
the  phys ica l  sc iences  wi th  emphasis on geography, geology, oceanography 
and hydrology. 

I n  the  per iod ahead, MSC w i l l  p a r t i c i p a t e  i n  Manned Space F l igh t  e f f o r t s  
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  
engine and a i r  frame, and a space stat: ion module. 
s t u d i e s  w i l l  be requi red  f o r  these  e f f o r t s .  

Addit ional  support ing 

DESCRIPTION: 

The Manned Spacecraf t  Center is loca ted  two miles east of t he  town of 
Webster, Texas. The s i te  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. To ta l  NASA-owned land 
a t  Houston c o n s i s t s  of 1,620 acres. The Center a l s o  occupies an  add i t iona l  
55,861 ac res  a t  the  White Sands T e s t  F a c i l i t y .  The t o t a l  c a p i t a l  invest-  
ment of t h e  Manned spacec ra f t  Center,  including f ixed  assets i n  progress  
and con t r ac to r  held f a c i l i t i e s  a t  var tous  loca t ions ,  and t h e  White Sands 
T e s t  F a c i l i t y ,  as of June 30, 1969 w a s  $472,737,000. 

SUMMARY OF RESOURCES REQUIREMENTS : 

(Dollars  i n  Thousands) 
1970 19 7 1  -- 1969 

Authorized permanent p o s i t i o n s ,  
end of year . . . . . . . . . . . . . . . . . . . . . . , . . .  4,384 4,250 4 , 200 

Research and Program Management ....... $98,840 S104,546 $107,758 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

GEORGE C. MARSHALL SPACE FLIGHT CENTER 

MISSION: 

The Marsha:Ll Space F l i g h t  Center (MSFC) a t  Huntsv i l le ,  Alabama, beciune 
a p a r t  of NASA i n  J u l y  1960, and serves as NASA's  primary cen te r  f o r  tlke 
design,  development, and t e s t i n g  of l a r g e  launch v e h i c l e s  and space trims- 
po r t a t ion  systems. MSFC is  a l s o  engaged i n  program management and pay:l.oad 
i n t e g r a t i o n  OP the  Apollo Applicat ions f l i g h t s .  MSFC inc ludes  the coml'onent 
f i e l d  act ivi t :ks  a t  Michoud Assembly F a c i l i t y  (MAF) a t  New Orleans,  Loiiisiana; 
the S l i d e l l  C e n t r a l  Computer F a c i l i t y  nearby; and the  Miss i s s ipp i  T e s t  
F a c i l i t y  (MTF) i n  southwest Miss i ss ippi .  The Center i s  now proceeding with 
the  d i r e c t i o n  anti management of the following on-going programs: 

1. The Saturn veh ic l e s  which serve t o  launch manned luna r  and eartlt 
orbi ta : l  m:i.ssions, and very l a r g e  e a r t h  o r b i t a l  payloads. 

2. The Apollo Applicat ions Saturn workshop mission inc luding  se l ec t ed  
s c i e n t i f i c  payloads such a s  the  Apollo Telescope Mount. 

3. The Lunar Roving Vehicle,  which w i l l  provide mobi l i ty  f o r  l una r  
explora t ion .  

I n  the  per iod ahead, MSFC w i l l  p a r t i c i p a t e  i n  Manned Space F l i g h t  e f f o r t s  
on 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  engine 
and a i r  frame, and a space s t a t i o n  module. Addit ional  support ing s t u d i e s  
w i l l  be required f o r  these  e f f o r t s .  

I n  car ry ing  out  i t s  management r e s p o n s i b i l i t i e s ,  t he  Marshall  Space F l i g h t  
Center has  developed the  c a p a b i l i t y  t o :  

1. 

2. 

3. 

4 .  

5. 

Design and develop l a r g e  launch veh ic l e  systems, inc luding  veh ic l e  
systems test and in t eg ra t ion ;  t a i l o r e d  t o  manned and unmanned piiy- 
load requI.rements. 

Design and develop s c i e n t i f i c  payloads,  space s t a t i o n s ,  and systems 
requi red  €or  on-going and f u t u r e  space explora t ion .  

Develop and i n t e g r a t e  s c i e n t i f i c  experiment payload packages t o  be 
fllown on Saturn/Apollo and AAP o r  subsequent missions.  

Conduct s y s t e m s  engineer ing and o v e r a l l  systems i n t e g r a t i o n  of 
ve'hicles and payloads as assigned. 

Technical and business  management of i n d u s t r i a l  programs involvtng 
space veh ic l e s ,  payloads and sys  terns. 
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I n  support  of i ts assigned programs, Marshall a l s o  maintains  the  research 
and development c a p a b i l i t y  t o  conduct advanced s t u d i e s  on launch veh ic l e  
and space systems, space naviga t ion  techniques,  a s t ronau t i c s ,  and space 
sc ience  inves t iga t ions .  Its c a p a b i l i t y  f o i  research and f o r  management 
of l a r g e  i n d u s t r i a l  programs g ives  the  Marshall Space F l i g h t  Center a 
highly f l e x i b l e  base f o r  space programs. 

DESCRIPTION: 

Operations of the  Marshall  Space F l i g h t  Center are conducted a t  th ree  
primary loca t ions .  

The f i r s t  l oca t ion ,  the  main Marshall  Space F l igh t  Center s i t e ,  i s  near  
Huntsville, Alabama, on Army property a t  the  Redstone Arsenal. The Center 
occupies 1,797 acres under a nonrevocable use p e r m i t  from the  Army. The 
c a p i t a l  investment as of June 30, 1969, w a s  $353,942,000. Cer ta in  
f a c i l i t i e s  such as the  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 the  Army. The Huntsvi l le  l oca t ion  has deep-water 
access v i a  the  Tennessee, Ohio and Miss i ss ippi  Rivers.  

The second loca t ion ,  the  Michoud Assembly F a c i l i t y ,  i s  loca ted  15 m i l e s  
east of New Orleans, Louisiana.  The main f a c i l i t y  occupies approximately 
897 acres and the  S l i d e l l  Cent ra l  Computer F a c i l i t y ,  a sa te l l i t e  f a c i l i t y  
20 m i l e s  t o  the  no r theas t ,  occupies 14 add i t iona l  acres .  The capi ta l  
investment as of June 30, 1969, w a s  $147,190,000. Michoud f a c i l i t y  space 
t o t a l s  about .3 .5  m i l l i o n  square f e e t ,  including the main assembly p l a n t ,  
covering an area of 43 acres under one roof .  MSFC exe rc i se s  o v e r a l l  
management of the  f a c i l i t y ,  while a support  cont rac tor  provides adminis t ra t ive  
and t echn ica l  s e rv i ces ,  and the  veh ic l e  prime con t r ac to r s  produce the boos te r  
s t ages  a t  t h i s  loca t ion .  The Michoud Assembly F a c i l i t y  i s  on the  Gulf 
Intra-Coastal  Waterway, and has deepwater access  v i a  the  Miss i ss ippi  River. 

The t h i r d  loca t ion ,  the  Miss i ss ippi  T e s t  F a c i l i t y ,  i s  i n  southwest 
Miss i ss ippi ,  approximately 50 miles nor theas t  of N e w  Orleans,  Louisiana. 
Tota l  land area i s  138,870 ac res  of vhich 13,428 ac res  make up the  a c t u a l  
test area owned by NASA. The remaining 125,442 acres  a r e  held a s  a bu f fe r  
zone. In  the  bu f fe r  area, 7,558 ac res  are owned by NASA, and 117,884 ac:es 
are under r e s t r i c t i v e  easement. Cap i t a l  investment f o r  the  Miss i ss ippi  
T e s t  F a c i l i t y  as of June 30, 1969, w a s  $276,203,000. T e s t  s tands  include a 
dual-posi t ion s tand f o r  t e s t i n g  the  Saturn V f i r s t  s t age  (S-IC), and two 
s tands  f o r  t e s t i n g  the  1,000,000 pound t h r u s t  Saturn V second stage (S-11). 
MSFC exe rc i se s  o v e r a l l  management of the  f a c i l i t y ,  while a support  con- 
t r a c t o r  provides admin i s t r a t ive  and t echn ica l  services, and the  veh ic l e  
pr ime con t r ac to r s  are respons ib le  f o r  conducting tests on the  s tands .  
s i t e  has deepwater access  f o r  t ranspor t ing  l a rge  boos te rs  v i a  the  Pearl 
River and the  Intra-Coastal  Waterway. 

The 
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The t o t a l  c a p i t a l  investment of t he  Marshall  Space F l i g h t  Center ,  i n -  
c luding f ixed  assets i n  progress  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 June 30, 1969, w a s  $943,682,000. 

SUMMARY OF RESOUF.CES REQUIREMENTS : 

(Dollars  i n  Thousands) 
1971 .-_- - 1969 19 70 

Authorized ptrnianent p o s i t i o n s  , 

Research and Program Management ......... $116,334 $121,697 $124,675 
end of year... . . . . . . . . . . . . . . . . . . . . . . . .  6,149 6,004 5,935 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

GODDARD SPACE FLIGHT CENTER 

MISSION: 

The Goddard ,Space F l ight  Center,  e s t ab l i shed  i n  1959 as t h e  f i r s t  major 
United States labora tory  devoted t o  t h e  i n v e s t i g a t i o n  and explorattion of 
space, conducts a wide-ranging program of experimentation i n  the  spacc! sc iences  
and space ap.plications.  A s  a r e s u l t ,  Goddard Space F l ight  Center has 
developed many d ive r se  c a p a b i l i t i e s :  
p r o j e c t s  ; t h e  development of wholly in t eg ra t ed  spacec ra f t ,  ranging from 
sys  t e m s  engineer ing t o  development, i n t eg ra t ion ,  and t e s t i n g ;  the dev6:lopment 
and opera t ion  oE sa te l l i t e  t r ack ing  networks; d a t a  a c q u i s i t i o n  and ani t lysis ;  
and s c i e n t i f i c  research t o  include both t h e o r e t i c a l  s t u d i e s  and the  dt:velop- 
ment of many s i g n i f i c a n t  s c i e n t i f i c  experiments flown i n  satellites. 

the  management of complex satel:l.ite 

Although t h e  major i ty  of Goddard Space F l igh t  Center ' s  personnel  are a t  the! 
Greenbelt s i t e ,  o t h e r  personnel are loca ted  a t  t h e  Goddard I n s t i t u t e  j-or 
Space Studies  i n  New York Ci ty ,  and throughout t h e  world, managing the: opera- 
t i o n  of s a t e l l i t e  t racking  and communications network s t a t i o n s .  

Goddard Space F l igh t  Center is respons ib le  f o r  t he  management of ccimmuni- 
ca t ions  and ~nleteorological sa te l l i t e  programs, such as the  Applic.atior:rs 
Technology and Nimbus S a t e l l i t e s ;  t h e  management of s c i e n t i f i c  sa.tellj:.te 
p r o j e c t s  t o  :inc:Lude t h e  Orbi t ing Geophysical (OGO), Orbit ing Solar  (OSO), and 
t h e  Orbi t ing  ,4stronomical (OAO) Observatories and the  Explorer s e r i e s  1; project: 
management of NASA's D e l t a  launch vehic le ;  management and opera t ion  of: two 
worldwide trixk:Lng and d a t a  a c q u i s i t i o n  networks, the  Space Tracking and Data 
Acquisi t ion Network and the  Manned Space F l i g h t  Network; and t he  devel.opment 
of t h e  sound:i.ng rocket  program. 

During 1969, twenty-two major spacec ra f t  launchings were conducted by NASA 
of which fou:rteen were d i r e c t l y  managed by t h e  Goddard Space F l igh t  Center. 
Of t h e  remaining e i g h t  missions,  including four  Apollo f l i g h t s ,  two Mariner 
space probes (and two s c i e n t i f i c  sa te l l i tes ,  Goddard played a m a j o r  da t a  
acqu i s i t i on ,  t racking and/or launch veh ic l e  management ro le .  

Major Goddiartl achievements during t h e  year  included: 

S c i e n t i f i c  Satell i tes - Launch of t h e  s i x t h  and last spacec ra f t  i n  the  
Orbi t ing Geol7G;ical Observatory (OGO) series, br inging  t o  more than 120 
ind iv idua l  experiments o r b i t e d  i n  t h e  series t o  conduct i n t e r - d i s c i p l j  nary,  
t ime-correlated s t u d i e s  of Earth-Sun r e l a t ionsh ips  ; launch of two Orbj t i n g  
Solar  Observiato~ries (OS0 5 and OS0 6 ) ,  t o  continue the  pioneering s o l a r  
s t u d i e s  during t h e  cu r ren t  s o l a r  cycle  ; launch of t he  Goddard-built Explorer 
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41 ( In t e rp l ane ta ry  Monitoring Platform) t o  continue a highly success fu l  series 
designed pr imar i ly  t o  s tudy t h e  Ear th ' s  magnetosphere; completion of f i r s t  
year  opera t ion  of Orbi t ing Astronomical Observatory (OAO) I1 providing the  most 
prolonged astronomical observat ions above the  Earth 's  atmosphere ever  
conducted. 

I n t e r n a t i o n a l  S c i e n t i f i c  S a t e l l i t e s  - An increas ingly  important mission f o r  
t he  Center is i ts  r e s p o n s i b i l i t y  f o r  car ry ing  out  t he  i n t e r n a t i o n a l  coopera- 
t i v e  space program under NASA auspices .  During the  y e a r  t h ree  i n t e r n a t i o n a l  
s c i e n t i f i c  sa te l l i tes  were success fu l ly  launched. 
Canadian-built I n t e r n a t i o n a l  Satell i te f o r  Ionosphere Studies  (ISIS) I; a 
spacec ra f t  f o r  t h e  European Space Research Organization (ESRO) t o  study 
ene rge t i c  particles i n  space; the  f i r s t  sa te l l i t e  i n  a cooperat ive program 
with the  Federal  Republic of Germany c a l l e d  Azur I t o  make measurements of 
t h e  Ear th ' s  r a d i a t i o n  b e l t ,  t he  aurorae  and s o l a r  par t ic le  events.  
Addi t iona l ly ,  numerous sounding rocket  launchings w e r e  conducted i n  
cooperat ion with s c i e n t i s t s  throughout t h e  world, o f t e n  from fore ign  
launch sites. 

These included the  

Applicat ions Sa te l l i t es  - Goddard is t h e  primary NASA Center f o r  weather, 
communications and Earth resources  sa te l l i te  e f f o r t s .  During the  year  the  
t h i r d  Nimbus research and development spacec ra f t  w a s  success f u l l y  launched 
car ry ing  seve ra l  advanced weather sens ing  devices  which may eventua l ly  
provide t h e  technology t o  make poss ib l e  long-range computerized weather 
p red ic t ions  on a g loba l  b a s i s ;  two o the r  weather satell i tes i n  the  TIROS 
Operat ional  System were o r b i t e d  f o r  the  U.S. Weather Bureau. I n  the  
communications area two synchronous o r b i t  sa te l l i t es  were launched f o r  the  
Communications S a t e l l i t e  Corporation, and the  f i r s t  Br i t i sh -bu i l t  Skynet 
m i l i t a r y  communications satel l i te  was success fu l ly  placed i n  synchronous 
o r b i t .  A major milestone w a s  achieved with the  i n i t i a t i o n  of a program f o r  
development of t h e  f i r s t  two U.S. Earth Resources Technology S a t e l l i t e s .  

Sounding Rockets - During 1969 more than 120 sounding rocket  launchings were 
conducted by Goddard, b r inging  t o  more than 1,270 the  number of launchings i n  
the  program s ince  1959. 

Tracking and Data Acquis i t ion  - The Goddard-managed Space Tracking and Data 
Acquis i t ion  Network provided communications and t racking  coverage f o r  a l l  
of NASA's s c i e n t i f i c  and app l i ca t ions  satel l i tes  launched during the  year.  
The Manned Space F l igh t  Network provided g loba l  t racking  support  f o r  four  
Apollo manned f l i g h t s ,  inc luding  the  h i s t o r i c  f i r s t  landing of man on the  
Moon during Apollo 11. 

DESCRIPTION : 

The Goddard Space F l igh t  Center,  l oca t ed  15 m i l e s  nor theas t  of Washington, 
D. C. a t  Greenbelt ,  Maryland, is  s i t u a t e d  on a 554-acre main site. Three 
add i t iona l  p l o t s  of 639 acres comprise t h e  remote s i te  area and contain the  
Goddard Antenna T e s t  Range, t he  Goddarcl Opt ica l  F a c i l i t y ,  the  Propulsion 
Research F a c i l i t y ,  t h e  Magnetic F i e l d s  Component T e s t  F a c i l i t y ,  the  
At t i t ude  Control  T e s t  F a c i l i t y ,  and t he  Network Training and T e s t  Fac i l i t y .  
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The t o t a l  c a p i t a l  investment f o r  t h e  Goddard Space F l igh t  Center,, i n c  Luding 
f ixed  assets i n  progress  and con t r ac to r  held f a c i l i t i e s  a t  var ious  loca t ions  
as of June 30, 1969, w a s  $563,331,000 ( inc ludes  c a p i t a l  type fac i l i t i c .?s  
of t h e  MSF and STADAN network and o t h e r  support ing act ivi t ies  inc:ludiilg 
equipment aboard s h i p s  and a i r c r a f t ) .  

