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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENERAL STATEMENT 

The pro:3r4am of research  and development and suppor t ing  a c t i v i t i c  s of t he  
Nat iona l  Aeronautics and Space Adminis t ra t ion  is d i r e c t e d  toward maintaining 
the  United S t a t e s  i n  a p o s i t i o n  of world l eade r sh ip  i n  ae ronau t i c s  and space, ,  
The major picDgram elements designed t o  achieve t h i s  o b j e c t i v e  are: 

MANNED-%ACE FLIGHT: Extended d u r a t i o n  and rendezvoiis f l i g h t s  :i.n 
e a r t h  o r b i t ,  and lunar  landing and r e tu rn .  

SPACE :ZGENCE AND APPLICATIONS: 
s tudy  I O €  the  E a r t h ,  Moon, Sun, p l a n e t s ,  stars and i n t e r p l a n e t a r y  
space ,  and the development of technology p e r t i n e n t  t o  appl ied  
uses such as meteoro logica l  and communication s a t e l l i t e s .  

A broad program of s c i e n t i f i c  

ADVANCEDRESEARCH AND TECHNOLOGY: 
t he  technologica l  base f o r  t he  f u t u r e  ae ronau t i c s  and space. 
programs. 

An e f f o r t  requi red  t o  provide 

TRACKINLAND DATA ACQUISITION: A func t ion  p e r t i n e n t  t o  the 
suppor t  of the ex tens ive  NASA space f l i g h t  program. 

MANNED SPACE FLIGHT 

A major p h r t  of the  amount requested f o r  FY 1966 w i l l  be appl ied  t o  the  
manned space f l i g h t  program. The broad ob jec t ives  of t h i s  program wliich re- 
main unchanged are: t o  increase and broaden our c a p a b i l i t y  t o  suppor t  men i n  
space and provide them with a space ope ra t ion ' s  c a p a b i l i t y  f o r  s c i e n t i f i c  and 
technologica l  purposes.  Toward t h i s  end t h e r e  a r e  p r o j e c t s  Gemini aiid 
Apollo,  as b e l l  as s t u d i e s  and suppor t ing  development needed fo r  advanced 
manned f l i g h t  missions.  Gemini w i l l  f u r n i s h  informat ion  on t h e  ope ra t ion  of 
two men i n  space f o r  per iods  of up t o  two weeks; and w i l l  provide fo r  the 
development of space naviga t ion ,  guidance, rendezvous and docking techniques ,  
The objectiLPes of Apollo are developing hardware,  o p e r a t i o n a l ,  and suppor t  
systems t o  Flrovide a broad n a t i o n a l  c a p a b i l i t y  for  a program of space 
e x p l o r a t i o n ,  This  program has as a s p e c i f i c  g o a l ,  i n  t h i s  decade,  of ach iev ing  
manned f l i g h t  t o  the  moon, lunar  landing,  l imi ted  luna r  e x p l o r a t i o n  and the  
s a f e  re turn.  0 1  the  men t o  Earth.  The advanced f l i g h t  mission a c t i v i t y  pro-  
v ides  infor tnat ion and suppor t ing  developments p e r t i n e n t  t o  the  ex tens ion  of 
the  cur ren t  manned f l i g h t  programs. 

I n  FY 1.906 the  Gemini program w i l l  move i n t o  i t s  long d u r a t i o n  manned 
f l i g h t  phase cind the i n i t i a l  rendezvous f l i g h t  w i l l  be undertaken. This  
a c t i v i t y  wi.l.1 be of d i r e c t  s i g n i f i c a n c e  t o  Apollo. The Apollo program w i l l  
be involved i n  ex tens ive  ground test a c t i v i t y  i n  p r e p a r a t i o n  f o r  the f i r s t  
f l i g h t  test:r; of the  command and s e r v i c e  modules with the  Sa tu rn  I B  launch 



veh ic l e ,  which w i l l  take p l ace  i n  FY 1966, and i n  p repa ra t ions  f o r  later 
f l i g h t  tests of t he  Sa turn  V launch v e h i c l e .  
missions p a r t i c u l a r  a t t e n t i o n  w i l l  be given to  des ign  s t u d i e s  and advanced 
component dewelopment t o  extend the  usefu lness  of t he  Apollo s p a c e c r a f t .  

I n  the  area of advanced f l i g h t  

SPACE SCIENCZSXW APPLICATIONS 

A s i g n i f i c a n t  p a r t  of the  budget requested f o r  FY 1966 w i l l  suppor t  t he  
space sc ience  and a p p l i c a t i o n s  program. The ob jec t ives  of the  sc i ence  p a r t  
of t he  progrim are s c i e n t i f i c  s t u d i e s  of t he  Ea r th ,  space about t he  Ea r th ,  t he  
Moon, t he  pl.irnets and i n t e r p l a n e t a r y  space.  This  program encompasses the  
fol lowing typecr of f l i g h t  p r o j e c t s :  Geophysical satell i tes,  e a r t h  o r b i t i n g  
solar and asbl:ronomical obse rva to r i e s ,  s o f t  landing lunar  probes,  1una.r o rb i t - .  
ing satel l i t :c!s ,  probes t o  the  p l a n e t  Mars and probes i n t o  i n t e r p l a n e t a r y  
space.  The b i o s a t e l l i t e  program, d i r e c t e d  toward the  s tudy  of t he  e f f e c t s  of 
space environment on b i o l o g i c a l  systems,  w i l l  be continued. I n  the  area of 
a p p l i c a t i o n s  , p r o j e c t s  TIROS and Nimbus cont inue t o  r e f l e c t  NASA suppor t  f o r  
t he  on-going ope ra t iona l  weather sa te l l i te  development f o r  t he  Weather Bureau; 
i n  add i t ion , ,  the  program provides  f o r  t he  technology requi red  f o r  f u t u r e  
ope ra t iona l  systems. E f f o r t  w i l l  a l s o  cont inue i n  the  development of t he  
Appl ica t ions  Technology S a t e l l i t e ,  which w i l l  provide information recluired f o r  
the  des ign  and development of f u t u r e  communications, meteoro logica l  and 
s c i e n t i f i c  s;ritellite systems. 

ADVANCED RESI&XH AND TECHNOLOGY 

The adwinced r e sea rch  and technology e f f o r t  c o n s t i t u t e s  a cont inuing 
o v e r a l l  prog;iram t o  support  t he  cu r ren t  aeronaut ics  and space programs and t o  
a s su re  the  s i c i e n t i f i c  and engineer ing  bases  f o r  undertaking f u t u r e  programs. 
The major poi:t:Lon of t h i s  work, which looks beyond the  p re sen t  programs, is 
t o  develop IWW knowledge and technologi'cal advancements app l i cab le  t o  missions 
of t he  f u t u m .  This program inc ludes  e f f o r t  in the f i e l d s  of s p a c e c r a f t  and 
launch vehic  Le technology, human f a c t o r s ,  e l e c t r o n i c s ,  chemical and nuc lear  
propuls ion ,  r3ptrce power systems and ae ronau t i c s  inc luding  supersonic  t r a n s  - . 
p o r t  r e sea rch .  

TRACKING ANDAiTA ACQUISITION 

A worltl-wide network of t r ack ing  and d a t a  a c q u i s i t i o n  s t a t i o n s  is 
e s s e n t i a l  t o  support  t he  broad space f l i g h t  program of t h e  agency. The 
t r ack ing  and d a t a  a c q u i s i t i o n  e f f o r t  dur ing  FY 1966, 88 i n  p r i o r  y e a r s ,  w i l l  
be d i r e c t e d  to suppor t  t he  planned f l i g h t  programs and provide ,  where: nec- 
e s s a r y ,  incixaised t r ack ing  and d a t a  a c q u i s i t i o n  c a p a b i l i t y .  Particull.ar 
a t t e n t i o n  w i l l  be g iven  t o  the  suppor t  of t he  Apollo manned space f l i g h t  
program and to the  large observa tory  class of unmanned satell i tes i n  the  
space sc i ence  program. 

RIJ v i  



TECHNOLOGY Y E L I Z  AT1 ON 

The technology u t i l i z a t i o n  program provides  f o r  the i d e n t i f i c a t i o n ,  
e v a l u a t i o n  and d i s semina t ion  t o  t h e  i n d u s t r i a l  community, t e c h n i c a l  :finforma- 
t i o n  gained from the  va r ious  programs f o r  which t h e r e  are p o t e n t i a l  :I;ndustriinl 
and commercial a p p l i c a t i o n s .  Included i n  t h e  program are e f f o r t s  t o  develop 
b e t t e r  methods f o r  management of large-scale r e sea rch  and development p r o g r a m  
t o  improve our understanding of matters r e l a t e d  t o  the growth of scitrnce and 
technology programs, and t o  the t r a n s f e r  of t echno log ica l  advances and innovix- 
t i o n s  developed itn t h e  NASA program t o  i n d u s t r y  a t  l a r g e .  

F I NANC I N (2 

The FY 1966 budget to suppor t  the  r e sea rch  and development progi-am, d i s -  
cussed i n  d e r a i l  i n  t h i s  volume, i s  $4,575,900,000. This compares t o  a program 
t o t a l i n g  $4,268,632,000 f o r  FY 1965. 

The progriam amounts shown f o r  FY 1964 and FY 1965 i n  t h i s  budget r e f l e c t  
two s igni f icani :  adjustments i n  comparison t o  the  amounts appropr ia ted  f o r  
t hese  two f b c i i l  yea r s .  These are: 1 - C e r t a i n  suppor t  s e r v i c e s  (pi*incipal:!y 
housekeeping) are now included i n  the  budget f o r  the "Administrative 
Operations' '  .appropriation; and 2 - Of the  FY 1965 a p p r o p r i a t i o n ,  $72 494,000 
has been a p p l i e d  t o  t h e  FY 1964 Apollo program. 

Expendi~cures for t h e  c u r r e n t  f i s c a l  yea r  are es t imated  a t  $3,78::,000,000 
and $4,120,000,000 f o r  FY 1966. 

RD v i i  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN 
AS RECONCILED TO FINANCING SCHEDULE 

F i s c a l  Year F i s c a l  Year FiSCinl Year 
1966 - 19 64 1965 

Budget Ac t i v i Q  - .  : 

1. Manned Space F l i g h t :  
( a )  &mini.. . . . . . . . . . . $418,900,000 $308,400,000 $242,100,000 

( c )  Advanced mission 
(b) Ap c~llo....... ..... 2,272,952,000 2,606,778,000 2,997,385,000 

s t u d i e s .  . . . . . . . . 21,200,000 26,000,000 10,000,000 

2. S c i e n t i f i c  I n v e s t i g a t i o n s  
i n  Space: 
(a) Physics  and 

61 s t 1: onomy. . . . . . . 189 ,118,000 182,546,000 224,300,000 
(b) 1,unar and p lane tary  

explorat ion. . .  .. 267,445,000 281,803,000 294,515,000 
( c )  I l ioscience. .  . . . . . . 21,479,000 37,700,000 40,600,000 
(d)  launch v e h i c l e  

tleve lopment. . . . . 125,100,000 107,900,000 97,500,000 

3. Space Applicat ions. .  . . . . 100,45 1,000 73,165,000 94,600,000 

4. Space Technology.. . . . . . . 298,692,000 283,600,000 235,500,000 

5. A i r c r a f t  Technology.. . . . 2 1,795,000 35,240,000 42 ,, 200,000 

6, Suppoi:.ting A c t i v i t i e s :  
(a) Tracking and d a t a  

(b) :Sustaining 
a c q u i s i t i o n . .  . . . 194,347,000 274,750,000 246 :, 200,000 

imive r s i  t y  
program. . . . . . . . . 40,000,000 46,000,000 46,000,000 

(c )  Technology 
u t i l i z a t i o n . .  . . . 3,500,000 4,750,000 5 ;, 000,000 

' rota1 Budget Plan..  . . -&&&& 0 $4.268.632.000 $4.575..9 00 IO00 

SUM 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

_I SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN 
AS RECONCILED TO F I N A N C I N G  SCHEDULE 

F i s c a l  Year F i s c a l  Year F i s c s l  Year 
1964 1965 19 66 

Financing :: 

Appropriatj-on, .............. $3,926,000,000 $4,363 . 594,000 $4 . 575., 9 0 0 , o ~ ~  
Transferred to -  

Construc t ion  of 1 1  

f a c i  li t i e s "  ( 77 S t a t  . 
439)  ..................... 
Operati-on:~" (77  S t a t .  
4 3 9 ) .  ...... ,I ............ -15,685,000 -- 

- - -  -20,046,300 ..s- 

"Administ caitive 

.--- ---  

Ap p r  (3 p r  :i a 1: i on 
( ad jus t ed )  .......... 3,890,268,700 4,363,594,000 4 ,575, ,900,000 

Transferred t 42 "Cons t ruc t i  on 

P r i o r  year  Euiiding app l i ed  - 
a v a i l a b l e  from adjustments  
t o  E'Y 1963 budget plan. .  .. 2 , 785,300 

"Construction of 

- -e  --- of f a c i l f i t i e s "  i n  FY 1965 - 1,411,000 

- - -  - - -  
Transfers  .€ran p r i o r  years  

--- --- f a c i l i t i e s "  funds.. ..... 17,293,000 
Reprograming t o  p r i o r  year  

Comparative t r a n s f e r  t G  

72,494,000 -72,494,000 --- 
-6,451,000 -22,468,000 --- 

budget plan.  .............. 
" A d m i n i  s t r a  t i v e  Opera ti on s I' 

T o t a l  Einancing of 
budget plan ........... $3,9 74.979.000 . $4.268.632.000 $4.575,900,000 

SUM 2 
'61-133 0-65-2 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

IiESEAKCH AND DEVELOPMENT 

I3UDGET PLAN BY PKOGKAM BY COGNIZANT OFFICE 

BUDGET 
A C T I V I T Y  FY 1965 FY L966 FY 19 64- 

$3,249,,485 .OOO S2.941.178.000 MANNED-SPACE FLIGHT..... S2,713,052.000 

418 , 900 , 000 
2,272,952,000 

308,400,000 
2,606,778,000 

242,100,000 
2,997,385,000 

l a  Gemini ................ 
IC Advanced miss ion  
l b  Apollo ................ 

s t u d i e s . . . . .  ........ 21,200,000 26,000,000 10,000,000 

SPACE SCIENCE AND --- 
APPLICATIONS.... ...... $746,879,000 $731.486.000 $79 7,, 5 15.000 

2a 
2b 

6b 

2d 

* 
2c 
3 

3 

3 

Phys ics  and astronomy. 
Lunar and p l a n e t a r y  

exp lo ra t ion .  ........ 
Sus ta in ing  u n i v e r s i t y  

program. ............ 
Launch v e h i c l e  

detelopment ......... 
Launch v e h i c l e  

prc cur ement ......... 
Biosc ience . .  .......... 
Met eclrcl l og ica  1 

s a t  el  l i t e s . .  ........ 
Comrriuni c a t  ions  

s a t e l l i t e s . .  ........ 
Appl i C E  t i o n s  technology 

sa t . e l . l i t e s . .  ........ 

148,623,000 136,814,000 172,100,000 

205,762,000 206,150,000 215,615,000 

40,000,000 46,000,000 46,000,000 

111,900,000 96,500,000 63,600,000 

129,986,000 
21,479,000 

154,672,000 
28,700,000 

194,500,000 
31,500,000 

63,177,000 31,200,000 42,700,000 

8 , 413,000 8,055,000 2,800,000 

17,539,000 23,395,000 28,700,000 

ADVANCED KESEAKCH AND 
TECFNOLOGY ............ 
--IF 

$317,201,000 S316.468,OOO 

4 B a s i c  r e sea rch  ........ 
4 Spac:e v e h i c l e  systems. 
4 E1ec:t:roni.c systems.. .. 
4 Human f a c t o r  systems. . 
4 Nucl.ear:-electric 

s ys  t em8 ............. 
4 Nucl.t?ai: - rocke ts .  ...... 
4 Cheni:ical p ropu l s ion . ,  . 

22,653,000 
45,714,000 
28,700,000 
13,200,000 

21,231,000 
44,495,000 
25,422,000 
13,320,000 

22 , 000, OOCl 
35, , 000,000 

1r , 900,000 
34 ,400,000 

45,963,000 
79,176,000 
46,000,000 

42,492,000 
56,731,000 
63,792,000 

2; , 000,000 
58 , 000 , OOCl 
3(1 , 0 0 0 , 0 0 ~ ~  

SUM 3 



BUDGET 
A C T 1  V I T Y  F Y  1964 FY 1965 FY :..966 

ADVAN Cl3)iZEESEAKCH AN I) 
TECHIJOLOGU ( C o n t  ' d)  . . 

4 Sola:: and c h e m i c a l  
$14,000,000 $13,745,000 $14 ,200 ,000  

5 A e r o n a u t i c s  . . . . . . . . . , 21,795,000 35,240,000 42 ,200,000 
pow3s. . , , . . . . . . . . . . 

6a T I d C K I N C ; 4 N I >  DATA 
A c x u : I : s I ' r I o N .  . . . . . . . . . $194,347,000 $274.750,000 j246 ,200 ,000  

Gc TEClIhTOIXGY 1 J T I L I Z A T I O N .  $3,500,000 $4,750,000 g, 000.000 

TOTAL PLAN ............ $3,974,979,000 $4,268,632,000 $4.575,900,000 
J: Funds Eoi t h e  p i - o c u r e m e n t  O E  launch v e h i c l e s  a r e  s t a t i s t i c a l l y  d i s  x i b u t e d  

t o  u n n i a n n s d  f l i g h t  programs (e.g.  Phys ics  and A s t r o n o m y ,  Space Vehicle 
S y s t e m s ) .  

SUM 4 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(In thousands of dollars) 

J. F. KENNEDY MANNED MARSHALL WES ELECTRONICS F L I G H T  L 1% L E Y  L E W I S  SPACE NUCLEAR WESTERN GOOOAR0 P A C I F I C  LAUYCH 
PROGRAM OFFICE TOTAL SPACE CENIER, SFACECRAFT SPACE F L I G H T  SPACE N I G H T  OPERATIONS WALLOPS RESEARCH RESEARCH A ESE ARCH PROPCLSI O N  HEADQUARTERS OPERAT IONS RESEARCH RESEARCH 

NASA CEYTER CENTER CENTER O F F I C E  S T A T I O N  CENTER CENTER CENTER CtNIER CENTER OFF1 CE u F F l C E  

O f f i r e  nf Manned Snare Flipht 

lYW.................. 
1965.................. 
1966.................. 

Office of Space Science and 
&plications 

1964.................. 
1965.................. 
1966.................. 

Office of Advanced Research and 
Technology 

1964.................. 
1965.................. 
1966.................. 

Office of Trackinz and Data 
Acquisition 

1964.................. 
1965.................. 
1966.................. 

Office of Technology Util ization 
and Policy Planning 

1964.................. 
1965.................. 
1966.................. 

2 ,  
2 ,  
3 ,  

Total BudgLt Plan _. 
1964..............\... 
1965.................. 
1966.................. 

-.r iG6 I >  
44,881 - - - -  - ~ .  - -. , , -. 

1 , 3 3 O , U 3 0  l , L O O , q L 4  
-. - /13,052 
941,178 48,622 1,397,050 1,437,356 275 7 5  
249,485 69,345 1,465,040 1,656,600 500 200 

746,879 1,819 3,256 780 235,148 25,843 
731,486 4,808 7,254 675 183,408 90 1,390 35,085 
797,515 4,225 17,800 13,440 227,712 4,500 28,305 

317,201 
316,468 
277,700 

194,347 
274,750 
246,200 

3,702 31,821 8,252 
1,750 28,511 8,127 
3,235 18,035 9,300 

3,500 
4,750 
5,000 

2,900 132,817 

1,500 173,400 
2,000 195,201 

5,100 
5,450 
5,900 

" n.9 
L , " I ,  

2,900 
3.700 

44 35,168 
85 59,806 
100 51,860 

1,- J-t , 1 c  nnr 
> J , V 7 . L  

.? n 7 C  
L,,,, 

600 54,100 200 
300 53,550 250 

197,522 87,202 160,097 
197,323 108,994 132,568 
196,730 105,375 147,468 

14,404 - 8,447 38,741 99,759 60,355 25,026 26,694 
17,724 1,873 9,190 32,548 115,825 44,995 34,322 21,603 
16,945 5,200 16,530 42,776 61,595 48,900 33,638 21,546 

1.800 2,450 7,210 42,070 

2,000 2,500 7,900 53,000 
2,200 2,200 - 7,300 59,799 

3,500 
4,750 
5,000 

78,376 300,256 60,355 158,029 229,208 3,974,979 51,700 1,362,994 1,301,925 376,423 5,100 40,322 - 10,291 
210,066 214,170 

4,575,900 73,570 1,486,075 1,689,575 410,912 10,400 45,450 5,200 18,630 100,836 258,625 48,900 205,463 222,264 
4,268,632 53,430 1,406,054 1,468,542 387,011 90 6,840 52,884 1,873 11,475 97,454 313,748 44,995 

3 

d 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(rn thousands of d o l l a r s )  

N 

d 

J. F. KENNEDY MANNED MARSHALL  GOOOARD P A C I F I C  LAUNCH AMES ELECTRONICS F L I G H T  LAVGLEY LEWIS SPACE NUCLEAR WESTERN 
PROGRAM TOTAL SPACE CENTER, SFACECRAFT SFACE F L I G f I T  SPACE F L I G H T  OPERATIONS WALLOPS RESEARCIJ RES EAR CIJ RESEARCH RESEARCH RESEARCH PROPULS I ON HEADQUARTERS OPERATIONS 

NASA CENTER CENTER CENTER O F F I C E  STAT I O N  CENTER CENTER CENTER CENTER CENTER O F F I C E  OFFICEI' 

Gemini 

Apollo 

Advanced mission s t u d i e s  

OFFICE OF SPACE SCIENCE 
AND APPLICATIONS, TOTAL 

Phys ics  and astronomy 

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

Sus ta in ing  u n i v e r s i t y  
program 

Launch v e h i c l e  development 

Launch v e h i c l e  procurement 

Bioscience 

Meteorological  s a t e l l i t e s  

Comnunication s a t e l l i t e s  

Appl ica t ions  technology 
s a t e l l i t e s  

1964 418,900 418,900 
1965 308,400 308,050 
1966 242,100 241,700 - 
1964 2,272,952 49,481 933,486 1,257,179 206 

1966 2,997,385 68,945 1,221,940 1,651,300 500 
1965 2,606,778 48,172 1,080,800 1,429,406 275 

75 2,975 
75 1,200 600 

200 2,000 300 

1964 21,200 400 3,650 9,245 2,017 
1965 26,000 450 8,200 7,950 1,700 
1966 10,000 400 1,400 5,300 1,700 

350 
400 

29,293 257 

51,950 250 
46,050 200 

5,798 
7,700 
1,200 

90 

1964 746,879 1,819 3,256 780 235,148 25,843 44 87,202 160,097 35,168 197,522 
1965 731,486 4,808 7.254 675 183,408 90 1,390 35,085 85 59,806 197,323 - 108,994 132,568 
1966 797.515 4.225 17 , 800 13  , 440 227 , 712 - 4 , 500 28 . 305 - 100 51 , 860 196 . 730 - 105 375 147 , 468 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

19 64 
1965 
1966 

1964 
1965 
1966 

1964 
1Y65 
I"$ 

1964 
1965 
I966 

1964 
1965 
1966 

148,623 
136,814 
172,100 

205,762 
206,150 
215,615 

40,000 
46,000 
46,000 

111,900 
96.500 
63,600 

129,986 
154,672 
194,500 

21,479 
28,700 
31,500 

63,177 
31,200 
/.? 7nn ,-, . - -  

8,413 
8,055 
2,800 

17,539 
23,395 
28,700 

- 
983 

1,050 

836 
3,025 
3,175 

1,783 

- 
- 

- 

1,020 
2,300 
2,600 

1,867 
4,429 

14,000 

- 

234 
475 

1,000 

135 
50 

3nn 

- 

195 
20 
20 

505 
535 
300 

- 

13,000 

- 

80 
120 
1 3 0  

123,753 
107,473 
133,585 

1,084 
1,111 

900 

250 
925 
550 

23,326 
19,960 
23,025 

250 
250 
250 

62,346 
29,575 
29,731) 

7,661 
1,415 
1.500 

16,478 
22,699 
28,182 

- 

90 

1,390 
4,500 

- 

- 

605 
1,764 
2,255 

15,382 
16,054 
8,600 

9,856 
17,267 
17,450 

44 
85 

100 

2,333 
2,280 
1,730 

20,146 
43,050 
37,300 

115 
650 
300 

11,930 
13,106 
11,700 

444 
'. ?!? 
530 

200 
300 
300 

150 

109,497 
91,317 
47,600 

87,875 
106,006 
149,130 

20,047 
21,168 
26,660 

9,521 
10,667 

9,500 

39,940 
45,965 
45,965 

1,055 
1,825 
1,100 

6,019 
12,485 

7,470 

9,896 
9,209 

11,550 

172 
1 I 035 
2,130 

552 
6,340 
1,000 

300 

476 
334 
650 

157,257 
130,304 
145,015 

60 
35 
35 

1,243 
1,499 
1.250 

I ,  061 
396 
518 

m 

rl 
I 3 

(0 L- 

m 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN By INSTALLATION AND FISCAL YEAR 

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

W 

d 
v1 

6 
3 3 

0 
Fr, - 
m m 3 

3 

(9 t- 

J. F. KENNEDY MANNED MARSHALL GOOOARO P A C I F I C  LAUNCH AHES ELECTRONICS F L I G H T  LANGLEY L E W I S  SPACE NUCLEAR WESTERN 
PROPULSION HEADQUARTERS OPERAT I O N S  RESEARCH RESEARCH PROGRAM TOTAL SFACE CENTER, SPACECRAFT SPACE F L I G H T  SPACE F L I G H T  OPERATIONS WALLOPS RESEARCH RESEARCH RESEARCP 

NASA CENTER CENTER CENTER O F F I C E  S T A T I O N  CENTER CENTER CENTER CENTER CENTER O F F I C E  O F F I C E  2' 

OFFICE OF ADVANCED RESEARCH 
AND TECHNOLOGY. TOTAL 

l a s i c  Eeaearcii  

Space v e h i c l e  systems 

E l e c t r o n i c  systems 

Human f a c t o r  systems 

N u c l e a r - e l e c t r i c  systems 

Nuclear r o c k e t s  

Chemical propuls ion 

Solar  and chemical power 

Aeronaut ics  

OFFICE OF TRACKING AND 
DATA ACQUISITION 

Tracking and d a t a  a c q u i s i t i o n  

Technology u t i l i z a t i o n  

TOTAL BUDGET PLAN 

1964 317,201 3,702 31,821 8,252 14,404 8,447 38,741 99,759 60,355 25,026 26,694 
44.995 34.322 21.603 
LR qnn 17 k18 11,5"'- 

9,190 32,548 115.825 
42,776 bl .>Y>  

1965 316,468 1,750 28,511 8,127 17.724 1*873 ., r^^ 
LO -J>U 

c *nn 1966 277,700 3,235 18.035 9.300 - - lC,0':5 _I , L Y V  

1 Y  64 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 

22,653 
21,231 
22,000 

44,495 
45,714 

35,000 

28,700 
25,422 
34,400 

13,200 
13,320 
14,900 

45,963 
42,492 
27,000 

79,176 
56,731 
58,000 

46,000 
63,792 
30,000 

14,000 
13,745 
14,200 

21,795 
35,240 
42,200 

194.347 

629 
730 
855 

1,079 
475 
880 

1,900 
44 5 
900 

94 
100 
100 

500 

986 
916 
920 

13,569 
16,744 
4,490 

4,644 
3,469 
4,525 

235 
220 
300 

263 
290 
400 

7,153 

1,300 

3,542 
3,592 
5,100 

1,429 

1,280 

2 , 000 
1,000 

2,900 
2,000 

235 
257 
260 

878 
956 
930 

3,274 
2,797 
3,035 

1,320 
1,142 
1,200 

375 
550 
800 

2,170 
2,425 
3,075 

132,817 - 5,100 
195,201 - 5.450 

1,692 
1,881 
1,900 

1,942 
2,922 
2,655 

2,399 
3,650 
3,390 

3,820 
4,113 
4,680 

105 
191 
170 

4,446 
4,967 
4,150 

200 

1,873 
5,000 

- 

30 
30 

1,403 

1,180 

1,072 
1,103 
1,400 

1,342 

1,500 

2,020 

2,000 

4,630 
4,037 

12,420 

1,800 
2.200 

1,466 
1,861 
1,920 

15,257 
9,659 

13,461 

8,848 
6,390 
9,120 

1,835 
3,204 
4,450 

400 

1,144 
1,480 
1,980 

710 
690 
740 

9,481 
8,864 

11,105 

2,450 
2.200 

3,464 
2,234 
2,750 

3,186 
2,326 
1,770 

463 
445 
580 

137 
230 
200 

41,719 
37,038 
22,700 

11,330 
10,450 

7,800 

31,205 
45,227 

8,095 

6,403 
4,309 
5,000 

1,852 
13,566 
12,700 

60,355 

48,900 
44,995 

7,831 
8,260 
8,220 

3,282 
5,700 
6,519 

4.087 
2,493 
3,270 

3,931 
3,108 
2,870 

685 
1,186 
1,000 

3,194 
8,760 
8,825 

630 
1,009 
1,109 

1,386 
3,806 
1,825 

7,210 
7.900 

6,979 
5,792 
5,800 

5,568 
3.438 
3,140 

2,834 

3.200 
2,727 

1,882 
2,336 
1,600 

338 
6 

6,540 
4,183 
4,700 

2,553 
3,121 
3.106 

42.070 
59.799 274; 750 

1966 246,200 -~ - 1.500 177.400 - G ann ;.,;; L.500 77900 53,000 

1964 194,347 
1965 274,750 
1966 246,200 

2,900 132,817 - 5,100 1,800 2,450 7,210 42,070 

57 nnn 
2,000 195,201 - 5,450 2,200 2,200 7,900 59,799 
1,500 173,400 - 5,900 2,000 2.500 7 pnn __.--_ 

- > , Jirir 3,500 
1965 4,750 4,750 

- - , *  
LjrUlt 

1966 5,000 - 5,000 

l P h l  3,500 
1965 4,750 
1966 5,000 

3,500 
4,750 
5,000 

1964 3,974,979 51,700 1,362,994 1.301,925 376.423 - 5,100 40,322 10,291 i8,376 300,256 60,355 158,029 229,208 
1965 4,268,632 53,430 1,406,054 1,468,542 387,011 90 6,840 52.884 1.873 11.475 97.454 313,748 44,995 210,066 214,170 

222,264 1966 4.575.900 73,570 1,486,075 1,689,575 410,912 - 10.400 45,450 5.200 18.630 100.836 258,625 48.900 205,463 

- l/Amount f o r  Western Operat ions Off ice  i n c l u d e s  funds f o r  t h e  Jet Propuls ion Laboratory e s  s h w n  i n  t h e  Research and Development program j u s t i f i c a t i o n  (Vol. 11) 
SUM 7 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF WJINEI) SPACE FLIGHT GEMINI  PROGRAM 

PROGRAM OB JEC'YJE S AND JUSTIFICATION : 

The G e m i n i  program o b j e c t i v e s  are t o  develop an ope ra t iona l  capalbi l i ty  
i n  Manned Spiace F l i g h t  and through t h i s  c a p a b i l i t y  t o  conduct specif ic :  ex-  
periments and t , e s t s  which support  Apollo,  Department of Defense programs and 
s c i e n t i f i c  i n v e s t i g a t i o n s .  I n  the  Gemini program, the U.S. is developing the  
c a p a b i l i t y  f o r  f l i g h t s  up t o  14 days '  d u r a t i o n ,  rendezvous and dockin);, pos t  
docking mane'Jvers, ex t r a -veh icu la r  a c t i v i t y ,  and con t ro l l ed  r e -en t ry .  

The Gemini s p a c e c r a f t  systems are more s o p h i s t i c a t e d  and v e r s a t i  Le than  
those i n  the Mercury conf igu ra t ion ,  t o  accomplish p rogres s ive ly  more 'complex 
niission o 'b jec t ives .  Severa l  subsystems f o r  use i n  manned space f l i g h t  are 
introduced f o r  the f i r s t  time i n  Gemini: e j e c t i o n  seats; f u e l  c e l l s ;  on 
board propuls ion;  rendezvous r ada r ;  and i n e r t i a l  guidance system. Thl? 
i n e r t i a l  guidance sys  tem used f o r  rendezvous a l s o  provides  an  a l t e r n a t e  
c a p a b i l i t y  i n  the  event  of f a i l u r e  i n  the  launch veh ic l e  primary guid,snce 
system. 

To the degree t h a t  space ,  weight ,  and ope ra t iona l  l i m i t a t i o n s  p e r m i t ,  
i n - f l i g h t  exFeriments w i l l  be conducted as p a r t  of a planned program t o  
u t i l i z e  the f u l l  c a p a b i l i t i e s  of Gemini f l i g h t s .  

FY 1966 i s  a year  of i n t e n s i v e  d e l i v e r y  and ope ra t iona l  a c t i v i t y .  
Manned Gemini miss ions  are planned dur ing  eaqh q u a r t e r  of t h i s  per iod.  
Operations suppor t  of t hese  manned missions inc ludes  a s t r o n a u t  t r a i n i n g ;  
pre-launch spac:ecraft  t e s t i n g  and checkout a t  Cape Kennedy; and launch, 
f l i g h t ,  and recovery a c t i v i t i e s .  

Scheduled f l i g h t s  w i l l  be  used t o  eva lua te  systems and a s t ronau t  pe r -  
formance ancl w i l l  provide ope ra t iona l  experience on var ious  rendezvouis modes. 
A rendezvous mission begins  wi th  the  launch of a modified Agena D ,  which i s  
used as the t a r g e t  veh ic l e .  This t a r g e t  veh ic l e  i s  placed i n  o r b i t  hy a 
s tandard  A t 1 . a ~ .  The s p a c e c r a f t  i s  then  launched by a Gemini Launch Vehicle 
(GLV), a modified T i t a n  11. Using r a d a r  f o r  guidance,  the  a s t ronau t s  b r ing  
the  Gemini s p a c e c r a f t  w i th in  v i s u a l  range of the  Agena t a r g e t .  E lec t ron ic  
and v i s u a l  aid:; are then  used t o  mate the  Gemini s p a c e c r a f t  and the ligena 
t a r g e t  vehic  Le t o  complete the docking maneuver. 

A l a rge  nimmber of experiments have been approved f o r  i n c l u s i o n  j.n 
Gemini iiiissfi Data gained from these  experiments w i l l  s i g n i f i c a n t l y  
expand cu r ren t  knowledge of space,  and permit a more r e a l i s t i c  assess- 
ment of man'; # a b i l i t y  t o  perform i n  the space environment,  Through IPY 1963, 
a t o t a l  of !$343.9 m i l l i o n  had been obl iga ted  f o r  t h i s  program. 

RD 1 - 1  
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SUPDlARY OF 1USOlJRCES REOUIREMENTS : 

1964 1965 

S p a ce c r  a f t .................. 
Launch v e h i c l e s .  122,700,000 115 , 400 , 000 
Support . . . . . . . . . . . . . . . . . . . .  15,680,000 27,700,000 

$280,520,000 $165,300,000 
........... 

T o t a l . .  . . . . . . . . . . . . . . . . . .  $418,900,000 $308,400,000 

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

Planned Spacecraf t  
Center ,  ................ $418,900,000 $308,050,000 

....... 350,000 NASA E[eacquart.ers. --- 
BAS I S  OF FUM) FXQUIREFENTS : --- 

Spacecraf t  

1964 1965 - 
Spacec ra f t . .  ............... $280,520,000 $165,300,000 

$ 1 2 2 ,  ; 00,000 

- 30 ,  ?OO , 000 
8 8 ,  COO ,000 

$242 ,.1,00 , 000 

$241,700,000 
400,000 

1966 

$122,700,000 

Spacecraf't  components and subsystems a r e  subjec ted  t o  exhaus t ive  tes t s  
t o  c e r t i f y  t h a t  des ign  requirements w i l l  be m e t  under a l l  a n t i c i p a t e d  
cond i t ions .  ].terns procured from vendors must pass a pre-de l ivery  acceptance 
t e s t  before  shipment t o  llcDonne11. There, every component undergoes a s e p a r a t e  
p r e - i n s t a l l a t i o n  t e s t  before  f i n a l  i nco rpora t ion  i n t o  a s p a c e c r a f t  system. 
This t e s t  and in spec t ion  program w i l l  provide g r e a t e r  assurance O C  as t ronau t  
s a f e t y  and m i s s i o n  success .  

Af t e r  assembly, each s p a c e c r a f t  i s  checked f o r  approximately 56 working 
days a t  McDonrle11 t o  v e r i f y  t h a t  t he  components and subsystems perfornl 
according t o  s p e c i f i c a t i o n s  under s imulated f l i g h t  condi t ions .  F i n a l  check- 
out r equ i r e s  EpFroximately 40 working days and i s  conducted a t  the Kennedy 
Space Center where the  s p a c e c r a f t  and launch veh ic l e  a r e  niated. 