SUMMAKY OF --A RESOURCES REQUIREMENTS: 

(Dol la rs  i n  Thousands) 
1970 19 :71 

-I- - 1969 - 
Authorized p ernanen t p o s i t  ions  , 

end of year......................... 4,141 4,412 4,4.:L2 
Research and Pr'ogram Management....... $73,227 $84,772 $87,6 70 



RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

WALLOPS STATION 

MISS I ON : 

Wallops S t a t i o n  i s  pr imar i ly  an  ope ra t iona l  base  f o r  launching rocl~:ets, 
sa te l l i t es ,  space probes and o t h e r  s c i e n t i f i c  experiments and fox- conciucting 
ae ronau t i ca l  research.  Its b a s i c  mission is  t o  prepare ,  assemble, laiinch, 
and t r a c k  space veh ic l e s  and t o  acqu i r e  s c i e n t i f i c  data .  The f a c i l i t i e s  of 
Wallops S t a t i o n  are used by s c i e n t i s t s  and engineers  from t h e  l a b o r a t o r i e s  
and research  centers  of NASA, o t h e r  government agencies ,  co l leges  ancl 
u n i v e r s i t i e s  , and t h e  world-wide s c i e n t i f i c  community. Wallops S t a t i o n  
personnel  a s s i s t  t h e s e  s c i e n t i f i c  research  teams with t h e i r  p ro j ec t ;  tlevelop, 
as necessary,  s p e c i a l  types of ins t rumenta t ion  and equipment t o  complt!ment 
t h e  miss.ions ; and manage NASA sponsored r e sea rch  p r o j e c t s .  Research z i t  

Wallops .is d:t rected toward ga ther ing  information about t h e  Ear th ' s  atniosphere 
i t s  near-space environment, and i n  t h e  f i e l d  of aeronaut ics .  

I n  a d d i t i o n  t o  support ing t h e  rocket-propelled experiments , Wallops uses  
i t s  faci:Litica; f o r  many o t h e r  research  p ro jec t s ,  such as space component tests 
u t i l i z i n g  hel1:icopter o r  a i r c r a f t  drops , h e l i c o p t e r  and a i r c r a f t  no i se  
abatement pro-jects, slow speed landing techniques f o r  j e t  a i r c r a f t ,  an t i - sk id  
tests on grooved runways , V/STOL termina l  area research ,  c o l l i s i o n  avciidance 
program, and laser and r ada r  t racking  of a i r c r a f t  and satel l i tes .  A Flortion 
of Wallops ' e f f o r t  is  devoted t o  NASA's program of i n t e r n a t i o n a l  cooperat ion 
i n  space researc:h. S ix ty  coun t r i e s  have s e n t  r ep resen ta t ives  t o  observe 
opera t ions  and procedures.  Wallops has a s s i s t e d  1 7  of t hese  count r ies  with 
t r a i n i n g  of personnel,  a c t i v a t i o n  of t h e l r  launch sites, o r  launching t h e i r  
experiments. Wa.llops' mission a l s o  inc ludes  management of several NASA 
sponsored prclj e c  ts , such as t h e  Orbi t ing  Frog O t o l i t h  (OFO) p r o j e c t ,  t h e  
Experimental 1.nter-American Meteorological Rocket Network (EXAMETNET) , the  
1970 So la r  Ec ] . ipse  p ro j ec t ,  t he  German barium p r o j e c t  , a Bio-Space 
Technology Training Program f o r  b i o s c i e n t i s t s  , opera t ion  of remote s i t e  
launching and t racking  f a c i l i t i e s ,  and an  Arctic launch s i te  a t  Poin t  Barrow, 
Alaska. 

I n  the  e a r l y  years ,  research  a t  Wallops w a s  concentrated on obta in ing  
aerodynamic da ta  a t  t r anson ic  and low supersonic  speeds as p a r t  of t he  e f f o r t  
t o  pene t r a t e  t h e  sound b a r r i e r  of f l i g h t .  Today, t h e  f a c i l i t y  is obta in ing  
s c i e n t i f i c  d a t a  about t h e  atmosphere and t h e  space environment uti t l izi i ig 
launch vehic les  ranging i n  s i z e  from t h e  s m a l l  Arcas and Hasp meteorological  
rocke t s  t o  the  72-foot Scout with o r b i t a l  c a p a b i l i t y .  Twelve satel l i tes  have 
been launched. Nallops has  launched more than  7,500 r e sea rch  veh ic l e s  
cons i s t ing  of from one t o  seven s t a g e s  i n  the  ques t  f o r  s c i e n t i f i c  knowledge. 

Wallops S t a t i o n ' s  achievements during t h e  p a s t  ca lendar  year  include: t he  
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launching of 309 sounding rockets ,  conducting the  f i f t h  annual Bio-Space 
Technology Training Program, launching t h e  last  i n  a series of four  Gravity 
Preference experiments, t h e  5 1/2-ton Astrobee cosmic ra-lio noise  experiment, 
t h e  Aerobee 350 ar t  i f  i c i a l  auroras  experiment, the  Pacemaker materials experi-  
ment, and t h e  f i r s t  two launchings of the  Canadian Black Brant I I I B  vehic le .  
Four 175-foot diameter research  bal loons were launched with a v a r i e t y  of 
experiments on board i n  a j o i n t  AFCRL/NASA pro jec t .  
team success fu l ly  completed another  aer ia l  recovery. 
fore ign  na t iona l s  represent ing  18 count r ies  v i s i t e d  the  i n s t a l l a t i o n  t o  
observe i t s  operat ions o r  seek a s s i s t a n c e  i n  e s t a b l i s h i n g  a sounding rocket  
f a c i l i t y  of t h e i r  own. 

Wallops a i r  recovery 
One hundred for ty- f ive  

DESCRIPTION: 

Wallops S t a t i o n  inc ludes  t h r e e  separate areas on the  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 the  Wallops mainland. The 
adminis t ra t ive  o f f i c e s ,  t h e  range c o n t r o l  cen ter ,  support  shops and the  main 
te lemetry bui ld ings  are loca ted  on t h e  main base. Wallops I s land  is about 
seven m i l e s  sou theas t  of t h e  main base and is  connected t o  the  mainland by a 
causeway and bridge. The i s l a n d  is about f i v e  m i l e s  long and i ts  widest  
po in t  is only one-half m i l e .  Located on the  i s l and  are rocket  s to rage  
bui ld ings ,  blockhouses, assembly shops and the  launch si tes.  The Wallops 
mainland is  a one-half m i l e  s t r i p  w e s t  of the  i s l and  and houses the  r ada r  
and o p t i c a l  t rack ing  sites. An a d d i t i o n a l  Wallops holding is the  E a s t v i l l e  
t racking  site loca ted  about 50 m i l e s  south of Wallops S ta t ion .  

Wallops S ta t ion ,  t o t a l i n g  6,561 acres, c o n s i s t s  of 2,313 acres on the  main 
base; 3,000 acres on Wallops I s land ,  108 acres on the  mainland t racking  s i te ;  
and 1,140 acres of unusable marsh land. The E a s t v i l l e  t racking  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-owned property.  The t o t a l  c a p i t a l  
investment a t  Wallops S ta t ion ,  inc luding  f ixed  assets i n  progress and 
con t r ac to r  held f a c i l i t i e s  a t  var ious  loca t ions  as of June 30, 1969, w a s  
$108,521,000. 

SUMMARY OF RESOURCES REQUIREMENTS: 

(Dollars  i n  Thousands) 
1971 - 1970 - 1969 - 

Authorized permanent pos i t i ons ,  
end of year......................... 48 4 488 488 

Research and Program Management.. . . . . . $9,102 $9,545 $9,791 
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RESEARCH AND PROGRAM XANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

MES RESEARCH CENTER 

MISS I O N  : 

The programs a t  the  Ames Research Center are d i r e c t e d  a t  research  ,md 
development i n  the f i e l d s  of aeronaut ics  and spacec ra f t  technology as 
w e l l  as app l i ca t ion  t o  n a t i o n a l  needs of the  new sc ience  and teckino1oi:y 
growing out of the  aerospace program. I n  car ry ing  out  t h i s  mission,  Ithe 
Center works c lose ly  with the  aerospace and educa t iona l  communities i l l  an 
e f f o r t  t o  t a k e  f u l l  advantage of t he  n a t i o n ' s  manpower c a p a b i l i t i e s .  More 
s p e c i f i c a l l y ,  t n e  Ames Research Center has ,  i n  add i t ion  t o  the  t r a d i t i o n a l  
research  mission i n  the  phys ica l  sc iences  , a major research  responsib:cli ty 
i n  the  l i f e  and space sc iences ,  f l i g h t  p r o j e c t  management respons ib i l , i ty ,  
and t h e  operatilonal r e s p o n s i b i l i t y  f o r  t h e  NASA Convair 990 a i r c r a f t  I:o 
conduct a i rborne  s c i e n t i f i c  experiments. 

This i n s t a l l a t i o n  has  f l i g h 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 he  Pioneer p ro jec t .  Pioneer provides  s c i e n t i f i c  observat ions of pheiiom- 
ena i n  i n t e r p l a n e t a r y  space from an unmanned spacec ra f t .  

Research i n  the phys ica l  sc iences  inc ludes  s t u d i e s  i n  atmosphere eii try 
and environmental physics ,  guidance and con t ro l  systems, and aeronaut:i.cs. 
The work i n  e n t r y  and environmental physics  inc ludes  b a s i c  s t u d i e s  of the  
physics  (of high-temperature gases , t he  s t a b i l i t y ,  con t ro l  , and perfonnance 
of a wide range of spacec ra f t  conf igura t ions ,  and of materials and s t r u c t u r e s  
f o r  spacecraEt.  I n  t h e  area of gas  physics ,  p a r t i c u l a r  emphasis i s  p:l.aced 
on problems a s soc ia t ed  wi th  f l i g h t  i n t o  e a r t h  and o t h e r  p lane tary  atmospheres,  
Through t h i s  e f f o r t  , s i g n i f i c a n t  con t r ibu t ions  have been made t o  the  tlesign 
of t he  Mercury, Gemini, and Apollo spacec ra f t ,  t h e  design of Mars and Venus 
e n t r y  velnicles, and the  design of b a l l i s t i c  missiles. 

The work .in guidance and con t ro l  systems is broad i n  na tu re  and i s  
app l i cab le  t o  manned and unmanned spacec ra f t ,  as w e l l  as a i r c r a f t .  C i i r -  

r e n t  emphasis i n  guidance systems is d i r e c t e d  mainly a t  cu r ren t  and follow- 
on manned missions.  This inc ludes  an in t ens ive  t h e o r e t i c a l  and experxmental 
e f f o r t  i n  t he  areas of midcourse naviga t ion  and te rmina l  guidance w i t 1 1  a 
s m a l l  e fEor t  d i rec ted  a t  s t u d i e s  involving luna r  approach, l una r  landxng, 
and rendezvous. The research and technology i n  con t ro l  systems is  dii-ected 
a t  examining va:cious techniques app l i cab le  t o  unmanned satel l i tes  and probes 
and techniques ,3pplicable t o  ver t ical  and s h o r t  take-of f (V/STOL) airc:raf t , 
t h e  supe rson:L: t r anspor t ,  and manned spacec ra f t  . 



The research  program i n  aeronaut ics  :is d i r e c t e d  a t  fundamental s t u d i e s  
i n  aerodynamics, propuls ion and opera t ing  problems a s soc ia t ed  wi th  supersonic 
a i r c r a f t  wi th  p a r t i c u l a r  emphasis on t h e  supersonic t r a n s p o r t ,  a wide 
v a r i e t y  of V/STOL v e h i c l e s ,  and hypersonic research  a i r c r a f t .  This inc ludes  
s t u d i e s  of p i l o t i n g  problems wi th  numerous fixed-base, moving-base, and f l i g h t  
s imula tors .  

Research i n  the  space sc i ences  inc ludes  s t u d i e s  i n  the  f i e l d  of s o l a r  
physics,  p lane tary  environments, and geophysics. This inc ludes  ground 
based and sounding rocket  experiments as w e l l  as experiments r equ i r ing  
spec ia l i zed  instruments aboard satell i tes and space probes. The work 
covers s t u d i e s  pe r t a in ing  t o  magnetic f i e l d s  and plasmas i n  space, s t u d i e s  
t o  determine the  composition and s t r u c t u r e  of p l a n e t s  and of p lane tary  and 
s te l la r  atmospheres, and s t u d i e s  of 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  understanding t h e  s t r u c t u r e  of luna r  su r faces .  

Research i n  the  l i f e  s c i ences  i s  conducted i n  t h r e e  major areas: 
b a s i c  research  i n  the  phys io log ica l  and behaviora l  sc iences  concerned 
with obta in ing  a b a s i c  understanding of t he  e f f e c t s  of terrestrial and 
e x t r a t e r r e s t r i a l  environments and of space f l i g h t  stresses upon l i v i n g  
organisms, inc luding  man; (2) s t u d i e s  i n  exobiology o r i en ted  towards 
the p red ic t ion ,  de t ec t ion ,  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 ,  chem- 
icals, and l i f e  forms inc luding  an active p a r t i c i p a t i o n  i n  de f in ing  the 
sc ience  package f o r  Viking; and (3) research  i n  long-term advanced l i f e  
support  systems and i n  the  human f a c t o r s  a spec t s  of the  r e l a t i o n s h i p s  
between man and t h e  machines which t r a n s p o r t  and support  him during luna r  
and p lane tary  explora t ion .  

(1) 

DESCRIPTION: 

The Ames Research Center w a s  e s t a b l i s h e d  i n  1940, and is  loca ted  
a t  the  southern end of San Francisco Bay on land contiguous t o  the  U. S. 
Naval A i r  S t a t i o n ,  Moffett F i e l d ,  Ca l i fo rn ia .  Its phys ica l  p l a n t  com- 
p r i s e s  many spec ia l i zed  f a c i l i t i e s  f o r  aerospace research  i n  t h e  t r a d i -  
t i o n a l  phys ica l  sc iences  as w e l l  as the  space sc i ences  and l i f e  sc iences ,  
a l l  of which are included i n  the  mission of t h e  Center. These inc lude  
conventional wind tunne l s ,  entry-heat ing s imula tors ,  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 conducting tests a t  speeds up t o  
and above e a r t h  escape speed as w e l l  as l a b o r a t o r i e s  equipped t o  study 
s o l a r  and geophysical phenomena, l i f e  syn thes i s ,  l i f e  de t ec t ion ,  and 
l i f e  environmental f a c t o r s .  The Ames Research Center occupies about 
365 acres of land. 
and a i r f i e l d  runways, are used j o i n t l y  by NASA and the  Department of 
t he  Navy. 
f ixed  assets i n  progress,  and con t r ac to r  he ld  f a c i l i t i e s  a t  var ious  
loca t ions  as of June 30, 1969, w a s  $237,827,000. 

Ce r t a in  o t h e r  f a c i l i t i e s ,  such as the  u t i l i t i e s  

The capital  investment a t  the  Ames Research Center, inc luding  
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SUMMARY OF --- RXSOlJRCES REQUIREMENTS : 

(Dol lars  i n  Thousancl!s) 
1969 1970 . 19 71 

Authorized peirmanent p o s i t i o n s ,  
1 ,992  1,972 1,972 

Research axid Program Management. . . . . . . . . $34,032 $36,359 $38,248 
end of yc:ixre, .... . . .. .. .. . . . . . . . .... ... 
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RESEARCH AND PROGW MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

ELECTRONICS RESEARCII CENTER 

MISSION : 

The Elec t ronics  Research Center w a s  e s t a b l i s h e d  i n  September 1964 t o  
provide the  knowledge and advanced technology needed t o  improve performance 
and r e l i a b i l i t y  of space and ae ronau t i ca l  e l e c t r o n i c  systems and compclnents . 

The dec is ion  t o  suspend opera t ions  a t  the  Elec t ronics  Research Center 
w a s  made during the space agency's f i s c a l  year  1971 budget process  ancl i n  
planning the .€ui:ure course of the  n a t i o n ' s  space program over the  next 
decade. This ac t ion  is  p a r t  of a l a r g e r  p i c t u r e  which inc ludes  our 
curren t  irequi~ements,  the  new d i r e c t i o n s  for the  Sevent ies ,  and budget 
cons t r a in t s  w i th in  which w e  must work. 

It is an t i c ipa t ed  t h a t  personnel and o the r  c o s t s  of approximately < 4.5 
mil l ion  w i l l  be necessary i n  FY 1 9 7 1  t o  complete the  c los ing  of the Center. 