Approxin:a t e l y  99 percent  of the s p a c e c r a f t  development and manufacturing 
e f f o r t  i s  beir.g performed by indus t ry .  
cont rac ted  over 50 percent  of i t s  e f f o r t  t o  major subsystem s u p p l i e r s  
located throughcut the country.  I n  a d d i t i o n ,  hundreds of o the r  subcon t rac to r s ,  
vendors,  and s u p p l i e r s  a r e  providing var ious  components, 

The McDonne11 Corporat ion h a s  sub- 
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Launch Vehicles 

1964 1965 1966 

Launch veh ic l e s  ............ $122,700,000 $115,400,000 $88,600,000 

Three s e p a r a t e  veh ic l e s  are requi red  f o r  t he  Gemini program: the  Gemini 
Launch Vehicle (GLV) , the  A t l a s  , and the  Agena. The GLV i s  an A i r  Force 
T i t a n  I1 i n t e r c o n t i n e n t a l  b a l l i s t i c  missi le  which has  been modified f o r  
manned f l i g h t ,  The modi f ica t ions  inc lude  inco rpora t ion  of redundant e l e c t r i c a l  
power Supply ancl f l i g h t  c o n t r o l  systems,  a malfunct ion d e t e c t i o n  system t o  
warn the  a s t ronau t s  of a f a i l u r e  r equ i r ing  a b o r t ,  replacement of the  T i t a n  I1 
i n e r t i a l  guidmc:e wi th  the r a d i o  guidance system used s u c c e s s f u l l y  i n  Mercury, 
and removal of’ i t e m s  needed only f o r  the  boos te r  as an  ICBM. The A i r  Force 
Space Systems Di.vision, a c t i n g  i n  a capac i ty  s i m i l a r  t o  a NASA pr ime  con- 
t r a c t o r ,  i s  sc:heduled t o  d e l i v e r  fou r  GLV during FY 1966. 

The GLV i.s subjec ted  t o  a t es t  program comparable t o  t h a t  f o r  t he  space-  
c r a f t .  I n  adclit.ion t o  the development and q u a l i f i c a t i o n  tes ts  prescr ibed  f o r  
components ancl subsystems p e c u l i a r  t o  Gemini, the  engines  are f u l l y  t e s t e d  
p r i o r  t o  i n s t a l l a t i o n  i n  the  veh ic l e .  Mart in-Mariet ta ,  c o n t r a c t o r  f o r  the 
v e h i c l e ,  conducts a 26-day a l l - sys tems f u n c t i o n a l  test  i n  i t s  V e r t i c a l  T e s t  
F a c i l i t y  a t  Eal t imore before  shipment t o  Cape Kennedy. A t  the  launch pad, 
the  GLV again undergoes a comprehensive 51-day checkout t o  v e r i f y  compat- 
i b i l i t y  and f l i g h t  r ead iness .  This  inc ludes  26 days of checkout fol lowing 
mating wi th  the  s p a c e c r a f t .  

The A i r  E’orce i s  procuring Gemini Launch Vehicle,s under fou r  major 
cont rac ts ,  i n  ctdd.ition to Mart in-Mariet ta :  Aero je t  s u p p l i e s  the  engines;  
General E lec t r i c :  produces the  guidance system; Burroughs f a b r i c a t e s  t he  
computer; and Aerospace Corporat ion is  r e spons ib l e  f o r  systems engineer ing .  

The Gemini Atlas is  an A i r  Force Standard Atlas Launch Vehicle.  Three 
Atlas vehic les  w i l l  be de l ive red  i n  FY 1966. 

The Gemini t a r g e t  veh ic l e  i s  an  Agena modified t o  provide (1) a d d i t i o n a l  
maneuverabi l i ty  i n  o r b i t ,  (2) command communications compatible wi th  t h e  
s p a c e c r a f t  anc  ground s t a t i o n  network, and (3) a docking mechanism. The  
modi f ica t ions  inc lude  changes t o  the  e lec t r ica l  power supply ,  t e l e m e t r y ,  
s p a c e c r a f t  ccanna.nd subsystems, and propuls ion  system. To accomplish r indez -  
vous maneuvers, the  main engine w a s  modified t o  provide a f ive- t ime r e s t a r t  
c a p a b i l i t y  while i n  o r b i t .  A secondary propuls ion  system has been added t o  
enable  smaller  v e l o c i t y  changes and p r o p e l l a n t  o r i e n t a t i o n  f o r  main engine 
s ta r t .  

The e x t e n t  of the  modi f ica t ions  t o  develop a more s o p h i s t i c a t e d  vlehicle 
f o r  Gemini ha.s requi red  a seve re  t e s t i n g  program. The s t r u c t u r a l ,  
q u a l i f i c a t i o n . ,  sys t ems  development, and propuls ion  systems t e s t i n g  w i l l  be 
e s s e n t i a l l y  completed i n  FY 1965. 
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The A i r  F'orce i s  a l s o  c o n t r a c t i n g  f o r  the AtlaslAgena. P r i n c i p a l  f i rms 
involved a r e  C;ec.eral Dynamics/Astronautics Div is ion  f o r  the A t J . a s ,  and 
Lockheed Miss i l e s  and Space Company f o r  the Agena. 

The FY 15166 veh ic l e  funding requirements provide incremental  funding t o  
the A i r  Force f o r  d e l i v e r y  and p a r t i a l  ope ra t iona l  suppor t  of veh ic l e s  t o  be 
launched i n  FY 1966 and FY 1967. 

1956 --- 1964 1965 

Support .  .............. $15,680,000 $27,700,000 :;30,830,000 

The manned missions planned i n  FY 1966 p lace  heavy emphasis on C r e w  
Operat ions,  E'1.ight Operat ions,  and Spacecraf t  and Launch Vehicle Support, 
thereby chara.c:tarizing t h e  n a t u r e  of the  Gemini program during the  per iod.  

Crew Operations funds provide f o r  t h ree  types of e f f o r t :  (1) a s t r o n a u t  
t r a i n i n g ,  (2) mission s imula to r s  , and ( 3 )  s p e c i a l i z e d  i n - f l i g h t  device';.  

Astronaut T r a i n i n q  - Gemini a s t r o n a u t  t r a i n i n g  inc ludes  academic 
i n s t r u c t i o n ;  xa te r ,  j u n g l e ,  and d e s e r t  s u r v i v a l ;  zero-gravi ty  i n d o c t r i i a t i o n ;  
and f l i g h t  i n  high-performance j e t  a i r c r a f t .  

Mission Simulators  - Each i n d i v i d u a l  a s t ronau t  r ece ives  a t  l e a s t  125 -- 
hours of s imula tor  t r a i n i n g .  The s imula to r s  are modified from time t o  time - 
t o  update the  conf igu ra t ion  and procedures f o r  p rogres s ive ly  more s o p h i s t i -  
cated missions.  

Spec ia l i zed  i n - f l i g h t  devices  , such as camera mounts , sextant:s , t imers  , 
t o o l s ,  and e x e r c i s i n g  equipment, w i l l  be developed and procured. These i tems 
are requi red  f o r  performing experiments and ca r ry ing  out  f l i g h t  p l ans .  

F l i g h t  Opera t ions  dur ing  FY 1966 w i l l  cont inue t o  stress planning,  s u p x r t ,  
and a c t u a l  f l i g h t  tes t  from l i f t  -off  t o  recovery.  I n  long-durat ion m i : ; s  ions , 
c a p a b i l i t y  t o  sus t<a in  manned f l i g h t  f o r  a per iod equal  t o  o r  longer  t h , m  w i l l  
be requi red  i n  lunar  missions w i l l  be demonstrated.  

Another ob jec t ive  i n  FY 1966 i s  mastery of the  ope ra t iona l  aspect : ;  of 
space rendezvous and docking maneuvers. The f i r s t  two f l i g h t s  schedu1t.d f o r  
FY 1966 a r e  long-durat ion missions.  During the l a t t e r  f l i g h t  the a s t r o n a u t s  
w i l l  p r a c t i c e  rendezvous us ing  a pod equipped wi th  r ada r  transponder and 
l i g h t s ,  e j e c t e d  from the  s p a c e c r a f t  t o  s imula te  t h e  Agena. 

Later i n  the  y e a r ,  missions w i l l  involve a c t u a l  rendezvous and doc:king 
of the s p a c e c r a f t  with an o r b i t i n g  Agena t a r g e t  veh ic l e  , using a l t e r n a  l ive 
guidance technique:; t o  determine the  optimum mode of rendezvous. 
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F l i g h t  0pei:at.ions a c t i v i t i e s  embrace th ree  main areas: (1) mission 
planning,  (2) f l i g h t  c o n t r o l ,  and (3) recovery.  

Mission p l ann ing  e n t a i l s  o rganiz ing  and coord ina t ing  the group a c t i v i t i e s  
necessary  t o  conduct manned missions s u c c e s s f u l l y  - network t r ack ing  and d a t a  
handl ing ,  t ra ; lectory des ign  and a n a l y s i s ,  and real-time computer program 
des ign  and imp lemen ta t i on. 

F l i p h t  c:ont:rol t o  support  t he  FY 1966 missions i s  e s s e n t i a l l y  the  manage- 
ment of heterc)geneous groups r e spons ib l e  f o r  veh ic l e  and l i f e  systems, veh ic l e  
dynamics, crew s a f e t y ,  network opera t ions  requi red  t o  suppor t  manned space 
f l i g h t ,  and mi.ssion con t ro l .  

Recovery- a c : t i v i t i e s  f o r  t he  manned missions are concerned wi th  re -en t ry  
and recovery of a s t r o n a u t s  and s p a c e c r a f t .  Primary and secondary recovery 
areas are assigned f o r  each mission; however, unforeseen circumstances may 
r e q u i r e  a reccwery anywhere along the  f l i g h t  path.  Therefore ,  s h i p s ,  a i r c r a f t ,  
and para-rescue teams are requi red  f o r  contingency recovery areas. 

Recovery suppor t  i s  provided most e f f e c t i v e l y  and economically by agencies  
of the  Department of Defense (DOD), us ing  a world-wide communications network. 
To conduct these  ope ra t ions ,  DOD provides  sh ips ,  a i r c r a f t ,  and men t o  sup- 
po r t  each recovery. Typical  support  f o r c e s  are t h e  same f o r  both rendlezvous 
and long-durat ion f l i g h t s ;  however, c o s t s  are h ighe r  f o r  long-dura t ion  f l i g h t s ! ,  
s i n c e  t h e  recovery fo rces  are on s t a t i o n  f o r  longer  per iods .  

Requirements f o r  t h i s  DOD suppor t ,  t h e  l a r g e s t  element i n  the  F l i g h t  
Operations budget ,  depend d i r e c t l y  on the number of f l i g h t s  scheduled €or  a 
g iven  year .  Ship and a i r c r a f t  c o s t s  are ca l cu la t ed  on the average deployment 
t imes and o the r  f a c t o r s  a s soc ia t ed  wi th  each type of mission.  The FY 1966 
funding requirement a l s o  takes  i n t o  account the  e f f e c t  of minimal de lays  i n  
launch ope ra t ions ,  re -cyc le  times, and t o t a l  re-deployment of a l l  r eco ie ry  
suppor t  fo rces .  

Spacecraf t  anciAaunch Vehicle Support  funds provide procurement and qwxl i f i -  
c a t i o n  tes t in,g of components and subsystems. Included is  the procurement of 
l i f e  suppor t  systems and r e l a t e d  ex t r a -veh icu la r  equipment. During FY 1966, 
t he  fol lowing t y p e s  of items w i l l  be purchased: 
sys  t e m s  , bio ins t rumenta t ion ,  p re s su re  s u i t s ,  personal  hygiene equipment, and 
ex t r a -veh icu la r  equipment. 

food and waste management 

Astronauts  . w i t 1  perform i n - f l i g h t  experiments on a l l  FY 1966 G e m i i i i  
miss ions.  These experiments have been eva lua ted  t o  d e f i n e  expected t e c h n i c a l  
con t r ibu t ion ,  f e a s i b i l i t y  (from the  s t andpo in t  of i n s t a l l a t  ion i n  a p a r t i c u l a r  
spacec ra f t ; ) ,  and c o s t  i n  terms of d o l l a r s  and weight.  The o b j e c t i v e s  of t hese  
experiments a:rca : 

Medical ercperiments w i l l  y i e l d  d a t a  on psychologica l  and phys io log ica l  
r e a c t i o n s  t o  stress, and on man's performance c a p a b i l i t i e s  dur ing  space f l i g h t , ,  
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Engineering experiments performed dur ing  FY 1966 w i l l  measure thc! space 
r a d i a t i o n  environment j u s t  o u t s i d e  t h e  o r b i t i n g  s p a c e c r a f t ,  and 1neasu:l-e the 
d i r e c t i o n  and a n p l i t u d e  of t he  E a r t h ' s  magnetic f i e l d  r e l a t i v e  t o  the  space-  
c r a f t  . 

S c i e n t i f i c  experinients w i l l  provide d a t a  i n  a number of f i e l d s ,  :i.ncluding 
e f f e c t s  of weight lessness  on c e l l  t i s s u e ,  and the  n a t u r e  O E  interp1anc:tary 
d u s t .  

I n  a d d i t i o n  t o  t h e  experiinents ou t l ined  above, NASA is  conductini; tech-  
no logica l  ex?erixiients f o r  t he  DOD which w i l l  e v a l u a t e  t h e  a s t r o n a u t s  ' a b i l i t y  
t o  observe o b j e c t s  on Earth and i n  o u t e r  space ,  and t o  naviga te  t h e i r  space-  
c r a f t  dur ing  per iods i n  which t h e r e  i s  l i t t l e  ground c o n t r o l .  

761-133 0-65-3  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF mANNEJ SPACE FLIGHT APOLLO PRP;RAM 

PROGRAM OBJECZEES AND JUSTIFICATION : 

The u l t i m a t e  goa l  of t h e  Manned Space F l i g h t  program i s  t o  providle a 
broad n a t i o n a l  c a p a b i l i t y  f o r  manned space e x p l o r a t i o n ,  which w i l l  achieve 
and maintain a p o s i t i o n  of l e a d e r s h i p  f o r  t h e  United S t a t e s .  A s p e c i f i c  
o b j e c t i v e  i n  x q u i r i n g  t h i s  c a p a b i l i t y  i s  t o  land man on t h e  Moon and r e t u r n  
him s a f e l y  t o  Ea.rth wi th in  t h i s  decade. The Apollo Program w i l l  meet t he  
s p e c i f i c  o b j e c t i v e  as w e l l  as provide a broad base  of o p e r a t i o n a l  c a p a b i l i t y  
i n  manned space f l i g h t  and t h e  a s soc ia t ed  technology; a va luab le  complex of 
development, manufacturing, t e s t ,  and o p e r a t i o n a l  f a c i l i t i e s ;  and an expe r i -  
enced Government and i n d u s t r i a l  team. 

To accompli.sh the  o b j e c t i v e  of landing a s t r o n a u t s  and t h e i r  s c i e n t i f i c  
equipment on the  Moon and r e t u r n i n g  them s a f e l y  t o  E a r t h ,  two launch v e h i c l e s  
must be developed and q u a l i f i e d  f o r  manned f l i g h t .  I n  a d d i t i o n ,  t he  Apollo 
Program r e q u i r e s  t h e  development of a h igh ly  r e l i a b l e  s p a c e c r a f t ,  capable  
of suppor t ing  t h r e e  men i n  space f o r  per iods  up t o  t w o  weeks, docking i n  
space,  l anding  on t h e  luna r  su r face  and s a f e l y  r e - e n t e r i n g  the  E a r t h ' s  
atmosphere. 

The Apo1.l.o Program i s  d iv ided  i n t o  unmanned f l i g h t s ,  manned ea r tk  
o r b i t a l  fl.ighi:s., and manned luna r  f l i g h t s .  Unmanned Apollo Sa turn  I B  test  
f l i g h t s  w i l l  v e r i f y  t h e  performance of  t he  launch v e h i c l e ;  t he  s t r u c t u r a l  
i n t e g r i t y  and compa t ib i l i t y  of the  s p a c e c r a f t  and adap te r  i n  r e l a t i o n  t o  t h e  
launch vehic1.e; t he  s a t i s f a c t o r y  f i r i n g  and r e s t a r t i n g  of  t h e  s p a c e c r a f t  
engines  and t h e  s a f e  recovery of  the  s p a c e c r a f t  command module; and the cap- 
a b i l i t y  of t h e  guidance and nav iga t ion  system t o  perform re -en t ry  a t  ciarth 
o r b i t a l  speed:;. 

Manned e a r t h  o r b i t a l  f l i g h t s  on t h e  Sa turn  I B  w i l l  inc lude  t e s t  clf 
t he  command mid s e r v i c e  modules and t h e  l u n a r  excurs ion  module. The command 
module w i l l  be manned i n  t h e  long d u r a t i o n  missions l a s t i n g  up t o  14 days. 
Both crew anti equipment w i l l  be  exposed t o  the  r i g o r s  of space environment. 
An unmanned :Liinar excurs ion  module w i l l  be  remotely c o n t r o l l e d  and eva lua ted  
f o r  t h e  purpose of checking o p e r a t i o n  of  t h e  Lunar Excursion Module (],EM) 
system and performance of t h e  descent  and a scen t  engines  a f t e r  space vacuum 
and temperature exposure.  Rendezvous and docking of t h e  command and s e r v i c e  
module spacec ra f t  wi th  t h e  unmanned LEM w i l l  be accomplished. I n  subsequent 
manned e a r t h  Drb i t a l  t e s t i n g ,  rendezvous and docking ope ra t ions  w i l l  he 
p e r f e c t e d .  T h e  guidance system and rendezvous t r a j e c t o r i e s  w i l l  be checked; 
docking maneuvers w i l l  be demonstrated; and the  necessary  ground network 
support  s y s t e n  . w i l l  be v e r i f i e d .  



The Sa turn  V w i l l  be used i n i t i a l l y  i n  unmanned o r b i t a l  q u a l i f i c a t i o n  
f l i g h t s .  Unmanned r e - e n t r y  a t  36,000 f e e t  pe r  second w i l l  be demonstrated 
t o  v e r i f y  the  command module h e a t  s h i e l d .  

Manned e z r t h  o r b i t a l  f l i g h t s ,  on t h e  Sa turn  V, w i l l  be conducted with 
a f u l l y  loadec luna r  space veh ic l e  i n  s imula t ion  of t h e  luna r  mission.  
A l l  phases of crew ope ra t ions  and equipment performance w i l l  be va l ida t ed .  
Subsequently,  manned luna r  f l i g h t s  and t h e  f i r s t  manned luna r  landing w i l l  
be conducted. 

SUMMARY OF RESOURCES REQUIREMENTS : 

19 64 1965 

Spacecraf t  ............. $876,575,000 $992,450,000 
Sa turn  I . . . . . . . . . . . . . . .  187,077,000 55,450,000 
Sa turn  IB .............. 146,817,000 261,150,000 
Sa turn  V ’ . . . . . . . . . . . . . . .  763,382,000 965,006,000 
Engine d.eve1.opment. . . . . 166,000,000 153,400,000 
Apollo miss ion  suppor t .  133,101,000 179,322,000 

Tota l .  . . . . . . . . . . . . . . .  $2,272,952,00@’ .$2,606,778,000 

1966 

$1,118,840,000 
4,400,000 

274,700,000 
1 ,23  5 , 500,000 

140,700,000 
222,245,000 

$2,997,385,000 

- a/ 1ncl.uder; $72,494,000 of  t h e  FY 1965 appropr i a t ion  r e l a t e d  t o  the 
FY 1 9 64 supp 1 emen t a 1. 

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

John E’. Jknnedy Space 
Center :, NASA. . . . . . . 

Manned Spacecraf t  
Center  a , . , . . . . . . . . . 

Marshall  Ispiace F l i g h t  
Center. .  . . . . . . . . . . . . 

Goddard !;.?ace F l i g h t  
C e n t e r , . .  .......... 

A m e s  Research Center .  
Lang IC! y 111: search  

Center .  ............ 
L e w i s  Re:xarch Center  
NASA Headquarters .  . . . 
Western 0 pe  ra t  i ons  

O f f i c e .  ............ 

$49,481,000 

933,486,000 

1,257,179,000 

206,000 
75,000 

--- 
2,975,000 

29,293,000 

257,000 

$48,172,000 

1,080,800,000 

1,429,406,000 

275,000 
75,000 

1,200,000 
600 , 000 

46,050,000 

200,000 

$68,945,000 

L,221,9L0,000 

1,651,3(10,000 

500 , 000 
2(10,000 

2,000,000 
300,000 

51,9!iO ,000 

21io ,000 
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BASIS OF FUN1LS;QUIREMENTS : 

Spacecraf t  

1964 1965 15/66 

Command and s e r v i c e  modules.. $545,874,000 $525,000,000 $550,000,000 
Lunar excurs ion  module ....... 135,000,000 226,000,000 2 70 ,000,000 

I n t e g r a t i o n ,  r e l i a b i l i t y ,  
Guidance and naviga t ion  ...... 91,499,000 80,000,000 108, 700,000 

Spacecraf t  support  ........... 43,503,000 117,050,000 120,840,000 
and checkout. .............. 60,699,000 44,400,000 69,300,000 

To ta l  ...................... $876,575,000 $992,450,000 $1,118,B40,000 

Through FE’ 1963 a t o t a l  o f  $438.4 m i l l i o n  had been ob l iga t ed .  

Command and Serv ice  Modules 

I n  Decernbar 1961, t he  Space and Information Systems Divis ion  of t he  
North Americim Aviat ion Corporat ion (NU) w a s  s e l e c t e d  as prime c o n t r a c t o r  
t o  des ign ,  clevelop, and f a b r i c a t e  t h e  command and s e r v i c e  modules of  t he  
Apollo spact:l:riaft. 
and f a b r i c a t  ion of t h e  spacecraf t - launch  v e h i c l e  adap te r ,  i n t e g r a t i o n  of 
t e s t ,  s c i e n t i f i c ,  and o t h e r  government furn ished  equipment i n t o  t h e  space- 
c r a f t ,  assembly and tes t  of the  s p a c e c r a f t ,  and support  of spacecraf t :  p re-  
p a r a t i o n  f o r  f l i g h t  tests.  

In  a d d i t i o n ,  NAA w a s  ass igned r e s p o n s i b i l i t y  f o r  des ign  

In  FY 1965, t he  program d e f i n i t i o n  of  t he  d e t a i l e d  des ign  requi:irements 
f o r  t h e  Block I and t h e  Block 11 command and s e r v i c e  module w i l l  be c:ompleted. 
S ix  developmental s p a c e c r a f t  have been de l ive red  and t h e  f i n a l  t w o  w i l l  be 
de l ive red  i n  FY 1965 t o  cont inue ground development tes ts  and f l i g h t  tes ts  
on Sa turn  I and L i t t l e  Joe I1 launch v e h i c l e s .  Two of these  spacec ra f t  
w i l l  be used  f o r  micrometeoroid experiments on Sa turn  I. Two w i l l  be used 
f o r  f l i g h t  a.bort systems development on L i t t l e  J o e  I1 a t  White Sands Missile 
Range, New Plexico (WSMR) . The remaining developmental spacec ra f t  w i l l  augment 
the ground t e s 8 t  program covering t e s t s  f o r  f l o t a t i o n  and handl ing ,  land and 
water impact., parachute  drop tes ts ,  dynamic tes ts  and system c o m p a t i b i l i t y  
and i n t e g r a t i o n  tests. 

Also j.11 FY 1965, t h e  f i rs t  Block I product ion s e r v i c e  module f o r  ground 
propuls ion  tests w i l l  be de l ive red .  

During F’I 1966, a heavy ground t e s t  program w i l l  be i n  progress; on 
de l ive red  ground-development and Block I product ion spacec ra f t .  
a d d i t i o n a l  :3lock I product ion s p a c e c r a f t  w i l l  be de l ive red  i n  FY 1966 t o  

Five 
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support  t h i s  ground tes t  e f f o r t .  They w i l l  be used f o r  pad abor t  t e s t s  a t  
WSMR, s t r u c t u r e  t e s t s ,  a c o u s t i c  tests, spacec ra f t  i n t e g r a t i o n  t e s t i n g ,  and 
ground s imula t ion  t e s t s  of the  temperature  and vacuum cond i t ions  expected 
i n  space.  
cont inue a t  t.he White Sands Missile Range (WSMR). 

Extensive t e s t i n g  of  t h e  s p a c e c r a f t ' s  p ropuls ion  system w i l l  

I n  FY 1966, t he  f i r s t  Block I f l i g h t  s p a c e c r a f t  f o r  t h e  Sa turn  I B  
w i l l  be de l ive red  and f l i g h t  t e s t e d .  This  unmanned f l i g h t  tes t  w i l l  y i e l d  
important information on the  r e - e n t r y  h e a t  s h i e l d  s t r u c t u r e  of the  space- 
c r a f t .  Two a d d i t i o n a l  Block I f l i g h t  s p a c e c r a f t  w i l l  have been completed 
f o r  f u t u r e  scheduled s p a c e c r a f t  development tests on the  Sa turn  I B .  By the  
end of FY' 1966 t h e  remaining Block I f l i g h t  s p a c e c r a f t  w i l l  be i n  va r ious  
s t a g e s  of manufacturing. 

During l?Y 1966, manufacture of t h e  Block I1 spacec ra f t  w i l l  be 
i n i t i a t e d .  These are the  spacec ra f t  t h a t  w i l l  be used f o r  rendezvous 
missions on Sa turn  I B  and f o r  l una r  mission s imula t ions  and luna r  missions 
on Sa turn  V.. 

Lunar Excursion Module 

Lunar em-msion module (LEM)  development w a s  s t a r t e d  by the  Grurunan A i r -  
c r a f t  Engineering Corporation (GAEC) i n  December 1962.  During FY 1904, t h e  pre-  
l iminary  de,sign e f f o r t  w a s  completed. 
crew v i s i b i l i t y  and mob i l i t y ,  and cockpi t  and equipment arrangements Con- 
f i g u r a t i o n s  f o r  the  landing g e a r ,  p rope l l an t  tanks ,  f r o n t  f ace ,  dock:l.ng, 
and e l e c t r i c a l  power system were s e l e c t e d .  S ing le  c e l l  development 1:esting 
w a s  s t a r t e d  on the  LEM f u e l  c e l l  des ign  and descent  engine f i r i n g s  w e r e  
accomplished. By the  end of t h e  yea r ,  four  heavy-weight propuls ion  -:igs 
were de l ive red  f o r  use i n  the  t es t  program. 

Mockup reviews were he ld  t o  dctermine 

During FY 1965, t h e  program i s  undergoing a sharp  bui ld-up i n  develop- 
The LEM conf igu ra t ion  w a s  e s s e n t i a l l y  f rozen  fol lowing ment t es t  a c t i v i t y .  

a NASA/GAEC review of a hard metal mockup. Major subsystems coniponeilts 
are under development. 

A LEM t e s t  a r t i c l e  (LTA) w i l l  be de l ive red  t o  Marshall  Space F l i g h t  
Center f o r  v i b r a t i o n  tes ts  wi th  a Sa turn  test v e h i c l e ,  A second LEM t e s t  
a r t i c l e  w i l l  be de l ive red  t o  North American Avia t ion  f o r  e l e c t r o n i c  systems 
i n t e g r a t i o n .  By the  end of t h e  yea r ,  f a b r i c a t i o n  w i l l  have s t a r t e d  3n four  
a d d i t i o n a l  t e s t  a r t i c l e s  and the  f i r s t  LEM f l i g h t  veh ic l e .  

During FY 1966, design and engineer ing  and component development tes ts  
w i l l  be completed and t h e  q u a l i f i c a t i o n  tes t  program on pro to type  f l i g h t  
hardware w i l l  be s t a r t e d .  Dynamic tes t s  w i l l  cont inue  a t  Marshal l  Space 
F l i g h t  Center  on the  LEM/Saturn V conf igu ra t ion ,  u s ing  t h e  LTA v e h i c l e  
de l ive red  during FY 1965. Two a d d i t i o n a l  LTA v e h i c l e s  w i l l  be de l ive red  
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for the test program: 
adapter; and one for vehicle static and dynamic structural testing. The 
remaining three LTA vehicles will complete manufacturing and will enter 
installation and checkout. Manufacturing will continue on the first LE8M 
vehicle for or:bit:al flight. Five additional flight vehicles will be in pro- 
duction. 

one for static structural tests with the LEM/S-IVB 

Guidance and Navigation 

The Apollo guidance and navigation system will determine the position, 
velocity, and trajectory of the spacecraft and control the spacecraft':; 
engines and re -entry lift for the precise maneuvers necessary during al.1 
phases of flignt. 

The Instrumlentation Laboratory of the Massachusetts Institute of 
Technology is responsible for system development, fabrication of initial 
prototypes, and technical assistance to NASA in the direction of the 
industrial manufacture of production systems. 

In preparation for the transition from the developmental phase to the 
production phase, a realignment of the guidance and navigation contracCors 
has been accomplished during FY 1965. This contractor realignment assigns 
the NASA prime contract effort to AC Spark Plug and subcontract tasks Ito 
the Raytheon Company and the Kollsman Instrument Company. This team oE 
production contractors will provide essentially identical guidance and 
navigation equipment for both the command module and the lunar excursilm 
module. 

During FP' 1964, subcomponents of the command module guidance and 
navigation system were extensively tested. Five of the functional guidance 
and navigation systems were completed and underwent a variety of mechanical, 
electrical, thermal, and vibration tests. 

In FY 1905,, qualification and reliability testing of Block I Guidance 
and Navigation (W) hardware for the command module was continued. Eight 
command madule Illock I G&N systems, including two flight-qualified systems, 
will be delivered in support of the ground and flight testing program. 
During FY 19615, design of the Block I1 guidance and navigation system was 
established, i i  feature of which was the integration of the guidance arid 
navigation system with the spacecraft's stabilization and control system. 
This integrat: ion provided for two independent guidance, navigation ancl con- 
trol systems, primary and back up, with an over-all systems weight saving 
of almost 100 pounds. In addition, development of command module Block I1 
and LEM equipinent will be continued, and construction of experimental and 
developmental models will be started. 



During FY 1966, ten flight-qualified command module Block I, and Eive 
command Module Block I1 G&N systems, are to be delivered for Apollo ground 
and flight test program. Eight developmental and functional guidance and 
navigation systems will be delivered in FY 1966 in support of LEM ground 
and flight test programs. 

Integration, Reliability and Checkout 

The Automatic Checkout Equipment (ACE) for the Apollo Spacecraft is 
being designed, developed, produced, installed, and operated by General 
Electric. In addition, equipment contracts have been negotiated with ithe 
Control Data Corporation and Radiation, Inc., in support of the General 
Electric contract. 

The basic design of ACE ground stations was completed in FY 1964. 
Two stations are operational at North American Aviation's Downey Plant, 
California. In FY 1965, three additional ground stations will be oper- 
ational. In FY 1966, five additional ACE ground stations will become 
operational. 

In addition to the ACE hardware mission, the General Electric Comi?any 
is responsible for the engineering support to Manned Spacecraft Center 
in the areas of ground support equipment; test programs; reliability and 
quality assurance; documentation; simulation and training programs; 
mission planning and analysis; and interface control. 

FY 1966 plans include a continuation of the same tasks and emphasize 
Reliability and Quality Assurance coverage, including trend analysis of 
failure reports. 

Spacecraft Support 

Apollo Spacecraft support activities include the requirements for 
Little Joe I1 launch vehicles, testing support, logistic support, experi- 
ments, space rr.edicine, and instrumentation and scientific equipment. 

The Convair Division of General Dynamics was selected in May 1962 to 
design, develop and fabricate six Little Joe I1 launch vehicles. Sub- 
sequently, two vehicles were added to the contract. Seven of the vehilzles 
have been delivered as of October 1964 and the remaining vehicle is sclneduled 
for delivery during the third quarter of FY 1965. The Little Joe I1 is used 
to obtain necessary flight test data on the spacecraft abort and propulsion 
systems. Funds in FY 1966 will be used to support the test operations at 
White Sands Missile Range. 
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I n  t h e  1:er;ting support  a r e a ,  funds are requi red  t o  conduct t he  d i r e c t  
t e s t  and eval.uation programs a t  Manned Spacecraf t  Center  f a c i l i t i e s ,  Houston, 
and o the r  goveimment t e s t i n g  l a b o r a t o r i e s .  These tests a r e  an  i n t e g r a l  
p a r t  of spac:t?craft development. For example, t h e  Arnold Engineering Develop- 
ment Center  supports  t he  t e s t i n g  of t he  LEM Propuls ion System, Reaction 
Control  System., and a scen t  and descent  engines .  Tes t ing  support  inc ludes  
the  procuren1t:nl: of Government furn ished  equipment, t e s t i n g  hardware aind 
s u p p l i e s ,  guidance, naviga t ion  and c o n t r o l  equipment, and r e l a t e d  stuidies 
and ana lyses .  

Included i n  l o g i s t i c  support  are c o s t s  of t r a n s p o r t a t i o n  of spac:ecraf t  
between InsI:al: lations,  reimbursement t o  the  Department of Defense f o r  i n -  
spec t ion  s e r v i c e s ,  procurement of f u e l s  and p r o p e l l a n t s  f o r  use  a t  White 
Sands M i s s i h  Range, Manned Spacecraf t  Center ,  Kennedy Space Center ,  Arnold 
Engineering 1)eveloprnent Center  and a t  c o n t r a c t o r  sites. 

The Apollo Experiments program w a s  i n i t i a t e d  i n  late FY 1964. FY 1965 
r ep resen t s  line f i r s t  f u l l  year  of ope ra t ion  and t h e  funds support  t he  c o s t  
of program org,anizat ion and i n i t i a t i o n  of work on the  f i r s t  of t h e  Apollo 
f l i g h t s  to c a r r y  experiments.  

FY 1966 Apollo Program funds a r e  a l s o  planned f o r  experiment development:, 
procurement of f l i g h t  hardware, i n t e g r a t i o n ,  and ope ra t ion  of medica:l. and 
engineer ing ea r th  o r b i t a l  experiments,  and i n t e g r a t i o n  and ope ra t ion  of sc ien-  
t i f i c  and technologica l  e a r t h  o r b i t a l  experiments. Apollo Program e f f o r t  i n  
t h e  planning and i n t e g r a t i o n  of l una r  experiments i n t o  the  space veh ic l e s  w i l l  
be i n i t i a t e d .  

Major e f f o r t  i n  t h e  space medicine area i n  FY 1966 w i l l  be devo1:ed 
t o  the  design and development of i n - f l i g h t  medical experiments f o r  Apollo. 
These exper inents  w i l l  be p r imar i ly  designed t o  measure man's respon,; * e  t o  
the  space f l i g h t  environment, measuring the  s u b t l e  medical changes. Should 
condi t ions  d i c t a t e  t hese  d a t a  w i l l  be u t i l i z e d  t o  develop appropr i a t c  f l i g h t  
systems f o r  Lh'e long du ra t ion  Apollo f l i g h t s .  

Other ,areas of  biomedical i n t e r e s t  i n  Apollo inc lude  cardiovascr i lar  
system s t u d i e s ,  crew performance and radiobiology.  I n  t h e  las t  area,  
s t u d i e s  w i l l  be d i r e c t e d  toward a method f o r  more p r e c i s e  d e f i n i t i o n  of t h e  
r a d i a t i o n  exposure l i m i t s  f o r  va r ious  Apollo f l i g h t s .  Under card iovascular  
systems,  s t u d i e s  w i l l  be made of t he  e f f e c t i v e n e s s  of weight lessness  counter -  
measures i n  weight lessness  s imula t ion .  C r e w  performance w i l l  inc lude  X-ray 
s t u d i e s  of l i m b  movements of t he  Apollo s u i t  and. t h e  es tab l i shment  oE base- 
l i n e  phys io logica l  d a t a  f o r  i n - f l i g h t  monitoring purposes. 

Funds requested f o r  ins t rumenta t ion  and s c i e n t i f i c  equipment w i l l  be 
used t o  develop and procure the  s p e c i a l i z e d  f l i g h t  r e sea rch  and t e s t  
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ins t rumenta t ion  equipment r equ i r ed  dur ing  t h e  s p a c e c r a f t  developmental f l i g h t  
t e s t i n g .  Typical. ins t rumenta t ion  inc ludes  s i g n a l  c o n d i t i o n e r s ,  s enso r s ,  
t r ansduce r s ,  t e lemet ry ,  t r a n s m i t t e r s ,  t r a n s m i t t i n g  antennas,  and ground 
support  equipmmt:. S c i e n t i f i c  equipment inc ludes  s p e c i a l  cameras, magnetom- 
e t e r s ,  seismographs, and r a d i a t i o n  measuring devices .  

During Fk’ 1965, emphasis w a s  on t h e  des ign ,  procurement, f a b r i c a t i o n  
tes t  and qua1i:iic:ation of ins t rumenta t ion  needed f o r  n ine  Apollo spacec ra f t  
t e s t s  and f i v e  LE;M v e h i c l e  t e s t s .  D e l i v e r i e s  of ins t rumenta t ion  hardware 
w e r e  made t o  b1ort.h American Avia t ion  and Grumman A i r c r a f t  f o r  i n s t a l l a t i o n  
and checkout i n  developmental s p a c e c r a f t .  FY 1966 funds w i l l  be  emploled 
t o  cont inue tl-it: des ign ,  procurement, f a b r i c a t i o n  and t e s t i n g  of f l i g h t  
RdLD instrument ,iti.on. This  ins t rumenta t ion  i s  scheduled fo r  fou r  major 
lunar  excur.sion module tes ts .  

Sa turn  I 

19 ti 6 1964 / 1965 

S - I  s t age .  ....................... $59 , 774,000 $9,300,000 $7OCl,OOO 
S-IV s t a g e . .  ..................... 82,624,000 19,500,000 1,50(1,000 
Vehicle inst: curnent u n i t . .  ........ 9,004,000 1,900,000 
Ground suppo r t  equipment. ........ 3,527,000 ~ , ~ o o , ~ ~ o  
H-1 engine procurement.. ......... 3,141,000 
RL- 10 engine p:cocurement ......... 3,700,000 

- - -  
- - -  

- - -  - - -  
--- - - -  

Vehi c 1 e suppor It. ................. 25,307.000 23,750,000 2,200,000 

T o t a l . .  ........................ $187,077,000 $55,450,000 $4,4OO,OOO 

Through l?’f 1963 a t o t a l  oE $547.2 m i l l i o n  had been ob l iga t ed .  

The Sa turn  .program has been marked by a series of  success fu l  launches.  
The Block I phase of the  program, which provided f o r  f l i g h t  tests of t he  
f i r s t  s t age  conf igu ra t ion ,  w a s  completed i n  FY 1964 wi th  t h e  fou r th  success-  
f u l  f l i g h t ,  Two Block I1 v e h i c l e s ,  composed of l i v e  f i r s t  and second s t a g e s ,  
were s u c c e s s f u l l y  launched dur ing  FY 1964. Another success fu l  Block I1  launch 
w a s  conducted last  September and the  las t  t h r e e  f l i g h t s  are scheduled (luring 
FY 1965 and FI 1’366. These last  t h r e e  f l i g h t s ,  which w i l l  p l ace  micrometeoroid 
d e t e c t i o q  systems i n t o  o r b i t ,  w i l l  complete t h e  Sa turn  I series of lauriches. 

The Sa turn  I program has made a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  dt!velop- 
The ment of launch v e h i c l e s  with s u b s t a n t i a l l y  increased  payload capab i l i t l r .  

f i r s t  s t a g e s  of the Sa turn  I and I B  v e h i c l e s  have similar b a s i c  s t r u c t u r a l  
conf igu ra t ions  and propuls ion  systems. 

The f i r s c  s t a g e ,  S - I ,  w a s  developed and produced by the  Marshal l  !;pace 
F l i g h t  Center  and the  Chrys le r  Corporat ion.  The second s t a g e ,  S-IV, wits  
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developed and produced by t h e  Douglas A i r c r a f t  Company. The Rocketdyne 
Div is ion  of North American Avia t ion  and P r a t t  & Whitney A i r c r a f t  develioped 
and produced t h e  H - 1  and RL-10 engines ,  r e s p e c t i v e l y ,  f o r  t h e  f i r s t  and 
second stages. 
FY 1966 funds provide f o r  engineer ing  services, materials, p rope l l an t , ; ,  
launch pad re furb ishment ,  d a t a  r educ t ion ,  pos t  f l i g h t  a n a l y s i s ,  and com- 
p l e t i o n  of f i n a l  r e p o r t s .  

Through FY 1963 a t o t a l  of $547.2 m i l l i o n  had been ob l iga t ed .  

Sa turn  I B  

1964 1965 1966 

S-IB s t a g e  ......... 
S-IVB s tage  ........ 
Vehicle  instrument  
Ground support  equi 

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

............. 
u n i t . . . . . . . . .  
.pment ........ 

H - 1  engine procurement .......... 
5-2 engine procurement .......... 
Vehicle  support  ................. 
Saturn  IB/Centaur des ign  

s t u d i e s . . . . . . . . . . . . . . .  ........ 

$49,106,000 
32,743,000 
12,985,000 
23,622,000 

6 , 548,000 
6,360 , 000 

15,453,000 

$67,600,000 
47,000,000 
40,000,000 
36,700,000 
12,400,000 
11,400,000 
41,050,000 

5,000,000 

$7  5,300 ,000 
73,31:)0,000 
39,9~30,000 

9 , 7130 ,000 
9 ,7130 , 000 

14 , OtlO ,000 
47 , 8800 , 000 

5 ,  opo ,000 

To ta l . . .  ...................... $146,817,000 $261,150,000 $274,700,000 -.- 

Through FY 1963 a t o t a l  of $22.0 m i l l i o n  had been o b l i g a t e d .  

The two-stage Sa tu rn  IB i s  e s s e n t i a l l y  an  upra ted  ve r s ion  of t h e  h igh ly  
success fu l  % t u r n  I. The Sa turn  I B  is requi red  as a tes t  v e h i c l e  f o r  S a t u r n  
V components, f o r  b a s i c  development of  t h e  S-IVB s t a g e  which w i l l  be the 
t h i r d  s t a g e  c f  Sa turn  V ,  and t o  provide the  c a p a b i l i t y  f o r  e a r t h - o r b i t a l  
f l i g h t  t e s t i r g  of Apollo s p a c e c r a f t .  The f i r s t  two launches w i l l  t ake  p lace  
dur ing  FY 19 t6 ,  The f i r s t  s t a g e ,  t he  S-IB, i s  a modified ve r s ion  of the 
f i r s t  s t a g e  clf  t he  Saturn I ,  and i s  being developed by t h e  Chrys le r  
Corporat ion.  The S-IB w i l l  be powered by an upra ted  set  o f  e i g h t  H - 1  eng ines ,  
produced by the Rocketdyne Div is ion  of North American Avia t ion ,  and capable  
of developing, approximately 1 .6  m i l l i o n  pounds of t h r u s t .  The Douglas A i r -  
c r a f t  Conpan)? i s  developing t h e  second s t a g e ,  t he  S-IVB. This  s t a g e  i s  
similar i n  b a s i c  des ign  t o  t h e  S-IV s t a g e  of t h e  Sa turn  I ,  wi th  increased  
p rope l l an t  c a p a c i t y  and replacement of  the  c l u s t e r  of s i x  RL-10 engines  
wi th  a s i n g l e  5 - 2  engine,  produced by Rocketdyne. Payload c a p a b i l i t y  f o r  
t h e  f i r s t  f i v e  Sa turn  I B  f l i g h t  v e h i c l e s  w i l l  be about 32,000 pounds, 
while  the  payload c a p a b i l i t y  f o r  a l l  remaining Sa turn  I B  v e h i c l e s  w i l l  
be approximately 35,000 pounds. 

S-IB Stage 

Developoient of  t he  S-IB Stage w a s  s t a r t e d  i n  FY 1963. FY 1964 develop- 
ment had prc1g;ressed t o  t h e  po in t  where two f l i g h t  s t a g e s  were i n  manufacturing 



and long lead- t ime hardware f o r  two a d d i t i o n a l  f l i g h t  s t a g e s  w a s  procured. 
During FY 1965, t he  f i r s t  two f l i g h t  s t a g e s  w i l l  be s t a t i c  t e s t e d ;  f a b r i -  
c a t i o n  and assembly of  t h e  t h i r d  f l i g h t  s t a g e  w i l l  be completed; and 
assembly of  t he  fou r th  f l i g h t  s t a g e  w i l l  begin.  In  a d d i t i o n ,  p a r t s  qiiali- 
f i c a t i o n  t e s t i n g  t o  a s su re  systems r e l i a b i l i t y  w i l l  be cont inued and long 
lead-time harrlware f o r  f i v e  a d d i t i o n a l  f l i g h t  s t a g e s  w i l l  be procured.  

Major eEfo r t  i n  FY 1966 w i l l  be centered  on ground and f l i g h t  tezit ing.  
During FY 1965, t he  f i r s t  two f l i g h t  s t a g e s  w i l l  be launched; two add:.- 
t i o n a l  flighr: s t a g e s  w i l l  be d e l i v e r e d ;  and f a b r i c a t i o n ,  assembly and 
checkout w i l t  b e  completed on the  f i f t h  and s i x t h  f l i g h t  s t a g e s .  By 1.he 
end of t he  f i s c a l  y e a r ,  checkout ope ra t ions  f o r  t he  seventh f l i g h t  s t a g e  and 
assembly ope ra t ions  on the e i g h t h  f l i g h t  s t a g e  w i l l  begin.  E f f o r t  on the  
remaining f l i g h t  s t ages  w i l l  be i n i t i a t e d  by the  end of t he  f i s c a l  yeiir. 
FY 1966 fund; w i l l  a l s o  be u t i l i z e d  t o  support  launch a c t i v i t y  at  KenIiedy 
Space Center .  

S-IVB Stage 

DeveLopinentaL e f f o r t  f o r  t h e  S-IVB Stage i s  being funded i n  the  l iaturn 
V p r o j e c t .  'Funds requested f o r  t h e  S-IVB Stage inc lude  the  engineerii ig 
design e f f o r t  and modi f ica t ions  requi red  t o  adapt t he  s t a g e  f o r  use i n  the  
Sa turn  I B ;  the  a c t u a l  hardware used i n  the  p r o j e c t ;  and the  c o s t  of  ac:celer- 
a t i n g  development t o  make the  s t a g e  a v a i l a b l e  f o r  t h e  Sa turn  I B  f'lighl: 
schedule .  B a t t l e s h i p  t e s t i n g  began i n  the  l a s t  p a r t  of FY 1964. Fabcica t ion  
of s t a g e s  f o r  t he  dynamic, s t r u c t u r a l ,  and f a c i l i t y  checkout ground t iJsts 

and product ion of the  f i r s t  t h r e e  f l i g h t  s t a g e s  were a l s o  under way. The 
f a b r i c a t i o n ,  assembly and checkout of  t he  remaining ground tes t  s t a g e ;  w i l l  
be completed i n  FY 1965. I n  a d d i t i o n ,  f a b r i c a t i o n ,  assembly, and che1:kout 
of t h e  f i r s t  and second f l i g h t  s t a g e s  w i l l  be completed and f a b r i c a t i o n  and 
assembly o f  t he  t h i r d  and fou r th  f l i g h t  a r t i c l e s  w i l l  be i n  process .  
ment of long lead-t ime i t e m s  f o r  s i x  a d d i t i o n a l  f l i g h t  s t a g e s  w i l l  a l s o  be 
i n i t i a t e d  dur ing  t h i s  f i s c a l  year .  

Procure-. 

Fy 1966 a c t i v i t y  w i l l  be h igh l igh ted  by launch of t h e  f i r s t  two El ight  
s t a g e s ,  d e l i k e r y  of two a d d i t i o n a l  f l i g h t  s t a g e s  t o  the  Kennedy Space Center ,  
and f a b r i c a t i o n ,  assembly, and checkout of t he  f i f t h  f l i g h t  s t age .  111 
a d d i t i o n ,  f a b r i c a t i o n  and assembly of  t he  s i x t h  f l i g h t  s t a g e  w i l l  be com- 
p l e t e d  and cl-eckout w i l l  be under way. During FY 1966 the  seventh f l i g h t  
s t a g e  w i l l  be ready f o r  checkout and the  e i g h t h  and n i n t h  f l i g h t  s tag les  
w i l l  be i n  assembly. E f f o r t  on t h e  remaining t h r e e  f l i g h t  s t a g e s  w i l l  
be i n i t i a t e d .  FY 1966 funds w i l l  a l s o  be used f o r  c o n t r a c t o r  personnfel and 
spa re  p a r t s  t o  support  launch a c t i v i t y  a t  Kennedy Space Center and f o r  sup- 
po r t  of s tage  t e s t i n g  a t  Sacramento, Ca l i fo rn ia .  
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Vehicle  Instrument  Unit  

The i n s t r u n e n t  u n i t  con ta ins  t h e  primary guidance, c o n t r o l  telem- 
The Sa turn  I B  instrument  e t r y ,  and measL.ring systems f o r  t he  v e h i c l e .  

u n i t  has  t h e  s,iime layout  and components as t h e  Sa turn  V instrument  u n i t .  
FY 1964 funds provided f o r  cont inuing  des ign  and development of  Sa turn  I B  
p e c u l i a r  equiprient and procurement of long lead-t ime i tems f o r  t he  f i r s t  
t h ree  Sa turn  III u n i t s .  During FY 1965, t h e  f i r s t  f l i g h t  u n i t  w i l l  be 
completed and assembled and f a b r i c a t i o n  of t he  second and t h i r d  f l i g h t  
u n i t s  w i l l  be under way. In  a d d i t i o n ,  long lead-t ime procurement w i l l  
begin f o r  four. a d d i t i o n a l  f l i g h t  u n i t s .  During FY 1966, two instrument  
u n i t s  w i l l  be used on Sa turn  I B  f l i g h t s .  Two more f l i g h t  u n i t s  w i l l  be 
completed and tlel.ivered t o  Kennedy Space Center  and the  f i f t h  u n i t  w i l l  be 
i n  checkout. Rffiorts w i l l  cont inue  on the  s i x t h  f l i g h t  u n i t  i n  t he  a r e a  of 
fabr ica t ion .  and assembly, while  the  seventh f l i g h t  u n i t  w i l l  be i n  the  
f a b r i c a t i o n  s t a g e .  

Ground Support Equipment 

Based on i t  d ec i s ion  reached i n  March 1963, an automatic  checkout 
s y s t e m  i s  being; provided f o r  the  Sa turn  I B  as a t es t  u n i t  f o r  Sa turn  V 
checkout procecluxes. FY 1963 funding i n i t i a t e d  development of a checkout 
prototype (breadboard).  During FY 1964, t he  des ign  e f f o r t  w a s  i n t e n s i f i e d  
and procurement. was i n i t i a t e d .  Addi t iona l  engineer ing  development and 
component t e s t i n g  f o r  automatic checkout and a s soc ia t ed  equipment i s  being 
accomplished during FY 1965. I n  a d d i t i o n ,  e l e c t r o n i c  components f o r  the  
breadboard for  Launch Complexes 34 and 3 7 B  a t  t he  Kennedy Space Center  a r e  
being de l ive red  and procurement of t h e  instrument  u n i t  checkout s t a t i o n  
w i l l  be complet.eCI. O u t f i t t i n g  of t he  w e s t  s i d e  of t he  s t a t i c  t es t  s tand  
a t  Marshall  Space F l i g h t  Center w i l l  a l s o  be completed. 

During FY 1966, t he  Mechanical Support Equipment (MSE) and E l e c t r i c a l  
Support Equipwnt  (ESE) w i l l  be furn ished  f o r  Launch Complex 37B. Addi- 
t i o n a l  engineer ing development and automatic  checkout systems t e s t  u n i t s  
f o r  complete aL.tomation w i l l  be cont inued f o r  both the  pro to type  and the  
launch complexes. Engineering e f f o r t  w i l l  be provided throughout FY 1966 
by the  General E l e c t r i c  Corporat ion on the  ESE and the  Chrys le r  Corporation/ 
Space Divis ion or. t he  MSE. 

H - 1  Engine Procurement 

FY 1964 fu-ding provided f o r  d e l i v e r y  of twelve engines  and f o r  procure-  
ment of long lead-time hardware f o r  d e l i v e r i e s  i n  FY 1965. The FY 1965 pro- 
gram included 42 engines  t o  be de l ive red ,  and procurement of long lead-t ime 
hardware f o r  engines  t o  be de l ive red  i n  FY 1966. FY 1966 funding covers  
d e l i v e r y  of 38 engines  and procurement of long lead-t ime hardware f o r  
engines  t o  be de l ive red  i n  FY 1967. Estimates f o r  a l l  f i s c a l  years  inc lude  
spa res ,  support: hardware and s e r v i c e s ,  as w e l l  as p rope l l an t s  f o r  acceptance 
t e s t i n g .  
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5-2  Engine Procurement 

FY 1964 fLnding provided f o r  procurement o f  long-lead hardware f o r  
d e l i v e r i e s  i n  EY 1965. FY 1965 funds cover  e i g h t  engines  t o  be deliver1.d 
i n  FY 1965 and procurement o f  long lead-time hardware f o r  engines t o  be d e l i v -  
e red  i n  FY 1960. FY 1966 funding covers  seven engines  t o  be d e l i v e r e d ,  and 
procurement of long lead-time hardware f o r  engines t o  be d e l i v e r e d  i n  F'Y 1967. 
Est imates  f o r  ~ 1 1  f i s c a l  y e a r s  inc lude  s p a r e s ,  support  hardware and services,  
as wel l  a s  p r o p e l l a n t s  f o r  acceptance t e s t i n g .  

Vehicle  Support 

Vehicle support  inc ludes  funds necessary t o  provide s t u d i e s ,  servilzes 
o r  equipment t h a t  are common t o  more than  one s t a g e  o r  system of t h e  ve l i ic le .  
FY 1966 funding provides  f o r  engineer ing  s e r v i c e s ;  t o o l i n g  and s p e c i a l  test  
equipment; wind t u n n e l ,  dynamics and r e l i a b i l i t y  t e s t s ;  and f a b r i c a t i o n  
s e r v i c e s .  The FY 1966 reques t  w i l l  a l s o  fund communications, t r a n s p o r t a t i o n ,  
l o g i s t i c  suppor t ,  p r o p e l l a n t s ,  expendable s u p p l i e s ,  equipment, and 1auni-h 
pad refurbishment .  Spec ia l  s t u d i e s  w i l l  be supported i n  a r e a s  such a s  
component f a i l u r e  a n a l y s i s ,  Sa turn  guidance equat ion  development, pos t -  
f l i g h t  e v a l u a t i o n  procedures ,  and s t a g e  and payload s e p a r a t i o n .  Addi- 
t i o n a l  ground te lemet ry  equipment, ins t rumenta t ion ,  te lemet ry  and GSE 
mating equipment w i l l  a l s o  be procured. I n  a d d i t i o n ,  FY 1966 funds w i l l  pro- 
v i d e  f o r  c o n t r a c t  a d m i n i s t r a t i o n ,  a u d i t ,  q u a l i t y  assurance  and i n s p e c t i o n  
s e r v i c e s  performed by o t h e r  Government agencies .  

Sa turn  IB/Centaur Design S t u d i e s  

The i n t e g r a t i o n  of t h e  Centaur s t a g e  i n t o  t h e  Sa turn  I B  launch 
v e h i c l e  w i l l  provide an Earth-lunar t r a n s f e r  c a p a b i l i t y  o f  12,000 t o  
14,000 pounds and a Mars o r  Venus t r a j e c t o r y  payload c a p a b i l i t y  of  appr'ix- 
imately 9,5100 pounds t h a t  w i l l  s e rve  a v a r i e t y  of purposes ,  such as higli ly- 
e c c e n t r i c ,  nu l t ip le - launch  o r b i t i n g  geophysical  o b s e r v a t o r i e s ,  advanced 
technologica l  s a t e l l i t e s ,  and l u n a r  and p l a n e t a r y  missions.  Fiscal.  years  
1965 and 1966 funds w i l l  be used f o r  des ign  s t u d i e s  and support ing p lan ;  
f o r  use i n  i n i t i a t i n g  t h e  hardware development involved i n  t h e  subseque.it 
t e s t  and product ion e f f o r t ,  
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Saturn  V 

S-IC s tage  .................. 
S- I1  stage .................. 
S - I V B  s t age  ................. 

u n i t . . .  ................... 
equipment ................. 

F-1  engine F'rocurement ...... 
5 - 2  engine F'rocurement. ..... 
Vehicle supgtort ............. 

Vehicle instrument  

Ground suppcrt  

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

19 64 

$256,816,000 
165,189,000 
135,730,000 

54,522,000 

16,281,000 
41,000,000 
29,150,000 
64.694.000 

$763,382,000 
0 

1965 

$235,356,000 
174,606,000 
141,600,000 

81,000,000 

62,716,000 
68,100,000 
57,965,000 

143,663,000 

$965,006,000 

1966 - 

$273,300,000 
23 7,500 , 000 
177,195,000 

84,243,000 

87,677,000 

87,800,000 
189,785,000 

99,000,000 

$1,236,500,,000 - 
Through EY 1963 a t o t a l  of $400.2 m i l l i o n  had been o b l i g a t e d .  

The Saturn V i s  a th ree - s t age  launch v e h i c l e  wi th  t h e  c a p a b i l i t y  of 
p l ac ing  a pay1oa.d of approximately 280,000 pounds i n t o  low e a r t h  o r b i t  and 
a payload of approximately 95,000 pounds i n t o  a t r a n s l u n a r  t r a j e c t o r y .  

The Sa turn  V P r o j e c t  w a s  approved i n  January 1962, fol lowing an ex- 
t ens ive  serie: ,  o f  s t u d i e s  on v e h i c l e  conf igu ra t ions  f o r  the  manned luna r  
landing program. The Boeing Company, Aerospace Div is ion ,  was s e l e c t e d  
as the  c o n t r a c t o r  f o r  t h e  f i r s t  s t a g e  (S-IC) ; North American Avia t ion  
I n c . ,  Space arid Information Systems Divis ion  (S&ID), f o r  t h e  second s t a g e  
(S-11);  Douglas A i r c r a f t  Company, Missiles and Space Div i s ion ,  f o r  t h e  
t h i r d  s t a g e  (S-1.VB); and I n t e r n a t i o n a l  Business  Machines, Federa l  Systems 
Divis ion ,  for  the  Instrument  Uni t .  The F-1 Engine used on S-IC Stage and 
5-2 Engine used on S - I1  and S-IVB Stages  are be ing  developed and manu- 
f ac tu red  by N0rt.h American Avia t ion  I n c . ,  Rocketdyne Div is ion .  work with 
North America.ri was i n i t i a t e d  i n  October 1961, wi th  Douglas i n  December 
1961, w i t h  Bceing i n  February 1962 and wi th  IBM i n  May 1963. 
and 5 - 2  Engines a r e  provided t o  t h e  s t a g e  c o n t r a c t o r s  as government 
furnished eqti:.pment . 

The F-1 

S - I C  Stage 

The Marshal.1 Space F l i g h t  Center ,  wi th  Boeing's a s s i s t a n c e ,  w i l l  
assemble the  :iii:st ground t e s t  s t a g e  and the  f i r s t  two f l i g h t  s t a g e s  a t  
H u n t s v i l l e ,  Labama. 

During E11 1.962 and cont inuing  i n t o  FY 1963, major e f f o r t  w a s  placed 
on des ign ,  f a c i l - i t y  p lanning ,  r e sea rch  s t u d i e s  and a c q u i s i t i o n  of t o o l i n g  
and tes t  equipment.. Component t e s t i n g  w a s  s t a r t e d  i n  FY 1963 and f abx i -  
c a t i o n  was i n . i t i a t e d  on the f i r s t  ground tes t  s t a g e s .  FY 1964 a c t i v i t y  
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included the  start of  assembly o f  t h e  All-Systems S tage ,  S t r u c t u r a l  T e s t  
S t age ,  and Dynamic T e s t  Stage and t h e  i n i t i a t i o n  of h o t  f i r i n g  propuls ion 
system t e s t s  with t h e  F-1 Engine. I n  FY 1965, t h e  assembly of  a l l  ground 
t e s t  s t a g e s  i s  we11 underway, as w e l l  as t h e  assembly o f  t h e  f i r s t  t h r e e  
f l i g h t  s t a g e s .  I n  a d d i t i o n ,  two major ground t e s t  programs, t h e  All-Systems 
and t h e  S t r u c t u r a l ,  w i l l  beg in  i n  FY 1965. FY 1966 w i l l  be marked by 
c o n t i n u a t i o n  of All-Systems and S t r u c t u r a l  t e s t i n g ,  i n i t i a t i o n  of Sa turn  V 
Dynamic t e s t i r . g ,  and start  of checkout o f  Launch Complex 39 a t  Kennedy 
Space Center v i t h  t h e  F a c i l i t i e s  Checkout Stage.  Manufacturing checkout 
on the  f i r s t  twc f l i g h t  s t a g e s  i s  scheduled f o r  completion and t h e  f i r s t  
f l i g h t  s t a g e  w i l l  e n t e r  t h e  acceptance t e s t  phase.  I n  a d d i t i o n ,  assembly 
of  a d d i t i o n a l  f l i g h t  s t a g e s  w i l l  be undertaken a t  t h e  Michoud P l a n t  i n  
Louis iana.  

S - I 1  Stage 

I n  f i s c a l  years  1962 and 1963, t h e  major S - I 1  e f f o r t s  were concerned 
with pre l iminary  and d e t a i l  d e s i g n s ,  procurement of s p e c i a l  t o o l i n g  anij 
t e s t  equipment, procurement of components f o r  des ign  v e r i f i c a t i o n  and 
q u a l i f i c a t i o n  t e s t i n g ,  long lead-t ime hardware procurement f o r  e a r l y  ground 
t e s t  s t a g e s  and s ta r t  o f  assembly of t h e  B a t t l e s h i p  and S t r u c t u r a l  T e s t  
Stages.  During FY 1964, f a b r i c a t i o n  and assembly continued on t h e  B a t t l e -  
s h i p  and S t r u c t u r a l  Test S t a g e s ;  and assembly o f  t h e  All-Systems, Dynalnic 
and F a c i l i t i e s  Checkout S tages  w a s  i n i t i a t e d .  During FY 1965, t h e  Batl-le- 
s h i p  Stage w a s  completed and t e s t s  were begun. S t r u c t u r a l  ‘Test S tages  w i l l  
a l s o  be completed and t h e  S t r u c t u r a l  Test Program and assembly o f  t h e  Eirst 
f l i g h t  s t a g e  w i l l  be i n i t i a t e d .  FY 1966 w i l l  see t h e  completion o f  thl? 
assembly of  t i e  All-Systems, Dynamic and F a c i l i t i e s  Checkout S t a g e s ,  t h e  
s ta r t  of  t h e  All-Systems Stage and Dynamic Vehicle  T e s t  Prograins and tlie 
f a c i l i t i e s  checkout o f  Launch Complex 39 a t  Kennedy Space Center .  The f i r s t  
two f l i g h t  s t a g e s  w i l l  complete manufacturing checkout a t  S e a l  Beach, 
C a l i f o r n i a  and t h e  f i r s t  f l i g h t  s t a g e  w i l l  e n t e r  t h e  acceptance t e s t  piiase 
a t  the  M i s s i s s i p p i  T e s t  F a c i l i t y .  I n  a d d i t i o n ,  assembly of a d d i t i o n a l  
f l i g h t  s t a g e s  w i l l  be undertaken. 

S-IVB Stage 

Although tlie S-IVB Stage w i l l  a l s o  be used on t h e  Sa turn  I B  Vehic:le, 
t h e  common dev3lopment c o s t s  are  being funded by t h e  Sa turn  V Program. A s  
with t h e  S-IC and S - I 1  S tages ,  funding dur ing  FY 1962 and FY 1963 w a s  used 
t o  provide des ign ,  f a c i l i t i e s  planning and t o o l i n g  and procurement of  
long l e a d - t i m e  hardware. Q u a l i f i c a t i o n  t e s t i n g  was a l s o  s t a r t e d  during, t h a t  
per iod.  In ad-l i l i ion,  f a b r i c a t i o n  of t h e  B a t t l e s h i p  and S t r u c t u r a l  Test 
Stages was s t a r t e d .  During FY 1964 assembly o f  t h e  B a t t l e s h i p  and S t r w t u r a l  
Test  Stages w a s  completed and t h e  S t r u c t u r a l  t e s t  program w a s  i n i t i a t e c .  
S t r u c t u r a l  assembly of  t h e  All-Systems, Dynamic and F a c i l i t i e s  Checkout 
Stages w a s  a l s o  begun i n  FY 1964. I n  FY 1965, t h e  d e c i s i o n  w a s  made t c  



modify the  grcuncl t e s t  program by d e l e t i n g  the  All-Systems Stage r equ i r e -  
ment and us ing  the  hardware as a F a c i l i t y  Checkout Stage.  These ground 
t e s t  s t a g e s  a r e  scheduled t o  be completed i n  t i m e  t o  support  t he  Saturn I B  
requirements.  The B a t t l e s h i p  t e s t  program has  a l s o  been i n i t i a t e d .  Ground 
Support Equipnient: f o r  automatic  checkout of S-IVB s t a g e s  i s  t o  be completed, 
and assembly cbf t:he f i r s t  two f l i g h t  s t a g e s  has  been s t a r t e d  i n  FY 19651. 

FY 1966 ~ ~ i l . 1  see the  i n i t i a t i o n  of Sa turn  V Dynamic Tes t ing  a t  t h e  
Marshall  Space: F l i g h t  Center  and checkout of Launch Complex 39 a t  Kennedy 
Space Center w:.th the  F a c i l i t i e s  Checkout Stage.  Also dur ing  FY 1966, 
manufacturing checkout of  t he  f i r s t  two f l i g h t  s t a g e s  i s  scheduled f o r  
completion a t  Huntington Beach, C a l i f o r n i a ,  i n  p repa ra t ion  f o r  
tes t  a t  the Doug1.a~ Sacramento, C a l i f o r n i a ,  Test S i t e .  Assemb 
t i o n a l  f l i g h t  s t a g e s  w i l l  a l s o  be undertaken dur ing  FY 1966. 

Vehicle Instrument  Unit  

The vehi.c:le instrument  u n i t  i nc ludes  a s t r u c t u r a l  system 

acceptance 
y of addi -  

environ,mental 
system, guidance system, c o n t r o l  system, e l e c t r i c a l  system, and te lemet ry  
and measuri.ng systems. The Sa turn  V instrument  u n i t  i s  being developed by 
t h e  Marshall  S;pac:e F l i g h t  Center ;  f l i g h t  u n i t s  w i l l  be assembled by I n t e r -  
n a t i o n a l  Business Machines ( IBM) .  The major guidance components are pro- 
vided by th .e  I3enclix. and IBM co rpora t ions .  F i s c a l  year  1962 and 1963 funds 
provided folr i . r i i t : i a l  des ign ,  component t e s t i n g  and a con t inua t ion  o f  
guidance s y s t e r i  r e sea rch  and development, based on experience wi th  the  
Sa turn  I p r o j e c t .  I n  FY 1964, des ign  and engineer ing  of components con- 
t inued  and s t r u c t u r a l  f a b r i c a t i o n  of t h e  f i r s t  t h r e e  ground tes t  u n i t s ,  
system t e s t ,  a.rtd f a c i l i t i e s  checkout were completed. The procurement, 
f ab r i ca t ion . ,  errid acceptance t e s t i n g  of  components i s  being cont inued 
dur ing  FY 1965. S t r u c t u r a l  and v i b r a t i o n  t e s t i n g  i s  under way. The 
assembly of t h e  f a c i l i t i e s  checkout s t r u c t u r e ,  f l i g h t  systems, and v i -  
b r a t i o n  t e s t  u!riit:s i s  a l s o  scheduled f o r  completion. During FY 1966, 
v i b r a t i o n  and s t r u c t u r a l  t e s t i n g  w i l l  be completed and f l i g h t  systems 
t e s t i n g  w i l l  b e  i n i t i a t e d .  Sa turn  V Dynamic t e s t i n g  wi th  the  Dynamic 
Test Unit  and c:heck.out of  Launch Complex 39 a t  Kennedy Space Center  wi th  
t h e  F a c i l i t i e s  Checkout Instrument  Unit  w i l l  a l s o  be s t a r t e d .  Assembly 
of  t he  f i r s t  two f l i g h t  u n i t s  w i l l  beg in  and t h e  f i r s t  f l i g h t  u n i t  i s  
scheduled t o  b'c! c:ompleted dur ing  FY 1966. 

Ground Support Equipment 

Ground S'upport Equipment (GSE) c o n s i s t s  of n o n - f a c i l i t y  hardware 
requi red  t o  fu.rict:ionally check ou t  assembled Sa turn  V v e h i c l e s .  F i s c a l  
year 1964 and 1.965 funds were used f o r  des ign  and i n i t i a t i o n  of long lead-  
t i m e  procureme.rtts of mechanical and e lec t r ica l  checkout equipment f o r  u s e  
a t  Launch Comp1.e~ 39. I n  a d d i t i o n ,  f a b r i c a t i o n  of  a pro to type  set  of 
equipment (Breadboa.rd) w a s  begun and checkout equipment w a s  procured f c r  
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t h e  f i r s t  f a z i l i t y  checkout a t  Complex 39. Funds were a l s o  used t o  develop 
and procure s p e c i a l  t es t  equipment and components, such as hardware f o r  t h e  
Umbilical/Swing A r m  Test F a c i l i t y .  

I n  FY 1966, t h e  Sa tu rn  V breadboard i s  scheduled t o  become ope r , t t i ona l  
and d e l i v e r y ,  i n s t a l l a t i o n ,  and checkout of equipment i s  scheduled t o  be 
completed a t  Lamch Complex 39 for t h e  f i r s t  Sa tu rn  V launch operatioxi. 
The General 12lectric Company is  under c o n t r a c t  f o r  des ign ,  f a b r i c a t i o i i ,  
and support  of the v e h i c l e  e l e c t r i c a l  support  equipment. The f i r s t  df!livery 
i s  scheduled f o r  October 1965, and FY 1966 i s  planned as t h e  peak yea]* f o r  
manufacture 5e Livery, and checkout of e l e c t r i c a l  support  equipment f o r  
Launch Urnbi1:i:al Towers and Launch Cont ro l  Centers  numbers 1 through :I. 

t h e  mechanical support  equipment a r e a ,  t h e  Boeing Company w i l l  fo l low 
through on a make-or-buy b a s i s  t o  a s su re  t h e  complete p rov i s ion ing  anc i n -  
t e g r a t i o n  of a1.L v e h i c l e  mechanical support  equipment. The Boeing Company 
w i l l  a l s o  ope ra t e  t h e  Sa turn  V Equipment Management System t o  provide a 
master equipment: r eco rds  s y s t e m  f o r  a l l  Vehicle Ground Support Equipment. 
The Radio Cor-])oration of America w i l l  complete the  d e l i v e r y  of necesssiry 
computer syst.c:ms, t o g e t h e r  wi th  i n i t i a t i o n  of maintenance and support  
ope ra t ions .  I T  1966 w i l l  a l s o  mark the  f i n a l  d e l i v e r y  by Sanders Assoc ia t e s  
of t h e  dis8play systems r equ i r ed  f o r  Launch Complex 39 checkout ope ra t ions .  

In I 

F-L Engine Procurement 

FY 1965 funding provides  f o r  d e l i v e r y  of 1 7  engines  and procurement 
of long 1ead-i:ine hardware. FY 1966 e s t i m a t e  provides  f o r  d e l i v e r y  of 23  
engines and procurement o f  a d d i t i o n a l  long- lead  hardware. These Eunds 
a l s o  cover procurement of s p a r e s ,  suppor t  hardware, s e r v i c e s  and pro- 
p e l l a n t s  f o r  scceptance  t e s t i n g  of t he  engines  scheduled f o r  d e l i v e r y .  

5 - 2  Engine Procurement 

FY 1965 funding provides  f o r  d e l i v e r y  of  2 1  engines  and procurement 
of  long lead-tinie hardware. The FY 1966 e s t ima te  provides  f o r  d e l i v e r y  of 41 
engines  and procurement of a d d i t i o n a l  long-lead hardware. Funds i n  both 
f i s c a l  yea r s  a l s o  cover s p a r e s ,  support  hardware, support  s e r v i c e s  and pro- 
p e l l a n t s  f o r  acceptance t e s t i n g  of t he  engines  scheduled f o r  d e l i v e r y .  

Vehicle Support 

Vehicle support  funds a r e  r equ i r ed  t o  provide s e r v i c e s  and equiprient 
t h a t  a r e  common t o  more than  one s t a g e  of t h e  v e h i c l e .  F i s c a l  years  1!164 
and 1965 funding inc ludes  in s t rumen ta t ion ,  record ing  and d a t a  reductioxi 
equipment f o r  the Sa turn  V Dynamic T e s t  Stand a t  Marshall  Space F l i g h t  
Center ;  develo?mental and o p e r a t i o n a l  t r a n s p o r t a t i o n  c o s t s  which inclutle 
u s e  o f  marine J e s s e l s  and a i r c r a f t  f o r  movement of s t a g e s  and o u t s i z e  
cargo;  actj-vatlion of t he  M i s s i s s i p p i  Tes t  F a c i l i t y ;  o p e r a t i o n  of t h e  SI i d e l l  
F a c i l i t y ;  range s a f e t y  and t r a c k i n g  d e v i c e s ;  p r o p e l l a n t s ,  equipment ancl 
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engineer ing  support  a s soc ia t ed  with v e h i c l e  checkout a t  Kennedy Space {Center; 
computation s e r v i c e s ;  engineer ing  s e r v i c e s ;  q u a l i t y  c o n t r o l  and in spec t ion ,  
c o n t r a c t  a d m i r i s t r a t i o n ,  a u d i t  and proper ty  admin i s t r a t ion  s e r v i c e s  by o t h e r  
Government agencies ;  a wide spectrum of  developmental t e s t i n g  inc luding  
c a t e g o r i e s  such a s  (1) de termina t ion  of bending modes and resonant  frequen- 
c i e s  of Sa tur r  V ,  ( 2 )  l i q u i d  hydrogen and l i q u i d  oxygen propellantl  f e e d  
systems, ( 3 )  krelding techniques .  A l s o  included i n  v e h i c l e  support: i s  an 
ex tens ive  Systems Engineering and Systems I n t e g r a t i o n  e f f o r t  which i n w r e s  
proper i n t e r f z c e  c o n t r o l  of  a l l  s t a g e s ,  systems and s t r u c t u r e s .  

I n  FY 1966 t e s t i n g  of S-IC and S-I1 Stages  w i l l  begin a t  t h e  Miss i s s ipp i  
Test  F a c i l i t y  n e c e s s i t a t i n g  i n c r e a s e s  i n  p l a n t  and t e c h n i c a l  support  
a c t i v i t i e s  a t  t h a t  l oca t ion .  Vehicle support  w i l l  also i nc lude  fundin;,g of 
p r o p e l l a n t s  used i n  the  t e s t i n g  of t hese  s tages .  P a r t i c u l a r  emphasis isill be 
placed on the a c t i v a t i o n  and ope ra t ions  of t he  Dynamic T e s t  Stand a t  Marshall  
Space F l i g h t  Center. 
with the  de l ive ry  of more s tages .  Systems Engineering and Systems 
I n t e g r a t i o n  func t ions  w i l l  be  i n t e n s i f i e d  t o  t h e i r  planned peaks. Other 
e f f o r t s  will include v e h i c l e  f l i g h t  c o n t r o l  systems s t u d i e s ;  r e l i a b i l i t y  
programs ; a c o u s t i c a l  environmental  de te rmina t ion;  ground wind load tests ; 
i n t e n s i f i e d  qua li f i c a  t i  on t e s t i n g  and vehic  le p r o p  l l a n t  b l a s t  hazard t e s t i n g  . 

Transpor ta t ion  requirements  w i l l  i n c r e a s e  c o n s i s  I:ent 

Engine Development 

19 64 1965 19 6 6  

H - 1  engine .................... $11,531,000 $4 , 800,000 $4 , 801,) ,000 

F-1 engine .................... 61,954,000 54,400,000 52 , 500,000 
5 - 2  engine .................... 48 , 284,000 46 , 202,000 45 , 501) ,000 
P r o p e l l a n t s  and r e l a t e d  

RL-10 engine .................. 15,022,000 14,400 , 000 1,900,000 

engine support  . . . . . . . . . . . . . .  29,209,000 33,598,000 36,Oo1') .z 000 

T o t a l . . .  .................... $166,000,000 $153,400,000 $140,701~),000 

Through 'FY 1963 a t o t a l  of $319.0 m i l l i o n  had been ob l iga t ed .  