SUTMARY .OF RESOURCES REOUIREMENTS : 

(Dollars  i n  Thousands) 
1969 19 70 1 9  7 1  -- 

Author:Lzed .?elmanent post  t i o n s ,  

Research a d  I?rogram Management.. . . . . . . $17,237 $19,483 $4,470 
.--- end of y e s r  . . . . . . . . . . . . . . . . . . . . . . . . . 80 2 600 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

FLIGHT RESEARCH CENTER 

MISSION : 

The F l igh t  Research Center,  e s t ab l i shed  i n  1947, conducts ae ronau t i ca l  and 
space related research and technology, using a v a r i e t y  of aerospace vehicles. 
The work includes e f f o r t  on problems of take-off,  landing, low-speed f l i g h t ,  
Supersonic and hypersonic f l i g h t ,  and re-entry t o  v e r i f y  pred ic ted  charac- 
teristics and t a  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 current. and pro jec ted  programs a t  t h i s  Center include:  ae ronau t i ca l  
p ro j ec t s  concerning genera l  a v i a t i o n  and subsonic and supersonic  t ranspor t  
research;  spac:e veh ic l e  systems p r o j e c t s  i n  which the  f l i g h t  behavior of 
advanced re-entry veh ic l e s  inc luding  M2-F2, HL-10, and X-24A heavyweight 
l i f t i n g  bodies are s tud ied ;  and e l e c t r o n i c  systems p r o j e c t s  such as disp lay ,  
guidance, and con t ro l  i n  advanced f l i g h t  missions and improvements on systems 
and sensclrs usbed  i n  biomedical monitoring, t racking  , and da ta  acqu i s i t i on .  

Most important of the  f a c i l i t i e s  and s p e c i a l  equipment f o r  conducting 
programs a t  t h e  F l i g h t  Research Center are the  a i r c r a f t .  
genera l  aviatfon a i r c r a f t  f o r  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 t ,  such a s  the  YF-l2A, used f o r  var ious  research  inves t iga t ions  having 
app l i ca t ion  tci  both c i v i l  and m i l i t a r y  av ia t ion .  
such as ].if tirtg bodies ,  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 rborne  s imula tors ,  
are contracta ' r  procured o r  developed in-house. 
f a c i l i t i e s  are a v a i l a b l e  t o  complement the  f l i g h t  ac t iv i t ies  with proper  
prel iminary research and t e s t i n g .  Simulation equipment i s  used t o  guide 
and assist i n  t h e  performance of product ive f l i g h t  a c t i v i t i e s .  A two-station 
radar  f o r  t racking  and d a t a  a c q u i s i t i o n  is  operated t o  support  the  f l i g h t  
a c t i v i t y .  

They range from 

Specia l  purpose veh ic l e s  

Spec ia l ized  labora tory  

DESCRIPTION : - 
The F l igh t  Research Center ,  Edwards, Ca l i fo rn ia ,  i s  65 a i r  m i l e s  no r theas t  

of Los Angelesi. The Center i s  loca ted  a t  the  no r th  end of Edwards A i r  Force 
Base on 218 ac:res of land used under a permit from the  Department of t h e  A i r  
Force. U t i l i t i e s  are provided by t h e  A i r  Force on a reimbursable b a s i s .  
The Center i s  ad jacent  t o  Rogers Dry Lake, a 55-square-mile area with a complex 
of runways varying i n  length  from 5 t o  11 m i l e s .  

The phys ica l  p l an t  c o n s i s t s  of an of f ice- labora tory  bu i ld ing  with adjoin- 
ing  shops, a f l i g h t  maintenance hangar and a c a l i b r a t i o n  hangar, and a high 
temperature loads c a l i b r a t i o n s  f a c i l i t y .  Auxil iary bu i ld ings  inc lude  'ware- 
houses, am a u x i l i a r y  power sys  t e m s  bu i ld ing ,  communications bui ld ing ,  and 



an a i r c r a f t  maintenance dock. The main s t a t i o n  of the two s t a t i o n  r ada r  
range operated by the  Center is  located. on the  t h i r d  f l o o r  of the o f f i ce -  
l abora to ry  bui ld ing .  The t o t a l  capital investment of t he  F l i g h t  Research 
Center,  inc luding  f ixed  assets i n  progress,  and con t r ac to r  held f a c i l i t i e s  
at  var ious  l o c a t i o n s  as of June 30, 1969, w a s  $47,132,000. 

SUMMARY OF RESOURCES REQUIREMENTS: 

(Dollars i n  Thousands) 
1969 19 70 1971 

Authorized permanent p o s i t i o n s ,  

Research and Program Management ........ $9,697 $10,131 $10,549 
end of year.......................... 5 39 5 35 5 35 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

LANGLEY RESEARCH CENTER 

MISSION : 

The Langley Research Center conducts a comprehensive range of research 
and technolog,y programs t o  i d e n t i f y  and eva lua te  new oppor tun i t i e s  f o r  
advanced ae ronau t i ca l  and space f l i g h t  a c t i v i t i e s ;  t o  expose and so lve  the  
bas i c  tec.hnica1 problems confront ing f l i g h t  progress;  t o  evolve,  improve, 
and v a l i d a t e  t:he technological  b a s i s  f o r  the  design,  cons t ruc t ion ,  and 
operation. of advanced a i r c r a f t  and space vehic les ;  t o  support  the  conduct 
of na t iona l ly  important f l i g h t  p r o j e c t s ;  and t o  promote the  broad d i f fus ion  
and applicaticin of aerospace research knowledge. 

A s i g n i f i c a n t  po r t ion  of t h i s  research  and technology program Ls d i rec t ed  
to  developing, eva lua t ing ,  and r e f i n i n g  s p e c i f i c  a i r c r a f t  designs;  and t o  
explor ing and understanding improved concepts and technology on which 
fu tu re  a i r c r a f t  with more advanced performance, increased ope ra t iona l  capa- 
b i l i t i e s ,  and enhanced s a f e t y  and economy may be based. I n  t h i s  e f f o r t ,  
s p e c i a l  emphas'is is placed on the  evolu t ion  of a i r c r a f t  conf igura t ions  which 
maximize f l i g h t  e f f i c i ency ,  as i n  the  s u p e r c r i t i c a l  wing development f o r  
high-s ub sonic  - s p  eed t r anspor t s  , var i ab  le-swe ep-wing and opt  i m i  zed-inte grated- 
design approaches f o r  supersonic  m i l i t a r y  and c iv i l  a i r c r a f t ,  and t h e  study 
of improved cclncepts f o r  ramjet-propelled hypersonic veh ic l e s  and V/STOL 
a i r c r a f t  designs.  Associated research is aimed a t  the  p red ic t ion  of 
c r i t i ca l  opera t ing  loads and ae roe la s  t i c  c h a r a c t e r i s  t ics  of advanced dlesigns, 
and t h e  evolu t ion  of new materials and s t r u c t u r a l  concepts with iinprovled 
e f f i c i ency  under cr i t ical  environments. Related programs are providing 
i n s i g h t  i n t o  the  s t a b i l i t y  and con t ro l  problems of new generat ions of 
vehic les ,  and p a r t i c u l a r l y  those assoc ia ted  wi th  all-weather and terminal-  
area operat ions,  cooperative o r  competit ive maneuvering, and o the r  complex 
f l i g h t  tasks .  
clear-air 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 ;  on s impl i f i ed  lower- 
cos t  approaches t o  collision-hazard-warning systems, and on in t eg ra t ed  
and automated con t ro l s  f o r  l i g h t  a i r c r a f t .  Considerable work is imderway 
inves t iga t ing  the  bas i c  causes of a i r c r a f t  propuls ion no i se  and son ic  Iboom, 
the  cha rac t e r i za t ion  of t h e i r  annoyance e f f e c t s ,  and the  s tudy of p rac t i cab le  
methods f o r  no ise  reduction. 
of t i re ,  braking system, and runway su r face  design requirements f o r  improved 
a i r c r a f t  t r a c t i o n  and con t ro l  on water and s lush  covered runways, and ,are 
f ind ing  important app l i ca t ions  i n  the  automotive s a f e t y  f i e l d .  The telchnical 
support  of the Departments of the  Air Force, Navy, and Army, the  Federal  
Aviation Administration, and the  aerospace indus t ry  is a cont inuing po r t ion  
of t he  Langley program. 

Studies  are a l s o  underway on the  technology f o r  de t ec t ing  

Advances are being accomplished i n  the  s tudy 
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Another s i g n i f i c a n t  po r t ion  of Langley's s k i l l s  and resources  is devoted 
t o  advancing the  Nat ion 's  space f l i g h t  c a p a b i l i t i e s ,  and t o  the  management 
and support  of important space f l i g h t  p ro jec t s .  Espec ia l ly  noteworthy are 
research e f f o r t s  relative t o :  atmosphere-entry aerothermodynamics and hea t  
sh i e ld ing  f o r  r e t u r n  from ea r th -o rb i t a l ,  l una r ,  and p lane tary  missions; 
the  structural-dynamic c h a r a c t e r i s t i c s  of l a r g e  launch veh ic l e s  and complex 
modular spacec ra f t ;  advanced conf igura t ions  f o r  l i f t i n g - e n t r y  and control led-  
landing spacec ra f t ,  r e fu rb i shab le  space vehic les ,  long-duration o r b i t a l  
and p lane tary  systems, and expandable space s t r u c t u r e s ;  the  e f f e c t s  of hea t ,  
vacuum, loads ,  no ise ,  micrometeoroids, and r a d i a t i o n  on the  performance 
of veh ic l e  systems and materials; the  technology of improved e l e c t r o n i c ,  
propuls ion,  information,  s t r u c t u r e s ,  and l i f e  support  systems; and man's 
func t iona l  c a p a b i l i t i e s  and systems accommodations f o r  performance of 
complex manned space missions involving space assembly and maintenance, 
rendezvous and docking, ex t r aveh icu la r  opera t ions ,  and e x t r a t e r r e s t r i a l  
landings.  

Respons ib i l i ty  has been assigned t o  Langley f o r  the  Viking p r o j e c t  which 
plans t o  o r b i t  and s o f t  land unmanned instrumented veh ic l e s  on Mars i n  
1975 f o r  s tudy of Martian geophysics, atmospheric c h a r a c t e r i s t i c s ,  l o c a l  
su r f ace  p rope r t i e s ,  and l i fe-form ind ica to r s .  Langley is  a l s o  prominently 
engaged i n  the  d e f i n i t i o n  and provis ion  of advanced technology required 
f o r  t h e  s e l e c t i o n  and development of manned systems and opera t ions  f o r  
f u t u r e  n a t i o n a l  space - s h u t t l e ,  space s t a t i o n ,  space base,  and p lane tary  
mission p ro jec t s .  This inc ludes  i n v e s t i g a t i o n s  of mission f l i g h t  mechanics 
and opera t ions ;  conf igura t ion  performance and aerothermal c h a r a c t e r i s t i c s ;  
s t r u c t u r a l  e f f i c i ency ,  a e r o e l a s t i c i t y ,  dynamics, and thermal p ro tec t ion ;  
the  technology of p rac t i cab le  naviga t ion ,  guidance, con t ro l ,  power, pro- 
pu ls ion ,  information, t racking ,  communications, and long-duration l i f e -  
support  systems; cri teria f o r  human f a c t o r s  and crew activit ies;  and the  
d e f i n i t i o n ,  development, and i n t e g r a t i o n  of worthy mission experiments. 
Langley is a l s o  respons ib le  f o r  t he  development and opera t ion  of the 
Scout launch veh ic l e  i n  i t s  var ious  n a t i o n a l  and i n t e r n a t i o n a l  satell i te 
and entry-vehicle app l i ca t ions ;  f o r  the  provis ion  of ranges of technology 
and experiments f o r  t he  cont inuing phases of t he  Apollo luna r  and appl ica-  
t i o n s  programs; and f o r  broad technological  support  of a number of o the r  
space f l i g h t  p ro jec t s .  

DESCRIPTION: 

The Langley Research Center,  Hampton, Vi rg in ia ,  is loca ted  approximately 
100 a i r  m i l e s  south of Washington, D.C. The Center occupies 773 acres of 
Government-owned land,  divided i n t o  two areas by the  runway f a c i l i t i e s  of 
Langley A i r  Force Base. The West Area c o n s i s t s  of 750 acres, 430'owned by 
NASA and 320 under permit from the  A i r  Force. The East Area comprises 
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  
o the r  f a c i l i t i e s  are used j o i n t l y  by NASA and the  A i r  Force. I n  add i t ion ,  
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t he re  are l l C l  acres of NASA-owned land  loca ted  i n  the  Ci ty  of Newport 
News, Vi rg in ia ,  3,277 acres under permit from the  A i r  Force,  and 
9 acres under lease. The t o t a l  acreage p resen t ly  owned, under permit  o r  
leased ,  is  4,169. 
Center,  inc luding  f ixed  assets i n  progress ,  and con t r ac to r  he ld  f a c i l i t i e s  
at  var ious  lclcations as of June 30, 1969, w a s  $389,907,000. 

The t o t a l  c a p i t a l  investment a t  the  Langley Research 

SUMMARY OF RESOURCES REQUIREMENTS : --- 
(Dollars  i n  Thousands) 

1971 -- 1969 19 70 

Authorized permanent pos i t i ons ,  
end of year........................... 3,912 3,872 3,872 

Research and Program Management ......... $62,945 $67,973 $70,734 



RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

LEWIS RESEARCH CENTER 

MISSION: 

The L e w i s  ‘Tesearch Center’s  p r i n c i p a l  mission is research  and techriology i n  
t h e  area:; of a i r c r a f t  and spacec ra f t  propuls ion,  and power genera t ton  systems 
f o r  spacec ra f t  . 

The emphasis is predominantly on research  and technology; however, t he  
e n t i r e  spectixm of ac t iv i t i e s  is undertaken from b a s i c  research  t o  develop- 
ment. The s c ~ ~ p c  of technology ranges from work on ind iv idua l  com.ponerits 
through comp:lete 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 a:re t he  s u b j e c t s  of in-house e f f o r t  a t  t h i s  Center.  Research 
by commercia:L and u n i v e r s i t y  l a b o r a t o r i e s  is  a l s o  conducted under con1:racts 
d i r ec t ed  by Idew:Ls Research Center personnel .  

Several  l a r g e  development programs are assigned t o  t h i s  Center. Tlie A t l a s  
and Centaur programs are supervised,  as w e l l  as p a r t  of t h e  T i t a n .  pro1;ram. 
The SNAP-8 nuclear  powered electric genera t ing  system, SERT (Space Elt!ctric 
Rocket T e s t )  ,and Quiet Engine c o n t r a c t s  are d i r e c t e d  and t h e r e  i s  also con- 
s i d e r a b l e  suppo:cting in-house research  e f f o r t  on these  p r o j e c t s .  

The reseax~zh and technology ac t iv i t i e s  cover many t echn ica l  f i e l d s ,  Some 
examples of inajor a c t i v i t y  are d iscussed  1 the  following paragraphs.  

It is expected t h a t  engines f o r  f u t u r e  supersonic  planes w i l l  be  ol’ a 
turbofan des-Lgn incorpora t ing  high by-pass r a t i o s ,  high compresscr prc!ssure 
r a t i o s  and high tu rb ine  i n l e t  temperatures.  A l a r g e  p a r t  of t h e  resezirch 
e f f o r t  a t  Lewis  i s  aimed d i r e c t l y  a t  so lv ing  t h e  problems t h a t  l i m i t  1:he 
development o f  engines f o r  supersonic  f l i g h t .  Among these  research  e j ’ fo r t s  
are: s l o t t e d  compressor b lades  t o  inc rease  pressure  r a t i o  pe r  s t a g e ,  c:ooled 
tu rb ine  b lades ,  high-speed bear ings ,  a i r  i n l e t s ,  exhaust nozz les ,  comllustor 
conf igura t ions ,  h igher  energy f u e l s ,  and f u e l  tank f i r e  hazard eva lua t ions .  
A l a r g e  addiition t o  the  Propuls ion Systems Laboratory is  being b u i l t  1:o test  
f u l l - s c a l e  engines f o r  supersonic  a i r p l a n e s .  A f l i g h t  tes t  program i s ;  being 
conducted w i t ?  an F-106 a i r p l a n e  t o  determine t h e  i n t e r a c t i o n  of engiiie i n l e t s  
and exhaust n ~ z : z l e s  with wings and fuse lage  a t  t r anson ic  speeds,  hecaitse such 
da ta  obtained from t r anson ic  wind tunnels  of cu r ren t  s i z e  is  unre l  iab1I.e. 

The probleins of t he  Supersonic Combustion R a m j e t  engine f o r  hypersonic 
f l i g h t  speeds up t o  Mach 7 are being s tudied  i n  e x i s t i n g  f a c i l i t i e s ,  iind con- 
s t r u c t i o n  of a new f a c i l i t y  is  near ing completion a t  Plum Brook t o  exrend the  
e f f o r t  t o  engines of p r a c t i c a l  s i z e .  



At the lower end of the speed scale, the effects of cross flow on high- 
pressure ratio lift fans for V/STOL aircraft are being investigated in the 
return passage of the 8-by-6-Foot Supersonic Wind Tunnel. 

Contributions to rocket technology continue to flow from Lewis. Relatively 
small scale chemical rockets are used to study the problems of combustion in- 
stability, fuel-oxidant mixing, regenerative .cooling of nozzles, ablative 
nozzles, and nozzle insulating coatings. 

Propellant management systems for Centaur, Saturn S-IV and the Apollo 
Service Module vehicles were studied and their designs were based on data 
obtained in the Lewis Zero Gravity facilities. Current research includes 
studies of in-orbit propellant transfer, propellant re-orientation and slosh 
dynamics. 