Funds i n  t h i s  p r o j e c t  provide f o r  t he  development of engines  t o  bt? 
used i n  the  Apollo Program. Procurement of t he  engines  included i n  thl. 
Sa turn  c l a s s  vehic ' les  i s  funded under the  appropr i a t e  launch v e h i c l e  
p r o j e c t .  
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H - 1  Engine 

The H - 1  (engine, which i s  being developed by t h e  Rocketdyne Div is ion  
of North American Avia t ion ,  I n c . ,  i s  used i n  c l u s t e r s  of e i g h t  p e r  s t age  t o  
propel  the  f i r s t  s t a g e s  of t he  Sa turn  I and Sa turn  I B  v e h i c l e s .  Th i s  imgine 
produces up t o  200,000 pounds of t h r u s t  us ing  l i q u i d  oxygen and RP-1 (Icero- 
sene)  as p rope l l an t s .  

Development O E  t he  H - 1  engine w a s  i n i t i a t e d  by the  Department of  Defense 
i n  September 1958 as a 165,000 pound-thrust  improved ve r s ion  of t h e  Thor- 
J u p i t e r  enginle. The r e s p o n s i b i l i t y  f o r  development of t h i s  engine w a s  
t r a n s f e r r e d  t o  the  NASA i n  1960. The 165,000 pound t h r u s t  engine w a s  iised 
s u c c e s s f u l l y  i n  the  f i r s t  four  Sa turn  I launches.  A 188,000 pound thr i i s t  
engine ,  up- ra ted  f o r  used i n  t h e  Block I1 Saturn  I v e h i c l e ,  has  been u,;ed i n  
t h r e e  success fu l  Sa turn  I f l i g h t s  and w i l l  be used i n  t h e  remaining t h r e e  
f l i g h t s .  A 210,000 pound t h r u s t  ve r s ion  i s  being developed and w i l l  bi: used 
i n  a l l  Sa turn  I B  v e h i c l e s .  Although the  H - 1  engine has  been flown suc(:ess- 
f u l l y  a t  t l n e  165,000 and 188,000 pound t h r u s t  l e v e l s ,  c e r t a i n  componenl:s 
requi red  modi f ica t ion  t o  a s su re  r e l i a b l e  performance a t  h ighe r  t h r u s t  l eve ls .  
I n  p a r t i c u l a r ,  t h e  n i c k e l  t h r u s t  chamber tubes  have been replaced by si:ain- 
l e s s  s tee l  tu'bes t o  compensate f o r  reduced s e r v i c e  l i f e  caused by t he  in- 
c rease  i n  t h r u s t  and chamber p re s su re  r equ i r ed  by t h e  up - ra t ing  of the  
engine.  

Developmlent of a 200,000 pound t h r u s t  ve r s ion  of t he  engine f o r  t h e  
Sa turn  I B  is  i iecessary  t o  in su re  a t ta inment  of t he  r equ i r ed  payload capa- 
b i l i t y .  This  a d d i t i o n a l  development e f f o r t  began i n  FY 1964 and has 
continued i n  FY 1965. The FY 1964 e f f o r t  included a complete stress 
a n a l y s i s  o f  c r i t i c a l  engine components a t  increased  f l i g h t  loads c r e a t e d  
by the  h igher  engine t h r u s t  ope ra t ing  l e v e l ,  and a program of engine tc?sts 
t o  determine (operat ing l i m i t s .  Only those  components found t o  be marginal 
by the  stress a n a l y s i s  and 200,000 pound t h r u s t  l e v e l  t e s t i n g  were re- 
designed.  Thte FY 1965 up- ra t ing  e f f o r t  c o n s i s t s  of  a development and [:est- 
ing  program, involving approximately 1,000 ground tests and r e q u i r i n g  18 
engines  through complete engine qualification a t  t h e  200,000 pound t h r u s t  
l e v e l  by the  end o f  the  fou r th  q u a r t e r  of f i s c a l  year  1965. In  FY 19615, 
the  development program w i l l  c o n s i s t  of launch suppor t ,  t e s t i n g ,  f l ighl i  
eva lua t ion ,  and support  of t h e  product ion program. This  e f f o r t  inc ludes  
maintaining t h e  c a p a b i l i t y  f o r  design and development, approximately 250 
ground t e s t s ,  and r e t r i e v i n g ,  eva lua t ing ,  and r e p o r t i n g  d a t a  evolved firom 
the  Sa turn  I and I B  f l i g h t s .  

RL-10 Engine 

The RL-113 engine i s  being developed by P r a t t  & Whitney A i r c r a f t  f o r  
u s e  i n  the  second s t age  (S-IV) of t he  Sa turn  I veh ic l e  and the Centaur 
s t age  of t he  Atlas-Centaur  veh ic l e .  The S-IV Stage uses  a c l u s t e r  of (six 
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engines  and t:he Centaur a c l u s t e r  of two engines .  Each engine ,  u s ing  l i q u i d  
hydrogen and :.iquid oxygen as p r o p e l l a n t s ,  develops 15,000 pounds of t h r u s t .  

Devel.opmc!nt: of t h e  RL-10 A-3 engine w a s  i n i t i a t e d  by NASA i n  1961, and 
w a s  a fo1 l .o~-on  program t o  t h e  RL-10 A - 1  engine program i n i t i a t e d  by the  A i r  
Force i n  1.958, The RL-10 A-3 engine s u c c e s s f u l l y  completed i t s  Pre l iminary  
F l i g h t  Rating T e s t s  (PFRT) i n  J u l y  1962 and i t s  Q u a l i f i c a t i o n  Tests i n  
September 1964. RL-10 engines  have flown s u c c e s s f u l l y  i n  t h r e e  Saturn 
f l i g h t s  and t:lirte Centaur f l i g h t s .  

I n  Fk’ 19154, t he  Centaur Program O f f i c e ,  l oca t ed  a t  L e w i s  Research 
Center ,  Ohio:, reques ted  t h a t  t h e  RL-10 engine be modified t o  provide an i n -  
c reased  s p e c i f i c  impulse t h a t  would enable  Centaur t o  meet i t s  payload re- 
quirements.  ‘Chis e f f o r t ,  i n i t i a t e d  i n  A p r i l  1964, r e q u i r e s  t h e  development 
of a recontou-red t.hrust chamber, an increased  performance i n j e c t o r ,  and a 
modified t.urbopump. FY 1965 a c t i v i t y  w i l l  inc lude  completion of i n i t i a l  
des ign  and fal)ri.cation, and i n i t i a l  t e s t i n g  of pro to type  hardware. 

The KL-1.0 engine development e f f o r t  i n  FY 1966 i s  p r i m a r i l y  devoted 
t o  providi.ng im increased  s p e c i f i c  impulse f o r  Centaur payload requirements.  
The Manned Space F l i g h t  FY 1966 r eques t  w i l l  be used t o  support  t h e  last 
Sa turn  I 1.aunc:h and provide f o r  p o s t - f l i g h t  e v a l u a t i o n  of Sa tu rn  I f l i g h t  
da ta .  

F-1 Engine 

The F-1 engine ,  which i s  being developed by the  Rocketdyne Div i s ion  
of North American Avia t ion  a t  Canoga Park ,  C a l i f o r n i a ,  w i l l  be used i n  a 
c l u s t e r  of filre engines  i n  t h e  f i r s t  s t a g e  of t h e  Sa tu rn  V v e h i c l e .  E:ach 
engine i s  c a p ~ b l ~ e  o f  producing 1,500,000 pounds of t h r u s t  u s ing  liquicl 
oxygen (LOX) iind kerosene (RP-1) as p r o p e l l a n t s .  

Development of t h e  F-1 engine w a s  begun i n  January  1959 when a cclntract 
was awarded to Rocketdyne f o r  development, through Pre l iminary  F l i g h t  Rating 
T e s t s  (PFRT),, of a 1,500,000 pound t h r u s t  LOX-RP-1 rocket  engine .  I n  June 
1961, t h e  tesi: f i r i n g  of t h e  f i r s t  F-1 engine was accomplished. Since t h a t  
t i m e  , F-1 engines  have achieved r a t e d  t h r u s t  and d u r a t i o n  (150 seconds:) 
runs  w e l l  ovz!:: 1,OO times. During the  l a t t e r  p a r t  of ca l enda r  yea r  19612 
combust ion in:; tabi. li t y reached s e r i o u s  propor t  ions .  Th i s  i n s t a b i l i t y  pro- 
blem w a s  a t t r i b u t e d  t o  d i f f i c u l t  d e t a i l e d  des ign  problems a s s o c i a t e d  wi th  
extremely l a r g e  i n j e c t o r s  and turbopumps. A t a s k  f o r c e  composed of N M A ,  
Department: of Defense, U n i v e r s i t y ,  and Indus t ry  e x p e r t s  w a s  ass igned  t o  
a t t a c k  t h i s  p:roblem and recommend s o l u t i o n s .  Th i s  e f f o r t  has  r e s u l t e d  i n  
s e v e r a l  i n j e c : ~ o r  des igns  which produced s t a b l e  combustion. However , ii. sub- 
s t a n t i a l  prog:.-arn of t e s t i n g  m u s t  s t i l l  be accomplished t o  ensure  t h a t  o t h e r  
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engine requj.::ements , such as performance , d u r a b i l i t y ,  and p r e s s u r e  drop,  
are not  c.ompi:ornised by an i n j e c t o r  o f  s a t i s f a c t o r y  s t a b i l i t y .  The f i n a l  
release of t h e  des ign  of t h e  F l i g h t  Rat ing T e s t  (FRT) engine w a s  made i n  
t h e  f i r s t .  qu,iri:er o f  FY 1964, and t e s t i n g  i s  scheduled f o r  completion i n  
the  t h i r d  qu,m:er o f  FY 1965. 

I n  FY l.O6!j and again i n  FY 1966, approximately 350 s e p a r a t e  engine 
system ground tes t s  w i l l  be performed. These t e s t s  are p a r t  of t he  zipproxi- 
mately 1,500 planned engine system t e s t s  t h a t  must be performed t o  q u a l i f y  
t h e  engine f'or manned f l i g h t .  Major e f f o r t s  programmed f o r  FY 1966 i n -  
c lude :  comp:.et.ion o f  component q u a l i f i c a t i o n ;  continued demonstrat icn o f  
t h e  e n g i n e ' s  a b i l i t y  t o  recover  from induced combustion i n s t a b i l i t y  snd 
perform a t  zi s p e c i f i c  impulse compatible wi th  v e h i c l e  requirements;  and 
r e l e a s e  of f'..nal des ign  o f  a q u a l i f i c a t i o n  engine.  To maintain t h i s  ex- 
t e n s i v e  test:.ng program i n  f i s c a l  year  1966, b u i l d i n g  of  f i v e  new engines ,  
r e b u i l d i n g  of 14 engines ,  and product ion of t h e  equiva len t  o f  10 engines  
i n  t e s t  components a r e  scheduled. 

5-2 Engine 

The 5-2 engine i s  being developed by t h e  Rocketdyne Div is ion  of North 
American Aviati.on a t  Canoga Park,  C a l i f o r n i a ,  f o r  use i n  upper s t a g e s  o f  
t h e  Sa turn  III and Sa turn  V v e h i c l e s .  This  engine,  us ing  l i q u i d  hydrogen 
and l i q u i d  c'xygen as p r o p e l l a n t s ,  i s  designed t o  develop 200,000 pounds of 
t h r u s t .  I n  t h e  Sa turn  I B  v e h i c l e ,  one 5-2 engine w i l l  be used i n  t h e  
second s t age  (SI-IVB). I n  t h e  Sa turn  V v e h i c l e ,  a c l u s t e r  of f i v e  5-2  
engines  will be used i n  t h e  second s t a g e  (S-11) and one 5 - 2  engine i n  t h e  
t h i r d  s t a g e  ( S -  I V B )  . 

Development of t h e  5-2  engine began i n  September 1960 with the  award 
of  t h e  develclpment c o n t r a c t  t o  Rocketdyne. I n  October 19G2, t h e  engine 
achieved i t s  f i r s t  f u l l  t h r u s t  (250-second dura t ion)  run.  The f i r s t  
500-second dLrzLion run  necessary  t o  meet t h e  f i n a l i z e d  requirements  of t h e  
Sa turn  I B  and V v e h i c l e s  was s u c c e s s f u l l y  conducted on November 2 7 ,  1963. 
Other accomplishments during FY 1964 included demonstrat ion o f  gimbal capa- 
b i l i t y ,  nominal performance, t h e  p r o p e l l a n t  u t i l i z a t i o n  s y s t e m  and t h e  
f i r s t  PFRT-t),pe engine t e s t .  

During EY 1965, approximately 500 ground tes ts  w i l l  be performed. 
Addi t iona l  accomplishments inc lude  completion of PFRT and demonstratiDn o f  
engine r e s t a r t .  S t a r t  and c u t o f f  impulse and t h r u s t  alignment and v i b r a t i o n  
l i m i t a t i o n s  w i l l  a l so  be demonstrated by t h e  end of t h e  f i s c a l  yea r .  

I n  FY 1 9 6 6 ,  approximately 500 ground t e s t s  w i l l  be performed. T e s t i n g  
f o r  q u a l i f i c a t i o n  o f  t h e  f u e l  turbopump, gas  g e n e r a t o r ,  LOX turbopump, 
engine c o n t r c l s  and engine f l i g h t  ins t rumenta t ion ,  s t a r t e d  i n  FY 1965 
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and i s  scheduled t o  be completed i n  FY 1966. The 5-2 engine q u a l i f i c a t i o n  
Tes t  Program vi11 be conducted dur ing  FY 1966. I n  t h e  process  of accom- 
p l i s h i n g  these t e s t s ,  e i g h t  new engines  w i l l  be b u i l t  and 12 engines  w i l l  be 
r e b u i l t ,  

P r o p e l l a n t s  and Related Engine Support  

Propel la r . t s  and a n c i l l a r y  f l u i d s  r equ i r ed  by the  c o n t r a c t o r s  i n  t h e i r  
t e s t  programs a r e  procured and provided as Government furn ished  m a t e r i a l .  
The primary products  used a r e  l i q u i d  oxygen, l i q u i d  hydrogen, kerosene ,  
l i q u i d  n i t rogen  and helium. Based on a NASA/DOD agreement,  t he  A i r  Force 
procures  and c e l i v e r s  a l l  requi red  p r o p e l l a n t s ,  with the  except ion  o f  
l i q u i d  hydrogen. NASA procures  l i q u i d  hydrogen from p r i v a t e  producers .  
The FY 1966 Ergine Development Test  Program w i l l  r e q u i r e  approximately 
205,000 tons  c f  l i q u i d  oxygen, 13,000 t ons  of  l i q u i d  hydrogen, 8 rnillim 
ga l lons  of kexosene, 44,000 tons  of  l i q u i d  n i t r o g e n ,  and 50 m i l l i o n  cubic  
f e e t  of  helium. Engine support  funds i n  FY 1966 w i l l  provide f o r  s e r v i c e s ,  
suppor t ing  r e sea rch  and equipment a s soc ia t ed  wi th  c o n t r a c t o r  e f f o r t .  Engine 
support  w i l l  ~ l s o  fund c o n t r a c t  a d m i n i s t r a t i o n ,  a u d i t ,  p rope r ty  a d m i n i s t r a t i o n ,  
and q u a l i t y  a rd  in spec t ion  s e r v i c e s  by o t h e r  Government agencies .  

Apollo Niss ion  Support 

1964 1965 15'66 

Systems eng:.neering.. . . . . . . . . . . $28,877,000 $41,000,000 $41 ,OCO ,000 
Launch ope ra t  i-on:: and 

instrumentat .  ion.  . . . . . . . . . . . . . 22,759,000 20,572,000 37,245,000 
>l iss ion  cont.ro1 systems. , . . . . . , 47,530,000 38,500,000 36,400,000 
Apollo space ope ra t ions . .  . . , . , . 3,663,000 25,350,000 37,0CO,OOO 
Support i ng de ve 1 o pme n t . . . . , . . . , 30,272,000 53,900,000 70,6CO,OOO 

(Apollo extension systems). . . - - -  (14,000,000) (48,0CO,OOO) 

Tota l  ........................ $179,322,000 9222,24 5,000 

Through EY 1963 a t o t a l  of  $107.1 m i l l i o n  had been o b l i g a t e d .  

Apollo mission suppor t  provides  f o r  t he  suppor t ing  development 
and program-wide t e c h n i c a l  e f f o r t ;  and equipment and t e c h n i c a l  and 
engineer ing  e f f c r t  f o r  t h e  development and maintenance of  t h e  launch 
and f l i g h t  opera.t ions c a p a b i l i t y  necessary  t o  accomplish the  Manned 
Lunar Landing program. 

Systems Engineer ing 

This  a c t i v i t y  covers  program-wide t e c h n i c a l  review and a n a l y s i s ,  i n  
a d d i t i o n  t o  t echn ica l  suppor t  needed f o r  t h e  success fu l  accomplishment o f  
Apollo.  This  e f f o r t  g ives  assurance  t h a t  program func t iona l  and per -  
formance requirements  a re  compatible wi th  mission o b j e c t i v e s .  FY 1965 

RD 2 - 2 1  



and p r i o r  f i s c a l  year  funding provided f o r  e f f o r t s  which supported mission 
d e s c r i p t i o n  and planning,  t es t  o b j e c t i v e s  and i n t e g r a t i o n ,  program and 
systems s p e c i f i c a t i o n ,  guidance and naviga t ion  s t u d i e s ,  inc luding  t ra-  
j e c t o r y  a n a l y s i s ,  communications and t r ack ing  networks,  checkout e f f e c -  
t i v e n e s s ,  and documentation. FY 1966 funding provides  f o r  an extensiol i  
of most of thle ana lyses .  Emphasis w i l l  s h i f t  t o  r e l i a b i l i t y  s t u d i e s ,  
inc luding  mission s a f e t y  a n a l y s i s ,  mathematical model development and 
f a i l u r e  e f f e c t s  a n a l y s i s ,  as t h e  hardware program progresses .  The 
p r i n c i p a l  ,systems engineer ing  c o n t r a c t o r s  are Bellcomm and General E l e c t r i c .  

Launch Operat ions and Ins t rumenta t ion  

Funds f o r  Launch Operat ions provide f o r  c o n t r a c t o r  supported s e r v i c e s  
i n  the  Mer r i t t  I s l and  Launch Area ( M I L A ) ,  inc luding  major items of equip-  
ment requi red  1:o support  t hese  c o n t r a c t o r s .  I n  a d d i t i o n ,  the  funds a l s o  
cover reimburs,c!mctnts t o  the  A i r  Force f o r  support  s e r v i c e s .  F i s c a l  Y e a r s  
1965 and 1966 I-equirements a r e  based on an a c c e l e r a t e d  program t o  support  
Sa turn  V and the  Manned Lunar Landing Program, and Sa tu rn  I B  launches from 
Complex 3 4 .  Apo1.10 a c t i v i t i e s  a t  t h e  Kennedy Space Center  are inc reas ing  
as cons t ruc t ion  of f a c i l i t i e s  a t  M I L A  p rogresses  toward completion. 

FY 1965 funcls provided f o r  Launch Ins t rumenta t ion  improvements t o  
support  the  Sart.urn launch veh ic l e  development program. Telemetry,  t r a c k i n g ,  
f a c i l i t y  and erivironmental measurement, and o t h e r  ins t rumenta t ion  systems 
were expanded m c l  improved. For example, a d d i t i o n a l  t r ack ing  r e c e i v e r s  
were implemented t o  achieve g r e a t e r  system accuracy,  and t h e  d a t a  reduct ion  
system was augriented t o  provide nea r  real-time performance. 

During FY 1966, cont inued expansion and improvement of Launch In -  
s t rumenta t ion  systems are r equ i r ed  because of i nc reas ing  complexity of 
launch v e h i c l e s  and t h e  a c t i v a t i o n  of a d d i t i o n a l  launch f a c i l i t i e s .  
S p e c i f i c  improvements inc lude  increased  e f f i c i e n c y  and r e l i a b i l i t y  i n  
handl ing d i g i t j z e d  t e l eme t ry  d a t a ,  development of  a c l o s e - i n  prototype 
t r ack ing  system, expansion of t h e  t iming d i s t r i b u t i o n  system, development 
of a large-scrrmen d i s p l a y  system, expansion of  t h e  f l i g h t  TV system t o  dua l -  
pad c a p a b i l i t y ,  and expansion of f a c i l i t y  and environmental  i n s t rumen ta t ion .  
Funds are a l s o  requi red  f o r  equipment ope ra t ion ,  maintenance and r e n t a l ,  
and f o r  prototjrpe f a b r i c a t i o n .  

Mission Control  Systems 

Mission Cclntrol Systems inc lude  development, ope ra t ion ,  and maintenance 
of the  Mission Ccnt ro l  Center  (MCC) a t  t h e  Manned Spacecraf t  Center  and 
a s soc ia t ed  i n t c r f a c e s  a t  the  Kennedy Space Center .  It a l s o  provides  f o r  
t he  t e c h n i c a l  i n t e g r a t i o n  of t he  MCC wi th  t h e  worldwide Manned Space F l i g h t  
Network and for t he  c o m p a t i b i l i t y  t e s t i n g  of s p a c e c r a f t  e l e c t r o n i c  systems 
with t h e  e n t i r e  Ground Opera t iona l  Support System (GOSS). 
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Constru.c:ti.on of t h e  MCC bu i ld ing  i s  complete. Four l a r g e  d i g i t a l  com- 
p u t e r s  have heen i n s t a l l e d  and checked o u t ,  and are being used f o r  mission 
monitor ing,  c:oniputer program t e s t i n g ,  and o p e r a t i o n a l  planning.  An addi-  
t i o n a l  computer. system i s  t o  be i n s t a l l e d  i n  FY 1965. This  equipment must 
be f u r t h e r  augniented i n  FY 1966 t o  provide s u f f i c i e n t  c a p a b i l i t y  f o r  t h e  
s imula t ion ,  o p e r a t i o n a l ,  and programming a c t i v i t i e s  r equ i r ed  f o r  Gemini and 
Apollo missions.  Technical  systems have been i n s t a l l e d  and w i l l  be used f o r  
mission monitoring dur ing  FY 1965. The i n t e g r a t e d  checkout of  t h e  systems 
wi th in  the  MCC and i t s  i n t e r f a c e  wi th  t h e  worldwide network f o r  s i n g l e  
v e h i c l e  e a r t h - o r b i t a l  Gemini missions w i l l  be completed dur ing  FY 1965. 

FY 1966 funds are requi red  t o  perform i n t e g r a t e d  MCC checkout f o r  
Gemini rendezvclus and e a r t h - o r b i t a l  Apollo miss ions ,  t o  accomplish neces- 
s a r y  modi f ica t ions  t o  equipment as a r e s u l t  o f  mission exper ience ,  f o r  
t e s t i n g  of t h e  Apollo Launch Data System ( i n t e r f a c e  equipment at Cape 
Kennedy), f o r  cont inued r e n t a l  of computing and t e l e t y p e  equipment, and 
f o r  ope ra t ion  and maintenance dur ing  scheduled missions.  FY 1966 funds 
are a l s o  needed f o r  t h e  c o m p a t i b i l i t y  t e s t i n g  of  Sa turn  IB/Apollo Space- 
c r a f t  e lec t rc ln ic  systems wi th  the  MCC and the  Manned Space F l i g h t  Network. 

Apollo Space Operat ions 

These f m d . s  provide f o r  f l i g h t  c r e w ,  p r e - f l i g h t  and f l i g h t  ope ra t ions  
support  f o r  the Apollo program. 

F l i g h t  Crew Operat ions support  a l l  phases of crew t r a i n i n g  and t h e  
i n t e g r a t i o n  clf crew a c t i v i t i e s  wi th  t h e  engineer ing  des ign  of  t h e  Apollo 
spacec ra f t  ar.d r e l a t e d  mission planning ac t iv i t ies .  Accomplishments 
planned durir .g FY 1966 inc lude  d e l i v e r y  and checkout of  t h e  command module 
mission s imula tor  and procurement of  two luna r  landing  t r a i n i n g  v e h i c l e s  
( i n  the  LEM conf igu ra t ion ) .  
t r a i n i n g  and p i l o t  q u a l i f i c a t i o n  and f o r  modi f ica t ion  of  t h e  Gemini docking 
t r a i n e r  i n t o  t h e  Apollo conf igu ra t ion .  

FY 1966 funds w i l l  a l s o  be used f o r  f l i g h t  

Pre- f l ig ,h t  ope ra t ions  c o n s i s t  o f  t h e  p repa ra t ion ,  checkout and pre-  
launch a c t i v i t i e s  f o r  t h e  Apollo spacec ra f t  and t h e  a u x i l i a r y  systems re- 
l a t i n g  t o  the launch. 

In  FY 15651, a c t i v a t i o n  of checkout f a c i l i t i e s  a t  M I L A  w i l l  be cont inued 
t o  in su re  adequate checkout c a p a b i l i t y  f o r  t h e  f i r s t  Apollo spacec ra f t  t o  be 
launched from Cape Kennedy on a Sa turn  I B  v e h i c l e  i n  FY 1966. 
of checkout f a c i l i t i e s  f o r  t h e  Apollo s p a c e c r a f t  w i l l  r e q u i r e  t h e  major 
p o r t i o n  of the funds reques ted  f o r  FY 1966. 

Ac t iva t ion  

F l i g h t  c p e r a t i o n s  inc lude  mission plannkng and a n a l y s i s ,  f l i g h t  ' cont ro l ,  
and recovery ope ra t ions .  



Mission planning and a n a l y s i s  covers  t h e  development and op t imiz , i t i on  
of a l l  o p e r a t i o n a l  t r a j e c t o r i e s  f o r  Apollo space f l i g h t  missions.  Fuiids 
are needed i n  F Y  1966 t o  cont inue  c o n t r a c t  suppor t  i n  t h e  development of 
real-time computer programs f o r  t h e  Apollo miss ions ;  development o f  
mathematical techniques r equ i r ed  f o r  t r a j e c t o r y  programs ; and modificii t ion 
of computer equipment and c o n t i n u a t i o n  of miss ion  ana lyses  begun i n  p r i o r  
yea r s .  

F l i g h t  Cont ro l  i nc ludes  t h e  development of d e t a i l e d  f l i g h t  c o n t r o l  
p l a n s ,  traini.rig of f l i g h t  c o n t r o l l e r s  a t  t h e  Manned Spacec ra f t  c o n t r o l  
c e n t e r s  and al: Planned Space F l i g h t  Network remote s t a t i o n s  f o r  ground 
monitoring,; inid, a s  necessa ry ,  c o n t r o l  o f  t h e  Apollo miss ions .  FY 1966 
funds are r equ i r ed  f o r  con t inua t ion  of c o n t r a c t o r  suppor t  personnel f c r  
f l i g h t  monitci'ing; r emote - s i t e  o p e r a t i o n ;  de te rmina t ion  o f  f l i g h t  c o n t r o l  
procedures and f l i g h t  c o n t r o l l e r  t r a i n i n g ;  and purchase of a u x i l i a r y  f l i g h t  
c o n t r o l l e r  equipment. 

Recovery o p e r a t i o n s  inc lude  planning and o p e r a t i o n a l  supe rv i s ion  of 
a l l  recovery suppor t  s e r v i c e s  for  t h e  Apollo miss ions .  FY 1966 funds w i l l  
support  t h e  Department o f  Defense recovery f o r c e s  r equ i r ed  f o r  Apollo f l i g h t s .  
These DOD serc . ices  inc lude  deployment o f  s h i p s ,  a i r c r a f t  and communications 
equipment and providing a c a p a b i l i t y  of s p a c e c r a f t  l o c a t i o n  i n  t h e  event  of 
contingency landings .  I n  a d d i t i o n ,  funds a r e  r equ i r ed  f o r  t h e  t e s t ,  eva lu-  
a t i o n ,  and procurement of r e t r i e v a l  and l o c a t i o n  equipment i s sued  t o  Djepart- 
ment of  Defense recovery f o r c e s  and mod i f i ca t ion  of e x i s t i n g  equipment. 

Supporting Development 

Support in ,?  ]>eve lopment c o n s i s t s  o f  i n d i v i d u a l l y  s e l e c t e d  engineer:.ng 
t a s k s  primaril.:t suppor t ing  t h e  Apollo program. Included a r e  s t u d i e s  and 
hardware deve1.opments which provide increased  assurance  of meeting the  pe r -  
formance and r e l i a b i l i t y  requirements of Apollo miss ions ,  inc luding  both 
e a r l y  manned 1.1inar landing  miss ions  and a l te rna te  miss ions  us ing  the  A~10llo 
hardware. 
launch v e h i c l e ,  p ropuls ion ,  and launch o p e r a t i o n s  hardware programs of t h e  
Manned Space F l i g h t  Cen te r s ,  and provide  a l t e r n a t e  and improved systems, 
subsystems, ccniponents and m a t e r i a l s  which can be phased i n  on a scheduled 
b a s i s .  

Supporting Development t a s k s  are r e l a t e d  t o  t h e  s p a c e c r a f t ,  

A l t e r n a t e  system developments provide f o r  s u b s t i t u t e  hardware, o f  v t h e r  
des igns  meeting, a.pproved s p e c i f i c a t i o n s ,  which can d i r e c t l y  r ep lace  p re sen t  
s y s t e m s  where cevelopment problems i n  the  mainstream program have been en- 
countered o r  may occur .  Improved s y s t e m  developments provide f o r  hardware 
des igns  o f f e r i n g  increased  performance which may be r equ i r ed  t o  cornpletle an 
approved mission o b j e c t i v e .  

761-133 0-65-6 
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FY 1966 Supporting Development tasks will continue current efforts to 
develop altermaite and improved systems and subsystems for the early lunar 
landing configuration of the Apollo spacecraft and the Saturn IB and V launch 
vehicles, stages, instrument units, and ground support equipment. Typical 
tasks are: Alternate Structures for use in Saturn IB and Saturn V vehicles; 
Improved Fropellant Tank Manufacturing Techniques; Thermal Protection 
Materials Irrprovement; Improvement of Saturn Retro Motors; Development of 
Alternate Welding and Weld Inspection Techniques for Saturn IB and Saturn V 
Vehicle Structures; Miniaturization of Control System Circuits and Con- 
ponen t s .  

Supporting Development funds for FY 1966 will also be utilized for 
identification and advanced development of long lead-time Apollo spacecraft 
modification.s of subsystems and components, of in-flight and lunar surface 
experiments, and for final design which would be necessary prior to under- 
taking f ligh 1:  hardware and experiments development. 

Apollo E:xt.ension Systems would utilize the capabilities inherent in the 
Apollo program to extend the fund of knowledge and operational experience 
by the exp10rat.ion and scientific investigation of near-earth space and the 
moon itself. To utilize this capability and implement space exploration 
objectives, tlet.ailed program definition is being accomplished. This pre- 
liminary effort. paves the way for undertaking those advanced developrnent 
activities which will be required for timely Apollo program extensions. 

Advanced development and final design activities during FY 1966 are to 
be devoted piirt:icularly to modifications of electrical power, reaction 
control and 1.ife support subsystems and components necessary to extend their 
capability to 4 to 6 weeks in earth orbit and up to 2 weeks lunar surface 
staytime. Ehr1.y identification and advanced development of experimenlts is 
essential to the preparation of flight mission plans. Categories of 
experiments already being identified for advanced development fundine, are 
those related to the investigation of zero gravity and artificial gralvity; 
to meteorology;, to geological and geophysical experiments related to the 
earth and to the lunar surface; to astrophysics; and to the performance of 
tests, in the space environment, of systems, subsystems and components for 
future mi.ssi.ons. Particular emphasis during FY 1966 will be placed cln the 
advanced development of the actual devices proposed for the conduct of 
experiments during the early mission opportunities. Mockups and prot:otypes 
and, in some cases, flight articles of experiment packages will be fel.bricatecl 
to establ.ish their relationship to crea activities and their locatiorl in the 
spacecraft axid to determine their power, weight and volume requirements which 
are important: considerations in arriving at final subsystems, components 
and experiments design, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISSIONS I?ROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objective of the Advanced Missions Program is to examine advixnced 
manned space flight mission concepts. Included are: logical extensions of 
the national space capability through analysis of present hardware systems 
for growth potential; development of requirements for future systems; pro- 
vision of guidance for research and technology activities; provision of 
technical information and cost data upon which future program decisions can 
be based; and initiation of the definition, preliminary design and specifica- 
tion of probable future missions. 

SUMMARY OF RESURCES REQUIREMENTS: 

1964 

Advanced missions program... .... $21,200,000 

Distributionof Program Amount by Installation: 

John :F. Kennedy Space Center, 
NASA................. ....... 

Manned Spacecraft Center...... 
Marshall Space Flight Center.. 
Langley Research Center.. ..... 
NASA Headquarters ............. 
Western Operations Office..... 

BASIS OF FUNDJEQUIREMENTS : 

Advanced studies ................ 

$400,000 
3 , 650,000 
9 , 245 , 000 
2,017,000 
5,798,000 

90,000 

1964 

1965 

$26 , 000,000 

$450,000 
8,200,000 
7,950,000 
1,700,000 
7,700,000 --- 

1965 

$26 , 000,000 

1966 

$10, ~100,000 

1066 - 
$10,000,000 

Advanced studies enable NASA to direct its future manned space f' ight 
program planning. Specific areas of investigation include: manned eiirth 
orbital, lunar, and planetary missions. During FY 1965, major emphas:i.s is 
placed on program definition studies of Apollo Extension Systems (AES:I. 
These studies are designed to exploit the technology and capability bt!ing 
developed in the Apollo Program to extend the orbital and lunar stay-1:ime 
beyond current Apollo requirements. 
type hardware. The FY 1966 requirements reflect a major reduction frtm the 
FY 1965 level because of the evolvement of extended Apollo systems frtnn the 
definition an3 preliminary design phase to a selective study and advanced 
component development phase. 

The AES will utilize only basic I'rpollo- 
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Manned e m t h  o r b i t a l  mission s t u d i e s  completed t o  d a t e  have e s t a b l i s h e d  
the  feas ib i l i l : : ?  of e a r t h  o r b i t i n g  space s t a t i o n s .  
s e l e c t e d  f o r  f u r t h e r  d e f i n i t i o n .  
systems t o  coriduot extended e a r t h  o r b i t a l  missions,  and t h e  o t h e r  i s  based 
on the  developaent of a modular space s t a t i o n  capable  of se rv ing  a v a r i e t y  
of needs over ,in extended per iod.  

Two concepts have been 
One is based on the  u t i l i z a t i o n  of Ap0110 

The FY 1Wi6 e f f o r t  w i l l  be d i r e c t e d  p r imar i ly  i n  two areas. The first 
is t o  cont inue to  i d e n t i f y  and e v a l u a t e  p o t e n t i a l  experimental  payloads' f o r  
manned f l i g h t s  which could be used t o  o b t a i n  b e n e f i c i a l  r e t u r n s  from space 
explora t ion .  'Chese payload s t u d i e s  inc lude  methods of remotely sens ing  t h e  
condi t ion  of t h e  e a r t h ' s  atmosphere for use  i n  weather p r e d i c t i o n ;  methods 
of observing the  e a r t h ' s  s u r f a c e  f o r  use i n  car tography and i n  resource  
u t i l i z a t i o n  p:lmiiing; and o p t i c a l  and r a d i o  t e l e scopes  f o r  use  i n  astronomy 
and a s t r o p h y s i - s .  The second area of e f f o r t  i s  continued s tudy  and r e f i n e -  
ment of space s t i l t ion  concepts t o  accomplish extended e a r t h  o r b i t a l  mir:sions. 
With t h e  de f i i t i t fon  of Apollo ex tens ions ,  t h e  r e l a t i o n s h i p  between therie 
missions and eKtlended e a r t h  o r b i t a l  miss ions  can be s tud ied  par t icu1arl .y  i n  
terms of  i n - f l i g h t  t e s t i n g  of subsystems, components and ope ra t ions  i n  t h e  
process  of detlinfng a t r u e  space s t a t i o n .  

Manned li iaar mission s t u d i e s  have been d i r e c t e d  toward iden t i fy in l :  and 
de f in ing  the  most e f f e c t i v e  systems t o  support  lunar  exp lo ra t ion  missions 
fol lowing t h e  i n i t i a l  Apollo landings.  S tudies  a r e  now underway t o  de f ine  
systems t o  support  i n i t i a l  lunar  o r b i t a l  miss ions  and s u r f a c e  reconnaissance 
ope ra t ions  fol lowing the  manned luna r  landing and t o  explore  systems s i i i ted 
t o  more ex tens ive  lunar  opera t ions  and s c i e n t i f i c  e x p l o i t a t i o n  of the  iiioon. 

Through t h e  use of t he  extended Apollo systems, it w i l l  be poss ib l e  t o  
demonstrate c a p a b i l i t i e s  (1) to  acqu i re  s c i e n t i f i c  l una r  da t a  from a manned 
lunar  o r b i t i n g  s p a c e c r a f t  using s p e c i a l i z e d  cameras, non-photographic sensors  
and orb i t - to-sur face /  probes; and (2) t o  conduct ex tens ive  geo log ica l  and 
geophysical  surveys of s e l e c t e d  areas on t h e  moon t o  provide a phased (expan- 
s i o n  of t he  d a t a  obtained from e a r l i e r  NASA missions.  The p r i n c i p a l  system 
being i n v e s t i g a t e d  f o r  subsequent,  more ex tens ive  ope ra t ions ,  i s  t h e  Lunar 
Explorat ion System f o r  Apollo. (LESA). LESA i s  a f l e x i b l e  system which, i n  
i t s  growth c a p a b i l i t y ,  could provide a luna r  base.  It i s  conceived as a 
modular s e t  of lunar  s u r f a c e  hardware which can be t a i l o r e d  quick ly  t o  sup- 
por t  a wide range of lunar  exp lo ra t ion  missions.  The system inc ludes  surface 
veh ic l e s ,  s h e l t e r s ,  nuc lear  power p l a n t ,  app ropr i a t e  support  equipment, and 
r egene ra t ive  systems t o  reduce supply requirements.  From the  family of 
LESA modules, s e t s  of equipment could be assembled t o  meet t h e  needs of Several  
s s t r o n a u t s  f o r  l una r  s u r f a c e  missions of e i t h e r  s h o r t  o r  long d u r a t i o n ,  

Manned p Larietary mission s t u d i e s  t o  da t e  have e s t a b l i s h e d  the  f e a s i b i l -  
i t y  of a number of mission modes and system concepts ,  however the  complexity 
of t hese  missioris and t h e  ex tens ive  resources  requi red  f o r  such an unclertak- 
ing  make i t  imperat ive t h a t  a comprehensive s tudy program be accomplis,hed 
during the  next  few years  before  program i n i t i a t i o n  i s  considered. Tke 
p l ane ta ry  mission s t u d i e s  i n  FY 1966 w i l l  p lace  primary emphasis on mclre 
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d e t a i l e d  a n a l y s i s  of system f e a s i b i l i t y  and concepts .  S tud ie s  of scopt!, 
o b j e c t i v e s ,  sclietlules and cos t  w i l l  be necessary  t o  s e l e c t  t h e  most promising 
concepts f o r  t k t a i l e d  engineer ing  a n a l y s i s  i n  l a t e r  years .  

I n  a d d i t i o n  t o  the  s t u d i e s  of manned missions i n  e a r t h  o r b i t ,  t o  t h e  
moon, and t o  t h e  nearby p l a n e t s ,  a number of s t u d i e s  w i l l  be made t o  detfine 
p o t e n t i a l  1auri:h veh ic l e s  f o r  use i n  each of t h e  mission a reas .  These 
veh ic l e  system; inc lude  improved ve r s ions  of veh ic l e s  p r e s e n t l y  under 
development, ‘larger veh ic l e s  u t i l i z i n g  t h e  major new propuls ion sys tems 
under developrQ?nt, and v e h i c l e s  embodying r eusab le  concepts.  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF SPAC,E:SCIENCE AND APPLICATIONS PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM 0BJECI'J':S AND JUSTIFICATION: 

The o b j e c t i v e  of t he  Physics  and Astronomy Program is  t o  i n c r e a s e  our  
knowledge of t:lie space environment of t h e  Ear th ,  t h e  Sun and i t s  r e l a t i o n -  
s h i p s  t o  t h e  Ehr th  and t h e  i n t e r p l a n e t a r y  medium, t h e  geode t i c  p r o p e r t i e s  
of t h e  Earth,  m d  t h e  fundamental phys i ca l  n a t u r e  of t h e  universe .  To 
achieve t h i s  o b j e c t i v e ,  r e sea rch  is  c a r r i e d  ou t  w i th  r e s p e c t  t o  t h e  upEler a t -  
mosphere and t i e  ionosphere,  t h e  reg ion  included i n  t h e  E a r t h ' s  magnetjc 
f i e l d  o r  magnetosphere, t h e  r eg ion  of i n t e r p l a n e t a r y  space beyond t h e  bound- 
aries of  t he  magnetosphere, t h e  s o l a r  r a d i a t i o n s  i n  t h e s e  reg ions  and 1:heir 
i n t e r a c t i o n s  w i t h  t he  reg ions ,  t h e  Sun and i t s  emission of r a d i a t i o n s ,  stars 
and o the r  celest ia l  bodies ,  g a l a c t i c  and s o l a r  cosmic r ays ,  and t h e  geodesy 
of t h e  Ear th .  Research i s  c a r r i e d  on w i t h  experimental  appara tus  c a r r j e d  by 
ba l loons ,  a i r p l a n e s ,  sounding rocke t s ,  e a r t h  sa te l l i tes ,  and space pro1)es. 

Increased knowledge of t he  space environment surrounding t h e  Earth i s  
important  t o  t h e  continued advancement of man's e f f o r t s  to  understand ,and 
c o n t r o l  h i s  environment, Knowledge of the s t r u c t u r e  and dynamics of t h e  up- 
p e r  atmosphere i s  b a s i c  t o  an improved understanding of meteorology. I t  i s  
a l s o  important. i n  understanding the  problems of s p a c e c r a f t  r een t ry .  A n  im- 
proved underst.antding of t h e  c h a r a c t e r i s t i c s  of t h e  ionosphere w i l l  advance 
r a d i o  connnunic:at.ions between p o i n t s  on t h e  s u r f a c e  of t h e  e a r t h  as w e l l  as 
c0unnunication.s; w i t h  s p a c e c r a f t ,  A more complete understanding of t h e  char- 
a c t e r i s t i c s  of t he  r a d i a t i o n  b e l t s  and t h e  e a r t h ' s  magnetic f i e l d  w i l l  h e l p  
us  t o  underst:imd t h e  phenomena of t h e  atmosphere and ionosphere and w i l l  a l -  
so provide  an improved assessment of t h e  r a d i a t i o n  hazard t o  manned space 
f l i g h t .  
of r e fe rence  Eor s t u d i e s  of o t h e r  p l ane t s .  

T h e w  s t u d i e s  of t h e  environment of t h e  Ea r th  a l s o  provide  a frame 

The Sun exerts a dominant i n f luence  over t h e  e n t i r e  s o l a r  system. Any 
e f f o r t  t o  undzrstand our  space  environment o r  t o  exp lo re  t h e  moon and p l a n e t s  
wi thout  underst ,anding t h e  c h a r a c t e r i s t i c s  of t h e  sun would be impossible .  
The low energy s o l a r  plasma and t h e  e n e r g e t i c  cosmic r ays  emi t ted  by i:he Sun 
c o n t r o l  t h e  environments of t h e  Ear th ,  t h e  Moon and t h e  o the r  p l a n e t s ,  They 
a l s o  provide  t h e  environment through which man must travel i n  i n t e r p l m e t a r y  
space.  
year  s o l a r  cycle b u t  a l s o  w i t h  t h e  i n d i v i d u a l  s o l a r  f l a r e  even t s ,  The mech- 
a n i s m s  which produce these  phenmena are n o t  understood. A comprehensive 
s tudy  of t h e  Sun and i t s  in f luence  involves  ground based obse rva t ions ,  ob- 
s e r v a t i o n s  of t h e  Sun's e lec t romagnet ic  r a d i a t i o n s  from above t h e  E a r t h ' s  
atmosphere, and measurements of t h e  p a r t i c l e s ,  plasma and magnetic f i e l d s  
i n  the  v i c i n i t y  of t he  Ea r th  and i n  i n t e r p l a n e t a r y  space.  

The environment c r e a t e d  by t h e  Sun varies n o t  only w i t h  t h e  e leven  
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The Ear th  i s  approximately an o b l a t e  sphero id ,  bu t  i t s  s u r f a c e  is 
n e i t h e r  smooth nor  r e g u l a r  and t h e  e x t e r i o r  shape of t he  Ea r th  does n o t  d e f i n e  
e x a c t l y  the  d i s t r i b u t i o n  of t h e  mass i n  t h e  i n t e r i o r .  S a t e l l i t e s  provide a 
unique oppor tuni ty  t o  l e a r n  more about t h e s e  geode t i c  p r o p e r t i e s  than  can be 
learned  from t h e  s u r f a c e  of t h e  Earth.  Accurate measurement of sa te ; . l i t e  
p o s i t i o n s  a n i  o r b i t s  permi ts  t y i n g  p o i n t s  on the  s u r f a c e  of t h e  Eartl i  i n t o  
a complete w x l d  geode t i c  n e t  w i th  an accuracy n o t  p o s s i b l e  before .  The or-  
b i t s  of ea r tn  s a t e l l i t e s  are per turbed  by i r r e g u l a r i t i e s  of t h e  d i s t i ' i b u t i o n  
of mass wi th in  the  Earth.  A Nat iona l  Geodet ic  S a t e l l i t e  Program i s  now i n  
progress  t o  meet t h e  requirements  of t h e  Department of Defense, t he  Coast and 
Geodetic Suir~e:y, and NASA f o r  geode t i c  d a t a  and t o  provide  f o r  exchartge of 
geodet ic  d a t a  on an i n t e r n a t i o n a l  b a s i s .  

From t h s  earliest  days of recorded h i s t o r y  man has r a i s e d  quest:i.ons con- 
cern ing  t h e  s t a r s  and t h e  fundamental phys i ca l  n a t u r e  of t h e  universc!. While 
our own soli lr  system n a t u r a l l y  at tracts t h e  preponderance of t he  e f f o r t  i n  t he  
NASA program, space technology a l s o  provides  a new oppor tuni ty  f o r  gilining 
knowledge about t h e  rest of t h e  universe .  The a b i l i t y  t o  p l a c e  as t ronomica l  
ins t rumenta t ion  above the  atmosphere makes i t  p o s s i b l e  t o  view t h e  si:ars, 
nebulae,  i n t e r s t e l l a r  dus t  and gas ,  and g a l a x i e s  i n  wavelengths n o t  i i ccess ib le  
from t h e  s u r f a c e  of t h e  Earth.  It a l s o  e l imina te s  t h e  d i s t o r t i o n  caiised by 
t h e  E a r t h ' s  atmosphere i n  those  wavelengths t h a t  p e n e t r a t e  t h e  atmosphere. 
I n  t h e  f u t u r e ,  deep space probes w i l l  p r e sen t  o p p o r t u n i t i e s  t o  make d i r e c t  
observat iona of i n t e r s t e l l a r  cond i t ions  i n  t h e  reg ions  beyond t h e  priLmary 
in f luence  O E  t h e  s o l a r  wind. These s t u d i e s  of t h e  rest of t h e  universe ,  
when considered i n  contex t  w i t h  s t u d i e s  of our own s o l a r  system, broaden our 
oppor tuni ty  t o  l e a r n  about t h e  behavior  of matter and energy and pre:;ent im- 
p o r t a n t  c l u e s  t o  t h e  n a t u r e  and evo lu t ion  of t h e  universe .  

SUMMARY OF .@GOURCES REQUIREMENTS: 

1964 

Supportin,g r e sea rch  and 
techno1,ogy.. .............. $17,666,000 

So la r  observa tor ies . . . . , . . . .  20,005,000 
Astronomical obse rva to r i e s . .  35,608,000 
Geophysical obse rva to r i e s . , .  42,868,000 
Explorers. . . .  ............... 15,526,000 
Sounding rockets. . . . . . . . . . . .  16,950,000 
Data analysis. . . . . . . . . . . . . . .  --- 

Total . . . . . . . . . . . . . . . . . . , . .  >148,623,000 

1965 

$20,100,000 
17,303,000 
31,210,000 
30,242,000 
21,959,000 
16,000,000 

$136,8 14,000 

1966 

$25,200,000 
37,000,000 
32,500,000 
31,700,000 
25,700,000 
17,000,000 - 3,000,000 

S172,t 100,000 - 



Dis t r ibu t ion -& Promam Amount by I n s t a l l a t i o n :  

Manned Spacec ra f t  Center..... $1,020,000 $2,300,000 
Marshal 1 Spac'e F l i g h t  Center.  19 5,000 20,000 
Goddard Space F l i g h t  Center. .  123,753,000 107,473,000 
Jet Propuls ion Laboratory .... 476,000 334,000 
Wallops S ta t ion . .  ............ --- 1,390,000 
Ames Research Center.. . . . . . . .  605,000 1,764,000 
F l i g h t  Research Center. . , . . . .  44,000 85,000 
Langley Research Center...... 2,333,000 2,280,000 
L e w i s  Research Center.. . . . . . .  150,000 --- 
NASA Headquarters.  ........... 20,047,000 21,168,000 

L- BASIS OF FUND RlUIREMENTS: 

Support ing Research and Technology 

P a r t i c l e s  and fields. . . . . . . . . . .  
Ionosphere and r a d i o  physics. .  . 
Plane ta ry  atrr.ospheres and 

I n t e r p l a n e t a r y  d u s t  and 
space chemistry .............. 

S o l a r  physics .  ................. cometary p t y s i c s  ............. 
Astronomy anc geodesy.......... 
Spacecraf t  technology.......... 
1nterdiscipl j .na.ry space 

science...................... 
Manned space science........... 
Advanced s tud ie s . .  ............. 

1964 1965 

$4,173,000 
879,000 

3,154,000 

864,000 
2,420,000 
3,007,000 --- 
1,503,000 
1,666,000 --- 

$5,300,000 
1,100,000 

1,110,000 
2,700,000 
3,145,000 

300,000 

2,145,000 
3,700,000 

600,000 

Total.. . . . . . . . . . . . . . . . . . . . . . .  $17,666,000 $20,100,000 

$2,600,000 

133,58!i, 000 
650,000 

4,5OO,OOO 
2,251i, 000 

1,7 30,000 

26,66O,OOO 

20,000 

100,000 

--- 

19 6!5 

$6,9013,000 
1,4013,000 

1,40~0,000 

3,600,000 
600,000 

3,10'0,000 

1,700,000 
5,600,000 

900,000 

325,200,000 

The ob jec:t:ives of t he  Physics  and Astronomy Support ing Research and 
Technology Program are t o  provide  a sound t h e o r e t i c a l  base  f o r .  t h e  f l i g h t  
programs; to i .nit : iate development of ins t rumenta t ion  f o r  f u t u r e  experirrients; 
t o  provide laboratory data as a b a s i s  f o r  eva lua t ion  of f l i g h t  da t a ;  t c  con- 
duc t  ground based ba l loon  and a i r c r a f t  observa t ions  f o r  c o r r e l a t i o n  w i t h  
f l i g h t  program r e s u l t s ;  and t o  provide  s c i e n t i f i c  experiments and s c i e n t i f i c  
support  f o r  t h c  manned space f l i g h t  program. 

The FY 19fj5 and FY 1966 programs r e f l e c t  a minor r eo rgan iza t ion  of t h e  
Supporting Research and Technology program. Work i n  t h e  d i s c i p l i n e s  of 
P lane tary  Atmospheres, Space Chemistry and P lane ta ry  Astronomy w a s  t r ans -  
f e r r e d  t o  t h e  Lunar and P lane ta ry  Program. Work i n  t h e  d i s c i p l i n e s  of 
Particles and j? ie lds ,  S o l a r  Physics ,  I n t e r p l a n e t a r y  Dust and Cometary Physics ,  
and 1nterplane:ary Spacec ra f t  Technology w a s  t r a n s f e r r e d  t o  t h e  Physic: and 
Astronomy Prog can. 
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P a r t i c l e s  and F i e l d s  

Work i n  t n i s  area concerns t h e  development of new ins t ruments  f o r  
measuring t h e  d i r e c t i o n ,  magnitude and t i m e  v a r i a t i o n s  of magnetic f i e i d s  
and f o r  measuring t h e  energy, d i r e c t i o n  and m a s s  of charged p a r t i c l e s .  It  
a l s o  c o n s i s t s  of t h e o r e t i c a l  r e s e a r c h  and ground and ba l loon  borne observa- 
t i o n s  which w i l l  a i d  i n  t h e  i n t e r p r e t a t i o n  of space measurements, The major 
areas of increased  emphasis i n  FY 1966 w i l l  be  r e s e a r c h  i n  ve ry  h igh  energy 
cosmic r ays  and development of a new type of magnetometer based on plasma 
resonances which were discovered by t h e  Alouet te  sa te l l i t e .  Recent ly  
developed r e sea rch  techniques have made i t  p r a c t i c a l  t o  conduct r e sea rch  on 
h igh  energy p a r t i c l e s  i n  t h e  energy range above 100 b i l l i o n  e l e c t r o n  v3l ts .  
Laboratory p a r t i c l e s  a c c e l e r a t o r s  w i l l  n o t  be  a v a i l a b l e  i n  t h i s  energy range 
f o r  several y e a r s ,  b u t  by us ing  ba l loons  t o  c a r r y  spa rk  chambers and c m n t e r s  
above t h e  lower atmosphere, i t  i s  p o s s i b l e  t o  s tudy  t h e  i n t e r a c t i o n s  between 
h igh  energy cosmic r ays  and hydrogen, and to measure t h e  energy and d i r e c t i o n  
of t he  h igh  energy p a r t i c l e s .  This  information can be expected t o  make Lmpor- 
t a n t  contr ibut . ions t o  the sc i ence  of nuc lea r  phys ics  and t o  a i d  astronomers 
i n  t h e i r  undei.st:anding of cond i t ions  i n  i n t e r s t e l l a r  and i n t e r g a l a c t i c  space.  

Ionospheres and Radio Physics  

Ionosphc?.re:; and Radio Physics  involves  ground based observa t ions ,  
t h e o r e t i c a l  :; tud ies  and instrument  development r e l a t i n g  t o  t h e  ionizeci 
reg ions  of t h z  atnlospheres of t h e  e a r t h  and o t h e r  p l a n e t s  and of i n t e r -  
p l a n i t a r y  spi3:e. 
t h e o r e t i c a l  i2nd l abo ra to ry  plasma s t u d i e s  and f o r  a t tempts  t o  in te rprc! t  
r e c e n t  d i scove r i e s  concerning the  d i u r n a l ,  s easona l  and l a t i t u d i n a l  v a r i a -  
t i o n s  i n  t h e  s t r u c t u r e  and composition of the  tops ide  of t h e  ionosphei'e. 

The increased  budget i n  FY 1966 w i l l  provide f o r  a d d i t i o n a l  

P l ane ta ry  Atmospheres and Space Chemistry 

P lane ta ry  Atmospheres and Space Chemistry w a s  t r a n s f e r r e d  t o  t h e  Lunar 
and Plane tary  Program. 

I n t e r p l a n e t a r y  Dust and Cometary Physics  

I n t e r p l z n e t a r y  Dust and Cometary Physics  involves  t h e  s tudy  of extra 
terrestrial  p a r t i c u l a t e  matter; i t s  behavior ,  s t r u c t u r e ,  composition, o r ig ins ; ;  
and i t s  s i g n i f i c a n c e  i n  provid ing  information on t h e  phys ica l  p r o p e r t i e s  of 
t h e  s o l a r  system and t h e  galaxy. New e f f o r t s  i n  FY 1966 w i l l  inc lude  s t u d i e s  
of t h e  formart:ion of aggrega tes  of p a r t i c u l a t e  matter and of t h e  condensat ion 
processes  of cometary and i n t e r s t e l l a r  gases .  

S o l a r  Physics  

So la r  Physics  involves  ground, a i r c r a f t ,  and ba l loon  borne observa t ions ;  
t h e o r e t i c a l  s tud ies ;  and ins t rumenta t ion  development r e l a t e d  t o  o r b i t a l  ob- 
s e r v a t i o n s  o E  t h e  Sun. Primary emphasis i n  FY 1966 w i l l  be  on the  de.velop- 
ment of advxiced ins t rumenta t ion  capable  of ob ta in ing  b e t t e r  s p a c i a l  and 
spec t roscop ic  r e so lu t ion  of the Sun's  s t r u c t u r e  and a c t i v i t y .  
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Astronomy and Geodesy 

Astronomical r e sea rch  and technology e f f o r t s  inc lude  t h e o r e t i c a l  
s t u d i e s  of s te l la r  a s t rophys ic s ;  l abo ra to ry  spectroscopy;  r e sea rch  on o p t i c a l  
materials; advanced development of instruments;  and ground based, ba l loon ,  
and a i r c r a f t  observat ions.  Work i s  a l s o  being done leading  t o  the  deve.1op- 
ment of extremely p r e c i s e  gyroscopes which could be used i n  a zero  G s a i ' i e l l i t e  
f o r  tests of E i n s t e i n ' s  theory of r e l a t i v i t y .  Theore t i ca l  s t u d i e s  i n  celes- 
t i a l  mechanics and geodesy are a l s o  included. These e f f o r t s  w i l l  be continued 
i n  FY 1966 and some pre l iminary  i n v e s t i g a t i o n s  w i l l  be s t a r t e d  on op t i c , ;  and 
subsystems s u i t a b l e  f o r  a l a r g e  o r b i t i n g  te lescope  which would be e r e c t e d  
and maintained by men i n  space.  

Spacecraf t  Technology 

Studies  of materials and techniques s u i t a b l e  f o r  f u t u r e  i n t e r p l a n e t a r y  
spacec ra f t ,  which would make c l o s e  approaches t o  t h e  Sun o r  ope ra t e  a t  
g r e a t  d i s tances  from the  Earth,  are being i n i t i a t e d  i n  FY 1965 and w i l l  be  
continued i n  F11 1.966. I n  add i t ion ,  work w i l l  be i n i t i a t e d  on improved elec-  
t r o n i c  and power supply components f o r  Explorer s a t e l l i t e s .  

Manned Space Science 

This  areal involves  t h e  p repa ra t ion  of s c i e n t i f i c  experiments and equip- 
ment f o r  fl.ight: on manned space missions,  t r a i n i n g  of t he  a s t r o n a u t s  i n  space 
physics  and ash-onomy, and environmental  d a t a  suppor t  f o r  t h e  Apollo program. 

Five experiments,  making use  of man's unique v i s u a l  and manual c a p a b i l i -  
ties during fl.:ight t o  achieve t h e  des i r ed  s c i e n t i f i c  da t a ,  are nea r ing  readi -  
ness  f o r  f l i g h :  dur ing  ca lendar  years  1965 and 1966 on Gemini missions.  Devel- 
opment of abou: 15 a d d i t i o n a l  experiments f o r  Apollo Ear th  O r b i t a l  f l i g , h t s  
w i l l  be i n i t i n k e d  before  t h e  end of FY 1965, wi th  p r i n c i p a l  f l i g h t  harclware 
c o s t s  a n t i c i p a t e d  i n  FY 1966. S tud ie s  are underway t o  de f ine  the  instrumenta- 
t i o n ,  proceduires and support  requirements necessary  t o  c a r r y  out  more ad- 
vanced i n v e s t i g a t i o n s  on p o t e n t i a l  f u t u r e  manned space missions,  wi th  t.he 
planned l e v e l  Df e f f o r t  i n  FY 1966 f o r  t hese  a c t i v i t i e s  approximately t.he 
same as i n  FY 1965. 

During FY 1965 the  en l i s tmen t  of promising young s c i e n t i s t s  as asrxo- 
nau t s  w a s  a c t i v e l y  i n i t i a t e d .  S c i e n t i f i c  t r a i n i n g  of t h e  p re sen t  a s t r o n a u t s  
and the  new " s c i e n t i s t  as t ronauts"  w i l l  be continued i n  FY 1966, inc luding  
both classroom i n s t r u c t i o n  and the  p r a c t i c e  of i n v e s t i g a t o r y  procedure:; under 
s imulated space environment condi t ions .  

Environmental d a t a  i s  suppl ied  f o r  t he  Apollo program, inc luding  informa- 
t i o n  regarding s o l a r  f l a r e s  and the  r e s u l t i n g  s o l a r  proton r a d i a t i o n ,  o the r  
space r a d i a t i o n ,  meteoroids ,  and micrometeoroids. Theore t i ca l  and l abora to ry  
s t u d i e s  a r e  conducted t o  eva lua te  the  p o t e n t i a l  hazard which these  spaze  
phenomena may p resen t  t o  manned space f l i g h t .  



Advanced S tud ie s  

Advanced Studies  are being i n i t i a t e d  i n  FY 1965 t o  formulate  basic: 
mission requirements and c h a r a c t e r i s t i c s ,  explore  t h e  f e a s i b i l i t y  of s p e c i f i c  
s p a c e c r a f t  and ground equipment des igns ,  and d e f i n e  t h e  scope and technical 
p lans  f o r  .€u t ine  p r o j e c t s .  

S tud ie s  leading t o  t h e  development of s tandard ized  modules f o r  Ex l~ lo re r  
s p a c e c r a f t  a r e  under cons ide ra t ion .  These s t u d i e s ,  i f  success fu l ,  can be ex- 
pected t o  reduce the  c o s t  of f u t u r e  missions and i n c r e a s e  r e l i a b i l i t y  iind 
s p a c e c r a f t  l i f e t i m e .  FY 1966 s t u d i e s  w i l l  i nc lude  f e a s i b i l i t y  s t u d i e s  f o r  
Explorers  t o  conduct g r a v i t a t i o n a l  and r e l a t i v i t y  experiments.  

Observatcry s t u d i e s  w i l l  inc lude  t h e  development of concepts  f o r  inanned 
P c e l i m -  o r b i t i n g  t e l e scopes  t o  be assembled and maintained by men i n  space ,  

i na ry  s t u d i e s  w i l l  be  conducted of s e v e r a l  types of ins t ruments  f o r  h igh ly  
d e t a i l e d  s t u d i e s  of t h e  s o l a r  s t r u c t u r e  and a c t i v i t y ,  and l a r g e  dlameter  tele- 
scopes f o r  stL.dies of stars and i n t e r s t e l l a r  matter. I n  add i t ion ,  s t u d i e s  of 
advanced r a d i o  astronomy obse rva to r i e s  are planned. 

S tud ie s  1.eading t o  i n t e r p l a n e t a r y ,  s o l a r  and g a l a c t i c  probes are a l s o  
planned f o r  FI: 1.965 and FY 1966. These inc lude  f e a s i b i l i t y  s t u d i e s  for rela- 
t i v e l y  sma.ll s p a c e c r a f t  capable  of making measurements i n  t h e  i n t e r p l a n e t a r y  
medium t o  wit.hin 0.1 ast ronomical  u n i t  of t h e  Sun, and s t u d i e s  of t h e  f e a s i -  
b i l i t y  of launching s p a c e c r a f t  t o  t h e  ou te r  reaches of t h e  s o l a r  system t o  
measure t h e  extent .  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  and g a l a c t i c  
space. 

S o l a r  Observa tor ies  

1964 

Orb i t ing  S o  La;: Observatory (OSO) : 
Spacecraf t .  ................... $8,476,000 
Experiments ................... 5,317,000 

Subtoti31 O S O . .  .............. $13,793,000 

Advanced Orb i t ing  So la r  
Observatory (AOSO) : 
Spacecraf t .  ................... $4,705,000 
Experiments. .................. 1,472,000 
Ground opera t ions . . . . .  ........ 35,000 

Sub to ta l  A O S O . . . . . . . . . . . . . . .  $6,212,000 

T o t a l  CSO and AOSO 
Spacecraf t  and Support.. . .  $20,005,000 

1965 

$5,624,000 
4,279,000 

$9,903,000 

$5,766,000 
1,57 1,000 

63,000 

$7,400,000 

$17,303,000 

I966 - 

$6,100,000 
5,1l00,000 

$11, &OO, 000 

$19 , :!oo, 000 
5,!)00,000 - i j 0 0 , O O O  

$25, (iO0,OOO 

$37,1100,000 
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1964 1965 

Delta (Launch Vehicle  
Procurement Program). . . . . . . . . ($3,650,000) ($361,000) ($1,4~00,000) 

To ta l  ( i nc lud ing  launch 
veh ic l e s ) .  ................. ($23,655,000) ($17,664,000) ($38,400,000) 

The o b j e c t i v e  
program i n  So ia r  Physics  i n  NASA by providing s t a b i l i z e d  p la t forms  which 
w i l l  c a r r y  inrro space s c i e n t i f i c  ins t rumenta t ion  t o  s tudy  the  s o l a r  u l t r a -  
v i o l e t  l i g h t ,  gamma rays ,  and X-rays which are absorbed i n  the  Ea r th ' s  a t -  
mosphere. The las t  f l i g h t  of t he  p r e s e n t l y  planned Orb i t ing  So la r  Observa- 
t o r y  (OSO) missions and t h e  f i r s t  f l i g h t  of t h e  i n i t i a l  Advanced Orb i t ing  
So la r  Observatoiry (AOSO) missions are scheduled i n  1969. This  w i l l  g ive  
reasonable  i m u r a n c e  of continuous coverage of s o l a r  phenomena dur ing  the  
per iod  of maicimim s o l a r  a c t i v i t y .  

of t he  Orb i t ing  So la r  Observa tor ies  is  t o  support  t he  

The OS0 >rcsgram, which now contemplates a t o t a l  of e i g h t  mission:', w i l l  
provide solair astronomers wi th  t h e i r  f i r s t  oppor tuni ty  t o  s tudy  the  sun over 
long per iods  of t i m e  by p l ac ing  ins t rumenta t ion  above the E a r t h ' s  absorbing 
and obscuring atmosphere s o  t h a t  measurements of s o l a r  electromagnetic: rad ia-  
t i o n s  can be nade. 

The . f i r s t  s o l a r  observatory,  OSO-I, w a s  launched on March 7 ,  196:!, i n t o  
a c i r c u l a r  o r b i t  of approximately 300 n a u t i c a l  m i l e s  i n  a l t i t u d e  a t  an in-  
c l i n a t i o n  of 33 degrees t o  the  equator  by a Delta launch veh ic l e .  

OSO-I provided over 2,000 hours of observa t ion  of t h e  s o l a r  spec1:rum 
i n  the  u l t r a v i o l e t  and X-ray regions.  
t i o n  i n  t h e  i n t e n s i t y  of emission l i n e s  of r a d i a t i o n  generated i n  the  high 
s o l a r  atmospkere wi th  the  passage of a c t i v e  reg ions  ac ross  the  v i s i b l z  d i s k  
of t he  Sun; extremely r ap id  f l u c t u a t i o n s  i n  the  X-ray f l u x  e m i t t e d  by t h e  
Sun; and a d i r e c t  c o r r e l a t i o n  of the  temperature of t h e  E a r t h ' s  upper a t -  
mosphere w i t f .  t he  i n t e n s i t y  of t h e  u l t r a v i o l e t  r a d i a t i o n  from t h e  Sun. These 
r e s u l t s  provide important c lues  f o r  t h e  s tudy  of s o l a r  processes  and J i l l  be 
used as a b a s i s  f o r  t he  design of experiments f o r  f u t u r e  s o l a r  obse rva to r i e s .  
The remaining; sevenOSOs, each of which w i l l  c a r r y  d i f f e r e n t  ins t rumenta t ion ,  
w i l l  be gene ra l ly  s i m i l a r  i n  spacec ra f t  appearance and c a p a b i l i t y .  
t i o n  throughL t h e  f i f t h  mission has been s e l e c t e d  and the  s e l e c t i o n  process  f o r  
t h e  s i x t h  mission i s  c u r r e n t l y  underway. 

These d a t a  showed a sys temat ic  v a r i a -  

Experimenra. 

The O S 0  spacec ra f t  c o n s i s t s  of two sec t ions :  t he  upper fan shaped sec- 
t i on ,  which c a r r i e s  t h e  s o l a r  c e l l s  f o r  spacec ra f t  power and s c i e n t i f i c  in-  
s t rumenta t ion ,  con t inua l ly  p o i n t s  a t  the c e n t e r  of t h e  s o l a r  d i s c  wi th  an 
accuracy of approximately one minute of a r c .  
and a t t ached  t o  i t  by a s h a f t ,  i s  a n ine  s ided  wheel which c o n t i n u a l l y  ro- 
tates t o  g ive  t h e  s a t e l l i t e  i t s  s t a b i l i t y .  This  s e c t i o n  c a r r i e s  s c i e n t i f i c  
ins t rumenta t ion  which does no t  need t o  be cont inuously pointed a t  the Sun 
and c a r r i e s  :he spacec ra f t  "housekeeping" components, such as the  bat t e r i e s  

Beneath t h i s  po in t ing  s e c t i o n ,  
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and te lemet ry  system. I n  a d d i t i o n  t o  t h e  s p a c e c r a f t ' s  a b i l i t y  t o  p o i r l t  in-  
s t rumenta t ion  ai: t he  c e n t e r  of t h e  s o l a r  d i s c ,  i t  has the  c a p a b i l i t y  of per- 
forming a rar;:er scan ac ross  t h e  whole d i s c  so  t h a t  maps of t h e  e n t i r e  Sun 
may be made. 

Management r e s p o n s i b i l i t y  f o r  t h e  OS0 p r o j e c t  has  been ass igned  t o  t h e  
Goddard Space F l i g h t  Center.  
c o n t r a c t  w i th  B a l l  Bro thers  Research Corporat ion.  

The s p a c e c r a f t  are being procured throug,h a 

FY 1964 funds provided f o r  r e b u i l d i n g  the  second observa tory  (OSO-B), 
which w a s  heiagily damaged i n  an acc iden t  dur ing  launch p repa ra t ions  i r t  
A p r i l  1964; Ear cont inuing  work on t h e  t h i r d  observa tory  ( O S O - C ) ,  scht:duled 
f o r  launch i n  196s; and f o r  the i n i t i a t i o n  of hardware development f o r  t h e  
nex t  obse rva to r i e s .  With FY 1965 funds,  t hese  e f f o r t s  are being cont:l.nued 
as w e l l  a s  tlne s t a r t  of experiment development f o r  t h e  s i x t h  observatory.  

FY 1966 funds w i l l  p rovide  f o r  completion of d a t a  a n a l y s i s  f o r  O S O - I  
and f o r  ana1:ysis of d a t a  from OSO-B and C. These funds w i l l  a l s o  provide 
f o r  t he  cont inuing  development of O S 0  s p a c e c r a f t  and experiments and Tor 
the  f i e l d  oplerations a s soc ia t ed  w i t h  t h e  launching of OSO-D. 

The FY 1963 and p r i o r  yea r s  funding f o r  t h i s  e i g h t  f l i g h t  progran in- 
c luding  launch veh ic l e s  amounted t o  $21,622,000. Funding requirement:; f o r  
FY 1967 t o  completion are es t imated  t o  be $29,115,000. 

While OS0 has opened a new era i n  s o l a r  astronomy, the  spacecrafl: does 
n o t  have t h e  c a p a b i l i t y  of c a r r y i n g  l a r g e  ins t ruments  w i th  h igh  spec t l ca l  and 
s p a t i a l  r e s o l u t i o n  which i s  necessary  i n  o rde r  t o  provide  d e t a i l e d  s tudy  of 
s p e c i f i c  reg ions  on t h e  Sun. Recognizing t h e s e  l i m i t a t i o n s ,  NASA i n i t i a t e d  
s t u d i e s  i n  1962 leading  t o  t h e  development of an advanced Orb i t ing  So la r  
Observatory (AOSO). This  s p a c e c r a f t ,  which is i n  i t s  f i n a l  phase of design, 
w i l l  enable  s c i e n t i s t s  t o  ga in  a b e t t e r  understanding of t h e  mechanisins of 
t h e  Sun by provid ing  a s t a b i l i z e d  p l a t fo rm which w i l l  be a b l e  n o t  on ly  t o  
look a t  t h e  brhole s o l a r  d i s c  bu t  a l s o  t o  d i r e c t  t h e  ins t ruments  on comnand 
t o  s p e c i f i c  reg ions  of t h e  Sun. Because of i t s  l a r g e r  s i z e ,  instrumeintation 
of g r e a t e r  f o c a l  l eng th  can be  c a r r i e d  which w i l l  provide f o r  h igher  reso- 
l u t i o n .  It js planned t o  p l a c e  t h e  AOSO i n t o  a r e t r o g r a d e  p o l a r  o r b i t  which 
w i l l  enable  the s a t e l l i t e  t o  view the  Sun cont inuously f o r  up t o  n i n e  months 
a t  a t i m e .  

The spa.cec:raft c o n s i s t s  of a c y l i n d r i c a l l y  shaped s t r u c t u r e ,  a t  t h e  
base of  which are e i g h t  s o l a r  paddles provid ing  an average of 300 w a t t s  of 
power. A tube  i n  t h e  center of t h e  c y l i n d e r  i s  used t o  mount t h e  s c i e n t i f i c  
payload and x t . s  t o  main ta in  s p a c e c r a f t  r i g i d i t y .  Drawing upon previous  ex- 
per ience ,  mamy of t h e  subsystems, such as t h e  t ape  r eco rde r s ,  s tar  t r a c k e r s  
and i n e r t i a l .  c o n t r o l s ,  w i l l  u t i l i z e  designs developed i n  o the r  observa tory  
programs. This  w i l l  i n c r e a s e  AOSO's r e l i a b i l i t y  whi le  reducing cos t .  A f i n e  
Sun sensor  i.:; being developed which w i l l  enable  AOSO t o  p o i n t  a t  t h e  Sun w i t h 1  
p r e c i s i o n  t c i  an order  of magnitude g r e a t e r  than OSO. And f i n a l l y ,  unique in-  
s t ruments  a r e  being developed which are expected t o  r e v e a l  d e t a i l s  of s o l a r  
phenomena n~!vei: be fo re  seen. 
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Management r e s p o n s i b i l i t y  f o r  t h e  AOSO p r o j e c t  has  been a s s igned  t o  t h e  
Goddard Space F l i g h t  Center. The s p a c e c r a f t  i s  being developed under a 
prime c o n t r a c t  wi th  Republic Avia t ion  Corporation. 

FY 1964 funds provided f o r  a Phase I p r o j e c t  d e f i n i t i o n  and system d e t a i l  
des ign ,  and for  i n i t i a t i o n  of experiment development, FY 1965 funds provide  
for  t h e  completion of t h i s  e f f o r t  and fo r  i n i t i a t i o n  of hardware development. 
FY 1966 fundiiq h i l l  a l l ow t h e  s t a r t  of f u l l - s c a l e  f l i g h t  u n i t  development i n  
a d d i t i o n  t o  c o r t i n u a t i o n  of  t h e  on-going work. It i s  p r e s e n t l y  planned t o  
procure  four  f l i g h t  s p a c e c r a f t  wi th  t h e  f i r s t  AOSO scheduled f o r  launch 
during 1969. 

The FY 1903 and p r i o r  years  funding f o r  t h i s  four  f l i g h t  program 
amounted t o  $1:700,000. Funding requirements €or PY 1967 t o  completion 
inc luding  1auc.c:h v e h i c l e s  a r e  es t imated  t o  be $126,510,000. 