A full-scale Centaur vehicle has been installed and operated in the Space- 
craft Propulsion Research Facility. This vehicle will be equipped with a 
prototype tank pressurizing system replacing the current pump system for 
feeding the propellants to the engine during the coming year. 

Electric rockets for deep space propulsion have benefited greatly from the 
work in the Electric Propulsion Research Building and the newer Electric Pro- 
pulsion Laboratory. These buildings contain many large vacuum tanks where 
the space environment essential to electric propulsion research are apmoximated. 

Many devices for power generation in space are being studied. Tre solar 
cell converts sunlight directly into electricity. Batteries and fuel cells 
convert stored chemicals into electricity. For a large and sustained power 
supply, however, an adaptation of the familiar turbine driven generator seems 
most practical. To achieve the tremendous weight reduction necessary means 
many years of intensive research and technology. Instead of steam, the 
turbines will be driven by liquid metal vapor (Rankine cycle) or by heated 
gas (Brayton cycle). 
radiation to space, so very large radiators will be required. High rotative 
speeds will reduce weight, but call for new designs of compressors, turbines, 
bearings and electric generators. The heat source may be either a nuclear 
reactor, or the sun's rays concentrated by a large concave mirror. A 20-foot 
flight-weight mirror has been assembled at the Lewis Research Center. 

The only way to reject the waste heat is by direct 

Various problems in connection with the development of nuclear power systems 
and nuclear rockets are conducted at Plum Brook. A 60-megawatt thermal reactor 
facility is used to determine the effects of radiation on materials, on various 
electronic, hydraulic, and mechanical control systems, and on items of equip- 
ment. 

A 28-million dollar Space Power Facility has been placed in operation at 

The 
Plum Brook where nuclear powered electric generati38 systems can be operated 
under simulated space environment conditions for long periods of time. 
first system to be installed was a compressor-turbine unit for a Brayton 
cycle electric power generating system. 



Another type of e lectr ic  genera tor  and another  source of energy a r e  more 
d i s t a n t  pros1iect:s. A stream of ionized plasma flowing through a c o i l  w i l l  
genera te  e1ec:i:ricity i n  t h a t  c o i l  (magnetohydrodynamics) . The success of 
t h i s  e f f o r t  a i d  of r e l a t e d  ac t iv i t i e s  depends l a r g e l y  on t h e  development of 
superconducting e lectr ic  magnets. The L e w i s  Research 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 159,000 
gauss over a twelve-inch bore.  

The performance of propuls ion and power genera t ion  systems, launch veh ic l e s ,  
spacec ra 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 l o n s  of 
a v a i l a b l e  mat:erj.als. W e  have maintained a s u b s t a n t i a l  materials research 
e f f o r t  aimed iIt r a i s i n g  these  l i m i t a t i o n s  and improving component and system 
performance. Our a c t i v i t y  covers t h e  e n t i r e  temperature range of ma te r i a l s  
usage going firom the  cryogenic temperature of l i q u i f i e d  gases  to t h e  high 
temperatures encountered i n  t h e  rocket  nozzles  of a i r c r a f t  engine comhs  t o r s  
and tu rb ine  wliet!ls. 

The m a t e r i i i l  research inc ludes  both fundamental s t u d i e s  of what m a k e s  
material:; s t rong  o r  weak and the  development of new materials. 
cor ros ion  res::tsl:ant coa t ings  , u l t r a  pure tungsten,  and composites made1 of 
metal whisker!;, f i b e r s ,  o r  s i n t e r e d  granules  are among t h e  many products  
i nves t iga t ed  

"Super" a l loys , ,  

The N M A  Aerospace Safe ty  I n s t i t u t e  is loca ted  a t  the  Center. Its s t a f f  
of specialist:!; survey t h e  research  needs and d i r e c t  research  e f f o r t s  l n  t h i s  
f i e l d .  A daf:ii bank of research  information is being compiled and cataloged 
f o r  ready access . 
DESCRIPTION: 

The L e w i s  Research Center occupies two sites i n  nor th  c e n t r a l  Ohio. The 

Here 
o lde r  one w a s  e s t ab l i shed  i n  1941 on 200 acres ad jacent  t o  the  Cleveland 
Municipal Airport .  
t h e r e  are ovt?:: 90 bu i ld ings ,  inc luding  two l a r g e  supersonic  wind tunnels  , two 
Zero Gravity .research f a c i l i t i e s  ( f r e e  drop s h a f t s ,  one of which i s  an under- 
ground evacuated s h a f t  477 f e e t  deep i n  which Zero Gravity dura t ions  of about 
10 seconds are obta ined) ,  a l a r g e  Propulsion Systems Laboratory i n  which f u l l -  
scale engines are operated under simulated high a l t i t u d e  condi t ions ,  t h r e e  
rocket  labora':oiries, f i v e  materials research  bu i ld ings ,  e ighteen  major space 
s imula t ion  fac i1 , i t i es  ranging from four  t o  t h i r t y  f e e t  i n  diameter ,  a 50-foot 
diameter Space Power Chamber 1 2 0  f e e t  long i n  which a l t i t u d e s  up t o  lC10,C)OO 
f e e t  are simti.Lal:ed, an Energy Conversion Laboratory,  an Instrument Research 
Laboratory,  ii High Energy Fuels Laboratory,  a Chemistry Laboratory,  an Engine 
Research BuiILiiixig containing 64 test cells  and covering nea r ly  four  ac res, 
four  off:Lce bu i ld ings ,  machine shops and o t h e r  service bui ld ings .  

The o r i g i n a l  area has been expanded t o  364 acres. 

A newer sitse , es t ab l i shed  i n  1956 , is loca ted  south of Sandusky, Ohio, 
about 50 m i l e : ;  orest of Cleveland on land occupied by the  Plum Brook Oxdnance 
Works. Knowxi as the  Plum Brook S t a t i o n ,  i t  occupies 6,031 acres of which 
5,981 are owled by the  Government and 50 are i n  easements. Funds f o r  t h e  
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purchase of additional land to serve as a buffer zone around the present site 
have been appropriated. Purchase negotiations are near completion for 
approximately 2,000 acres of this buffer zone. 
110 acres are underway. 

Negotiations for an additional 

There are over 200 buildings on the Plum Brook site, 55 built by the NASA 
and the rest by the former tenants. The major facilities include a Reactor 
Facility, an Altitude Rocket Test Facility, a Cryogenic Propellant Research 
Facility, Heat Transfer Facility, a Spacecraft Dynamics Research Facility, a 
Rocket Pump Laboratory, a Rocket Turbine Laboratory, a Rocket Turbo-pump 
Laboratory, a Rocket Systems Hydraulic Laboratory, a Fluorine Pump Laboratory 
and a temporary site for testing rockets at sea level conrlitions. The latest 
major research facilities to be completed are the Spacecraft Propulsion 
Research Facility and the Space Power Facility. The former is used to test 
the ignition and operation of full-scale rocket engines after a prolonged 
shut-down period in a space environment. The latter is for testing full- 
scale nuclear powered electric generating systems. Nearing completion is 
a Hypersonic Tunnel Facility in which burning ramjet engines can be operated 
at speeds up to Mach 7. The research programs at Plum Brook are under the 
technical direction of personnel located at Cleveland. They are conducted 
at the larger site because of the need for large separation distances to 
minimize hazards. 

The total capital investment of the Lewis Research Center, including 
fixed assets in progress, and contractor held facilities at various 
locations as of June 30, 1969, was $379,435,000, of which $111,082,000 
represents facilities located at the Plum Brook Station. 

SUMMARY OF RESOURCES REQUIREMENTS : 

(Dollars in Thousands) 
1969 1970 1971 

Authorized permanent positions, 
end of year......................... 4 , 268 4,215 4,215 

Research and Program Management. ...... $67,844 $72,398 $75,218 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

SPACE NUCLEAR PROPULSION OFFICE 

MISSION: 

The j o i n t  AEC-NASA Space Nuclear Propulsion Off ice  is respons.ible f o r  t he  
formulation a n d  execution of a research and development program :€or nuc lear  
rockets .  The general  ob jec t ive  of t h e  Nuclear Rocket Program is t o  provide 
a s i g n i f i c a n t  i nc rease  i n  propuls ion capab i l i t y  f o r  f u t u r e  space activit ies.  
A p r i n c i p a l  s p e c i f i c  ob jec t ive  is  t o  develop a 75,000 pound t h r u s t  engine,  
NERVA, f o r  incorporat ion i n  a reusable  nuclear  s tage .  

I n  additicln t o  NERVA development, e f f o r t  is d i r ec t ed  t o  t h e  advancement of 
t h e  technology of nuclear  rocketry with emphasis being placed on t h e  ,areas 
of:  (1) continued improvement t o  nuc lear  rocke t  performance, (2) t o  iprovide 
t h e  base of information f o r  t he  development of a nuclear  s t a g e ,  and ( 3 )  t o  
i n v e s t i g a t e  the  f e a s i b i l i t y  of advanced propulsion concepts. 

DESCRIPTION: - 
The Nuclear Rocket Program is  a j o i n t  AEC-NASA undertaking. To enyiure an 

i n t eg ra t ed  program, the  Space Nuclear Propulsion Off ice ,  e s t ab l i shed  by an 
interagency agreement between NASA and t h e  Atomic Energy Commission, manages 
a l l  aspects of t h e  program. 

The Space  Nuclear Propulsion Off ice  cons i s t s  of a Headquarters Off :ice 
loca ted  at Germantown, Maryland, and th ree  f i e l d  extensions loca ted  i i i  Ohio, 
New Mexico, and Nevada. A t  t h e  Nevada loca t ion ,  t he  Nuclear Rocket Develop- 
ment S t a t i o n  (NRDS) w a s  e s t ab l i shed  t o  provide a s i t e  f o r  ground s t a t i c  
t e s t i n g  of t h e  r eac to r s ,  engines,  and eventua l ly ,  veh ic l e s  a s soc ia t ed  with 
nuclear  rocket  development. 

The Nuclear Rocket Development S t a t i o n  c o n s i s t s  of an approximately 
78,000-acre s i t e  owned by t h e  Atomic Energy Commission, approximately 90 m i l e s  
northwest of L a s  Vegas, Nevada. 
f a c i l i t i e s ,  including 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 3 0 ,  1969, w a s  $50,256,000. 

The t o t a l  capital investment of NASA-funded 

SUMMARY .OF --- RESOURCES REQUIREMENTS: 

(Dollars  i n  Thousands) 
19 7:l. 

--,- 1969 19 70 

Authorized permanent pos i t i ons ,  
end of year...................... 10 4 100 10( 1 

Research and Program Management.... $2,135 $2,234 $2 ,30 : !  



RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971 ESTIMATES 

NASA 'BEADQUARTERS 

MISSION: 

The mission of t h e  Nat ional  Aeronautics and Space Adminis t ra t ion Headquarters 
is t o  p lan  and provide execut ive  d i r e c t i o n  f o r  t h e  programs au thor ized  by 
t h e  Congress, and t o  implement t h e  n a t i o n a l  ob jec t ives  s t a t e d  i n  1:he Nat ional  
Aeronautics and Space A c t  of 1958, as amended. 
func t ions  are: 

The p r i n c i p a l  s t a t u t o r y  

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 ,  problems IDf 
f l i g h t  w i th in  and ou t s ide  t h e  e a r t h ' s  atmosphere and t o  develop, 
cons t ruc t ,  test, and ope ra t e  ae ronau t i ca l  and space veh.icles f o r  
res€ arch purposes. 

2 .  To conduct act ivi t ies  r equ i r ed  f o r  t h e  explora t ion  of space with 
manned and unmanned vehic les .  

3. To axrange f o r  p a r t i c i p a t i o n  by t h e  s c i e n t i f i c  community i n  
planning s c i e n t i f i c  measurements and observat ions t o  be made 
thrcugh use  of ae ronau t i ca l  and space veh ic l e s ,  and conduct o r  
a r r a n g e  f o r  t h e  conduct of  such measurements and observat ions.  

4. To provide f o r  t h e  widest  p r a c t i c a b l e  and appropr i a t e  d:issemina- 
t i o n  of information concerning its ac t iv i t ies  and the  r e s u l t s  
thereof .  

The followirig o f f i c e s  a t  Headquarters assist management i n  car ry ing  ,out t he  
technica l  aspects of t h i s  mission: 

Off ice  --- of  h.nn.ed Space F l igh t  - Responsible f o r  a l l  NASA ac t iv i t ies  
d i r e c t l y  invaI.ving manned space f l i g h t  missions.  Programs include: 

Apclllo - e  Based on t h e  n a t i o n a l  c a p a b i l i t y  f o r  manned space explora t ion ,  
as demonstrated by t h e  manned lunar  landing missions of Apo.110 11 and 
Apollo 1.2, t o  conduct s c i e n t i f i c  exp lo ra t ion  of t h e  moon through 
lunar  o r b i t a l  and luna r  su r f  ace opera t ions .  

Space F l igh t  Operations - To expand t h e  p a r t i c i p a t i o n  and c a p a b i l i t i e s  
of men i.n s c i e n t i f i c  technologica l  and appl ied  observat ions i n  space 
through f l i g h t s  of i nc reas ing  dura t ion  and complexity, i n i t i a l l y  
using A.gi0110 hardware o r  d e r i v a t i v e s  of Apollo hardware and progressing 
t o  an o r b i t a l  space s t a t i o n  resuppl ied by a f u l l y  reusable  Logis t ics  
sys, t e m .  

3 7 5 - 3 2 8  0 - 70 - 11 



Advanced Missions - To p lan  a broad program of explora t ions  which 
w i l l  achieve and maintain a p o s i t i o n  of space leadersh ip  f o r  t he  
United States. 

The Off ice  of Manned Space F l igh 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. 
concerned with t h e  manned space f l i g h t  programs are: 
Space F l i g h t  Center, inc luding  Miss i s s ipp i  T e s t  F a c i l i t y ,  Michoud Assembly 
F a c i l i t y ,  and S l i d e l l  where a computer f a c i l i t y  is located;  the  Manned 
Spacecraf t  Center, including NASA activit ies at the  White Sands T e s t  F a c i l i t y ;  
and t h e  John F. Kennedy Space Center, NASA, inc luding  NASA a c t i v i t i e s  at the  
Eastern and Western T e s t  Ranges. 

The t h r e e  i n s t a l l a t i o n s  pr imari ly  
the  George C. Marshall 

Off ice  of Space Science and Applicat ions - Responsible f o r  the  NASA 
automated space 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 nves t iga t ions  of 
t h e  s o l a r  system u t i l i z i n g  ground based, a i rborne ,  and space  techniques 
including sounding rockets ,  e a r t h  satell i tes,  and deep space probes ; f o r  
s c i e n t i f i c  experiments t o  be  conducted by man i n  space and f o r  a s s i s t i n g  
i n  t h e  t r a i n i n g  of a s t ronau t - sc i en t i s t s ;  f o r  t h e  research  and development of 
space f l i g h t  app l i ca t ions  i n  such areas as meteorology, communications, 
navigat ion,  geodesy, and e a r t h  resources  surveys,  and f o r  t he  support  of 
opera t iona l  systems using these  developments; and f o r  t he  development, pro- 
curement and use of l i g h t  and medium class launch vehicles .  

The Off ice  of Space Science and Applicat ions has o v e 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 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 l i ca t ions  programs. These are t h e  Goddard Space F l igh t  Center, 
Wallops S ta t ion ,  t h e  Jet Propulsion Laboratory ( a  Government-owned f a c i l i t y  
operated fo r  NASA by the  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 Off ice ,  a component f i e l d  a c t i v i t y  of Headquarters. 

Off ice  of Advanced Research and Technology - Responsible f o r  t he  planning, 
d i r e c t i o n ,  execution, evaluat ion,  docmenta t ion ,  and dissemination of the  
r e s u l t s  of a l l  NASA research and technology programs t h a t  are conducted 
pr imar i ly  t o  demonstrate t h e  f e a s i b i l i t y  of a concept, s t r u c t u r e ,  component, 
o r  system and which may have genera l  app l i ca t ion  t o  the  na t ion ' s  ae ronau t i ca l  
and space ob jec t ives .  
t o t a l  program of support ing research and technology r e l a t e d  t o  car ry ing  out  
s p e c i f i c  f l i g h t  missions i n  order  t o  avoid unnecessary dup l i ca t ion  and t o  
in su re  an in t eg ra t ed  and balanced agency research program. 

This o f f i c e  is a l s o  respons ib le  f o r  coordinat ing NASA's 

I n  add i t ion ,  t h i s  o f f i c e  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  
t h e  research cen te r s  pr imar i ly  involved i n  car ry ing  out  NASA's advanced 
research  programs. These i n s t a l l a t i o n s  are: the  Ames  Research Center,  the  
F l igh t  Research Center,  t he  Langley Research Center, t h e  L e w i s  Research 
Center, and t h e  Space Nuclear Propulsion Off ice .  