Astronomical Observa tor ies  

1966 -- 1964 1965 

Spacec ra f t  ....................... $25,098,000 $21,890,000 $25,6C~O,OOO 
Experiments ...................... 1 0 , 5 1 0 . 0 ~  9.320.000 6.900.000 

T o t a l  S p a c t x r a f t  and Suppor t .  .. $35,608,000 $31,210,000 $32,5CO,OOO 

A t l a s  Agena (Launch Vehicle 
Procuremeri 1 I?rogram) ........... (5,626,000) (9,039,000) (15,1(10 .OOO) 

Tota 1 (in(: luding Launch 
Vehic les )  ...................... ($41 234,000) ($40,249,000) ($47,600,000) 

Development of t h e  O r b i t i n g  Astronomical Observatory (OAO) was i n : . t i a t e d  
i n  1960. :It i s  designed t o  provide a p r e c i s e l y  s t a b i l i z e d  observa tory  above 
t h e  atmosphere f n r  as t ronomica l  obse rva t ions  i n  t h e  ex tens ive  r eg ions  of t h e  
e lec t romagnet ic  spectrum which do no t  p e n e t r a t e  t h e  atmosphere and fo r  h igh  
r e s o l u t i o n  Observations i n  t h e  v i s i b l e  and o the r  r eg ions  of t h e  e l e c t r o -  
magnetic spectrum which a r e  d i s t u r b e d  a s  they  p e n e t r a t e  t he  atmosphere,  It 
was recognized t h a t  t h i s  development would r e q u i r e  a major advancement of  
t h e  s t a t e - o f - t h e - a r t  , e s p e c i a l l y  i n  t h e  f i e l d s  o f  s t a b i l i z a t i o n  and co i i t ro l ,  
conmiand and da ta  handl ing ,  and image tube  development. The t e c h n i c a l  
d i f f i c u l t i e s  have been g r e a t ;  but t h e  major development problems have ‘Ieen 
so lved ,  and the  f i r s t  OAO will be launched i n  l a t e  1965 or  e a r l y  1.966. 

The f i r s t  OAO (OAO-A) w i l l  con ta in  t h e  broadband u l t r a v i o l e t  photometers 
and t h e  spec t rometers  developed by t h e  Un ive r s i ty  of Wisconsin f o r  s t u i i e s  
o f  i nd iv idua l  s t a r s  and nebulae.  The four broadband t e l e v i s i o n  photometers 
being developed by t h e  Smithsonian As t rophys ica l  Observa tor ies  t o  per f  3 r m  a 
sky survey i n  t h e  u l t r a v i o l e t  w i l l  not be ready f o r  t h e  f i r s t  obse rva t3 ry  
because of  prclblems encountered i n  t h e  product ion  of t h e  image tubes .  I n  i t s  
p l a c e  w i l l  be a backup package of as t ronomica l  ins t ruments  designed t o  conduct 



s o f t  X-ray, haxd X-ray, and gamma r a y  surveys of  t h e  sky .  These ins t ruments ,  
be ing  developcA by t h e  Lockheed Research Labora to r i e s  , t h e  Goddard Space 
F l i g h t  Center :, and t h e  Massachuset ts  I n s t i t u t e  o f  Technology w i l l  provide an  
oppor tuni ty  t o  e:cpl.oit r e c e n t  important  d i scove r i e s  of  s t e l l a r  X-ray arid 
gamma r a y  siou1’i:e:j. 

The s e c o n i  OAO, scheduled f o r  f l i g h t  i n  1966, w i l l  c a r r y  a f a s t  30 inch  
Cassegrain r e f l e c t i n g  t e l e scope  combined wi th  a l a r g e  a p e r t u r e  spec t ro - ,  
photometer.  IC: is designed t o  o b t a i n  a b s o l u t e  spec t rophotometr ic  data  on 
s t a r s  , nebulae,  and g a l a x i e s  i n  t h e  u l t r a v i o l e t  r eg ion  o f  t h e  spectrum. 

The t h i r d  and f o u r t h  obse rva to r i e s  w i l l  be launched i n  1967 and 1!168; 
one c o n s i s t i n g  oE the pro to type  s p a c e c r a f t ,  r e fu rb i shed  a f t e r  completion of 
t h e  pro to type  t e s t s ,  ca r ry ing  t h e  Smithsonian and Wisconsin experiment:;; and 
t h e  o the r  a t e l e scope  developed by P r ince ton  Un ive r s i ty .  The pro to type  
s p a c e c r a f t  ha:; b’aen added t o  t h e  schedule  t o  provide  a f l i g h t  opportun:l.ty 
€or the  Smithssnian experiment which was delayed beyond OAO-A by t h e  d: , .ff icul-  
t i e s  i n  producing image tubes .  

The Picincetm experiment c o n s i s t s  of  a 32 inch r e f l e c t i n g  t e l e scope  
combined wi th  a g r a t i n g  spec t rograph .  The o b j e c t i v e s  a r e  t o  s tudy  t h e  
composition a.nd phys ica l  cond i t ion  of  t h e  clouds o f  i n t e r s t e l l a r  gas  which 
may be t h e  beginning of  s t e l l a r  evo lu t ion ,  and t o  o b t a i n  h igh  d i s p e r s i o n  
u l t r a v i o l e t  s p e c t r a l  s t u d i e s  of t h e  s t a r s ,  This  obse rva to ry  w i l l  a l s o  c a r r y  
t e l e scopes  developed by t h e  Un ive r s i ty  Col lege,  London t o  s tudy  t h e  X-ray 
emission of s t a r s  and nebulae.  

The f i f t h  observa tory ,  t o  be launched i n  1969, w i l l  c a r r y  an expei:iment 
employing o p t i c s  and spectrometry s i m i l a r  t o  those  developed f o r  e a r l i  x 
s p a c e c r a f t ,  I t  i s  probable  t h a t  gues t  observers  w i l l  propose a ma jo r i -y  of  
t h e  observa t ions  t o  be conducted wi th  t h i s  observa tory .  The OAO progr*am 
aims t o  develop long- l ived ,  h igh  performance obse rva to r i e s  t h a t  w i l l  b ?  used 
f o r  many years  i n  a v a r i e t y  o f  k,rograms a s  ground obse rva to r i e s  a re  uszd. 
Thus, bo th  United S t a t e s  and fo re ign  astronomers can propose r e l a t i v e l y  s h o r t  
term viewing programs i n  t h e i r  i n d i v i d u a l  a r e a s  of i n t e r e s t ,  A s i m i l a c  
observing program, but  w i th  a more l i m i t e d  number of  g u e s t s ,  i s  pl.anne3. f o r  
t h e  P i r s t  four (3AOs.  

Managemert r e s p o n s i b i l i t y  f o r  t h e  OAO p r o j e c t  has  been a s s igned  t 3  t h e  
Goddard Space F l i g h t  Center .  The s p a c e c r a f t  a r e  being developed under a 
prime con t r ac t  \b,ith Gruiman A i r c r a f t  Engineer ing Corporat ion.  

FY 1964 2nd FY 1965 funds provide  f o r  con t inua t ion  of  work on t h e  f i r s t  
t h r e e  obse rva to r i e s  and t h e  prime experiment f o r  t h e  f o u r t h  observa tory .  
They a l s o  pro\. ide for  t h e  i n i t i a t i o n  o f  t h e  procurement of t h e  s p a c e c r a f t  
€or t h e  fourtk cbserva tory .  FY 1966 funds w i l l  p rovide  f o r  t h e  cont inuing  
development ar.d procurement o f  subsequent obse rva to r i e s  , f o r  t h e  suppor t  of  
OAO-A launch End f o r  i n i t i a l  OAO-A d a t a  a n a l y s i s .  
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The PY : d63  and p r i o r  years  funding inc luding  launch v e h i c l e s  amclunted 
t o  $87,346,0011. Funding requirements  f o r  f i v e  OAO missions f o r  FY 19e17 t o  
completion ai:'. es t imated  t o  be $86,500,000. 

Geophysical Observa tor ies  

1.966 - 1964 1965 

Spacecraf t  ........................ $34,536,000 $17,017,000 $18,ti00,000 
Experiments ....................... 7,452,000 12,362,000 12  , :100,000 
Ground o p e r s t  ions 880.000 863.000 - ;~oo,ooo 

Tota l  Spacecraf t  and Support $42,868,000 $30 , 242,000 $31 , : 'OO,  000 

A t l a s  Agena (Launch Vehicle  
Procurement Program) ............ (6,959,000) (3,672,000) (13,! i98,000) 

Thor Agena (L,aunch Vehicle  
Procurement Program) ............ (3.213,OOO) i4 .454.000)  (- 1102.000) 

T o t a l  ( inc luding  Launch 
Vehic les )  ...................... ($53,040,000) ($38,368,000) ($46,100,000) 

The Orb i t ing  Geophysical Observatory (OGO) program w a s  i n i t i a t e d  i n  1960 
t o  m e e t  t h e  need of a s p a c e c r a f t  l a r g e r  than  t h e  Explorer wi th  s t a b i l i z e d  
o r i e n t a t i o n ,  more experiment power, and higher  d a t a  r a t e s  t h a t  would lie 
uniquely capable of performing many s imultaneous,  d e t a i l e d ,  h igh  r e s o l u t i o n  
c o r r e l a t i v e  measurements of t h e  space environment. S ince  simultaneous 
observa t ion  of s i g n i f i c a n t  phenomena occur r ing  i n  t h e  E a r t h ' s  environment i s  
not  p o s s i b l e  from one s a t e l l i t e ,  two types  o f  o r b i t s  are  combined i n  A two- 
f o l d  program of  c o r r e l a t i v e  measurements. 
e l l i p t i c a l  o r b i t s  a r e  intended t o  concen t r a t e  on measurements i n  t h e  w t e r  
reaches of the magnetosphere and i n  t h e  i n t e r p l a n e t a r y  medium; whi le  low 
p o l a r  o r b i t s  concen t r a t e  on near  e a r t h  measurements. Together t h e s e  OGO 
miss ions  r ep resen t  a comprehensive, coherent  approach t o  t h e  inves t ig(3 t ion  of 
Earth-Sun r e l a t i o n s h i p s .  

Missions p laced  i n  h igh ly  

The f i r s t  OGO, OW-I, w a s  launched on September 4 ,  1964, i n t o  thle h igh ly  
e l l i p t i c a l  o r b i t  wi th  a n  apogee of 92,721 m i l e s .  The mission is  o f f i c i a l l y  
l i s t e d  as a f ' a i l u r e  because t h e  s a t e l l i t e  f a i l e d  t o  secu re  t h e  planned 
s t a b i l i z a t i o r .  i n  o r b i t  when t h e  hor izon  scanners  f a i l e d  t o  a c q u i r e  t h e  e a r t h .  
Fo r tuna te ly ,  th.e s a t e l l i t e  went i n t o  a s p i n - s t a b i l i z e d  mode i n  which the  s p i n  
a x i s  i s  fixecr i n  i n e r t i a l  space.  

I n  t h e  months s i n c e  launch, t h e  apogee of  t h e  OW-I o r b i t  has  r o t a t e d  
from a po in t  w e 1 1  w i t h i n  t h e  t a i l  o f  t h e  magnetosphere t o  a po in t  o u t s i d e  
t h e  magnetosphere on t h e  sunward s i d e .  
t h e  magnitude: and f l u c t u a t i o n s  of magnetic f i e l d s  and of t h e  f l u x  of energetic:. 
and thermal p a r t i c l e s  a s s o c i a t e d  wi th  t h e  magnetosphere, t h e  t r a n s i t i o n  bound- 
a r y ,  and in t f : rp l ane ta ry  space.  Within t h e  magnetosphere, ex tens ive  da ta  on 

OGO-I has made measurements of both 
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t rapped  r a d i a t i o n  have been obta ined ,  p a r t i c u l a r l y  wi th  r ega rd  t o  e n e r g e t i c  
e l e c t r o n s  i n  a l a r g e  energy range. Ion and e l e c t r o n  d a t a  have been recorded 
by on-board in: ; t rumentat ion,  and e l e c t r o n  d e n s i t i e s  have been s t u d i e d  by t h e  
t ransmiss ion  C J . ~  r a d i o  s i g n a l s  from d i s t a n c e s  extending t o  apogee. Although 
f u r t h e r  evaluii1:ion w i l l  be r equ i r ed ,  p re l iminary  da t a  i n d i c a t e s  t h e  e x i s t e n c e  
of very  low frequency n o i s e  a t  apogee d i s t a n c e s  w i t h i n  t h e  t a i l  of  t he  magnet- 
osphere and oi uriusual s o l a r  r a d i o  b u r s t s .  

I n  s p i t e  of t h e  mechanical f a i l u r e ,  OGO-I, has demonstrated t h a t  a l a r g e  
number of sen:; i t i v e  s c i e n t i f i c  ins t ruments  can be opera ted  simultaneous l y  
aboard a sing1.e s a t e l l i t e  t o  make a n  i n t e g r a t e d  survey of t h e  space e m i r o n -  
ment. I n  add:- :ion,, i t  has  d rama t i ca l ly  i l l u s t r a t e d  t h e  importance o f  
d i agnos t i c  inszrumentat ion and ex tens ive  command c a p a b i l i t y  i n  rescuing, 
f a i l i n g  sat:el:t ites. 

The secorill OGO w i l l  be launched i n  1965 i n t o  a low a l t i t u d e ,  near  
c i r c u l a r  po la r  o c b i t .  It w i l l  c a r r y  twenty experiments t o  make r e l a t e d  
measurements o f  the  Ea r th ' s  atmosphere,  ionosphere,  and magnetic f i e l d :  
cosmic r a d i o  n> i , s e ;  t rapped  r a d i a t i o n  and au ro ra ;  a i rg low;  micrometeor:.tes; 
and s o l a r  r a d i s t i o n s .  An important a spec t  of t h i s  mission i s  a comprehensive 
survey of t h e  Ear th ' s  magnetic f i e l d .  
c o n t r i b u t i o n  i t 3  t h e  World Magnetic Survey. Modif ica t ions  a r e  being incorpora-  
t e d  i n t o  t h i s  s p a c e c r a f t ,  and a d d i t i o n a l  tes ts  a r e  planned t o  avoid  tht: 
d i f f i c u l t i e s  experienced wi th  OGO-I and t o  provide  g r e a t e r  assurance  0.: t h e  
success  of t h i s  .niss ion.  

This  survey is  expected t o  be a major 

The t h i r d  OGO, t o  be launched i n  1966, w i l l  cont inue ,  i n  gene ra l ,  t h e  
i n v e s t i g a t i o n s  c u r r e n t l y  being conducted by OGO-I. Experiments w i l l  be 
updated by f u n c t i o n a l  and o p e r a t i o n a l  mod i f i ca t ions  based on OGO-I. resiilts. 
The f o u r t h  OGO i s  a l s o  t o  be launched i n  1966 t o  cont inue  t h e  near  e a r h  
s t u d i e s  of  t h e  second OGO. 

The f i f t h  OGO, scheduled for  1967, w i l l  c a r r y  a new group of h igh ly  
advanced s c i e n t i f i c  ins t ruments .  Along wi th  o the r  s c i e n t i f i c  o b j e c t i v e s ,  
t h i s  missifon h i l l  i n v e s t i g a t e  t h e  r o l e  of e l e c t r o n s  i n  t h e  near  e a r t h  ,md 
i n t e r p l a n e t a r y  medium. Twelve of  t h e  twenty-two experiments under dev12lop- 
ment f o r  t h i s  f l i g h t  w i l l  be  combined t o  s tudy  e l e c t r o n s  over t h e  complete 
energy range from thermal t o  cosmic r a y  l e v e l s .  

Experimerts f o r  t h e  s i x t h  OGO, which w i l l  have a c i r c u l a r  po:Lar o r b i t ,  
are  t o  be s e l e c t e d  i n  FY 1965. This  observa tory ,  which w i l l  a l s o  be lsunched 
i n  1967, w i l l  make use  o f  t h e  pro to type  s p a c e c r a f t  bu t  w i l l  have a se t  of 
new exp er imen t s . 

The sever.tb OGO is  planned f o r  launch i n t o  a h i g h l y  e l l i p t i c a l  o r b i t  i n  
1968. Experiments f o r  t h i s  miss ion  w i l l  be s e l e c t e d  i n  FY 1966. Addi t iona l  
obse rva to r i e s  i n  h igh ly  e l l i p t i c a l  and c i r c u l a r  p o l a r  o r b i t s  a re  planned 
during t h e  19h8-1970 t i m e  pe r iod  wi th  t h e  o b j e c t i v e  of continuous observa t ion  
during maximum s o l a r  a c t i v i t y .  
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Management r e s p o n s i b i l i t y  f o r  t h e  OGO p r o j e c t  has  been ass igned  t o  t h e  
Goddard Space F l i g h t  Center .  The s p a c e c r a f t  are being developed undei 
c o n t r a c t  wi th  Space Technology Labora tor ies .  

FY 1964 Eunds provided f o r  p repa ra t ions  f o r  launching OGO-I and jor 
con t inua t ion  of  t h e  development of t h e  second and t h i r d  o b s e r v a t o r i e s .  
Procurement o E  t h e  Eourth and f i f t h  obse rva to r i e s  w a s  a l s o  i n i t i a t e d  t r i t h  
FY 1964 funds. Development of  t h e  experiments f o r  t h e  f i f t h  observatccy 
has been i n i t i a t e d  wi th  FY 1965 funds as w e l l  as t h e  i n i t i a l  data  a n a l y s i s  
f o r  OGO-I,, IY 1966 funds w i l l  cont inue  t h e s e  e f f o r t s ,  provide f o r  suhsequent 
o b s e r v a t o r i e s ,  iand f o r  launch support  and i n i t i a l  da t a  a n a l y s i s  f o r  O ( D S  B 
and C .  

The IT :l96:3 and p r i o r  years  funding inc luding  launch v e h i c l e s  amounted 
t o  $69,231,003. Funding requirements  f o r  t h e s e  seven OGO missions foi .  
FY 1967 arid 1 5 3  (completion a re  es t imated  t o  be $68,450,000. 

E x p  l o r  er s 

l966 - 1964 1965 

Geophysica 1 and i n t e r p l a n e t a r y  
explorer:; .......................$ 13,316,000 $16,774,000 $15,000,000 

6 , :1.00 , 000 ............... 1 , 100 , 000 A s  t ronorny e rcp l o r  er s 
Geodetic:. exp lo re r s  ................ 2.210.000 4.085.000 4.000.000 

--- 

Tota l  Explorers  .................$ 15,526,000 $21,959,000 $25,'r00,000 

Scout (Launch Vehicle  Procurement 
Program) ........................ (6,600,000) (4,296,000) (7,'!00,000) 

Delta (Launch Vehicle  Procurement 
Program) .......................... 11,750,000) (12,350,000) (9,!jOO,OOO) 

Thor Agena (Launch Vehicle  
Procurement Program) ............ (2.697.000) (11,560,000) ~4 . ' 100 ,000)  

T o t a l  ( inc luding  launch 
v e h i c l e s )  ....................($ 36,573,000) ($50,165,000) ($47,000,000) 

The Explorer  class of sa te l l i t es  has  produced a l a r g e  percentage  of t h e  
s c i e n t i f i c  da t a  acqui red  i n  t h e  NASA program..  Explorers  s t i l l  providr? the  
most e f f i c i e n t  and economical means of accomplishing c e r t a i n  s c i e n t i f i c  
miss ions .  
r e l a t i v e l y  inexpensive Scout and Delta v e h i c l e s ,  a r e  s p e c i f i c a l l y  designed 
t o  accomplish a p a r t i c u l a r  s c i e n t i f i c  i n v e s t i g a t i o n .  They a re  flown in 
o r b i t s  p e c u l i a r  t o  t h e  type  o f  i n v e s t i g a t i o n  planned. 

T h e s e  smaller s p a c e c r a f t ,  most of which "can be launched by t h e  

The s p a c e c r a f t  are  developed by NASA I n s t a l l a t i o n s ,  u n i v e r s i t i e s ,  i n d u s t r y ,  
or coopera t ing  coun t r i e s .  Because of  t h e i r  r e l a t i v e  s i m p l i c i t y ,  they  make 
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i t  p o s s i b l e  fo r  smaller o r g a n i z a t i o n s  t o  p a r t i c i p a t e  i n  s p a c e c r a f t  devl2lopment 
e f f o r t s .  They provide  a n  oppor tun i ty  f o r  a r e s e a r c h  group t o  conceive an  
idea  f o r  space r e s e a r c h ,  develop t h e  complete system f o r  conducting thc2 
r e s e a r c h ,  and complete t h e  i n v e s t i g a t i o n  w i t h i n  a r e l a t i v e l y  short. pe r iod  o f  
time. Once t h e  system is  developed, i t  i s  o f t e n  used a g a i n  for  a d d i t i o n a l  
i n v e s t i g a t i o n s  by t h e  same i n v e s t i g a t o r s  o r  o t h e r s .  

Explorers  a re  being used f o r  s t u d i e s  of t h e  environment of t h e  Ea'cth and  
s o l a r  , t e r r e s t r i a l ,  and i n t e r p l a n e t a r y  r e l a t i o n s h i p s ;  f o r  as t ronomica l  
obse rva t ions ;  and fo r  geode t i c  i n v e s t i g a t i o n s .  

Geophys i c a  1 and I n t e r p l a n e t a r y  Explorers  

Most of t h e  Explorers  developed have s t u d i e d  t h e  E a r t h ' s  environment 
inc lud ing  t h e  atmosphere, t h e  ionosphere,  t h e  r a d i a t i o n  b e l t s ,  and t h e  E a r t h ' s  
magnetic f i e l c .  A s  a r e s u l t  o f  t h e s e  e f f o r t s  and o t h e r  r e l a t e d  i n v e s t i g a -  
t i o n s ,  t h e  p i c t u r e  of t h e  i n t e r a c t i o n s  between s o l a r  a c t i v i t y ,  t h e  i n t e r -  
p l a n e t a r y  med im,  and t h e  immediate environment o f  t h e  Ea r th  i s  beginning t o  
come i n t o  foccs .  

By t r ack ing  Explorers  and from d i r e c t  measurements made by Explorers ,  
many s o l a r  i n t e r a c t i o n s  wi th  t h e  atmosphere have been d iscovered .  The 
atmosphere exFands and bulges o u t  on t h e  days ide  i n  a d i r e c t i o n  toward t h e  
sun ,  The denEity i n  t h e  exosphere i n c r e a s e s  n e a r l y  t e n  t i m e s  i n  t h e  bulge.  
The s o l a r  r o t s t i o n  induces a 27  day c y c l e  on atmospheric d e n s i t y .  The e n t i r e  
exospheric atmosphere expands ou t  t o  s e v e r a l  t i m e s  i t s  volume a t  s o l a r  maximum 
compared t o  s o l a r  minimum. So la r  f l a r e s  and geomagnetic storms i n c r e a s e  t h e  
temperature arld d e n s i t y  of t h e  atmosphere w i t h i n  a few hours.  The composition 
a t  s a t e l l i t e  z l t i t u d e s  i s  predominantly t h e  atomic s p e c i e s  of oxygen, hydrogen, 
and helium. Helium i s  mainly important where t h e  atmosphere i s  a t  h igh  
tempera tures .  

Explorer,. have made s u b s t a n t i a l  c o n t r i b u t i o n s  t o  t h e  s tudy  oE t h e  Ea r th ' s  
ionosphere and i t s  r e l a t i o n s h i p  t o  o t h e r  geophys ica l  phenomena. The 
instrumentaticin on Aloue t t e  has produced d a t a  on t h e  s p a t i a l  d i s t r i b u t i o n  and 
v e l o c i t i e s  of t h e  f r e e  e l e c t r o n s  i n  t h e  upper p o r t i o n  of t h e  ionosphere which 
could not be ob ta ined  from ground based o b s e r v a t o r i e s .  The observed v e l o c i -  
t i e s  of  t h e  el.ec:trons a r e  much h igher  than t h e  v e l o c i t i e s  o f  t h e  molecules 
i n  t h e  surrou.rtdi.ng n e u t r a l  atmosphere. The composition of t h e  ion ized  atoms 
and molecules i n  t h e  ionosphere i s  observed t o  va ry  wi th  l a t i t u d e .  

The spa t  :.a]. and mass d i s t r i b u t i o n  and p e n e t r a t i o n  p r o b a b i l i t y  of micro- 
m e t e o r i t e s  have been measured from Explorers .  It w a s  d i scovered  t h a t  near 
t h e  Ea r th ,  an extremely high f l u x  o f  d u s t  p a r t i c l e s  exists which is  more than  
1,000 times g r e a t e r  than  f luxes  i n  i n t e r p l a n e t a r y  space .  Seve ra l  dus t  streams 
were de t ec t ed  by t h e  s a t e l l i t e s .  The h igh  impact r a t e  of p a r t i c l e s  near t h e  
E a r t h  has not. been explained. Experimental p e n e t r a t i o n  measurements have 
shown t h a t  t h c  1-ikelihood of p e n e t r a t i n g  a space  v e h i c l e  i s  much smaller than  
many estimate:; used i n  t h e  des ign  o f  manned s p a c e c r a f t  and accordinglq t h e  
weights p rev ious ly  be l i eved  t o  be  r e q u i r e d  f o r  s h i e l d i n g  may be u t i l i z e d  f o r  
o t h e r  purpose:;. 
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Explorers  have provided most of  t h e  da t a  obta ined  i n  t h e  space prog-am 
on t h e  r a d i a t i o n  and magnetic environment of t h e  Ear th .  They were used t o  
discover  t h e  r a d i a t i o n  b e l t s .  They have provided data  on t h e  a r t i f i c i a l  
r a d i a t i o n  b e i t s  c r e a t e d  by high a l t i t u d e  nuc lear  explosions.  They have made 
d e f i n i t i v e  measurements of t h e  lower end of t h e  energy spectrum of s o l a r  
pro tons .  They have provided t h e  d a t a  used t o  e s t a b l i s h  t h e  s h i e l d i n g  
requirements f c r  t h e  Apollo s p a c e c r a f t .  

A p i c t u r e  i s  beginning t o  emerge about t h e  p i o p e r t i e s  o f  t h e  s o l a r  wind 
and i t s  i n t e i a c t i o n  w i t h  t h e  geomagnetic f i e l d .  Two boundaries a r e  produced 
i n  t h i s  i n t e r a c t i o n .  Explorers  XI1 and X I V  observed one magnetospheric 
boundaiy about 4C,OOO m i l e s  away from t h e  Ear th  i n  t h e  s o l a r  d i r e c t i o n .  
Explorer X V I I I  found a second boundary a t  55,000 mi l e s  which c o n s t i t u t e s  a 
shock f r o n t  anc s e p a r a t e s  t h e  reg ion  of t h e  undis turbed s o l a r  wind from t h e  
l a r g e l y  d isordered  flow produced by t h e  i n t e r a c t i o n  o f  t h e  s o l a r  wind with 
t h e  E a r t h ' s  magnetic f i e l d .  The p r o p e r t i e s  o f  t h i s  t r a n s i t i o n  reg ion  a c e  
being measured by Explorers  X V I I I  and XXI. 

The E a r t h ' s  magnetic f i e l d  i s  s w e p t  o u t  behind t h e  E a r t h  by t h e  s o l a r  
wind. Explorer X V I I I  has  mapped t h i s  magnetospheric t a i l  o u t  t o  130 ,003  
mi l e s ,  o r  more than h a l f  t h e  d i s t a n c e  t o  t h e  moon. I n d i c a t i o n s  a r e  t h a t  t h i s  
t a i l  extends w e l l  beyond t h e  moon and resembles i n  many r e s p e c t s  t h e  t a i l  of 
a comet. 

Explorers  have a l s o  made observa t ions  o f  g a l a c t i c  cosmic s a y s  i n  t h e  
energy range fxom about 20 m i l l i o n  t o  s e v e r a l  hundred m i l l i o n  e l e c t r o n  v o l t s .  
Only a small  f r a c t i o n  of t h e s e  cosmic r ays  p e n e t r a t e  t h e  s o l a r  sysrem d m n  
t o  t h e  Ear th  bemcause t h e  i n t e r p l a n e t a r y  magnetic f i e l d  provides  a n  e f f e c t i v e  
s h i e l d .  An a c t u a l  cu t -of f  i n  t h e  f l u x  a t  t h e  lower e n e r g i e s  was observed, 
and i n t e n s i t y  modulations i n  t h e  f l u x  can be r e l a t e d  t o  t h e  v a r i a b l e  proper-  
t i e s  of t h e  s o l a r  wind. 

The l e v e l  of e f f o r t  i n  t h i s  a r e a  i s  being increased  i n  FY 196, and 
FY 1966 t o  pro\, ide f o r  ex tens ion  o f  t h e  e x p l o r a t i o n  o f  t h e  magnetospheric 
boundary t o  inclL,de Explorers  anchored i n  a n  o r b i t  around t h e  moon. This  
o r b i t  w i l l  make i t  p o s s i b l e  f o r  t h e  s p a c e c r a f t  t o  remain i n  t h e  i n t e r p l a n e t a r y  
medium o r  i n  t h e  magnetospheric boundary a r e a  a l l  of t h e  t i m e  and to complete 
a c i r c l e  around t h e  e a r t h  every twenty-eight days. Atmospheric and  ionospheric  
i n v e s t i g a t i o n s  ar.d s t u d i e s  of  cosmic dus t  w i l l  a l s o  be cont inued,  '3rid emphasis 
w i l l  be placed on t h e  p o l a r  ana e q u a t o r i a l  reg ions  and on t h e  i n t e r a c t i o n s  
wi th  s o l a r  r a d i a t i o n  and t h e  t rapped r a d i a t i o n  i n  t h e  E a r t h ' s  magnetic f i e l d .  
I n t e r n a t i o n a l  coopera t ive  e f f o r t s  i n  t h i s  a r e a  are  underway wi th  t h e  United 
Kingdom, Canadz , France,  I t a l y ,  and t h e  European Space Kesearch Osganizat ion 
(ESRO). Other n a t i o n s  a r e  involved i n  a c q u i r i n g  da ta  and conducting r e s e a r c h  
based on signa1.s rece ived  fsom t h e s e  s a t e l l i t e s .  

A s  t r onomy Exp 1 or  er s 

Experiments conducted with sounding r o c k e t s  have demonstrated t h e  
f e a s i b i l i t y  of conducting astronomical  observa t ions  i n  t h e  radio and X-ray 

KD 4-15 



r eg ions  of t h e  e lec t romagnet ic  spectrum us ing  smal l  s p a c e c r a f t .  I n  the r a d i o  
reg ion ,  i t  i s  necessary  t o  p l ace  t h e  s p a c e c r a f t  above t h e  ionosphere t c  make 
measurement:s :-n those  wavelengths which do no t  p e n e t r a t e  t h i s  ion ized  I egion 
of t h e  Eart:h's upper atmosphere. Development of  a s a t e l l i t e  espec ia l11  
designed f o r  t:his purpose i s  being i n i t i a t e d  i n  FY 1965. It w i l l  b e  p laced  
i n  a high a1tFi:utle c i r c u l a r  o r b i t  t o  opt imize t h e  measurements. I n  a d c i t i o n  
t o  cont inuing  !:he development of  Radio Astronomy Explorers  i n  N 1966, i t  
is planned t o  i n i t i a t e  t h e  development of a s m a l l  X-ray Astronomy Explcrer 
t o  e x p l o i t  recent: d i scove r i e s  of s te l la r  X-ray sources .  

Geodetic Explorers  

Accurate r:racking of  s a t e l l i t e  o r b i t s  provides  da t a  which can be csed  
f o r  geodet ic  i n v e s t i g a t i o n s .  S a t e l l i t e s  developed f o r  geophysical  s t u c i e s  
have been equipped wi th  r e f l e c t o r s  and beacons which f a c i l i t a t e d  a c c u r a t e  
measurements o:i p o s i t i o n s .  

The optini:.zation of geodet ic  i n v e s t i g a t i o n s ,  however , r e q u i r e s  o r k i t s  
and equipment e s p e c i a l l y  s e l e c t e d  f o r  t h e  mission.  The ANNA s a t e l l i t e  
launched by t h e  Department of Defense w a s  t h e  f i r s t  s a t e l l i t e  e s p e c i a l l y  
t a i l o r e d  t o  t h i s  mission.  Bui lding on t h e  ANNA exper ience ,  a program has 
been developed,  :,n coord ina t ion  with t h e  Department of  Defense and t h e  Coast 
and Geodetic Eliirvey, which involves  t h e  launching of a c t i v e  and pass ive  
s a t e l l i t e s  i n t o  o r b i t s  s e l e c t e d  f o r  t h e s e  miss ions .  The program involves  
p a r t i c i p a t i o n  by u n i v e r s i t i e s  and o the r  r e sea rch  o rgan iza t ions  i n  the Cni ted  
S t a t e s  and i n  coopera t ing  coun t r i e s .  Act ive  s a t e l l i t e s  w i l l  be launched i n  
1965 and 1966 employing a v a r i e t y  of o p t i c a l  and e l e c t r o n i c  techniques.  
Pass ive  sa te l l . : - tes  c o n s i s t i n g  of Echo type ba l loons  wi th  beacons w i l l  b e  
launched i n t o  high a l t i t u d e  c i r c u l a r  o r b i t s  i n  1966 t o  supplement the  a c t i v e  
s a t e l l i t e  progi-am. Comparison s t u d i e s  a r e  planned t o  eva lua te  t h e  va r ious  
techniques emp:.oyed and t o  provide  a check on t h e  accuracy of i n d i v i d u a l  
measurements. The program i s  planned t o  cont inue  wi th  f l i g h t s  beyond 1966, 
with addi t iona: .  a c t i v e  s a t e l l i t e s  t e n t a t i v e l y  scheduled. The s p e c i f i c  
equipment t o  L-IC incorpora ted  i n  t h e  l a te r  missions w i l l  be dependent upon 
t h e  r e su l t s  ot1t:aFned from t h e  ear l ie r  miss ions .  

Sounding Rockets 

1966 .-- 1964 1965 

Experiments ..................... $ 8,797,000 $ 7,790,000 $ 8,200,000 
Kocket deve 1 opment .............. 601,000 644 , 000 700 , 000 
A t t i t u d e  cont.rci 1 systems ........ 1,406 , 000 1 , 098,000 1,500,000 
Engineering support  ............. 470 , 000 347 , 000 500,000 
Test and eva;.uation ............. 100 , 000 221,000 200,000 
Ground ins t rumenta t ion  .......... 3,123,000 2 , 800,000 2,800 , 000 
Xo cke t procu remen t .............. 2,453,000 3,100,000 . 3,100,000 

T o t a l  ......................... $16,950.000 $16,000,000 $17,00,0 ,000 -- 
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Sounding rocke t s  a r e  small  v e h i c l e s  t h a t  a r e  p a r t i c u l a r l y  w e l l  addpted 
f o r  s t u d i e s  a t  a l t i t u d e s  between those  reached by ba l loons  and t h e  per igees  
of low Ear th  s a t e l l i t e s .  They a r e  used f o r  s t u d i e s  of  t h e  atmosphere,  
ionosphere,  and r a d i a t i o n  t h a t  reaches t h e  v i c i n i t y  o f  t h e  Ea r th ,  e i t h e r  a s  
e n e r g e t i c  p a r t i c l e s  o r  as e lec t romagnet ic  r a d i a t i o n ,  They se rve  a s  inexpen- 
s i v e  c a r r i e r s  t o  t es t  ins t rumenta t ion  being designed fo r  u se  on s a t e l l i t e s .  
The usefu lness  of  sounding rocke t s  p a r t i c u l a r l y  f o r  s o l a r  and o the r  
as t ronomica l  cbse rva t ions ,  has been g r e a t l y  increased  by t h e  developmeot of 
a t t i t u d e  c o n t r o l  systems. 

P r o f i l e s  of a tmospheric  d e n s i t y  and temperature  have been made wi th  
sounding rocke t s  i n  va r ious  p a r t s  of t h e  world and a t  f requent  i n t e r v a l s  f o r  
a iiuinber of yca r s .  It has been found t h a t  t h e r e  i s  l i t t l e  v a r i a t i o n  i n  
atmospheric t tniperature  and d e n s i t y  throughout t h e  s o l a r  cyc le  a t  a l t i t u d e s  
near 60 miles, However, t h e r e  a r e  l a r g e  v a r i a t i o n s  i n  temperaturc  and 
dens i ty  i n  t h e '  a u r o r a l  reg ions  and cons iderable  hea t ing  near 50 mi l e s  s l t i t u d e  
during s o l a r  c . is turbances.  

Sounding rocke t s  have been used t o  measure t h e  amounts of moleculsr  and 
atomic oxygen, atomic n i t r o g e n ,  n i t r i c  ox ide ,  hydrogen and helium a t  v s r ious  
l e v e l s  of the  atmosphere,  S tud ie s  have been made of a i r f l o w  and i ts  e f f e c t s  
on astronomy zncl a s t r o n a u t  see ing .  

The dynamics of t h e  ionospher ic  r eg ion  of  t h e  atmosphere have been 
measured by v:!por r e l e a s e s  from sounding rocke t s .  Turbulence , mixing, extreme 
wind s h e a r s ,  ~ n c i  l a r g e  s c a l e  motions and g loba l  p a t t e r n s  have been discovered.  

Sounding, rocke t s  wi th  recovery devices  have been used f o r  success fu l  
recovery of dust. of  cometary and a s t r o d i a l  o r i g i n .  Noct i lucent  c louds 
formed by cosmic: d u s t  surrounded by an  i c e  condensate have been s tudied  i n  
Sweden. The composition of va r ious  meteor s t reams has  been probed. 

Sounding rocket  experiments have r e l a t e d  t h e  c a u s a t i v e  s o l a r  f l ux  t o  
t h e  r e s u l t a n t  e l e c t r o n  d e n s i t i e s  i n  t h e  lower ionosphere.  They have shown a 
r e l a t i o n s h i p  1)et:ween t h e  t h i n ,  dense,  sporadic  E l a y e r  and wind s h e a r s ,  
Progress  has  been made i n  developing mass spec t rometers ,  f o r  both ion ized  and 
n e u t r a l  const . t u e n t s ,  and composite payloads a re  being developed t o  measure 
a v a r i e t y  of parameters from the  same rocke t ,  The c u r r e n t s  i n  t h e  E region 
have now been d i - r ec t ly  measured wi th  magnetometer payloads,  launched both a t  
the  magnetic equator  and a t  medium l a t i t u d e s .  More such f l i g h t s  a r e  needed t o  
d e f i n e  t h i s  c:iirr'ent system b e t t e r  i n  time and l a t i t u d e  and t o  r e l a t e  i t  t o  
t h e  dynamics of  t he  ionosphere.  