The NASA Pasadena Off ice  - Pasadena, Ca l i fo rn ia ,  is a component f i e l d  
a c t i v i t y  of t h e  NASA Headquarters Off ice  of Space Science and Applicat ions.  
Its r e s p o n s i b i l i t i e s  are t o  nego t i a t e  and adminis ter  NASA con t r ac t s  with the  
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Cal i fo rn ia  I n s t i t u t e  of Technology fo r  t h e  opera t ion  of t he  Jet Propulsion 
Laboratory; provide pa t en t  and technology u t i l i z a t i o n  se rv ices  as they relate 
t o  p r i m e  and subcontracts  a t  t h e  Jet Propulsion Laboratory; and perfonn such 
add i t iona l  procurement, con t r ac t  adminis t ra t ion,  pub l i c  a f f a i r s ,  c:ommuiiica- 
t i o n s ,  f i n a n c i a l  management, and o t h e r  func t ions  as may be assigned by the  
Associate  Administrator f o r  Space Science and Applicat ions.  

DESCRIPTION: 

The NASA Headquarters is loca ted  a t  400 Maryland Avenue, S.W., Washington, 
D.C., and a lss  occupies o the r  bu i ld ings  i n  the  District  of Columbia and 
nearby Virginia .  
Columbia and a. s to rage  area i n  Virg in ia ,  personnel occupy Government-aimed 
bui ld ings .  
Propulsion Laboratory i n  Pasadena, Cal i forn ia .  

Except f o r  some o f f i c e  space leased  i n  the  Dis t r ic t  iof 

T h e  NASA Pasadena Off ice  is phys ica l ly  loca ted  a t  the  .let 

SUMMARY OF --- RESSODRCES REQUIREMENTS: 

(Dollars  i n  Thousand:;) 
19 70 19 7 1  -- - 1969 - 

Authorized Pe.r.manent Pos i t ions ,  
end of 2,093 2,123 2,073 

Research and I’rclgram Management.. . . $60,777 $61,818 $62,735 
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L e w i s  Research Center ................. 
Space Nuclear Propulsion Off ice  ....... 
NASA Iieadquarters:  

Headquarters ........................ 
MSA Pasadena Office.'. .............. 

Various Locations ..................... 
F a c i l i t y  Planning and Design .......... 

Tota l  Budget Plan ................... 
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SIJWARY OF APPROPRIATION BUDGET PLANS BY INSTALLATION 

( I n  mi l l i ons  of d o l l a r s )  

Kesearch and Development 
1969 . 1970 __ 1971 __ 

386.2 

693.9 
1,091.1 

... 

419.1 
7.9 

132.2 

60.2 
24.1 
17.1 
84.2 

112.0 
31.5 

(141.9) 
138.7 

3.2 

... 

... 

269.6 
1,036.9 

694.3 
... 

430.6 
8 .5  

163.5 

63.5 
22.6 
12.4 
95.9 

112.5 
33.9 

(169.6) 
167.0 

2.6 

... 

... 

3,201.4 3,113.8 

226.8 
623.5 
576.2 
... 

476.4 
7.4 

156.8 

73.9 

15.0 
104.4 
131.8 

35.6 

(178.3) 
176.8 

1.5 

... 

... 

... 

2,606.1 

:ons t ruc t ion  of F a c i l i t i e s  
1969 __ 1970 __ 1971 . 

8.0 12.5 . 6 
1 .3  1.7 . 9 

. 5 ... ___ 
... ... . 4 

... . 7 2.0 

2.0 

. 4 1.5 

... . 5 . 5 
... ... 

... 
... ... ... 
... ... ... 
... ... 4.8 
... ... ... 
... ... 3.5* 

(... ) (... ) (... ) 
... ... ... 
... ... ... 

20.5 29.5 18.6 

1.0 -. 3.5 . 5 .. 0 

53.2 __ 34.6 32.1 __ - - - . 

Research and Program 
?lanagement 

1969 . 1970 .. 1971 . 
95.8 
98.9 

116.3 
... 

73.2 
9 .1  
... 

34.0 
17.2 

9.7 
63.0 
67.9 

2.1 

(60.8) 
59.1 
1.7 

... 

... 

648.0 - 

97.5 
104.5 
121.7 
... 

84.8 
9.5 
... 

36.4 
19.5 
10.1 
68.0 
72.4 

2.2 

(61.8) 
60 . 0 
1.8 

... 

... 

688.4 - 

98.2 
107.8 
124.7 
... 

87.7 
9.8 
... 

38.2 
4.5 

10.5 
70.7 
75.2 

2.3 

(62.7) 
60.8 

1.9 

... 

... 

692.3 - 

Tota l  
1969 . 1970 .. 1971 . 
490.0 

1,191.3 
810.2 . 4 

492.3 
17.5 

132.2 

94.6 
41.3 
26.8 

147.2 
179.9 

33.6 

(202.7) 
197.8 

4.9 

20.5 

1.0 

3,881.5 

379.6 
1,143.1 

816.0 
... 

516.1 
18.5 

163.5 

99.9 
42.1 
22.5 

168.7 
184.9 

36.1 

(231.4) 
227.0 

4.4 

29.5 

3.5 

3,855.4 

325.6 
732.2 
701.4 
... 

566.1 
17.2 

158.8 

113.6 
4.5 

25.5 
175.1 
207.0 

41.4 

(24i.o) 
237.6 

3.4 

18.6 

5.0 

3,333.0 

* Nuclear Rocket Development S t a t i o n  . 
r 
r 
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PROGRAU OPPlCE 

g f f i c c  of WnMd Space Plight 

1969 ..................... 
1970 ..................... 
1971 ..................... 

Office of Space Science and 
Amlicationi  

1969 ..................... 
1970 ..................... 
1971 ..................... 

Office of Univeraitv Affaire 

1969 ..................... 
1970 ..................... 
1971 ..................... 

Office of Advanced Research and 
Technolorn 

1969 ..................... 
1970 ..................... 
1971 ..................... 

pf f l ce  of Tracking and Data 
Acauisition 

1969 ..................... 
1970 ..................... 
1971 ..................... 

Office of Technolow Uti l izat ion 

1969 ..................... 
1970 ..................... 
1971 ..................... 

Totel Budget Plan 

1969 ..................... 
1970 ..................... 
1971 ..................... 

Total - 
'. 177,500 
,031,745 
.474.200 

453,238 

565.700 
519,718 

9,000 
7,000 _-- 

278,220 
272,302 
264,200 

279,672 

298.000 
2 7 8 . m  

3.800 
5,000 
4,000 

,201,430 
,113,765 
.606.100 - 

NATIONAL MRQlAvTICS AND SPACE ADUIUISTRATIa 

FISC& YMR 1971 ISTIMTES 

DISIRIBBVTICH OF RESEARCH AND DEVKLOPmNI BLD2ET P U N  BY IWSTALUTIM AND FISCAL YEAR 

(Thoumnds of  dollars) 

P. Kennedy Wnned Wrah.11 Goddard Jet  luci Electronics Plirht Langley L w i .  Space Nuclear NASA 
#ace Canter. Spacecraft Space Plight Space Plight PropulBian wallops Research Rcmcsrch Rasearch Research Research Propulsion NAS* Pasadena 
2 center enter cnte enter ente renter Office He d rters  Off i  e 

u12.800 1.070.028 680.333 
267.918 1,011,748 678,707 
223.700 603.200 559,700 

3.450 10.861 2,176 
1.717 14.416 1.851 
3.068 14.030 2.350 

_ _ _  4 , 9 6 1  11,104 _ _ _  8,690 12,098 _ _ _  6,300 13,783 

50 100 
200 814 

201,989 61.246 
215.203 91,103 
255.825 73,235 

8,790 23.163 
8,830 20.428 
8,440 17,410 

208.221 47,694 
206.405 51.150 
212.127 66,143 

25.675 20.493 15.079 
28.514 18.974 10.530 
34.222 _ _ _  13.365 

250 
2.048 

330 

25.448 
40.995 
45.370 

_ _ _  --- -__ 

57,048 

57,538 
51.989 

1.450 
045 

1,160 

--- -__  __- 

_-_ _-_ 51.580 
52.058 
61.273 _-_ 

60.446 31,497 
60,401 33.925 
64,510 35,600 

43.794 
64.443 
85,400 

57.159 
66.327 
65.704 

9,000 
7,000 _ _ _  

15.699 
14.204 
11.397 

9,198 
10.020 
10.300 

3.800 
5.000 
4.000 

386,250 1,091,156 693.913 419,050 132,203 7.929 60,224 24.071 17,079 84.196 112.026 31,497 138.650 3,192 
269,635 1,036,854 694.316 430.638 163.495 8.508 63.464 22.591 12,405 95.877 112.459 33,925 166.990 2,608 
226,768 623.530 576,233 476.392 156,788 7.425 73,852 --- 14.995 104.398 131.783 35,600 176.801 1.535 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1971. ESTIMATES 

J E T  PROPULSION LABORATORY 

The Je t  Propuls ion Laboratory (JPL) is a Government-owned faci:Lity managed 
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 con t r ac t  with 
NASA. The c o s t  of opera t ing  the  Laboratory is funded from t h e  Reaearc'li and 
Development appropr ia t ion ,  except  f o r  t he  lease of admin i s t r a t ive  a i r c r a f t  
and t h e  purchase of passenger motor veh ic l e s  which are funded frora the  
Research and Program Management appropr ia t ion  and are included i n  the  IWSA 
Headquarters budget presenta t ion .  

The Research and Program Management type c o s t s  are presented f o r  
information -- on& and are not  a p a r t  of t h e  NASA Research and Program 
Management bua.get . 
MISS I ON : 

The J e t  Propu.1sion Laboratory performs a v a r i e t y  of engineer ing,  
s c i e n t i f i c ,  and management missions including:  

1. Project.  management of complete automated spacec ra f t  system:; f o r  
planetary explora t ion .  

2. Operation. of t h e  Deep Space Network inc luding  t racking  and da ta  
ac .quis i t ion a c t i v i t i e s  requi red  by p lane tary  f l i g h t s ,  as w e l l  as 
backup t o  t h e  Manned Space F l igh t  Network. 

3. A continciing program of support ing r e sea rch  and technology. 

DESCRIPTION : - 
The Jet Propulsion Laboratory is loca ted  i n  Pasadena, Ca l i fo rn ia ,  

approximately 20 m i l e s  nor th  of downtown Los Angeles. Subsidiary f a c i l i t i e s  
are loca ted  a.t: Coldstone, C a l i f o r n i a  ( t r ack ing  and d a t a  a c q u i s i t i o n ) ,  
Edwards A i r  Force Base, Muroc, C a l i f o r n i a  ( s o l i d  p rope l l an t  formulation and 
t e s t i n g ) ,  and Table Mountain, C a l i f o r n i a  (open a i r  t e s t i n g  and astronomy). 

A t  Pasadena, t h e  Laboratory occupies 175.9 acres of land of which 145.9 
acres are owned by NASA and 30 acres are leased.  A t  Goldstone, f a c i l i t i e s  
are loca ted  c i n  ].and occupied under permit from t h e  Army. A t  Edwards A . i r  
Force Base, f a c i l i t i e s  are loca ted  on land  occupied under permit from the  
A i r  Force. Fac:ilj.ties a t  Table Mountain are loca ted  on land occupied un.der 
permit from t h e  Fores t  Service of t h e  Department of Agricul ture .  
investment of t h e  Jet Propuls ion Laboratory,  inc luding  t h e  Deep Space 
Network and cxmtractor-held f a c i l i t i e s ,  as of June 30, 1969, w a s  $193,425,000. 

The c a p i t a l  



SUMMARY OF RESOURCES REQUIREMENTS: 

(Dollars i n  Thousands) 
19 70 1971 - - 1969 

Authorized permanent posit ions,  

Research and Program Management 
end of year........................... 3,990 4,200 4,100 

type c o s t s . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $74,468 $84,649 $88,855 
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KATIOT\lAL AERONAVTICS NU’D SPACE ADMINISTKATION 

FISCAL YEA2 1971 ESTIMATES 

E’06 AVIATIOiV TECHNOLGY 

& e s e n r c h  . ~ n d  (?~velopment : 
Aeroii au t ic: a 1 v e h i c  l e  s ..................... $74.7 
Elec t ron lc s  s57stems.. ..................... 11.1 
Human f n c t o r  s :ysEeina, . . . . . . . , . . . . . . . . . . . . . .  3 . 9  
35sic  rese3rch. . . . . . . . . . . . . . . . . .* . . . . . . . . .  5.9 
Spece po.c.!er an(! e l e c t r i c  propulsion 

S ; J S t C m S . . . . . . . . . . . . .  - --- .................... 
Subtot.?i..  .............................. 9 4 . 7  

$75.9 $ 3 7 . 1  
13.5 5.6 

3 .6  2.1 
6.2 6.6 

.2 - .4 - 
36.4 1.02.c 

ikseclrch znd progr:;m manngtment : 
Support of neronautical vehicles program.. 7 3 . 4  85.1 53.5 

--- 4 . 8 --- Construct ion o f  f ac i i i t i c s . . . . . . . . . . . . . . . . . .  -- 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5168.1 

Number o i  d I r c c t  positions z s s o c i ~ t e d  wi.th 
Aviation Technology budget a c t i v i t y  ....... 3,140 3,286 3,197 

S A 7  



NATLONAL AERONAUTICS &ID SPACE .UiPliINISTICATIOS 

FISCAL YEklZ 1971 E3TIMA’ES 

SUPPOI:TIMG ~ E S ~ A R C I - I  AND TEC~\IOLOGY 
( I n  thousands of d o l l a r s )  

i 969 1 Y 7 1  

OFFICE OF SPACE SCIENCE AND 
APPLICATIONS......................... $73,968 $75,559 $ 7 3  200 

22,49 7 
18,571 

19,600 
4 ,  ct@J 

i;,930 

17,50c? 
17,950 
3.1,17< 
24,901! 

4,303 

17,502 
17,400 

9,430 
25,900 

3,030 

Physics and cstronomy................ 
Lunar and p lane tary  exp lo ra t ion . .  .... 
Bioscience.,. . . . . . . . . . . . . . , . . . . . . . . . . .  
Space a p p l i c a t i o n s  ................... 
Launch vehic le  procurement... . . . . . . . .  

OFFICE OF ADVANCED P;ESEP.KCH AED 
TECHNOLOGY........................... $206,715 $21 5 , 562 

Bzsic research........ ............... 
Space veh ic l e  systems.. .............. 
Elcc t ron ic s  systems .................. 
Ruman f a c t o r  systems.. ............... 
;%pace power and e l e c t r i c  propulsion 

systems.................,.. ......... 
Nuclear ~ C C ; - C ~ ~ S . . . . . . . .  .............. 
Chemical. propulsion .................. 
Aeroilaatical vehicles. . . . . . . . . . , . . . . .  

%{!, 22c 

3 4 ,06 
30,149 

17,329 

12,902 
29,&70 
33,203 
19,635 

17,650 
28,802 
22,400 
16,330 

37,257 
6,302 

25,752 
44-, 863 

33,553 
8 , Od!? 

20,4.a3 
6 0,330 

30,625 

20,300 
5,  ! jCO 

65,690 

OFFICE OF Ti’ACRIhTG AND ?UTA 
ALQUISITION.. . . . . . . . . . . . . . . . . . . . . . . . .  $11,156 

G1?AND T O T A L . . . . . . . . . . . . . . . . . . . . . . . . . . . .  =1,387 $292 , o i  5 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Automatic Data Processing Equipment 

General Statement 

these  increases  have slowed considerably from the  e a r l y  build-up stal:es 
wi th in  NASA. We can foresee  no g r e a t  change i n  t h i s  growth rate. Wd! 
be l i eve  the re  are several major f a c t o r s  t h a t  d i c t a t e  t h i s  cont inuing 
increase i n  requirements. F i r s t ,  NASA has b u i l t  up a very l a r g e  dat;i 
base of information concerning space and ae ronau t i ca l  research  i n  tht! 
process of achieving t h e  successes  w e  have had. 
r e t r i e v e d ,  manipulated, processed, and combined i n  order  t o  be  used l'or 
our f u t u r e  research and development. Only computers can economicalllr 
manipulate these v a s t  amounts of d a t a .  Second, our s c i e n t i s t s  and 
engineers  a r e  beginning t o  prove ou t  t h e i r  a n a l y t i c a l  techniques and are 
cont inua l ly  extending t h e i r  boundaries f o r  p red ic t ing  and designing our  
f u t u r e  <spacecraf t  missions.  As a r e s u l t ,  they are using these  techniques 
much more than i n  previous planning s t a g e s  and i n  the  process a r e  us:i.ng 
very l a r g e  blocks of computer time. Next, w e  have pioneered i n  the  itse 
of computer:; t o  automate our  l a b o r a t o r i e s  and test f a c i l i t i e s  i n  ordttr 
t o  make b e t t e r  use of t hese  f a c i l i t i e s  and have been success fu l  i n  
accomplishing t h i s  t a sk .  The advent of very low c o s t ,  s m a l l ,  f a i r l y  
powerful coinpu t e r s  has acce lera ted  t h i s  t rend  by making i t  more economical 
t o  use the :;inall computer than a s e p a r a t e l y  designed c o n t r o l l e r ,  so i.hat 
such device!; are  inc reas ing ly  showing up i n  our system a c q u i s i t i o n s .  
This process  generated d i g i t a l  d a t a  i n  l a r g e  q u a n t i t i e s  t h a t  must be 
c a r e f u l l y  assessed ,  analyzed, and evaluated.  Because of t h i s  our tetits 
are more v a l i d ,  our f a c i l i t i e s  are more heavi ly  used, and our design:: 
much more accu.cate. F i n a l l y ,  w e  have improved our  techniques fclr using 
a d i g i t a l  coiuputer and as a r e s u l t  t h e r e  are more people who a re  now a b l e  
and w i l l i n g  to  u t i l i z e  t h i s  device.  

NASA requirements f o r  ADP resources  are s t i l l  inc reas ing ,  but 

This b a s i c  datal musi: be  

The uses  (of computers by NASA are divided i n t o  two ca t egor i e s .  Tile 
Category A ,  general  purpose use ,  , i nc ludes  a l l  equipments t h a t  can seivice 
mul t ip l e  u s e r s .  Continuous improvements i n  management and programmirLg 
techniques,  2oupled wi th  the  h igher  speed of t h i r d  generat ion computzbrs, 
have allowed us t o  reduce the  number of computers i n  t h i s  category wl i l e  
tak ing  care of t he  increas ing  requirements f o r  d a t a  processing servic:es . 
Figure 1 shoim the  s m a l l  bu t  s teady  inc rease  i n  NASA's Category A 
computing raqu:Lrements through FY 1971. Figure 2 provides  t h e  breakclam 
of t o t a l  requirements by the  f i v e  elements comprising the  Category A 
app l i ca t ions .  These areas of use are: 

( a )  'fie sc ience  and engineer ing  area, which inc ludes  a l l  t h e  
research c a l c u l a t i o n s ,  engineer ing computations, and d e t a i l e d  
i3nal:r:;is of s c i e n t i f i c  d a t a ,  

(b) 'fie --- da ta  reduct ion area , which inc ludes  the  processing necessary 
t o  g e t  experimental  and opera t ions  d a t a  i n t o  a useable  form f o r  
the experimenter. 
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(c) Mission control, which includes not only the active mission control 
computations but also the mission analysis and simulation necessary 
for effective control. 

(d) The simulation area, which covers that part of digital data processing 
that actually replaces analog simulation functions. 

(e) The business and administration area, which covers both business 
data processing and engineering support data processing, such as 
master configuration lists for our large systems. 

Although Category A equipments are general purpose in nature, approximately 
one-half of our capacity in this category is used primarily in direct 
support of flight missions. 

The Category B ,  special purpose applications, are primarily small 
computers integrated into overall operational systems in such a way as 
to make it impracticable to use them for other functions. 
instrumentation facilities require the utilization of a small computer 
within the total system as a control or data acquisition device, but these 
normally small computers represent only a minor part of the instrumentation 
facilities supported. Figure 3 shows total Category B equipment growth. 
The scale for this chart shows value of equipment in millions of dollars. 
It has been found impossible to use capacity as a measure of Category B 
utilization, since these computers are totally embedded in the overall 
systems. 
application area. 

Many special 

Figure 4 breaks down the Category B equipment growth by 

Figure 5 reflects the relationship between the number of computers, 
by size, and their respective capital values as of June 30, 1 9 6 9 .  A s  
shown, large computers account for eight percent of the inventory and 
49 percent of the capital value which leaves the large preponderance of 
computers in the smaller monetary range. Inventory accounting of these 
smaller computers has been of increasing concern to us since they are 
treated as one item and cannot be easily compared to one very large, 
sophisticated computer. 

Although these small computers are relatively inexpensive and serve 
a very useful purpose in the space program, a general misconception can 
result if only the gross number of computers is looked at. To prevent 
this misconception, we have added mini-computers (value UD to $50,000) to 
Figure 5 to show that 11 percent of the inventory falls in this category 
but represents less than one percent of the total NASA ADPE value. It 
is apparent that the number of mini-computers will continue to increase 
since they are relatively inexpensive and can be easily programmed to 
accomplish a particular task in an economical fashion. In addition, 
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many aerospace con t r ac to r s  bidding on var ious systems and p r o j e c t s  in- .  
corporate  these  s m a l l  computers with t h e i r  equipment b i d s  t o  serve  as a 
con t ro l l i ng  (31: monitoring device i n  l i e u  of bu i ld ing  a more expensive 
sepa ra t e  device.  

Figure 6 r e f l e c t s  the  c a p i t a l  value of the  ADP equipment which w a s  in -  
s t a l l e d  as  O E  June 30, 1969. The f i g u r e s  show the  c a p i t a l  va lue  of NASA- 
owned and leased equipment. Figure 7 r e f l e c t s  the  average employment of ADP 
personnel ,  bloth C i v i l  Service and con t r ac to r ,  a t  each i n s t a l l a t i o n .  ''.'he 
major ADP con t r ac to r s  a t  each i n s t a l l a t i o n  are l i s t e d  i n  Figure 8.  

The inventory of computers by i n s t a l l a t i o n  is shown i n  Figure 9. 'me 
t a b l e  a t  the  bottom of Figure 9 r e f l e c t s  the  breakdown of equipment bcztween 
genera l  purpose and s p e c i a l  purpose. 

The f inancing of ADP equipment by i n s t a l l a t i o n  is  shown i n  Figure LO. 
The o v e r a l l  decrease from 1970 t o  1971 is due t o  the  an t i c ipa t ed  purc'liase 
i n  FY 1970 of t he  IBM 360/75's a l ready  on hand a t  MSC. Studies  have 
shown these  equipments w i l l  r e a d i l y  serve the  immedlate known f u t u r e  
requirements of t h e  Real-Time Computation Center and present  an econoinical 
b e n e f i t  t o  the  government i f  purchased. NASA is  cont inua l ly  expllorini; 
t he  most economical use of our computers. A l l  new ADP requirements ace 
c a r e f u l l y  screened f o r  the  p o s s i b i l i t y  o f :  (1) s a t i s f y i n g  requirements 
through the  u s e  of e x i s t i n g  equipment, e i t h e r  by consol ida t ion  of workloads 
i n t o  a c e n t r a l  f a c i l i t y  o r  by expanding present  f a c i l i t i e s :  (2)  t he  u1;e 
of o the r  than NASA f a c i l i t i e s  where excess time is a v a i l a b l e ;  and (3)  the  
re-use of excess equipment obtained wi th in  NASA o r  from o the r  governmnt 
agencies through GSA. 

SA 13 
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TOTAL CATEGORY A COMPUTER CAPACITY 
AND REQUIREMENTS B Y  FISCAL YEAR 

(FY 1969 REQUIREMENTS EQUAL 91 PERCENT OF CAPACITY) 

NASA BT69- 13 1 
(Rev. 1) 1-21-70 
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0- 

CATEGORY A COMPUTER REQUIREMENTS B Y  TYPE OF USE Fy. i969 REQuiREiviENTS iE eb 

(ALL SCALES IN PERCENT) 
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r w. 

0 
69 70 71 

40 
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MISSION CONTROL - 
0 

69 70 71 

SIMULATION 

2o r 
l o  t 
0 0  

69 70 71 
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0 I, 71 NASA BT69- 132 
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CATEGORY B GROWTH BY APPLICATION AREAS 
CAPITAL VALUE OF INSTALLED COMPUTERS 

( FIGURES I N  PARENTHESES REPRESENT END OF FISCAL YEAR INVENTORY) 
( #&A;ii;o;~j DOiGRj 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PERCENTAGE DISTRIBUTION OF COMPUTERS 
AND CAPITAL VALUES BY SIZE 

AS OF JUNE 30, 1969 

LARGE $1.5M+UP 
MEDIUM $5WK -$l.5M 
SMALL $ 50K +$500K 
MINI  $ -0- -$50K 

TOTAL COMPUTERS (642) CAPITAL VALUE ($353.5M) 

NASA BT69- 134 
(Rev. 1) 1-21-70 



NATIONAL AERONAUTICS ANJI SPACE ADMINISTRATION 

ICapital Value of Owned and Leased ADP Equipment 
on Hand June 30, 1969 

( In  thousands of d o l l a r s )  

NASA-Owned Leased T o t a l  
Equipmes  gquipment - Capi t a l  I-- VsSue 

... $159, O f f  i ce  of --- Maimed Space F l i g h t .  --- $89,896 -- __--- $60,288 
Kennedy Space Center. .......... 13  , 842 1,969 15,807 
Manned Spaceciraf t Center. ...... 59,670 32 , 616 92,2861 
Marshall Space F l i g h t  Center. .. 16 , 384 25,712 42,09(1 

O f f  ice of Space Science and -- ................... $129 , 255 $153 .4lcI $24 , 164 
Goddartl Space F l i g h t  Center. .  .. 96,958 14,387 111,34!l 

Wallop:; S t a t i o n .  ............... 2,398 79 2,477 

---- --- Application:; 
I 

Je t  Propuls foil Laboratory.. .... 29 , 899 9,698 39,597' 

Off ice  of Advanced Research --- ................ $46,04C1 and Techno:Loglr. $39,480 $6,560 ---_ 
Ames Research Center. .  ......... 5,659 2,737 8 ,  39CI 
E lec t ron ic s  Research Center. ... 3,159 1,443 4,60:' 

2,64:! 
Langley Ressairch Center. ....... 16 , 765 1,016 17,781. 
L e w i s  Research Center. ......... 11,588 13  1 11,71!1 

F l i g h t  Research Center. ........ 2,309 333 

Space !Quclear Propulsion O f f  ice --- 900 9 0('I 

H e a d q u a r t c  ..................... $2,100 $1,796 

-A- 5353 539 --.- $92 , 808 --- TOTAL. . . . . . . . . . . . . . . . . . . . . . . .  $260,731 
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h) 
0 

Office of Manned Space Flight..... 
Kennedy Space Center............ 
Manned Spacecraft Center........ 
Marshall Space Flight Center.... 

Office of Space Science and -- 
Applications... ................. 
Goddard Space Flight Center..... 

5 Wallops Station................. 

and Technology .................. 

2 Jet Propulsion Laboratory.. ..... 
(D 

Office of Advanced Research - _--__ 

Ames Research Center............ 
Electronics Research Center..... 
Flight Research Center.......... 
Langley Research Center......... 
Lewis Research Center........... 
Space Nuclear Propulsion Office. 

Headquarters ...................... 
Total.......... ............... 

Automatic Data Processing Personnel 
(Average Employment for the Fiscal Year) 

FY 1969 

Service Contractor 
Civil 

---- ---_I___. 

387 
67 
159 
161 

- 

735 
49 3 

26 

- 
21e' 

3 69 
59 
22 

135 
135 

- 

18 

--- 

15 

1,506 

- 

2,748 
439 

1,636 
673 

1,211 
932 
24 5 
34 

-- 

317 
86 
90 
2.5 
105 
4 
7 

119 

- 

-.- 

4,395 

FY 1970 
Civil 
Service - -  Contractor 

386 
68 
16 4 
154 

- 

753 
507 

26 

L_._ 

2 2 d  

376 
58 
25 
18 
140 
13 5 

- 

--- 

17 

1,532 

- 

2,379 
399 

1,381 
599 

1,265 
9 78 
247 
40 

38 2 
95 
117 
20 
129 
16 
5 

135 

4,161 

-- 

- 

FY 1971 
Civil 
Service Contractor 

386 
' 68 
164 
154 

- 

784 - 
507a 2.51- / 
26 

360 
58 

18 
146 
138 

- 
--- 

--- 

18 

1,548 

-- 

2,258 
370 

1,287 
60 1 

1 314 
99 9 
276 
39 

-L 

366 
110 

20 
217 
17 
2 

121 

- 
--- 

- 
t 4 059 

a/ Employees of JPL. -- 
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Ins ta.llatj.on _I_--I. 

Kennedy Space: Center 

Manned Spacecraft 
Center 

Marshal :L Space 
Flight Ceri’rer 

ADP Contractor Identification 

Name of Finn 

Federal Electric 
Company 

Lockheed Electronics 
Company 

IB M 

Link Group, GP I 

TRW Systems 

UNIVAC 

Philco-Ford 

NIT 

McDonnell-Douglas 

Computer Sciences 
Corp . 

Service Technology 
Corp. (LTV) 

General Electric 

ADP Service Performed 

Programming, Analysis and 
Operation:; 

Programming, Analysis and 
Operat ions 

Mission Operations System 
Design, Programming , 
Operations, and 
Maintenance 

Apollo Simulator Program 
Maintenance, and 
Modification 

Apollo Mission Analysis 

Apollo Communica,tions 
Cont ro 1 

Apollo Procedures Control 
Unit Operat iori 

Apollo Guidance and 
Control Programming 

Command Module Simulator 
Operations ancl 
Programming 

Programming, Andysis , 
and Operations 

Keypunching Prclgramminf: 
and Opera t ions 

Data Reduction I’rogramm3ng 
and Operations; 
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ADP Services Performed 

Goddard Space Flight Computer Applications, Programming, Analysis, 

-_I_--p- 

Ins tallat ion Name of Firm 

Center Inc . and Operations 

Computing and Software, Programming, Analysis, 
Inc . and Operations 

Computer Sciences Corp. Programming and Analysis 

Jet Propulsion 
Laboratory 

General Electric 

IBM 

UNIVAC 

D. Brown Associates, 
Inc . 

Wolf Research and 
Development Corp . 

System Development 
Corp . 

Computer Usage 
Development Corp. 

Computer Communica- 
tions, Inc . 

Heliodyne Corporation 

IBM 

Informatics 

Planning Research 
Corp . 

RCA 

UNIVAC 

Programming 

Programming, Analysis, 
Operations, and 
Maintenance 

Programming, Analysis, 
and Maintenance 

Programming and Analysis 

Programming and Analysis 

Data Scheduling System 
Analysis 

Programming 

Software Maintenance and 
Operations Support 

Programming and Analysis 

Programming and Analysis 

Programming and Analysis 

Programming and Analysis 

Operations and Main- 
tenance 

Software Maintenance and 
Operations Support 
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Ins tallat ion. - --. 

Jet Propulsicm 
Lab oratory 

Wallops Station 

Ames Research Center 

Flight Rese arc'h Center 

Name of Firm 
-.- 

Programatics 

Mauchly-Wood Software 
Company 

Philco-Ford 

Technitrol Engineering 
Corp . 

Wolf Research and 
Development Corp. 

ADP Service Performed 

Programming 

--,- 

Programming 

Programming and Data 
Analysis 

Operations and Key- 
punching 

Programming and Data 
Analysis 

Computer Sciences Corp. Scientific Programming 
Analysis, Admbistrative 
Applications, Key- 
punching 

IBM, Federal Systems 
Div . 

Electronic Associates 

Informatics 

Computer Applications, 
Inc . 

System Development 
Corp. 

Information Systems 
Corp . 

General Electric 

Scientific Programming 

Programming 

Scientific Programming 

Operations 

Programming; 

Program i ne; 

Operations Dat;i Pre- 
paration, Keyimnching 

Computing and Software, Biomedical Programming 
Inc . and Analysis 
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Installation 

Langley Research 
Center 

ADP Service Performed 
-_I_ 

Name of Firm - -- 

Hampton Institute Readout and Data 
Preparation 

Hayes International Keypunching and Pro- 
Corp. gramming 

Computing and Software, Scientific Computer 
Inc . Operations, Key- 

punching, Programming 

Control Data Corp. Maintenance 

I B M  Maintenance 

Lewis Research Center IBM Maintenance 

Space Nuclear Pan American World Programming, Analysis, 
Propulsion Off ice Airways, Inc. and Operations 

Headquarters Leas co Programming and Operations 

Informatics (TISCO) Programming, Analysis 
and Operations, 
Keypunching 
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End of F i s c a l  Year Inventory of Computers 

FY 1969 --.- 

269 
22 

14 7 
100 

- 252 
22 

Off ice  of Manned Space F l i g h t  ........... 
Kennedy Space Center . . . . . . . . . . . . . . . . . .  
Manned Spacecraft  Center. .  ............ 
Marshall Space F l i g h t  Center . . . . . . , . . .  

1 4 5  
85 

353 
2 3 1  
- 36 '1 

24 L 
-- 299 

202 
9 4  

3 

_I 

-- Off ice  o face  --- Science a g 3 A l p l i c a t i o > z  
Goddard Space F l i g h t  Center. . . . . . . . . . .  
Jet Propulsion Laboratory ............. 
Wallops S ta t ion . . . . . . . . . . . .  ........... 1 1 6  

6 
llti 

7 

Off ice  of Advanced Research --- and 
----I 

Technology 
Ames Research Center. . . . . . . . . . . . . . . . . .  
E l ec t ron ic s  Research Center . . . . . . . . . . .  
F l i g h t  Research Center . . . . . . . . . . . . . . . .  
Langley Research Center. . . . . . . . . . . . . . .  
L e w i s  Research Center . . . . . . . . . . . . . . . , .  
Space Nuclear Propulsion Off ice . . . . . . .  