Sounding; rocke t s  have made important as t ronomica l  observa t ions .  The 
f i r s t  s o l a r  ti l t r a v i o l e t  s p e c t r a  were obta ined  from sounding rocke t s ;  X-ray 
emission from tlie sun was found wi th  sounding rocke t s ;  and s t e l l a r  X-ray 
sources  Iiave i I l ! ; O  been discovered.  U l t r a v i o l e t  observa t ions  of  t h e  p l a n e t s  
Venus Mars and  J u p i t e r  have been made. 
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Managemert r e s p o n s i b i l i t y  f o r  sounding rocket  experiments i s  a s s i p e d  t o  
each p a r t i c i p a t i n g  I n s t a l l a t i o n ,  wi th  NASA Headquarters r e t a i n i n g  r e s p o n s i b i l -  
i t y  fo r  managing t h e  development of  experiments by o t h e r  r e s e a r c h  o rgan iza t ions .  

One hundred sounding rocke t s  were launched i n  1964 from s i tes  i n  the 
United S t a t e s ,  Canada, Pak i s t an ,  I n d i a ,  Norway, Sweden, and from R converted 
Navy a i r c r a f t  t r a n s p o r t  s h i p .  The shipboard launchings were conducted a s  a 
p a r t  of a shakedown c r u i s e  fo r  an  expedi t ion  planned f o r  1965. This  eKpedi- 
t i o n ,  which i s  p a r t  o f  t h e  i n t e r n a t i o n a l  coopera t ive  e f f o r t  f o r  t he  I n t e r -  
n a t i o n a l  Quiet Sun Year, w i l l  involve  launchings through areas of t h e  upper 
atmosphere anc ionosphere which cannot be reached by land  based rocke t s .  
The launchings w i l l  t ake  p l a c e  i n  t h e  South P a c i f i c  Ocean near t h e  w e s t  coas t  
oE South America near t h e  geomagnetic equator  and south  t o  a s  f a r  a s  60 
degrees s o u t h  l a t i t u d e .  O f  primary i n t e r e s t  on t h i s  expedi t ion  w i l l  be 
s t u d i e s  of  t h c  " e q u a t o r i a l  e l e c t r o j e t " ,  a system of e l e c t r i c a l  c u r r e n t s  
c i r c u l a t i n g  i r  t h e  ionosphere i n  t h e  reg ion  of t h e  magnetic equator .  

Future  use of sounding rocke t s  i s  expected t o  fol low t h e  p a t t e r n  Df p a s t  
usage. Severz l  types of experiments t h a t  a r e  a l r e a d y  begun w i l l  be cont inued;  
such a s  measurements i n  t h e  atmosphere and ionosphere,  c o l l e c t i o n  of cosmic 
d u s t ,  atmospheric motions and winds observed through chemical r e l e a s e s ,  and 
observa t ions  c f  t h e  Sun, p l a n e t s ,  s t a r s ,  and o ther  c e l e s t i a l  bodies  i n  t h e  
u l t r a v i o l e t ,  >.-ray and r a d i o  f requencies .  The r e l a t i v e l y  small c o s t  m d  t h e  
comparatively s h o r t  Lead-time f o r  rocke t s  w i l l  cont inue  t h e i r  u s e  f o r  pioneer- 
ing cxperiments a s  new ideas  a r e  developed by s c i e n t i s t s .  

The decrcase  i n  t h e  sounding rocket  program c o s t s  f o r  FY 1965 i s  
p r imar i ly  the  r e s u l t  of decreas ing  t h e  number of new experiments s t a r t e d .  
Emphasis i n  F'u 1965 i s  being placed on completion of development e f f o r t s  
s t a r t e d  i n  FY 1964 and p r i o r  years .  FY 1966 funds w i l l  provide f o r  an  
increased  numtler of new experiments i n  p repa ra t ion  f o r  an  expanded program 
of  s o l a r  t e r r e s t r i a l  i n v e s t i g a t i o n  during t h e  pe r iod  of t h e  a c t i v e  sun. 

Data Analysis  

1966 -- 1964 1965 

.............. $ 600,000 .......... --- 2,400,000 
Data cen te r  o1:eration --- 
Support of research  t a s k s  --- 

--- $3,000,000 

NASA has t h e  o b l i g a t i o n  t o  make a v a i l a b l e  t o  t h e  p u b l i c  t he  in fo rna t ion  

T o t a l  --- ........................... -- 

gained from "Face exp lo ra t ion ,  The accumulation of  da ta  from f l i g h t  programs 
provides  a pool of  s c i e n t i f i c  da ta  t h a t  w i l l  be u s e f u l  t o  s c i e n t i s t s ,  
p a r t i c u l a r l y  i s  it permi ts  t he  use  of da t a  from a number of s a t e l l i t e ,  
sounding rocke t ,  and space probe experiments,  

A s c i e n t i f i c  da t a  cen te r  i s  being e s t a b l i s h e d  a t  Goddard Space F l i g h t  
Center t o  catE log these  data  and make them a v a i l a b l e  t o  i n t e r e s t e d  r e sea rche r s  
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i n  a form which can be  r e a d i l y  used. The i n i t i a l  c o n t r a c t  f o r  operaticln of 
t he  d a t a  c e n t e r  was funded under t h e  FY 1965 Supporting Research and Tcachnology 
Program. This  new p r o j e c t  w i l l  provide f o r  continued ope ra t ion  of t h e  da t a  
center  and fo r  support  o f  promising r e sea rch  proposa ls  t h a t  would make use 
of t h e  da ta  i n  s to rage .  

The i r i i tLa l  a n a l y s i s  of da t a  from a f l i g h t  experiment i s  funded under 
t h e  f l i g h t  p r o j e c t .  The experimenter prepares a p l a n  f o r  a n a l y s i s  o f  t h e  
da t a  from h i s  ~xpe r imen t .  A s  t h e  da t a  becomes a v a i l a b l e  from t h e  s p a c e c r a f t ,  
i t  i s  processed t o  provide the  necessary  information t o  e s t a b l i s h  t h e  
circumstances,  such a s  time and spacec ra f t  p o s i t i o n ,  under which t h e  dc.ta was 
taken.  
data  during which time he makes t h e  i n i t i a l  a n a l y s i s  and reduces t h e  da ta  t o  
a form which has s c i e n t i f i c  meaning. I n  some cases  arrangements a r e  made f o r  
immediate exchnnge of da t a  between experimenters so t h a t  they may cor1 e l a t e  
t h e  r e s u l t s  o:E simultaneous measurements. Af t e r  e x p i r a t i o n  of t he  agreed 
upon per iod  o:E exc lus ive  use ,  t h e  da ta  passes  i n t o  t h e  p u b l i c  domain. Mean- 
while ,  t h e  expzrimenter publ i shes  t h e  r e s u l t s  of h i s  experiment,  

The e:c>e;cimenter has an  agreed upon per iod  of  exc lus ive  use  of t h e  

Af t e r  t h e s e  i n i t i a l  r e s u l t s  have been obta ined ,  a d d i t i o n a l  ana1ysz.s of 
t h e s e  da ta  wi’L1, i n  many cases ,  produce f u r t h e r  u s e f u l  s c i e n t i f i c  i n fo rna t ion .  
The experimenter o r  another  i n t e r e s t e d  s c i e n t i s t  may then propose a new 
re sea rch  t a s k  which w i l l  involve a d d i t i o n a l  c o r r e l a t i v e  computations arid 
eva lua t ion ,  I n  the  p a s t ,  such e f f o r t s  have been funded p r i m a r i l y  undei. t h e  
f l i g h t  p ro jeces ;  b u t ,  beginning i n  FY 1966, t h e  funding of t h e  f l i g h t  I l ro jec ts  
w i l l  include on1.y f i r s t  run da ta  a n a l y s i s .  

This  new spproach t o  the  management of t h e  d a t a  a n a l y s i s  i s  expected t o  
produce a g r e a t e r  s c i e n t i f i c  r e t u r n  f o r  t h e  investment made i n  t h e  f l i j ; h t  
program. It will broaden t h e  p a r t i c i p a t i o n  of  s c i e n t i s t s  throughout t h e  
na t ion  and e n c w r a g e  them t o  use a l l  of  t h e  a v a i l a b l e  information i n  t l i e i r  
t h e o r e t i c a l  research .  Meanwhile it w i l l  f r e e  t h e  managers of i nd iv idua l  
f l i g h t  p r o j e c t s  from cont inuing da ta  r e runs  on completed f l i g h t s ,  sincc! now 
t h e i r  r e s p o n s i b i l i t y  for  a mission w i l l  t e rmina te  a f t e r  f i r s t  run data 
a n a l y s i s  i s  completed. 

The r e s p o n s i b i l i t y  f o r  o v e r a l l  management of t h e  Data Analysis  P r o j e c t  
The Goddard Space F l i g h t  Center w i l l  be r e t a i n e d  i n  t h e  NASA Headquarters.  

has been ass igned  r e s p o n s i b i l i t y  f o r  management of t h e  da t a  c e n t e r .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF SPIACJ: SCIENCE AND LUNAR AND PLANETARY EXPLORATION, PROGRAM. 
APPLICATIOJ[S 

PKOGliAM OBJE<=.VES AND JUSTIFICATION: 

The p r i x i r y  o b j e c t i v e  of t h e  Lunar and P lane ta ry  Explora t ion  program i s  
t o  c a r r y  out t h e  s c i e n t i f i c  exp lo ra t ion  of t h e  s o l a r  system by both unmanned 
space f l i gh t : ;  and Ea r th  based r e sea rch .  This  r e q u i r e s  t h e  ex tens ion  of space-  
c r a f t  techno:.ogy v i t a l  t o  f u t u r e  manned and unmanned miss ions .  The program 
supports  t h e  manned space f l i g h t  e f f o r t  by measuring t h e  environment i n  space 
and t h e  c h a r a c t e r i s t i c s  of t h e  Moon and t h e  p l a n e t s .  

The pririal-y o b j e c t i v e s  of t h e  lunar  program are t o  o b t a i n  da t a  cn  t h e  
s t r u c t u r e  and topography of t h e  lunar  s u r f a c e ,  t h e  lunar  environment and t h e  
p h y s i c a l ,  cl-iem;Lcal, geode t i c ,  and g r a v i t a t i o n a l  p r o p e r t i e s  of t h e  Mom. The 
da ta  ga thered  as a r e s u l t  of t h e s e  i n v e s t i g a t i o n s  w i l l  be of importarice i n  
seeking t.o unders~tand t h e  o r i g i n  of  t h e  s o l a r  system and i n  determinjng 
a c c u r a t e l y  t:he environment i n  which manned s p a c e c r a f t  must ope ra t e .  Another 
o b j e c t i v e  O L  lunar  exp lo ra t ion  i s  t o  sea rch  f o r  ex tan t  o r  e x t i n c t  l i f e  forms 
on t h e  Moon, evidence of which would c o n t r i b u t e  t o  t h e  o v e r a l l  t h e o r j  of t h e  
o r i g i n  of 1:.Ee i n  t h e  s o l a r  system. 

The l u n a  program inc ludes  t h r e e  types of  mission.  The Ranger j s  provicl- 
i ng  i n i t i a l  .Ji:;ual da t a  about  t h e  s u r f a c e  of  t h e  Moon. Surveyor miss ions  wil.1 
be aimed i n i t i i i l l y  a t  s e l e c t i n g  s u i t a b l e  landing  areas f o r  manned f l x g h t s .  
The Lunar: 01:) i ter  w i l l  complement t h e  Ranger and Surveyor missions by 
provid ing  dara  obta ined  from t h e  vantage p o i n t  of  a n  o r b i t i n g  s p a c e c i a f t .  

The p l a n e t s  p r e s e n t  an  i n t e r e s t i n g  a t t r a c t i o n  because they  a l l  t l i f f e r  
markedly from the Ear th .  I n  t h e s e  d i f f e r e n c e s  may l i e  c l u e s  t o  t h e  n a t u r e ,  
o r i g i n  and evo lu t ion  of t h e  s o l a r  system. Therefore ,  our o b j e c t i v e  :i.s t o  
explore  t h e  p l ane t s ,  t h e i r  moons and o the r  i n t e r p l a n e t a r y  phenomena wi th  
unmanned spacec ra f t  i n  conjunct ion  wi th  ground based r e sea rch .  The success-  
f u l  Mariner I1 f:Light added s i g n i f i c a n t l y  t o  s c i e n t i f i c  knowledge of t h e  
p l a n e t  Venus. The p l a n e t  Mars i s  t h e  next  o b j e c t i v e .  The Mariner IV space- 
c r a f t ,  c u r r e n t l y  on a t r a j e c t o r y  t h a t  w i l l  pass  c l o s e  t o  Mars, i s  expected t o  
provide  inva1u.able s c i e n t i f i c  in format ion  inc luding  r e l a t i v e l y  close-up 
photographs of t h e  p l a n e t ' s  su r f ace .  During t h e  remainder of  t h i s  decade andl 
i n t o  t h e  nex t ,  emphasis w i l l  be p laced  on t h e  unmanned exp lo ra t ion  o.E Mars. 

The d e f i n i t i o n  of t h e  next  series of  f l i g h t  miss ions  t o  Mars i s  being 
i n i t i a t e d  to  meet t h e  o p p o r t u n i t i e s  i n  1971 and subsequent yea r s .  The space-.  
c r a f t  f o r  t'nese missions would be much l a r g e r  and more s o p h i s t i c a t e d  than  
previous  p l a n e t a r y  s p a c e c r a f t  and would be designed t o  perform exper iments 011 
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t h e  s u r f a c e  and i n  o r b i t  about t h e  p l a n e t .  This  e f f o r t  is  i d e n t i f i e d  as t h e  
Voyager Progic3m, and w i l l  be t h e  f i r s t  program t o  concen t r a t e  on s tudying  t h e  
evidence of  ithe e x i s t e n c e  and n a t u r e  of ex t r a t e r r e s t r i a l  l i f e .  

1nterplanetai:y i n v e s t i g a t i o n s  w i l l  cont inue  wi th  Pioneer  mission:; 
scheduled t o  begin t h e  l a t te r  p a r t  of 1965. 

SUMMARY OF RESOURCES REQUIKEMENTS: 

1964 

Support ing r e sea rch  and 
technology/advanced s tud ie s . . . . .  $22,000,000 

Ranger.. .......................... 30,306,000 
Surveyor.  ......................... 70,704,000 
Lunar o r b i t e r . . . . . . . . . . . . . . . . . . . . .  20,000,000 
Mariner . . . . . . . . . . . . . . . . . . . . . . . . . . .  49,152,000 
Voyager. .......................... 
Pioneer . . . . . . . . .  .................. 13.600.000 

--- 

T o t a l  ........................... $205,762.000 

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

Marsha l l  Space F l i g h t  Center. . . .  $505,000 
Manned Spacecraf t  Center. .  ...... 1,867,000 
Goddard Space F l i g h t  Center . .  . . . 1,084,000 
Ames Research Center . . .  ........, 15,382,000 
Langley Research Center .  ........ 20,146,000 
NASA Heacquarters.  .............. 9,521,000 
Western Cpera t ions  Of f i ce . .  . . . . . 157,257,000 

BASIS OF FUNLSEQUIREMENTS: 

1965 

$28,749,000 
15 , 251 , 000 
76,000,000 
42,400,000 

7 , 750,000 
15,000,000 

21,000,000 

$206,150.000 

$535,000 
4 , 429 , 000 

16,054,000 
43,050,000 
10,667,000 

130,304,000 

1,111,000 

Supportincl Research and Technology 

1964 1965 

Lunar and p l a n e t a r y  sc ience .  ..... $12,145,000 $12,486,000 
Advanced t e c h n i c a l  development.. . 4,700,000 7,513,000 
Advanced s t:uCLies . . . . . . . . . . . . . . . . . 2 , 390,000 
Manned 1unr.r sc ience . .  . . . . . . , . . . . 2,919.000 6,360,000 

2 , 236 , 000 

Tota l .  .., ...................... $22,000.000 $28.749.000 

Support.j.ng R.esearch and Technology provides  t h e  c a p a b i l i t y  

$36 , t300,OOO 
1,415 , 000 

85 , bo0 , 000 
37,~300,000 

3 , I300 , 000 
43 , 1300 , 000 

8 .  i;>OO. 000 

$300,000 
14 , 000,000 

'300,000 
8,600 , 000 

37,300,000 
9,500,000 

145,015,000 

- 1966 

$12,000,000 
7 , 000,000 
2,300 , 000 

15 .,500,000 

$36,800.000 

t o  c a r r y  ou t  

-, 

v i t a l  work a .ssociated wi th  bu t  no t  s p e c i f i c a l l y  a p o r t  of c u r r e n t l y  approved 
f l i g h t  missi.ons. 
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The sc i ence  prcgram provides  s c i e n t i f i c  da t a  necessary  f o r  t h e  dfzsign 
and c a l i b r a t i o n  oE f l i g h t  experiments and t h e  b a s i c  da t a  f o r  t h e  ana1,rses and 
i n t e r p r e t a t i m  of t h e  r e s u l t s  of  f l i g h t  experiments.  The program p r o r i d e s  
t h e  means of explor ing  new concepts and ideas ,  and of developing those  of  
high p o t e n t i a l  t o  t h e  s t a g e  where they  can be proposed f o r  f l i g h t  experiments.  
S c i e n t i s t s  a t  NASA Research Centers ,  U n i v e r s i t i e s ,  I n d u s t r i a l  Kesearcli Labora-- 
t o r i e s ,  and o ther  Government Labora tor ies  throughout t h e  country carry out  
t h i s  program of l abora to ry ,  t h e o r e t i c a l ,  and obse rva t iona l  r e sea rch .  The 
observa t iona l  program i n  o p t i c a l  and r a d i o  astronomy i s  l i m i t e d  t o  i n v e s t i -  
ga t ions  of t h e  moon and t h e  p l a n e t s  and has  t h e  o b j e c t i v e  of supplyinis 
information e s s e n t i a l  t o  t h e  s c i e n t i f i c  f l i g h t  program. It a l s o  provides  
information e s s e n t i a l  t o  t h e  design of  s p a c e c r a f t  and t h e  s e l e c t i o n  oE 
experiments f o r  lunar  and p l a n e t a r y  i n v e s t i g a t i o n s .  The most important 
problems b e i r g  i n v e s t i g a t e d  i n  t h i s  area a re  t h e  n a t u r e  and bear ing-s t rength  
of t h e  lunar  s u r f a c e ,  and the  v a r i a t i o n  of p r e s s u r e  wi th  a l t i t u d e  i n  the  
Mart ian atmosphere. Increased  knowledge of l una r  s u r f a c e  c h a r a c t e r i s t i c s  i s  
d e s i r a b l e  for  s a f e  exp lo ra t ion  by man, and f o r  t h e  success fu l  perfomiince of 
s o f t  landing s c i e n t i f i c  payloads. The c h a r a c t e r i s t i c s  of t h e  Mart ian atmos- 
phere have become of major concern i n  t h e  p a s t  year  when r e c e n t  grounlj 
observa t iona l  i n v e s t i g a t i o n s  ind ica t ed  t h a t  t h e  s u r f a c e  p re s su re  of  t h e  
Martian atmozphere may be one-half  o r  less of t h e  formerly accepted va lue  of  
85 m i l l i b a r s .  I n  t h e  25 t o  80 m i l l i b a r  p re s su re  range,  t h e  e f f i c i e n c y  of a n  
e n t r y  capsule  i n  ca r ry ikg  u s e f u l  s c i e n t i f i c  payload decreases  d r a s t i c a l l y  with 
smal le r  atmospheric p re s su re  va lues .  Fur ther  s t u d i e s  of t h e  Mart ian atmos- 
phere by as t ionomica l  spec t roscop ic  techniques w i l l  be conducted dur ing  1965 
t o  provide  more p r e c i s e  va lues  and permit  t h e  design of e f f i c i e n t  e n t r y  
capsules .  

A cont r  :.but ion  of knowledge concerning t h e  environment i n  which t h e  
Apollo a s t r o n a u t  must func t ion  w a s  made by f i e l d  s tudy  of t e r r e s t r i a l  counter  - 
p a r t s  of  lunar processes  and f e a t u r e s ,  such as  meteor c r a t e r s ,  and by 
l abora to ry  experiments wi th  lunar  s u r f a c e  s imula t ion .  S tud ie s  were rrade of  
t h e  behavior of p o s s i b l e  lunar s u r f a c e  m a t e r i a l s  under hype rve loc i ty  
bombardment by me teo r i t e s  and micrometeor i tes ,  and under condi t ions  of wide 
temperature  . i l uc tua t ion ,  s o l a r  r a d i a t i o n ,  low lunar  g r a v i t y  and near  vacuum 
atmosphere. Topographic and geologic  maps of  t h e  v i s i b l e  p o r t i o n s  of t h e  
moon a r e  being prepared.  The e q u a t o r i c a l  b e l t ,  which inc ludes  t h e  i r l i t i a l  
t a r g e t  a r e a s  f o r  Ranger, Surveyor, O r b i t e r ,  and Apollo,  i s  scheduled f o r  
completion al)out mid-year . 

New o r  bnproved t h e o r i e s  , t echniques ,  and ins t rumenta t ion  f o r  s c i e n t i f i c :  
obse rva t ion  iind measurement of t h e  moon and p l a n e t s ,  both from t h e  Eiirth and 
from t h e  s p a c e c r a f t  a re  developed by t h e  suppor t ing  r e sea rch  program, 
X-ray d i f f r ac tomete r ,  gamna r a y  spectrometer  , neutron and a lpha  p a r t j  c l e  
senso r s ,  sej.,;mometer , magnetometer , and gas chromatograph a r e  among those  i n  
va r ious  s t a g e s  of development. 

The 

The Advmced Technica 1 Development Program i s  d i r e c t e d  pr inc ipa l . ly  toward 
t h e  developrxni: of equipment and technology f o r  f lyby ,  o r b i t i n g ,  and l and ing  
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miss ions  t o  Mars. These miss ions  impose s t r i n g e n t  requirements  f o r  the 
development o f  r e l i a b l e  equipment t h a t  w i l l  su rv ive  t h e  r i g o r s  of  s t e c i l i z a -  
t i o n  and long t i m e  exposure t o  deep space,  and w i l l  t a k e  f u l l e s t  advantage 
of t h e  improved c a p a b i l i t y  of  launch v e h i c l e s  t o  be a v a i l a b l e  a few yea r s  
hence. I n  t h e  FY 1965 program, p r i n c i p a l  emphasis was i n  t h e  a r e a s  O E  
communicatiors and guidance and c o n t r o l .  Under N 1966 funds r e q u e s t i d ,  
emphasis on communications w i l l  cont inue  toward a system t h a t  w i l l  t r ensmi t  
l a r g e  q u a n t i t i e s  of s c i e n t i f i c  da t a  over t h e  immense i n t e r p l a n e t a r y  d i s t ances , ,  
Increased  a t t e n t i o n  w i l l  be given t o  landing  capsule  technology, p a r t i c u l a r l y  
t o  i n s u r e  s a f e  passage through t h e  atmosphere of Mars and landing on its 
su r face .  To permit  t he  r ecogn i t ion  and i d e n t i f i c a t i o n  of e x t r a t e r r e s t r i a l  
l i f e ,  p l ane ta ry  landers  must be made s t e r i l e .  The s t e r i l i z i n g  procechres  
r equ i r ed ,  d c a s t i c a l l y  compromise t h e  r e l i a b i l i t y  and o p e r a t i o n a l  l i f e  of 
much of t h e  c u r r e n t  s t a t e - o f - t h e - a r t  s p a c e c r a f t  equipment. FY 1965 and p r i o r  
year funds began t h e  development of  equipment t h a t  w i l l  ope ra t e  r e l i a b l y  
a f t e r  s t e r i l i z a t i o n .  Funding i n  FY 1966 w i l l  cont inue  development and t e s t i n g  
of t h e s e  i tems,  and i n i t i a t e  work on o t h e r  equipment needed f o r  p l a n e t a r y  
landers  . 

The advsnced s t u d i e s  e f f o r t  i s  e s s e n t i a l  t o  f u t u r e  lunar  and p l a n e t a r y  
miss ion  planning.  S tud ie s  of space f l i g h t  mechanics and p l a n e t a r y  t r a  j e c t o r -  
i es  i d e n t i f y  favorable  launch o p p o r t u n i t i e s  and e s t a b l i s h  t h e  ene rg ie s  
r equ i r ed .  Cciqar ing t h e s e  energy requirements  w i th  launch v e h i c l e  performance 
y i e l d s  c o n t r o l  weights  f o r  s p a c e c r a f t  planning.  Pre l iminary  mission f l i g h t  
p r o f i l e s  were genera ted  f o r  unmanned missions t o  t h e  Moon, J u p i t e r  , Venus, 
Mercury, comc:tE and a s t e r o i d s  wi th  FY 1965 funds,  which a l s o  provided f o r  
conceptual  des igns  of s p a c e c r a f t  f o r  miss ions  t o  Mars (Voyager). The N 
1966 e f f o r t  wi1.1 inc lude  a d d i t i o n a l  mission p r o f i l e  s t u d i e s  of  J u p i t e r  , 
Mercury, conic!tE, and a s t e r o i d s ,  as w e l l  as s p a c e c r a f t  conceptual  des igns  f o r  
missions t o  Venus, J u p i t e r ,  Mercury, comets and a s t e r o i d s .  Primary emphasis 
w i l l  be on t h e  Venus and J u p i t e r  missions.  

The Macmecl Lunar Science program o b j e c t i v e  i s  t o  maximize t h e  s c i e n t i f i c  
b e n e f i t s  der:.ved from man's a b i l i t y  t o  explore  t h e  moon. It provides  t h e  
space sc iencx  a c t i v i t i e s  which r e l a t e  d i r e c t l y  t o  t h e  manned lunar  miss ions  
of t h e  Apollo program. The i n i t i a l  lunar  manned missions w i l l  undertake 
inves t iga t i cms  i n  t h e  d i s c i p l i n e s  o f  geology, geochemistry,  geophysics , 
atmospheric  phys i c s ,  p a r t i c l e s  and f i e l d s ,  and t h e  b iosc i ences .  I n i t i a l  
development of i n v e s t i g a t i o n s  and suppor t ing  equipment began i n  FY 15164. 
Procurement of t e s t  and f l i g h t  hardware f o r  t h e  ea r l i e s t  Apollo miss ions  
accounts  f o r  most of t h e  d i f f e r e n c e  between FY 1965 and FY 1966 requirements .  
This  hardware inc.ludes both remote sens ing  in s t rumen ta t ion  f o r  observa t ion  
of  t h e  moon .irom lunar  o r b i t  and ins t rumenta t ion  f o r  lunar  s u r f a c e  exp lo ra t ion ,  
sample c o l l e ~ : t i ~ o n ,  and a n a l y s i s .  

Ear th  based support  f o r  Apollo sc i ence  encompasses t r a i n i n g  of t h e  
a s t r o n a u t s  in t h e  gene ra l  s c i e n t i f i c  d i s c i p l i n e s  and s p e c i f i c  experiments i n  
which they  wL1:l he p a r t i c i p a t i n g ,  compilat ion of p l ans  of o v e r a l l  scj  e n t i f  i c  
a c t i v i t i e s  t:o be c a r r i e d  out  on each miss ion ,  t e s t i n g  i n v e s t i g a t o r y  EirOCedur€!S 
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and equipment t:o t r a i n  t h e  a s t r o n a u t s  under t h e  s imula ted  lunar  condi . t ions,  
and developnumt: of f a c i l i t i e s ,  equipment, and procedures  f o r  t h e  a n a l y s i s  
of t h e  samp1.c:~ which w i l l  be  r e tu rned  from t h e  moon. 

Ranger 

1966 - 1964 19 65 

Spacecraft: ....................... $19,520,000 $8,362,000 $;600,000 
Experiment::; ...................... 3,926,000 4,142,000 
Ground operaticlns ............... 6.860,OOO 2,747,000 -, 

815,000 --- 
Total. Spacec ra f t  and Support . .  . $30,306,000 $15,251.,000 $1,415,000 

A t  las-Agerm (Launch Vehicle  
Procurenlent: Program). .......... (14,863,000) (3,136,000) (200.000) 

Tota 1. (j.iic:!uding launch 
v e h i c l . c ~ s ~ ~ .  ................... ($45,169,000) ($18,387,000) ($1,615,000)  

The ob-,cxt:ive of t h e  two remaining Ranger f l i g h t s  i s  t o  o b t a i n  t e l e v i s i o n  
p i c t u r e s  of t h e  lunar  s u r f a c e  which w i l l  be of b e n e f i t  t o  both t h e  s c i e n t i f i c  
program and t h e  United S t a t e s  manned lunar  program. These two Rangers w i l l  
photograph cl:.fferent areas of  t h e  Moon and under d i f f e r e n t  l i g h t i n g  condi t ions  
than  those  o.i t h e  success fu l  Kanger V I I .  

The p i c t u r e s  obta ined  from Ranger V I 1  provided a f i n a l  r e s o l u t i c n  more 
than  2,000 t.:-mes b e t t e r  than  any p rev ious ly  a v a i l a b l e  E a r t h  based phcltography. 
The p i c t u r e s  which w i l l  be acqui red  from t h e  two remaining f l i g h t s  a r e  
expected t o  be of t h e  same r e s o l u t i o n  as  those  obta ined  from Ranger V I I .  

Overall.  management of t h e  Ranger Program i s  t h e  r e s p o n s i b i l i t y  clf t h e  
O f f i c e  of Space Science and App l i ca t ions ,  NASA Headquarters .  P r o j e c t  manage-, 
ment i s  t.he i :espons ib i l i ty  of t h e  J e t  Propuls ion  Laboratory.  Design and 
fabr ica t i .on  of thle spacecraft:  i s  a l abora to ry  in-house e f f o r t  whi le  t h e  
t e l e v i s i o n  s;:~.t:em i s  procured from t h e  Ast ro-Elec t ronics  Div is ion  of t h e  
Radio Corporz.tion of America. 

FY 196L funds were used p r i m a r i l y  f o r  t h e  assembly, t e s t ,  and launching 
of Rangers 1':: and V I I .  Included i n  t h i s  were t h e  t es t  arid rework e f f o r t s  
r equ i r ed  t o  c o r r e c t  f a u l t y  e l e c t r o n i c s  components (d iodes)  discovered l a t e  
i n  1963 on ELanger V I ,  as w e l l  a s  t h e  r e t e s t  and r edes ign  e f f o r t s  t o  i n s u r e  
a g a i n s t  a rc 'currence of t h e  f a i l u r e  of t h e  TV system on Ranger V I .  The FY 
1965 funds 81-e being used f o r  t h e  assembly, t e s t ,  and launching of Rangers 
C and D a s  w e l l -  a s  t h e  pos t -F l igh t  a n a l y s i s  of t h e  photographic  da t a .  The 
FY 1966 fund:; w i l l  be used p r i m a r i l y  f o r  t h e  p o s t - f l i g h t  eva lua t ion  of 
engineer ing  dat:a ( s p a c e c r a f t )  and t h e  i n t e r p r e t a t i o n  and a n a l y s i s  of  t h e  
photographs obt:ained which w i l l  d i r e c t l y  support  both t h e  Surveyor urmanned 
lunar  prclgriri and, t h e  Apollo manned lunar  program. 
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The FY 1963 and p r i o r  yea r s  funding fo r  t h i s  n i n e - f l i g h t  program, 
inc luding  launch v e h i c l e s ,  amounted t o  $198,616,000. The FY 1966 r eques t  
w i l l  complete t h e  funding f o r  Ranger. 

Surveyor Lander 

1066 - 1964 1965 

Spacec ra f t  ..................... $61 . 904 . 000 $64 . 460 . 000 $64 ,(.m . 000 
Experiments. .................... 3 , 600 , 000 6,890 , 000 15,')70,000 ............. Ground ope ra t ions . .  5,200.000 4,650,000 4,1760.000 

T o t a l  Spacec ra f t  and Support . .  $70,704,000 $76,000,000 $85,600,000 

Atlas-Centaur (Launch Vehicle 
Procucement Program) .......... (32,000,000) (47,814,000) (50,400,000) 

T o t a l  ( i nc lud ing  launch 
v e h i c l e s )  ................... ($102,704,000)($123,814,000)($136,000,000) 

The Surveyor s p a c e c r a f t  i s  be ing  developed t o  accomplish t h e  f i r s t  s o f t  
l andings  on the  Moon. On t h e  lunar  s u r f a c e ,  t h e s e  s p a c e c r a f t  w i l l  sui:vey 
va r ious  landing, areas of i n t e r e s t  as p o s s i b l e  si tes f o r  l a te r  manned landings  
and make ineasurements t o  improve our understanding o f  t h e  n a t u r e  o f  t h e  Moon. 
Landed Surveyors w i l l  t r ansmi t  t o  Ea r th  a v a r i e t y  of d a t a ,  such a s  h igh  
r e s o l u t i o n  t e l e v i s i o n  p i c t u r e s  o f  t h e  lunar  t e r r a i n ,  measurements of I:he 
s u r f a c e  t e x t u r e ,  hardness ,  and o t h e r  p h y s i c a l  and chemical p r o p e r t i e s ,  lunar  
se i smic  a c t i v i t y ,  and t h e  m e t e o r i t e  environment near t h e  s u r f a c e .  Thi? 
Surveyor mission r equ i r e s  t h e  development of  a technology f a r  more adlranced 
than  t h a t  cmployed i n  t h e  Mariner I1 and Ranger s p a c e c r a f t .  Not o n l y  m u s t  
Surveyor naviga te  through t h e  space between t h e  Ear th  and the  moon, biit i t  
must land s o f t l y  on t h e  moon, e s s e n t i a l l y  by backing down a mul t i - s t age  
rocke t  t o  a landing  240,000 miles and 66 hours removed from t h e  launcliing 
s i t e .  

The p r i c e  purpose o f  Surveyor i s  t o  provide  informat ion  on lunar  s u r f a c e  
c h a r a c t e r i s t i c s  which w i l l  a s s u r e  t h e  h igh  conf idence  r e q u i r e d  be fo re  manned 
landings  (are a t tempted .  A g r e a t  d e a l  o f  s tudy  e f f o r t  has  been expendied t o  
determine t h e  b e s t  s t r a t e g y  by which Apollo landing s i t e s  can be  ve r iE ied ,  
cons ide r ing  both the  s a f e t y  a s p e c t s  and economics. The r e s u l t s  of tht2se 
s t u d i e s  i n d i c a t e  t h a t  t h e  most t ime ly  and economical method f o r  s i t e  
v e i i l i c a t i o n  i s  tlhrough t h e  combined e f f o r t s  of t h e  Surveyor and t h e  Lunar 
O r b i t e r .  The  o p e r a t i o n a l  p l a n  c a l l s  €or Surveyor landing  a t t e m p t s  i n  
d i f f e r e n t  xegions wi th  " a e r i a l  survey" of t h e  Surveyor landing  s i t e s  $3nd 
surrounding a i c a s  by t h e  Lunar O r b i t e r ,  Th i s  combination w i l l  p rovide  f o r  
d e t a i l e d  ,analyses of smal l  a r e a s  through t h e  Surveyors which thcn  can be 
extended t o  the  much l a r g e r  a r e a  coverage o f  the O r b i t e r  photographs. 
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I n  a d d i t i o n  t o  d i r e c t  manned f l i g h t  suppor t ,  unmanned s p a c e c r a f t  o f f e r  
a d i s t i n c t  complementary func t ion  t o  t h e  manned miss ions .  
i n t e r e s t  on t h e  moon (such a s  t h e  Cra t e r  Ar i s t a rchus  where gaseous emissions 
have been observed) a r e  l i k e l y  t o  be i n a c c e s s i b l e  t o  man because of t h e  
hazards of landing.  Landings on t h e  backside of  t h e  moon, f o r  examph,  would 
be of  extreme i n t e r e s t  t o  our  t o t a l  lunar  exp lo ra t ion  program. Surveyor 
landings Ion t h e  backside wi th  a communication l i n k  through t h e  O r b i t e r  would 
not  involve the  r i s k s  which would r e s u l t  i f  a manned landing were made without; 
d i r e c t  communication t o  Ea r th  except through an  o r b i t i n g  s p a c e c r a f t .  

Many r eg ions  of 

The Off ice  of  Space Science and App l i ca t ions ,  NASA Headquarters ,  i s  
r e spons ib l e  for o v e r a l l  management of t h e  Surveyor Program. Respons ib i l i t y  
ior p r o j e c t  management i s  ass igned  t o  t h e  J e t  Propuls ion  Laboratory.  
Surveyor spacec ra f t  system i s  being developed by t h e  Hughes A i r c r a f t  Company. 
Major subcont rac tors  a r e  Thiokol /Elkton f o r  t h e  main r e t r o - r o c k e t ,  Thiokol 
Reaction Motors Div is ion  f o r  t h e  v e r n i e r  propuls ion  system, and Ryan Elec t ron-  
i c s  f o r  t h e  z t t i t u d e  and ve loc i ty - sens ing  r a d a r s ,  

The 

FY 1965 funds a r e  being used t o  complete spacec ra f t  system func t iona l  
t e s t i n g ,  envjrcmmental t e s t i n g  ( thermal  vacuum, shock, and v i b r a t i o n ) ,  
mission simu3.ation t e s t i n g ,  f i e l d  crew t r a i n i n g  by mock ope ra t ions ,  and tes ts  
of dynamic mcldels on Centaur Development f l i g h t s .  Program d e f i n i t i o n  e f f o r t  
and long lead  t ime procurements i n  t h e  s p a c e c r a f t  and payload areas f o r  t h e  
fol low-on Surveyors a re  a l s o  being provided f o r  wi th  c u r r e n t  year funds.  