~- 70 
27 
11 

7 
10 
14 
1 

-- 9 1  
31 
11 

9 
16 
24 

- 

--- 

4 - 4 - fieadquarters ............................ 
Tota l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  642 

I-- - 700 - - 7015 
I- -- 

-. Breakdown by Category of Equipment: 
Category A (General Purpose) .......... 
Category B (Special  Purpose) .......... 157 

485 
140 
560 

1213 
57 5 

liA 25 Figure 9 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Summary of Automat ic  Data P r o c e s s i n g  Equipment Funding 
( I n  thousands  of d o l l a r s )  

O f f i c e  o f  Manned Space  Fli& .... 
Kennedy Space  Center . . . . . . . . . . .  
Manned S p a c e c r a f t  Cen te r . . . . . . .  
Marsha l l  Space F l i g h t  Center . . .  

O f f i c e  o f  Space  S c i e n c e  and- 
A p p l i c a t i o n s  ................... 
Goddard Space  F l i g h t  Cen te r . . . .  
Jet  P r o p u l s i o n  Labora to ry  ...... 
Wallops S t a t i o n . . ? . . . .  ......... 

O f f i c e  of  Advanced R e s e a r c u  
Technology- ..................... 
Ames Research  Cen te r . . . . . . . . . . .  

W E l e c t r o n i c s  Research  Center . . . .  
7 F l i g h t  Research  Cen te r .  ........ 
; Langley Research  Cen te r . . . . . . . .  

Lewis Research  Center . . . . . . . . . .  
0 Space Nuc lea r  P r o p u l s i o n  O f f i c e  

H e a d q u a r t e r s  ..................... 
Tota l . . . . . . . . . . . . . . . . . . . . . . . .  

v. 

I-. 

B r e a k d m  h i  Appropr i a t ion :  
WD............................ 
R&PM............................ 
C o F . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FY 1971 -- FY 1969 --___ --I______ FY 1970 -__ 
Maint .  Pu rch .  T o t a l  Lease Maint.  Purch .  T o t a l  Lease  Main t .  Purch .  T o t a l  - -. __ -I_. -_- -- -- - -- - Lease  

$20,733 
1 ,267  

15 ,722  
3 ,744  

&900 
5,654 
3 ,197  

49 

3,038 
1 ,352  

410 
29 

896 
97 

254 

174 

32,845 

- 

20,239 
12,606 

Breakdown by Category  of  Equipment: 
Category  A. . . . . . . . . . . . . . . . . . . . .  29,893 
Category  B . . . . . . . . . . . . . . . . . . . . .  2,952 

$3,389 
491 

2 ,611  
287 

L8.u 
3, an7 

940 
65 

1,399 
349 
153  

5 1  
648 
198 --- 

44 - 

7,554 
2,090 

4 ,730  
4,914 

$3,327 
154 

3,035 
138 

L888 
6,655 

920 
313 

6 ,348  
518 
862 

20 
3 ,744  
1 ,204  

- 

--- 

1,251 

18 ,814  

- - 
16,567 

2,178 
69 

7,355 
11 ,459  

$27,449 $14 578 $4,217 
-l7m -fm 585 

21 ,368  6,250 3 ,205  
4,169 7,305 427 

2lAQL-L e9LB 4 , 8 8 8  
16 ,116  5 ,518  3 ,853  

5 ,057  4 ,316  941  
427 84 94 

10 ,785  2,942 1,919 
2,219 954 546 
1 ,425  679 1 6 1  

i n 0  345 69 
5 ,288  840 921  
1 ,499  54 222 --- 254 70 

501  65 - - 1,469 - 
61,303 27,939 11 ,089  --- --- 
44,360 15 ,585  9,744 
16 ,874  12,354 1 , 3 4 5  

69 

41 ,978  25,192 5,879 
19 ,325  2,747 5,210 

$18,895 $3-7-&92 $14,721 $4,144 $695 $19,560 
200 1.845 165  1,773 1 ,005  640 

18 ,705  28,160 6,606 3,185 495 in ;2x6  
25 7 ,757  7,110 319 --- 7,429 

10,281 25,087 10,630 5,200 %n 25,604 

1 ,830  7,087 4 ,283  1,049 1 ,440  6.772 
8 ,163  17 ,534  6,244 4 ,003  7,939 18 ,186  

288 466 i n 3  148 395 646 

14 ,638  19,499 2,241 1.99R 13,226 17,465 
6.550 8.050 5 20 568 210 1 .298  

43,814 82,842 28,094 11 ,407  23,695 63,196 -- - -- -- 

43,739 69,068 15,077 10 ,057  23,695 48,829 
25 13,724 13 ,017  1.,350 --- 14,367 
50 50 

28,444 59 ,515  25,129 6 ,021  18 ,477  49,627 
15 ,370  23,327 2,965 5,386 5,218 13 ,569  
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-- l~mmnary of Requirements by NASA I n s t a l l a t i o n  

Kennedy !;pace Center 

A t  t he  Kennedy Space Center t h e  Cent ra l  Instrumentat ion F a c i l i t y  (( IF) 
provides "quick--look'' da t a  reduct ion ,  real-time meteorological  analysi  s , 
automatic checkout, and genera l  s c i e n t i f i c  computations i n  support  of a l l  
space veh ic l e  tests and launches. General d a t a  processing se rv ices  at 
KSC are provj-ded pr imar i ly  by two GE 635's, an I B M  360/50, and an IBM 
360/40. Much of t h i s  equipment is operated "on-line" as p a r t  of the 
countdown and h u n c h  con t ro l  system f o r  a s i g n i f i c a n t  por t ion  of t h e  
t o t a l  opera t ing  t i m e .  
p r o j e c t s  *, conq~ui:ational s e r v i c e s  are being increas ingly  provided t o  the 
aerospace coxitriictors i n  the  Cape Kennedy area. 

I n  add i t ion  t o  support ing a l l  major space vehic le  

Although the re  has been a s u b s t a n t i a l  dec l ine  i n  d a t a  reduct ion ancl 
genera l  s c i e n t i f i c  computations a t  KSC during the  f i r s t  ha l f  of FY 1970, 
t h i s  has been l a r g e l y  o f f s e t  by an inc rease  i n  engineer ing and adminis t ra t ive  
da t a  processing r e s u l t i n g  i n  a r e l a t i v e l y  s t a b l e  o v e r a l l  workload. 
c l i n e  i n  datii reduct ion is due t o  the  reduced l e v e l  of launch and test act ivi t :y  
while t h e  increase  i n  adminis t ra t ive  da t a  processing is accounted f o r  by the  
t r a n s f e r  of s o m e  func t ions  from the  con t r ac to r s  t o  KSC, genera l  growth i n  
ADP, and impi:ovt!d se rv ices  provided t o  the  end user .  

The de- 

Additional- computer resources  do not  appear necessary i n  the  FY 19i'O-71 
t i m e  frame. 
on the  ADP workl~oad a t  KSC bu t  t he  only changes which are a n t i c i p a t e d  are 
those minor i:c~onf igu ra t ions  which may be necessary t o  adapt the  computation 
complex t o  t he  da t a  reduct ion requirements of the  experimenters.  

Changes i n  f u t u r e  launch schedules w i l l  have a sharp impact 

Manned Spacecraf t  -- Center 

A t  the  Maxuie(1 Spacecraf t  Center the  Computation and Analysis Division (CAD) 
F l i g h t  is r e s p o n s i b h  f o r  a l l  genera l  purpose computation and da ta  processing. 

Operations Direc tora te  manages t h e  ADP equipment support ing manned spaicecraf t 
missions while the  Information Sys t e m s  Division monitors ADP requirements 
of a s p e c i a l  purpose na ture .  

A l l  c a t egor i c !~  of CAD work are expected t o  remain f a i r l y  level during the  
1970-71 t i m e  frame with the  except ion of mission planning and Apollo guidance 
and con t ro l  whic:h have dropped sharp ly  following the  Apollo 11 f l i g h t .  
reduced level. of mission planning a c t i v i t y  allowed the  release of one IBM 
7094 and one :360/30 e a r l y  i n  FY 1970. S tudies  are cu r ren t ly  under way t o  
determine opt:fimum conf igura t ions  and mode of opera t ion  of the  primary CAD 
computer systems (UNIVAC 1108's) .  
i n t o  multiproceosors,  a d d i t i o n a l  core  s to rage  modules would be required.  

The 

I f  t hese  systems were t o  be consol idated 
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However, prel iminary experience i n d i c a t e s  front-end processors  may be more 
e f f i c i e n t .  I n  t h e  admin i s t r a t ive  a p p l i c a t i o n s  area i t  may be advantageous 
t o  rep lace  t h e  o l d e r  second genera t ion  systems as a r e s u l t  of increased  
a p p l i c a t i o n ,  s o p h i s t i c a t i o n ,  and d e t e r i o r a t i n g  equipment r e l i a b i l i t y .  

Mission Control computation requirements dec l ined  sharp ly  following the  
Apollo 11 f l i g h t  and t h e  r e v i s i o n  of launch schedules.  
have dec l ined  sharp ly  i n  t h i s  area a r e l a t i v e l y  l a r g e  amount of equipment must 
be r e t a i n e d  supporting t h e  Rea l -T ime  Computation Center through t h e  end of 
t he  Apollo program. Between missions t h e  equipment is  u t i l i z e d  i n  program 
test and development, s imula t ion ,  and t r a i n i n g  func t ions .  

Although requirements 

A l a r g e  number of p r o j e c t s  are i n  t h e  planning s t a g e  which may r e s u l t  i n  a 
An e f f o r t  need f o r  several small and medium Category B computers i n  FY 1971. 

is being made t o  s a t i s f y  t h i s  requirement l a r g e l y  through r e - u t i l i z a t i o n  of 
i n s t a l l e d  systems. 

Marshal l  Space F l i g h t  Center 

Most Marshall Space F l i g h t  Center computation requirements are served by two 
l a r g e  c e n t r a l  computer complexes loca t ed  at  Hun t sv i l l e ,  Alabama, and S l i d e l l ,  
Louisiana. I n  add i t ion ,  t h e r e  are a v a r i e t y  of smaller computers d i spersed  
throughout t h e  research  l a b o r a t o r i e s .  

A t  Huntsv i l le  new requirements have developed f a s t e r  than expected. Sub- 
s t a n t i a l  work previous ly  done by con t r ac to r s  must now be done in-house and 
commercial a p p l i c a t i o n s  are us ing  much more computer t i m e  l a r g e l y  as a r e s u l t  
of system d e f i c i e n c i e s .  A f a r  h igher  percentage of t he  c e n t r a l  computation 
capac i ty  is  now devoted t o  t h e  commercial j obs  i n  an e f f o r t  t o  complete the  
conversion of a l l  such work and allow release of t he  IBM 7010 and 7740 systems 
c u r r e n t l y  l e a s i n g  f o r  over one-half m i l l i o n  d o l l a r s  pe r  year.  

Much launch azimuth, o p e r a t i o n a l  t r a j e c t o r y ,  and luna r  t a r g e t i n g  com- 
p u t a t i o n  previous ly  done by Boeing is now done in-house or a t  the GSA 
Service  Center using IBM 7094's prev ious ly  i n s t a l l e d  a t  the  Computation 
Laboratory. 
ment and test of t h e  Lunar Roving Vehicle; s imula t ion  requirements continue 
t o  expand slowly; and i n  t h e  d a t a  reduct ion  area requirements are expected 
t o  inc rease  very r ap id ly  wi th  t h e  r e t u r n  of s t a g e  con t r ac to r  d a t a  reduct ion  
and AAP telemetry processing. 

New s c i e n t i f i c  computations are requi red  t o  support  t h e  develop- 

The S l i d e l l  Computer Operations Of f i ce  provides computation support  t o  
t h e  Michoud Assembly F a c i l i t y  (MAF), t h e  Miss i s s ipp i  T e s t  F a c i l i t y ,  and 
a s soc ia t ed  con t r ac to r s .  Workload is divided almost equal ly  between s c i e n t i f i c  
computation, engineer ing d a t a  processing, and commercial a p p l i c a t i o n s  with a 
smaller volume of d a t a  reduct ion  der ived  from s ta t ic  f i r i n g  and launch support .  
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Engineering and commercial d a t a  processing inc ludes  t a s k s  a s soc ia t ed  with 
manufacture, q u a l i t y  assurance,  and conf igura t ion  control of t he  s tagles  
manufactured a t  MAF. 
i n  such areas  a s  s t r u c t u r e s ,  t r a j e c t o r i e s ,  and veh ic l e  dynamic cont ro l .  
Workload size depends on the  number of s t a g e s  i n  process  a t  Michoud, pro- 
blems assoc ia ted  with development of s t ages ,  and overflow work o r  func t ions  
t r ans fe r r ed  from Huntsvi l le .  

S c i e n t i f i c  computations inc lude  engineer ing ana lys i s  

During FY 1970 and 1971 the  majori ty  of the  decent ra l ized  sma.11 and 
medium s y s t e m  w i l l  be r e l eased  a t  Huntsv i l le  and S l i d e l l ,  provided t h e  
capaci ty  of the c e n t r a l  computer complexes can be s u f f i c i e n t l y  enhanced 
through improved e f f i c i e n c i e s  o r  r e - u t i l i z a t i o n  of excess government-owned 
systems. Since many of t he  excess systems a t  MSFC are purchased they are 
expected t o  be s h i f t e d  to  requirements which would otherwise ca l l  f o r  new 
acqu i s i t i ons .  

Goddard Space F l i g h t  Center 

A t  the  Goddard Space F l i g h t  Center t he  Category A equipment funds required 
f o r  FY 1970 w i l l  be d i r e c t e d  pr imar i ly  towards augmenting the  e x i s t i n g  com- 
pu te r s  of the main t h i r d  generat ion computer complex. This augmentation 
w i l l  provide g r e a t e r  p r o j e c t  support  c a p a b i l i t y  and an increase fn system 
output  capaci ty .  
t i nu ing  r i s e  i n  the  sc ience  and engineering app l i ca t ions  requirement, where- 
as t h e  increased output  capac i ty  w i l l  provide the  added support  required 
i n  such areas  a s  the  reduct ion of sa te l l i t e  te lemetry da ta .  Some small  
systems wi l l  be acquired during t h i s  f i s c a l  year  to se rve  as t enn ina l s  to  
the  l a rge  t h i r d  genera t ion  computer complex. Programs t o  be supported by 
these  terminails inc lude  t h e  sounding rocket  e f f o r t  and the  Manned Space 
F l i g h t  Network development. 

The g r e a t e r  c a p a b i l i t y  is  needed t o  support  t he  con- 

Again, in FY 1971 the  major Category A equipment funds requirement w i l l  
be f o r  the  cont inuat ion of the  c e n t r a l  computing f a c i l i t y  augmentation e f f o r t  
now under way. A s i g n i f i c a n t  a c t i o n  during t h i s  f i s c a l  year  w i l l  be the  
establishment of a t h i r d  generat ion computing c a p a b i l i t y  t o  the  ‘business 
and adminis t ra t ive  computer f a c i l i t y .  However, the  major components needed 
f o r  t h i s  conversion w i l l  be acquired through the  r e - u t i l i z a t i o n  (of e x i s t i n g  
equipment from another  center. 

During FY 1970 Category B equipment procurements w i l l  be d i r e c t e d  towards 
providing support  to  t h e  increased requirements of t he  S m a l l  Astronomy 
S a t e l l i t e  and the  Small S c i e n t i f i c  S a t e l l i t e  programs. Funds w i l l  a l s o  be 
used t o  provide a high speed da ta  switching c a p a b i l i t y  t o  the  computers 
t h a t  se rve  as, the  h e a r t  of the  NASA communications switching network. 
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The l a r g e s t  Category B equipment a c q u i s i t i o n  e f f o r t  f o r  N 1 9 7 1 w i l l  be 
the  a c q u i s i t i o n  of t he  computer support  f o r  t he  Earth Resources Technology 
Satell i te.  
c a p a b i l i t y  a t  c e r t a i n  of t h e  Satel l i te  Tracking and Data Acquis i t ion  N e t -  
work (STADAN) sites t o  support  t h e  forthcoming launches of two Advanced 
Technology S a t e l l i t e s  (ATS). F i n a l l y ,  some a d d i t i o n a l  equipment w i l l  
be needed f o r  improved support  techniques f o r  f u t u r e  Orbi t ing  Solar  
Observatory (OSO) launches. 

Addi t iona l  equipment w i l l  be' acquired t o  provide a s p e c i a l  

Jet Propuls ion Laboratory 

During FY 1970 the  Jet Propuls ion Laboratory 's  S c i e n t i f i c  Computing 
F a c i l i t y  (SCF) w i l l  lease a second UNIVAC 1108, thus g iv ing  i t  a multi- 
processing c a p a b i l i t y .  This mul t iprocessor  p lus  the  a c q u i s i t i o n  of t he  
appropr i a t e  te rmina ls  w i l l  provide the  SCF with t h e  increased  c a p a b i l i t y  
t o  meet i t s  growing workload requirement. This i nc rease  i n  workload is 
a t t r i b u t e d  t o  g r e a t e r  complexity of t he  advanced missions planned f o r  t he  
e a r l y  1970's and the  a t t e n d a n t  i nc rease  i n  the  level of support  requi red  
during the  planning and development s t a g e  of these  missions. Also during 
FY 1970 t h e  Space F l i g h t  Operat ions F a c i l i t y  (SFOF) w i l l  i n s t a l l  t h i r d  
genera t ion  equipment. This conversion is again a t t r i b u t e d  t o  the more 
complex missions of t h e  1970's, i n  p a r t i c u l a r  t he  need f o r  simultaneous 
coverage of mul t ip l e  missions and t h e  h igher  d a t a  rates employed i n  these  
more s o p h i s t i c a t e d  missions.  

I n  FY 1971 t h e  a d d i t i o n a l  funds sought w i l l  be used t o  purchase m i s -  
ce l laneous  pe r iphe ra l s  f o r  t h e  prev ious ly  acquired t h i r d  genera t ion  Category 
A computers of t h e  SCF and t h e  SFOF. 

During FY 1970 new Category B systems w i l l  be acquired f o r  the Deep Space 
Ins t rumenta t ion  F a c i l i t y  and t h e  Tracking and Data Acquis i t ion  Advanced 
Engineering Sec t ions .  These computers wi l l  support  t he  development and 
implementation of t h e  advanced spacec ra f t  t r ack ing  and d a t a  a c q u i s i t i o n  
func t ions  needed t o  support  t h e  more complex deep space missions of the 
f u t u r e .  
are aimed a t  expanding t h e  s p a c e c r a f t  checkout f a c i l i t y  a s soc ia t ed  with t h e  
Mariner Mars ' 7 1  program. 

The l a r g e s t  equipment a c q u i s i t i o n s  planned f o r  t h i s  f i s c a l  year  

Some a d d i t i o n a l  equipment is being sought f o r  FY 1971 t o  support  two of 
The pro- t he  development e f f o r t s  a s soc ia t ed  with t h e  deep space missions.  

grams r equ i r ing  support  are the  Research and Advanced Development Vehicle 
Motion Control Program and t h e  Gamma Ray Spectrometer Development e f f o r t .  

Wallops S t a t i o n  

During FY 1970 a t  the  Wallops S t a t i o n  the Category A computer of the 
s t a t i o n ' s  Cen t ra l  Computing System w i l l  be augmented wi th  a d d i t i o n a l  core 
memory and by a mass s t o r a g e  device t o  be added during FY 1971. These 
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add i t iona l  sys ttsm elements are necessary t o  provide t h e  sys  t e m  capabi:l.ity 
required t o  meet t he  s teady growth i n  the  s c i e n t i f i c ,  engineer ing,  ant1 da t a  
reduct ion wor'kloads a t  t h i s  f a c i l i t y .  

Three Category B computers w i l l  be acquired during FY 1970. I t ro o!li 
these  systems w i l l  become p a r t  of the  Mobile Range F a c i l i t y  with the  ) third 
t o  be incorporated i n  the  Pulse  Code Modulation (PCM) Telemetry Systeins 
support ing the  Center's rocket  vehic le  launching a c t i v i t y .  

Ames Research Center ---- 
Ames Research Center ' s  genera l  purpose computation requirements arc? 

pr imar i ly  f o r  t 'heore t ica l  research,  ana lys i s  of experimental  da t a ,  antd 
math modeling of spacec ra f t  and ae ronau t i ca l  systems. Major programs re- 
qu i r ing  ADP support  are aeronaut ics ,  f l i g h t  p r o j e c t s ,  and l i f e  sc iences .  
A s i g n i f i c a n t  increase i n  ADP requirements is expected as a result t  of new 
emphasis on aeronaut ics  research.  The Center has i n s t a l l e d  a l a r g e  male 
IBM Duplex 360/67 system and plans t o  expand t h e i r  remote computation 
f a c i l i t i e s  t o  provide f o r  improved on-line ADP support  t o  t h e i r  wind 
tunnels .  

A major new requirement w i l l  r e s u l t  from plans  f o r  t he  development of 
math modeling t o  augment t h e  explora tory  aerodynamic work t h a t  has previously 
been done i n  the  wind tunnel  f a c i l i t i e s .  A p a r t i c u l a r  need is  in the  s tudy 
of dynamic aerodynamic phenomena and t e s t i n g  of a e r o e l a s t i c  conf igura t ions  
where ana lys i s  of t i m e  varying da ta  is a prime concern. 

A s  i n t e g r a l  components of research and test f a c i l i t i e s ,  Ames u t i l i z e s  
small special .  purpose computers f o r  s imulat ion,  experiment control.,  and 
real-time da.t a a c q u i s i t i o n  with "quick-look" d isp lay  capab i l i t y .  

Their. requirements f o r  s imulat ion app l i ca t ions  continue t o  inc rease ,  
p r imar i ly  in. conjunction with f l i g h t  and guidance con t ro l  f o r  advanced 
a i r c r a f t .  and spacec ra f t  design. Applicat ions of t h i s  type involve e l ec t ro -  
mechanic:al systems f o r  p i l o t e d  s imulat ion s t u d i e s  and r equ i r e  the  use of 
computers fair closed-loop computer con t ro l  func t ions .  

The Ames l i f e  sc iences  research program has a cont inuing requirement f o r  
digital-anal.og hybrid conf igura t ions  f o r  s t u d i e s  of e f f e c t s  of variouis degrees 
of environmemt stress on the  human operat ion.  
applicat:ions,, d i r e c t  d i g i t a l  con t ro l  w i l l  be used f o r  s t u d i e s  to  eva lua te  
human response and decision-making c a p a b i l i t i e s .  

In  some s e l e c t e d  types, of 

Electroriics Research Center --- 
I n  1971, t h e  E lec t ron ic s  Research Center,  Cambridge, Massachusetts1 , 

w i l l  be  closed,.  The Center has r ecen t ly  i n s t a l l e d  a l a r g e  scale IBM 
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360/75 computer system t o  m e e t  expected increased  genera l  purpose ADP 
requirements. I n  a d d i t i o n ,  s m a l l  scale computers have been i n s t a l l e d  
f o r  s p e c i a l  a p p l i c a t i o n s  i n  conjunct ion wi th  t h e i r  research  l abora to ry  
equipment. The NASA-owned ADP equipment re leased  as a r e s u l t  of c los ing  
of t h i s  Center w i l l  be c a r e f u l l y  screened f o r  r e l o c a t i o n  t o  meet requi re -  
ments a t  o t h e r  NASA c e n t e r s  i n  l i e u  of acqui r ing  new systems. Equipment 
which cannot m e e t  t he  ADP requirements of o t h e r  cen te r s  w i l l  be re leased  
through t h e  government-wide r e - u t i l i z a t i o n / s h a r i n g  exchange administered 
by GSA. 

F l i g h t  Research Center 

Computer requirements a t  t h e  F l i g h t  Research Center are p r imar i ly  f o r  
d a t a  reduct ion ,  however, t h e r e  is a r a p i d l y  inc reas ing  demand f o r  s c i e n t i f i c  
and engineer ing computation. New requirements inc lude  d a t a  a n a l y s i s  and 
t h e o r e t i c a l  computations in connection with F-8 s u p e r c r i t i c a l  wing research  
and s t a b i l i t y / c o n t r o l  research;  YF-12 propulsion, performance, and 
s t r u c t u r e s ;  and new research  i n  t h e  high temperature loads  c a l i b r a t i o n  
f a c i l i t i e s .  Ex i s t ing  major programs r equ i r ing  continued emphasis inc lude  
F-111 propuls ion and performance r e sea rch ,  genera l  a i r c r a f t  handl ing 
q u a l i t i e s  s t u d i e s ,  Bio-Medical Data Analysis,  and L i f t i n g  Body Research. 

F l i g h t  Research Center uses  small s c a l e  computers f o r  s p e c i a l  appl i -  
ca t ions  inc luding  on-l ine d a t a  a c q u i s i t i o n  and ana log-d ig i ta l  con- 
f i g u r a t i o n s  f o r  d i g i t a l  computation support  i n  veh ic l e  s imula t ion .  
Addit ional  computer i n s t a l l a t i o n s  w i l l  provide on-line d a t a  c o l l e c t i o n  
from t r ack ing  range telemetry s t a t i o n s  and f o r  c o n t r o l  of test parameters 
i n  t h e  high temperature loads  c a l i b r a t i o n  f a c i l i t i e s .  

The Center is planning t o  r ep lace  t h e i r  genera l  purpose computer 
equipment with a l a r g e  scale computer system and t o  provide a d i r e c t  
in te rconnec t ion  wi th  some of t h e i r  s p e c i a l  app l i ca t ions  equipment. 
They are planning t o  i n s t a l l  an IBM 360/50 on an in t e r im  b a s i s  pending 
implementation of t h e  genera l  purpose ADP replacement conf igura t ion .  

Langley Research Center 

Langley Research Center u t i l i z e s  ADP equipment f o r  a n a l y t i c a l  research ,  
d i g i t a l  s imula t ion ,  d a t a  reduct ion ,  and mission ana lys i s .  Ana ly t i ca l  
research  inc ludes  a n a l y s i s  of complex unsymmetrical s t r u c t u r e s  of aerospace 
veh ic l e s  and i n t e g r a t e d  a n a l y s i s  of several interdependent processes i n  
aerodynamic flow, New a p p l i c a t i o n s  inc lude  s t u d i e s  i n  t h e  f i e l d s  of 
oceanography, ground t r a n s p o r t ,  and opera t ions  research .  A new requi re -  
ment f o r  d a t a  reduct ion  and a n a l y s i s  is expected as a r e s u l t  of p lans  f o r  
modernization of t h e i r  wind tunnel  ins t rumenta t ion  and c o n t r o l  f a c i l i t i e s .  
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An additional.  increased  ADP workload w i l l  r e s u l t  from the  Viking Mars 
Lander p ro jec t  and the  space s t a t i o n  and space s h u t t l e  development e f f o r t .  
These s t u d i e s  mike use of complex computer programs t o  def ine  e a r t h ,  lunar ,  
and interplantitairy t r a j e c t o r i e s  r equ i r ing  use of opt imizat ion and 
s ta t i s t ica l  ruial.ysis techniques.  Langley a l s o  provides inter-agency &#up- 
po r t  to  FAA f o r  gl ide-s lope s t u d i e s  and f l i g h t  handling procedures fox 
l a r g e  multispeed a i r c r a f t  and support  t o  DOD maneuverabili ty q u a l i t i e s l  of 
advanced fighter:  a i r c r a f t .  

Langley i s  expanding i t s  t h i r d  generat ion equipment t o  meet these  
requirements zmcl is developing new d i g i t a l  s imulat ion techniques.  
Smal l  scale computer equipment is used pr imar i ly  i n  real-time da ta  col-  
l e c t i o n  systems and is d i r e c t l y  interconnected t o  the  test  da t a  sensirig 
equipment:. Addi t ional  new computers are scheduled f o r  i n s t a l l a t i o n  t o  
provide on-ll.:ie da t a  c o l l e c t i o n  from t h e i r  wind tunnels  and t o  include 
in te rconnec t ion  with t h e i r  c e n t r a l  ADP f a c i l i t i e s  f o r  remote/on-line 
computation support .  
computer cont:i:ol. and da ta  a c q u i s i t i o n  of s e l e c t e d  wind tunnel  parameters.  

They are planning a d d i t i o n a l  expansion t o  incluale 

L e w i s  Research Center ---- 
L e w i s  Reseiirch Center ADP requirements are pr imar i ly  f o r  da t a  reduct ion 

of a l l  riiw da t a  from t h e i r  research  and tes t  f a c i l i t i e s ,  f o r  analyt ics i l  
s tud ie s ,  and for: d i g i t a l  s imulat ion s t u d i e s .  

Scient:ific: arid engineer ing computation requirements relate d i r e c t l y  
t o  the  needs for  so lv ing  problems t h a t  l i m i t  the  development of engines 
f o r  supersonic: f l i g h t .  
t r a j e c t o r y  ca i l lc~~la t ions ,  and o t h e r  elements r e l a t e d  t o  engine systems 
and performarice during a l l  f l i g h t  phases. 
ployed f o r  materials research covering a wide temperature range from 
cryogenic: temperatures of l i q u i d  gases  t o  the  high temperatures encountered 
i n  rocket: no2:i:les. 

Applicat ions include hea t  t r a n s f e r  ca l cu la t ions ,  

Mathematical modeling is eni- 

The major Lewis programs and p r o j e c t s  r equ i r ing  ADP are aeronaut ics ,  
space power and propuls ion systems, and rockets  and vehic les .  Their  
research prog:i:ani encompasses the  e n t i r e  spectrum of a c t i v i t i e s  from b a s i c  
research t o  cippI.ied research and development. The scope ranges from 
work on individual components through complete sys  t e m s  . 

L e w i s  Research Center is planning t o  improve t h e i r  cen t r a l i zed  datal 
c o l l e c t i o n  sytitsm t o  provide f o r  a more e f f i c i e n t  d a t a  flow from the  
t e s t i n g  faci3.I.ti .e~ t o  t h e i r  IBM 360/67 c e n t r a l  da t a  processing f a c i l i t i e s  . 
I n  addi t ion ,  they are planning t o  expand t h e i r  conversational-mode remote 
terminal  syst:em t o  provide remote computation s e r v i c e  t o  a l l  of t h e i r  
research and t e s t i n g  f a c i l i t i e s .  Addit ional  new equipment inc ludes  small 
scale conipute!~:~ i n  s p e c i a l  app l i ca t ions  r equ i r ing  real-time da ta  a c q u i s i t i o n  
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as a p a r t  of t h e  nuc lear  electric engine research ,  t he  cyc lo t ron ,  t he  s o l a r  
cell and Brayton Cycle Research F a c i l i t i e s ,  and components environment 
test chambers. I n  a d d i t i o n  t o  on-l ine monitoring and da ta  c o l l e c t i o n ,  
they p l an  t o  inc lude  some experiment c o n t r o l  app l i ca t ions .  Addit ional  
s p e c i a l  purpose computers are i n s t a l l e d  a t  Cape Kennedy and a t  con t r ac to r  
p l a n t s  t o  provide f o r  automatic  checkout and launch c o n t r o l  of the Centaur 
I n e r t i a l  Guidance System and f o r  t h e  a c t u a l  launch of t he  Centaur. 

Space Nuclear Propuls ion Of f i ce  

The Space Nuclear Propuls ion Of f i ce  u t i l i z e s  ADP equipment a t  t h e  
Nuclear Rocket Development S t a t i o n  (NRDS) t o  support  t he  f u l l  scale s ta t ic  
t e s t i n g  of nuc lea r  r e a c t o r s ,  engines and s t a g e s  being developed under the  
ROVER program, a program of research  and development f o r  a nuc lear  rocket 
engine system t o  be i n t e g r a t e d  i n t o  nuc lea r  powered space veh ic l e s .  Com- 
p u t e r  a p p l i c a t i o n s  inc lude  monitoring test progress,  and d i sp lay  of 
c r i t i ca l  test parameters based on quick a n a l y s i s ;  test d a t a  conversion; 
engineer ing s t u d i e s ;  and admin i s t r a t ive  support  app l i ca t ions .  S c i e n t i f i c  
and engineer ing work inc ludes  computations i n  f l u i d  dynamics, r e a c t o r  decay 
h e a t ,  f u e l  element weight l o s s ,  and r a d i a t i o n  dose p red ic t ions .  

The Space Nuclear Propuls ion Of f i ce  p l ans  t o  t r a n s f e r  t he  ADP workload 
over t o  an AEC-owned IBM 7094 computer scheduled f o r  i n s t a l l a t i o n  during 
FY 1970. 
i n s t a l l a t i o n  of t h e  7094. 
units which are used f o r  d a t a  c o l l e c t i o n  a t  the  engine test loca t ions .  

SNPO plans  t o  release t h e i r  CDC 3200 computer s h o r t l y  a f t e r  
They p l an  t o  r e t a i n  f i v e  CDC magnetic t ape  

Headquarters 

General d a t a  processing services a t  Headquarters are provided by an 

Primary a p p l i c a t i o n s  in-  
IBM 360/40 and an IBM 1410 managed by t h e  Management Systems Divis ion 
wi th in  t h e  Off ice  of Technology U t i l i z a t i o n .  
clude F inanc ia l  Accounting, S t a t u s  of Contracts and Grants, Personnel 
Accounting, and Payro l l .  The S c i e n t i f i c  and Technical Information 
F a c i l i t y  (STIF), a l s o  under Technology U t i l i z a t i o n ,  ope ra t e s  an IBM 
360/50 a t  College Park, Maryland, i n  support  of an information re- 
trieval func t ion .  
retrieval func t ions  have s t e a d i l y  increased  i n  r ecen t  years  and t h i s  
t rend  is expected t o  continue. 

Both t h e  gene ra l  d a t a  processing and the  information 

During FY 1970 t h e  STIF information retrieval func t ion  w i l l  be 
expanded t o  provide remote CRT te rmina ls  a t  most NASA cen te r s .  
add i t ion ,  t h e r e  are p lans  f o r  a magnetic tape-to-tape communications 
system t o  l i n k  a l l  c e n t e r s  wi th  Headquarters w i th in  the next two years .  
No o t h e r  major equipment changes are planned f o r  t he  FY 1970-71 per iod  
although t h e r e  may be some minor augmentations of pe r iphe ra l s  t o  
balance t h e  conf igura t ions  as a p p l i c a t i o n s  are modified. 
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