The funds reques ted  f o r  FY 1966 w i l l  p rovide  f o r  t h e  completion o f  ground 
based develcpment t e s t i n g  of t h e  b a s i c  Surveyor s p a c e c r a f t  system and f o r  t h e  
i n i t i a t i o n  o f  t e s t  f l i g h t s  e a r l y  i n  t h e  f i s c a l  year .  The funding dur ing  
FY 1963 and pri.or years  f o r  t h i s  seventeen f l i g h t  program, inc luding  launch 
v e h i c l e s ,  arrwnted t o  $111,641,000. Funding requirements  fo r  s p a c e c r a f t  
and launch w h i . c l e s  from FY 1.967 t o  completion a re  es t imated  t o  be about  
$290,00O,OOC, 

Lunar Orbiter 

11.9 6 6 
-, 

1964 1965 

SpacecraEt ........................ $20,000,000 $40,600,000 $32,,900,000 
500 , 000 Experiment:; ....................... --- --- 

Ground opezs t  ions.. ............... --- 1,800,000 - 3 ,,/ 600,000 

T o t a l  Spa-ecraf t  and Support . .  .. $20,000,000 $42,400,000 $37,,000,000 

Atlas-Agena (Launch Vehicle  
Pro  CII r ern m t I? L- o g r am)  ........... (170,000) (2 ,335,000)  (22 , ,  200,000) 

Tota 1 (.i nc Luding launch 
vehic  Les) ..................... ($20,170,000)  ($44,735,000) ($59 ,,200,000:) 
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The Lunar Orb i t e r  w i l l  complement t h e  Surveyor Lander as p a r t  of t h e  
unmanned l u n E r  reconnaissance team. 
graphs from 2.n o r b i t  30 m i l e s  above t h e  s u r f a c e  while  t h e  landed Surveyor 
conducts i t s  i n v e s t i g a t i o n s  on t h e  s u r f a c e  of t h e  moon i t s e l f .  The Lunar 
Orb i t e r  camera system w i l l  t ake  h igh  and medium r e s o l u t i o n  photographs 
s imultaneously.  The medium r e s o l u t i o n  photographs provide s t e r e o  coverage of 
broad a r e a s ,  while  those  of h igh  r e s o l u t i o n  w i l l  show d e t a i l  comparable t o  
t h e  f i n a l  Ranger p i c t u r e s  but  of hundreds of thousands of t imes a s  much a r e a .  
The combinat j.on of such p i c t u r e s  w i l l  permit  topographic  mapping of cons iderable  
reg ions  of  t h e  lunar s u r f a c e ,  The information gained from t h e  O r b i t e r  phot-  
graphy w i l l  tie used t o  screen  out  obviously undes i rab le  s i t e s  f o r  Surveyors,  
improving t h e  p r o b a b i l i t y  of success fu l  landings.  
f u l l y  landed Surveyor can then team t o  v e r i f y  s u i t a b l e  s i t e s  f o r  Apollo manned 
landings.  

The O r b i t e r  w i l l  t ake  wide area photo- 

The Orb i t e r  and success-  

I n  a d d i t i o n  t o  t h e  photographs,  t h e  Lunar O r b i t e r  w i l l  y ie ld ,as  a by- 
product , infaimation on t h e  lunar  g r a v i t a t i o n a l  f i e l d  which w i l l  g r e a t l y  
b e n e f i t  a l l  :,ubsequent lunar  missions.  Analysis  of t h e  o r b i t  w i l l  he lp  
determine t h e  mass d i s t r i b u t i o n  of t h e  moon f a r  more p r e c i s e l y  than  it i s  
known a t  p re sen t ;  consequent ly ,  guidance c a l c u l a t i o n s  f o r  Apollo w i l l  be much 
improved. 
ana lyses  will.  r e v e a l  are c l o s e l y  l i nked  wi th  ques t ions  of se i smic  a c t i v i t y  
of  t h e  moon, i t s  r a d i o a c t i v i t y ,  and t h e  cha rac t e r  of t h e  lunar  su r face ,  which 
a r e  bas i c  t o '  any d i scuss ion  of t h e  o r i g i n  of t h e  E a r t h a o o n  system. Once the  
primary photographic mission of t h e  Lunar Orb i t e r  has  been accomplished, l a t e r  
spacec ra f t  m y  inc lude  o the r  ins t rumenta t ion ,  w i th in  t h e  a v a i l a b l e  weight and 
power, t o  make o the r  measurements i n  c i s l u n a r  space.  

?'he i r r e g u l a r i t i e s  i n  lunar  mass d i s t r i b u t i o n  these  o r b i t a l  

Pro jec t  management r e s p o n s i b i l i t y  has been ass igned  t o  Langley Hesearch 
Center and launch v e h i c l e  system management t o  Lewis  Research Center.  The 
prime con t r ac to r  f o r  des ign ,  f a b r i c a t i o n  and test  of t h e  800 pound, a t t i t u d e  
s t a b i l i z e d  spac:ecraft i s  t h e  Boeing Company. Major subcon t rac to r s  a r e  
Eastman Kodak f o r  t h e  photo subsystem and t h e  Radio Corporation of  America f o r  
power and cccnntmications . 

Current year  funds have been devoted t o  completing the  des ign  of t h e  
spacec ra f t  airid a l l  of t he  i t s  subsystems; cons t ruc t ion  and t e s t i n g  of develop- 
mental t e s t  nioclels t o  v e r i f y  the  des ign  d a t a ;  f a b r i c a t i o n  of test  and f l i g h t  
hardware i n  acc:ordance with the  f i n a l  des ign;  and assembly of ground test 
s p a c e c r a f t .  

FY 1964 funds w i l l  be used t o  assemble t h e  f l i g h t  s p a c e c r a f t ,  t c s t  and 
prepare  them f o r  launch, i n s t a l l  t h e  ground support  equipment, t r a i n  t h e  
launching and (operat ing personnel ,  and conduct t h e  f i r s t  launch. 

FY 196:3 and p r i o r  year fundings f o r  a f i v e  f l i g h t  program, inc luding  
launch v e h i c l e s ,  amounted t o  $10,098,000. Funding requirements  fo r  space- 
c r a f t  and li3unlC.h v e h i c l e s  from FY 1967 t o  completion are es t imated  t o  be 
approximate 1 y $20,000,000. 
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Mariner 

1964 19 65 - I966 

Spacecraf t : ,  ....................... $28,360,000 $14,055,000 $1,250,000 
Experiment::; ...................... 8,920 , 000 2 , 466 , 000 1 , 800 , 000 
Ground ope ra t ions . .  .............. 11.872.000 4.479.000 -, 750,000 

To ta l  Spacecraf t  and Support . . .  $49,152,000 $21,000,000 $3,800,000 

A t  las-8gen.a (Launch Vehicle  
P rocuremnt  Program) ........... (10,550,000) (2,377,000) (200 , 000) 

T o t a l  ( i r i c h d i n g  launch 
v e h i c l e s ) .  ................... ($59,702,000) ($23,377,000) ($4,000,000) 

Mariner i s  t h e  United S t a t e s  program f o r  e a r l y  f lyby  missions t o  Venus 
and Mars. I r  1962, Mariner I1 made h i s t o r y  as  t h e  f i r s t  success fu l  p l a n e t a r y  
miss ion  t o  Venus. Mariner-IV,  which w a s  launched i n  l a t e  November 1964 on a 
f lyby  miss ior  t o  Mars, is  s imilar  i n  des ign  concept t o  Mariner 11, al though 
i t s  technoloey i s  cons iderably  advanced. Mariner I V  i s  a 575-pound space- 
c r a f t  ca r ry ing  ins t ruments  t o  measure micrometeoroid impacts ,  magnetic 
f i e l d s ,  and atomic p a r t i c l e s  i n  space.  During i t s  c l o s e  pass  by Mars on 
July 14, 1965, i t  w i l l  take a series of TV p i c t u r e s  of t h e  p l a n e t ' s  su r f ace .  
Also,  passage of the  s p a c e c r a f t ' s  s i g n a l  through t h e  Mart ian atmospheire w i l l  
provide a measurement of  t h e  he ight  and d e n s i t y  o f  t h e  atmosphere. 

The J e t  Propuls ion Laboratory manages t h e  Mariner Program and b u i l t  t h e  
s p a c e c r a f t  in-house. Lewis Research Center w a s  r e spons ib l e  f o r  procurement 
of  t h e  A t  l a w  Agena launch v e h i c l e .  

The PY 1965 funds covered t h e  ex tens ive  t e s t i n g  and prelaunch a c t i v i t i e s  
r equ i r ed  f o r  .!Iariner I V  and t h e  i d e n t i c a l  but  unsuccessfu l  Mariner III which 
w a s  launched i n  ear ly  November 1964. The funds a l s o  w i l l  cover suppoi.t o f  t he  
major p a r t  of t h e  i n - f l i g h t  phase of t h e  program. This inc ludes  around t h e  
c lock  monitor ing of t h e  s p a c e c r a f t  cond i t ion ,  d iagnos is  of problems and 
e x e r c i s e  of t he  command func t ion  when r equ i r ed ,  and cont inuing  ana lys  is and 
r e p o r t i n g  on t h e  weal th  of t e l eme t ry  da t a  being rece ived .  

The FY 1966 funds w i l l  cont inue  t h e  above support  through t h e  Mars 
encounter and postencounter  phase and, i n  a d d i t i o n ,  w i l l  cover t h e  -.lor p a r t  
of ex tens ive  p o s t - f l i g h t  da t a  a n a l y s i s  and t h e  p repa ra t ion  of Einal  rc?ports .  

FY 1963 and p r i o r  yea r s  funding f o r  t h i s  program, inc luding  launch 
v e h i c l e s ,  amomted t o  $115,569,000. Funding requirements  f o r  FY 1967 t o  
completion ai: 2 es t imated  t o  be $500,000. 
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Voyager 

1,966 -,- 1965 - 1964 - 
Spacecraf t  ...................... --- $7,150,000 $40,~000,000 
Experiments ..................... --- 200,000 2,000,000 
Ground ope rat. ions .  .............. --- 400,OO 1 ,:ooo, 000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . .  --- S7,750.000 $43,000,000 
PI 

The d e f i n i t i o n  of t he  next  series of Mars f l i g h t  missions i s  being 
i n i t i a t e d  tal meet t he  1971 and subsequent o p p o r t u n i t i e s .  The spacec ra f t  
f o r  these  missions are named Voyager and w i l l  have t h e  primary o b j e c t i v e  
of obtaining, d e t a i l e d  information on the  na tu re  of  t h e  p l ane t  Mars, which 
inc ludes  the c h a r a c t e r i s t i c s  of i t s  atmosphere, meteorology, i t s  su r face  
and subsurface cond i t ions ,  t rapped r a d i a t i o n  b e l t s  and most impor tan t ly ,  
information on the  n a t u r e  of any e x t r a t e r r e s t r i a l  l i f e  on the  p l a n e t .  The 
secondary ob:ec:tive w i l l  be t o  ob ta in  s c i e n t i f i c  information on the  i n t e r -  
p l ane ta ry  medium e x i s t i n g  between Ea r th  and Mars. 

Such a r i i s s ion  r e q u i r e s  a spacec ra f t  capable  of ca r ry ing  l a r g e  
s c i e n t i f i c  payl.oads t o  the  p l a n e t ,  t e lemeter ing  cons iderable  amounts of 
d a t a  back t o  e a r t h  and having long l i f e  i n  o r b i t  about t he  p l a n e t ,  and on 
the  p l ane ta ry  su r face .  Conceptual s t u d i e s  completed i n  N 1964 ind ica t ed  
the  spacec ra f t  weight t o  meet these  requirements would be i n  t h e  7,000 t o  
10,000 pound c l a s s .  
Centaur launch v e h i c l e .  The spacec ra f t  system concept i nd ica t ed  by the  
s t u d i e s ,  which would meet t he  requirements  of ga the r ing  d a t a  both i n  o r b i t  
and on the  p:.arietary su r face  would inc lude  t h r e e  b a s i c  modules: t h e  bus- 
o r b i t e r  modu:.e:, t he  r e t ro -p ropu l s ion  module, and the  capsule  module. The 
Voyager syst.t!m w i l l  be designed f o r  use  during s e v e r a l  Mars o p p o r t u n i t i e s ,  
thus  providing a base f o r  a long range s c i e n t i f i c  exp lo ra t ion  prograni. By 
completing t.he d e f i n i t i o n  phase by Fy 1966, t he  ope ra t iona l  Voyager system 
could be launched during the  1971 Mars oppor tuni ty .  

Such a spacec ra f t  could be launched by a Saturn I B -  

Overall. management of t h i s  program i s  t h e  r e s p o n s i b i l i t y  of t he  Off ice  
of Space Scj.c?nce and Appl ica t ions ,  NASA Headquarters.  The J e t  Propuls ion 
Laboratory is respons ib le  f o r  management of  t he  Voyager p r o j e c t  inc luding  
o v e r a l l  spac:c?craft system i n t e g r a t i o n .  

A p r o j e c t  d e f i n i t i o n  phase (phase I) i s  being i n i t i a t e d  i n  FY 19165 
and i s  t o  bc: completed by the  end of  FY 1966. A sepa ra t e  i n d u s t r i a l  
c o n t r a c t  e f f o r t  is  planned f o r  t h e  spacec ra f t  system ( t h e  bus ,  r e t r o -  
propuls ion nwdule and o v e r a l l  i n t e g r a t i o n )  and another  f o r  t h e  capsule  
system. Syr;l:ern des ign ,  func t iona l  s p e c i f i c a t i o n s  f o r  a l l  subsystems, and 
se l ec t ed  subsystem development and breadboard t e s t i n g  w i l l  be accomplished 
under Phase C .  Fabr i ca t ion  and t e s t i n g  p lans , schedules ,  and d e t a i l e d  
e s t ima tes  of resource  requirements w i l l  be generated by t h i s  e f f o r t .  
Based on the  r e s u l t s  of Phase I ,  a dec i s ion  can be made regard ing  thci 
i n i t i a t i o n  I t n  IX 1967 of f l i g h t  hardware development (Phase 11). 

Rl.) 5-10 



FY 19651 funds are  being used t o  i n i t i a t e  t h e  s p a c e c r a f t  system design 
d e f i n i t i o n .  
and t h e  r e t ro -p ropu l s ion  module, p re l iminary  d e f i n i t i o n  of t h e  capsule  
module i n t e r f a c e ,  and pre l iminary  i n v e s t i g a t i o n  of t h e  capsule  and slsience 
i n t e g r a t i o n  with t h e  spacec ra f t .  The FY 1966 funds w i l l  be used t o  Icomplete 
the  Spacecraf t  System Phase I e f f o r t .  

This  w i l l  cover pre l iminary  design of t h e  bus -o rb i t e r  module 

A f t e r  eva lua t ion  of Phase I r e s u l t s ,  t h e  t o t a l  scope of the  program 
w i l l  be e s t a b l i s h e d  so  t h a t  Phase I1 could be i n i t i a t e d  i n  FY 1967. 

Pioneer  

1964 1965 VI 1966 

Spacec ra f t ,  ....................... $10,805,000 $12,311,000 $5,500,000 ...................... Experiment::;. 2,744,000 1,424,000 2,100,000 
Ground opera 1: i ons  ................ 51,000 1,265,000 -, 400,000 

Total. Spacecraf t  and Support.. . $13,600,000 $15,000,000 $8,000,000 

De 1 ta (Laurich Vehicle 
Procurexrtcmt: Program). .......... (4,100,000) (2,900,000) (5,900,000) 

To ta l  ( i r x l u d i n g  launch 
vehiclcms). ................... ($17,700,000) ($17,900,000) ($13,900,000) 

Pioneer missions w i l l  measure i n t e r p l a n e t a r y  phenomena i n  deep slpace t o  
provide simultaneous d a t a  with Ear th  s a t e l l i t e s  and t o  f i l l  t i m e  gaps i n  
monitor ing i n  deep space between t h e  widely separa ted  f l i g h t s  of p l ane ta ry  
spacecraf t .  

The Pioneer  spacec ra f t  w i l l  weigh about  140 pounds and w i l l  be liiunched 
by t h e  Thrust  Augmented Improved Delta launch veh ic l e .  It w i l l  be s p i n  
s t a b i l i z e d  f o r  s i m p l i c i t y  and r e l i a b i l i t y .  %e goa l  f o r  t h e  l i f e t i m e  of 
t h e  mission :is s i x  months or  more. The f i r s t  four  spacec ra f t  w i l l  a l t e r n a t e  
between missions toward, and miss ions  away from, the  Sun, approaching as 
c l o s e  as 1~5,030,000 miles and going as far  away as 110,000,000 m i l e s .  

A c r i t i c a l  experiment on t h e  spacec ra f t  measures t h e  extremely low 
l e v e l  interp:l,mc.-tary magnetic f i e l d .  For t h i s  reason,  cons iderable  ef f o r t  
i s  being expeitded t o  a s s u r e  t h a t  t h e  s p a c e c r a f t  w i l l  be  as magnet ica l ly  
c l ean  as the  s t a t e - o f - t h e - a r t  w i l l  permit.  Other experiments on t h e  f irst  
two f l i g h t s  w - l i l  measure t h e  f l u x  of atomic p a r t i c l e s  coming from t h e  Sun, 
cosmic r ays ,  and t h e  e l e c t r o n  d e n s i t y  i n  space. Measurements of micro- 
meteoroid imp:tct.s w i l l  be added on the  t h i r d  and fou r th  f l i g h t s .  

The Of f i ce  of Space Science and Appl ica t ions  i s  r e spons ib l e  f o r  over- 
a l l  management of t h i s  program. R e s p o n s i b i l i t y  f o r  p r o j e c t  management rests 
wi th  t h e  Ames Research Center ,  and t h e  Space Technology Laboratory i s  
bu i ld ing  t h e  fou r  s p a c e c r a f t  under a f i x e d  p r i c e  incen t ive  f e e  con t r ac t .  
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The Fy 1965 funds w i l l  cover  assembly and t e s t i n g  of t he  prototype space- 
c r a f t ,  and t h e  f a b r i c a t i o n ,  assembly, and i n i t i a l  tests f o r  t h e  f i r s t  two 
f l i g h t  spacec ra f t .  The FY 1966 funds will cover the  f i n a l  t e s t i n g ,  launch,  
and post  launch ope ra t ions  f o r  t he  f i r s t  two f l i g h t  spacec ra f t  as wel l  as the  
assembly and s t a r t  of t e s t i n g  f o r  t he  t h i r d  and fou r th  spacec ra f t .  

Fy 1963 and p r i o r  yea r s  funding f o r  t h i s  four  f l i g h t  program, inc luding  
launch v e h i c l e s ,  mounted t o  $2,614,000. Funding requirements f o r  FY 1967 
t o  completioin a r e  es t imated  t o  be $4,000,000. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF SPACESCIENCE AND APPLICATIONS SUSTAINING UNIVERSITY PItOGRAM 

PROGRAM OBJECZ'IES AND JUSTIFICATION: 

The Sus ta in ing  Univers i ty  Program w a s  planned and i n i t i a t e d  t o  s t r eng then  
u n i v e r s i t y  p a r t i c i p a t i o n  i n  a e r o n a u t i c a l  and space sc ience  and engineer ing  
endeavors and t c  broaden NASA's sponsored r e sea rch  a c t i v i t i e s .  The program's 
ob jec t ives  are to :  (1) inc rease  the f u t u r e  supply of s c i e n t i s t s  and engineers  
requi red  i n  sFlace r e l a t e d  sc i ence  and technology; (2) bu i ld  l a b o r a t o r i e s  
urgent ly  needed f o r  space r e sea rch  i n  s e l e c t e d  u n i v e r s i t i e s ;  and,  ( 3 )  improve 
the  u n i v e r s i t i e s  ' r o l e  i n  suppor t  of NASA by encouragement of c r e a t i v e  m u l t i -  
d i s c i p l i n a r y  i .nves t iga t ions ,  development of new c a p a b i l i t i e s ,  and consol ida-  
t i o n  of space o r i en ted  a c t i v i t i e s .  These th ree  a spec t s  of the  Sus ta in ing  
Universi ty  Program are complenientary t o  p r o j e c t  sponsored research  and t o  
each o the r .  

Universj.r:ies are the  t r a d i t i o n a l  source  of both new knowledge and h igh ly  
t r a ined  manpower. Only through a c a r e f u l l y  designed program can the supply 
of s c i e n t i f i c  t a l e n t  and the  development of s i g n i f i c a n t  and r e l e v a n t  research  
c a p a b i l i t i e s  keep pace wi th  the  demands of the  n a t i o n a l  space e f f o r t .  The 
t r a i n i n g  aspe :t produces s k i 1  Led manpower, r e sea rch  s c i e n t i s t s ,  t echnic ians  
and i n s t r u c t o r s ,  Adequate f a c i l i t i e s  a r e  e s s e n t i a l ,  i f  s c i e n t i f i c  uncler- 
t ak ings  are nDt t o  be hampered f u r t h e r  by an unsu i t ab le  environment. 
Addi t ionaX l y  , by suppor t ing  research  a t  s e l e c t e d  i n s t i t u t i o n s  not  curr'ent l y  
p a r t i c i p a t i n g  i n  the  space program, the  number of u n i v e r s i t i e s  and s c j . e n t i s t s  
involved i n  a t t a c k i n g  some of the  fundamental problems f ac ing  NASA ha: grown 
s ign i f  i cant  ly . 
SUMMARY OF KZSOURCES -- REQUIREMENTS: 

1066 -- 1964 1965 

Tra in ing  .................... $19,81 I, 700 $25,000,000 $25,000,000 
Research f a c i l i t i e s . . . . . . .  .. 12,000,000 10,000,000 8,000 ,000 
Research. ................... 8,188,300 11,000,000 13,000,000 

Tota l .  .................... $40 ,000,000 $46,000,000 $46 $00,000 
-, 

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

J e t  Propuls ion  
Laboratory. .  ............ $60,000 $35,000 $35,000 

NASA HeaC q u a r t e r s . .  ....... 39,940,000 45,965,000 45,965,000 
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BAS IS OF FUND -REQUIREMENTS : 

Tra in ing  

1906 
I__- 

1964 1965 

Tra in ing  ................. $19,811,700 $25,000,000 $25,000,000 

The space program cont inues t o  place inc reas ing ly  severe demands on the 
supply of h ighly  t r a ined  s c i e n t i s t s  and engineers .  The demand is  i n  two 
genera l  d i r e c t i o n s  : those t echn ica l  personnel  requi red  t o  p a r t i c i p a t e  
d i r e c t l y  i n  the  s o l u t i o n  of immediate problems confront ing  cu r ren t  space 
a c t i v i t i e s  and tho,se requi red  t o  conduct f u t u r e  r e s e a r c h ,  teach new s tuden t s  
i n  order  t o  r ep len i sh  the manpower pool ,  and eva lua te  and organize the v a s t  
amounts of s c i e n t i f i c  da t a  acquired through inc reas ing  space experimentat ion.  

The p rcdcc to ra l  research  t r a i n i n g  program i s  designed t o  provide 1,000 
persons r ece ik ing  Ph.D.'s annual ly .  This type of program has been s t rong ly  
recommended by the P res iden t  ' s  Science Advisory Committee a s  necessary and 
reasonable .  ?'he Committee s t a t e d  t h a t  a s p e c i a l  e f f o r t  m u s t  be made i f  the  
supply of h i g h l y  t r a i n e d  s c i e n t i s t s  and engineers  i s  t o  keep pace wi th  the 
demand. I t  w i s  f u r t h e r  determined t h a t  t h e r e  a r e  adequate nurrbers of 
qual iEied s tucen t s  a v a i l a b l e  who would not  e n t e r  graduate  r e sea rch  t r a i n i n g  
unless  new o p r o r t u n i t i e s  were made a v a i l a b l e .  The Committee recommend(2d t h a t  
the n a t i o n a l  clutput O E  persons r ece iv ing  Ph.D.'s should reach a t  l e a s t  7,500 
annual ly  by tke year  1970. In 1963 the  number of persons r ece iv ing  the  
Ph.D. degree i n  the eng inee r ing ,  mathematical  and phys ica l  s c i ences  t o t a l l e d  
4,250. 

1,071 nevi s tuden t s  began t h e i r  t h ree  years  of t r a i n i n g  under the  NASA 
predoc to ra l  program i n  September 1964. About 1,275 new s t u d e n t s  will begin 
t h e i r  t h ree  yc:ars of t r a i n i n g  i n  September 1965. Under the proposed budget 
f o r  FY 1966, about 1,300 new s t u d e n t s  would e n t e r  t he  program. Since t h i s  
program funded sma l l e r  numbers of s t u d e n t s  i n  previous y e a r s ,  the NASA goal  
of an output  of 1,000 Ph.D.'s pe r  year  w i l l  not  be reached before  FY 1968 o r  
FY 1969. I n  order  t o  ease  a sudden manpower sho r t age ,  i t  should be noted 
t h a t  funds in-lected a t  a l a t e r  d a t e  w i l l  not  r a p i d l y  a c c e l e r a t e  t he  a v a i l -  
a b i l i t y  of sc::.entists and eng inee r s .  

Although a 1i.mited amount of t i m e  has  e lapsed  s i n c e  the f i r s t  graduate  
s tuden t s  commenced t h e i r  space r e l a t e d  t r a i n i n g  under the Sus t a in ing  
Univers i ty  Prograni, 38 s tuden t s  have now received t h e i r  Ph.D. degrees .  The 
f i e l d s  i n  which th .e i r  degrees  were earned are: (a) the phys ica l  s c i ences  - 1 7 ;  
(b) engineer ing d i . s c ip l ines  - 9; (c)  mathematics - 8; (d) l i f e  s c i ences  - 3; 
and (e) o t h e r  a reas  - 1. Since r ece iv ing  t h e i r  degrees  the  s t u d e n t s  have 
commenced the fol1.owing a c t i v i t i e s :  ( a )  u n i v e r s i t y  r e sea rch  and/or teaching 
- 24; (b) pos.:-doc:toral s cho la r sh ips  o r  Pu lb r igh t  fe l lowships  - 5;  (c) 
employed i n  (hverrinient l a b o r a t o r i e s  - 3;  (d) employed i n  i n d u s t r i a l  
l a b o r a t o r i e s  - 6 .  Those graduates  whose post-Ph.D. employment involves  
u n i v e r s i t y  rc::;earc:h o r  teaching  have remained w i t h i n  the u n i v e r s i t y  in. orde r  
t o  cont inue wsrlc of a. space r e l a t e d  n a t u r e ,  and t o  p a r t i c i p a t e  i n  the  pro-  
duc t ion  of hfi:;h Ly t r a ined  new t a l e n t .  
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Specia l ized  t r a i n i n g  f o r  s e l e c t e d  s tuden t s  o f f e r s  the  s t u d e n t s  i d e n t i f i -  
c a t i o n  with NASA's goals  and problems and involves  them d i r e c t l y  i n  thc  new 
programs of t h e  space age.  In  many cases  the s t u d e n t s '  p ro fes so r s  are a l s o  
engaged i n  space research  a c t i v i t i e s .  The s t u d e n t s  thus have a unique re la-  
t i onsh ip  with NASA through con tac t  with s c i e n t i s t s  and experiments generated 
by experienced s e n i o r  i n v e s t i g a t o r s .  Such c lose  t ies  w i l l  provide the  
t r a i n e e  wi th  a d d i t i o n a l  mot iva t ion  f o r  the  cont inua t ion  of s t u d i e s  and 
p a r t i c i p a t i o n  i n  the national.  space e f f o r t .  A by-product of these  t r a i n e e -  
s h i p s  i s  the incen t ive  they provide t o  undergraduates who look forward t o  
similar p a r t i c i p a t i o n .  

The predclctoral  t r a i n i n g  g r a n t s  are a imed  d i r e c t l y  a t  a l l e v i a t i o n  of a 
most c r i t i c a l  manpower de f i c i ency .  The t r a i n i n g  program also inc ludes  
r e l a t e d  a c t i v i t i e s  such as pos t -doc to ra l  conversion of s c i e n t i s t s  d e s i r i n g  t o  
e n t e r  space r e  l a t e d  f i e l d s ,  enhancement of the u t i l i t y  of people possessing 
unique c a p a b i l i t i e s ,  and summer seminars f o r  c a r e f u l l y  s e l e c t e d  s t u d e n t s  
with ou t s t andhg ,  p o t e n t i a l .  

Res ear ch Fa c i  1 i t  ies 

1966 
-,- 

1964 1965 

Research fac : i l . i t i es . .  . . . . . $12,000,000 $ ~ 0 , 0 0 0 , 0 0 0  $8,000,000 

During the l a s t  y e a r ,  NASA continued t o  move forward i n  i t s  e f f o r t  t o  
he lp  univers i  1:ies acqu i r e  the research  l a b o r a t o r i e s  necessary f o r  space 
o r i en ted  work., Twelve more f a c i l i t i e s  g ran t s  were awarded t o  as many i n s t i -  
t u t i o n s  which a r e  a l r eady  heav i ly  conunitted t o  research  and t r a i n i n g  i n  
support  of the n a t i o n a l  space program, S i g n i f i c a n t  progress  w a s  made on the 
des ign  and cons t ruc t ion  work of the  f i f t e e n  p r i o r  year  a w a r d s  and, as a 
r e s u l t ,  f i v e  I>u:ildings, r ep resen t ing  over 150,000 square f e e t  of a d d i t i o n a l  
labora tory  type space,  were completed and occupied by u n i v e r s i t y  s c i e r  t i s  ts  , 
When a l l  of t hese  s t r u c t u r e s  have been e r e c t e d ,  over a m i l l i o n  square  f e e t  of 
c r i t i c a l L y  needed labora tory  :;pace w i l l  have been added t o  the count ry ' s  
u n i v e r s i t i e s  where t h e  inves trnent i n  research  and t r a i n i n g  i s  s u b s t a n t i a l  , 
Without a pro,;ram of t h i s  t ype ,  an inc reas ing  number of u n i v e r s i t i e s  b i l l  be 
cons t r a ined  .?rain acccnnmodating any expanded amount of space o r i en ted  \ fork.  
This expansio I of h igh  q u a l i t y  graduate  r e sea rch ,  and the  cons t r u c t i o r ,  of 
l a b o r a t o r i e s  t o  Eake i t  e f f e c t i v e  f o r  use i n  many d i s c i p l i n e s ,  i s  e s s e n t i a l  
t o  the Su(:Ce:jSfJL accomplishment of NASA's mission i n  space.  Although space 
o r i en ted  r e sea r -h  extends through many f i e l d s  of s c i e n t i f i c  i n v e s t i g a t i o n ,  i t  
has one genera l  requirement.  This i s  a common need f o r  more s o p h i s t i c a t e d  
and s p e c i a l i z s d  f a c i l i t i e s .  Except f o r  the r e l a t i v e l y  few t h e o r i s t s  i n  
t h e i r  q u i e t  ( s f f i c e s ,  most of t he  s c i e n t i s t s  doing r e sea rch  with a spac:e 
o r i e n t a t i o n  inus t have l a b o r a t o r i e s  adequate t o  house and s e r v i c e  t h e i r  
equipment. The p a t t e r n  followed by u n i v e r s i t i e s  i n  the  p a s t ,  of bu i ld ing  f o r  
the ind iv idua l  departments,  has r e s u l t e d  today i n  the  s i t u a t i o n  where i t  i s  
f r equen t ly  q u i t e  d i f f i c u l t  o r  impossible t o  l o c a t e  s u i t a b l e  laborator i r  space 
which w i l l  permit an  e f f i c i e n t  and broad a t t a c k  on space research  problems. 
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Examples 3f the  s i g n i f i c a n t  achievements which are r e s u l t i n g  from t h i s  
program are the  E a c i l i t i e s  completed t o  d a t e .  The f i r s t  completed w a s  the  
bio-medica2 annex t o  the Harvard Cyclotron. These modest s i z e d  f a c i l i t i e s  of 
4,500 gross  sqJa re  f e e t  are enabl ing  eminent r e sea rche r s  from Harvard and the  
Massachusetts Senera1 Hospi ta l  t o  use the cyc lo t ron  f o r  c l i n i c a l  and bi,.o- 
l o g i c a l  a p p l i c a t i o n s .  I n i t i a l l y ,  twelve i n v e s t i g a t o r s  t oge the r  wi th  t h e i r  
suppor t ing  s t a f f  a r e  scheduled t o  use the f a c i l i t i e s  on research  programs 
involv ing  the  i r r a d i a t i o n  of human and animal t i s s u e  and organs as a nic!ans of 
determining sone of the  s h i e l d i n g  requirements f o r  the Apol Lo mission.  These 
f a c i l i t i e s  r e  ? re sen t  a r e l a t i v e l y  s m a l l  investment which g r e a t l y  enhanc:es 
u n i v e r s i t y  s c i e n t i s t s  ' c a p a b i l i t i e s  t o  do important space r e l a t e d  reseilrch.  

The second completed p r o j e c t  involved the  a d d i t i o n  of two f l o o r s  i:o the 
Univers i ty  of Minnesota's Physics  Bui lding.  The space i s  designed f o r  r e -  
search  i n  the  f i e l d s  of a tmospheric ,  s o l a r ,  and cosmic r ay  phys ics ,  a l l  
s u b j e c t s  of p a r t i c u l a r  importance t o  NASA. The 17,400 g ross  square f e e t  of 
a r e a  w i l l  house and se rve  approximately 50 f a c u l t y  members , research  
a s s o c i a t e s ,  and graduate  s tuden t s  f o r  t h e i r  a n a l y t i c a l  and experimental  
research  involving ba l loon  and rocket  f l i g h t  experiments and mass s p e c t r o -  
s cop ic  examinations of p l ane ta ry  and upper atmosphere compositions.  

The Laboratory f o r  Space Sciences a t  t he  Univers i ty  of Chicago wa.; a l s o  
completed and occupied i n  1964.  These f a c i l i t i e s  are q u i t e  t y p i c a l  of one of 
t he  p r i n c i p a l  ob jec t ives  of t h e  program i n  which NASA encourages the  e s t a b -  
l ishment of i r t e r d i s c i p l i n a r y  groups t o  do space research .  The bu i ld ing  
conta ins  45,000 square f e e t  of var ious  types of r e sea rch  f a c i l i t i e s  f o r  
i n v e s t i g a t o r s  who were formerly spread over t he  campus. The Univers i ty  
r e sea rche r s  w i  11 have the  requi red  s p e c i a l i z e d  f a c i l i t i e s  i n  which they may 
prepare f l i g h t  experiments and analyze d a t a  obtained from nea r ly  every 
unmanned s c i e r  t i f i c  space f l i g h t  t o  d a t e .  NASA supported pre-doctora l  
t r a i n e e s  are 1 i k e w i s e  p r o f i t i n g  f r a n  t h i s  space o r i en ted  environment. 

Other f a c i l i t i e s  completed t o  d a t e  comprise the fol lowing:  a 108,000 
square f o o t  Mr.terials Research Center a t  Rensselaer  Poly technic  I n s t i t u t e  
funded by NASA, the  Nat ional  Science Foundation, and p r i v a t e  donat ions , and 
f a c i l i t i e s  f c r  propuls ion  sc i ences  r e sea rch  a t  P r ince ton  Univers i ty .  
Pr ince ton  f a c u l t y  members and graduate  s t u d e n t s  are working on chemical , 
nuc lea r ,  and i o n  propuls ion  and have helped r e so lve  some of t he  major com- 
b u s t i o n  i n . s t a . h i 1  i t y  problems formerly inhe ren t  i n  l a rge  l i q u i d  rocke t  motors. 

A s  can kc!  asce r t a ined  from reviewing the  f a c i l i t i e s  programs i n  process  
i n  o the r  agencies ,  none has a program designed t o  se rve  the  unique needs of 
NASA, nor i s  IfAASA's program f u l f i l l i n g  the missions of o t h e r  agencies .  
However, the programs i n  t o t o  are complementary. They are s t r i k i n g  evidence 
of a cont inuing n a t i o n a l  commitment t o  graduate  research  and educat ion as the 
key t o  our  n a t i o n ' s  s o c i a l ,  t echno log ica l ,  and economic progress .  These 
programs are hel.ping t o  meet tihe demands of  our  economy f o r  more s k i l l e d  
personnel  and knowledge. The l a b o r a t o r i e s  w i l l  enable  many more promising 
young s c i e n t i s t s  t o  cope with the  explos ion  of new knowledge and t o  c c n t r i -  
bu te  e f f e c : t i w l y  i.n a world of i n t e l l e c t u a l ,  p o l i t i c a l ,  economic, and tech-  
no log ica l  cooiplexi.ty. 
FY 1966 t o  acqu i r e  approximately 250 thousand square f e e t  of labora tory  space.  

Cont inua t ion  of t h i s  e f f o r t  w i l l  r e q u i r e  $8 mil l i o n  i n  
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Re s e a rch  

1966 
-,- 

1964 1965 

R e s  e arch . . . , . . . . . . . . . . . . . . . . . . . $8 , 1 8 8,300 $1 1 ,000 Y ooo 9 Oo0 9 Oo0 

The support  of broad programs of space and ae ronau t i ca l  r e sea rch ,  
s p e c i f i c a l l y  t.ai.lored t o  the  i n d i v i d u a l  c h a r a c t e r i s t i c s  of each u n i v e r s i t y  , 
a f f o r d s  the  maxi.mum oppor tuni ty  f o r  ba lanc ing  and s t r eng then ing  e x i s t i n g  
work, and fo r  s t . imulat ing the  development and growth of new ideas  and t a l e n t .  
I n  t h i s  manner, t he  space program ob ta ins  the most v igorous ,  p roduct ive ,  and 
c r e a t i v e  c o n t ~ ~ i b u t i o n s  a u n i v e r s i t y  can provide.  

Many of the  s c i e n t i f i c  and technologica l  problems fac ing  UASA r e q u i r e  an  
understanding, of the behavior  of l a rge  and complex systems t h a t  res is t  p iece-  
meal a t t ac .k ,  and t h e i r  s o l u t i o n  demands the  concerted and coopera t ive  e f f o r t  
t h a t  universi . t : ies can provide by br inging  toge the r  t h e i r  inany s p e c i a l i s t s  
from the va r i ed  t e c h n i c a l  and s c i e n t i f i c  d i s c i p l i n e s .  Add i t iona l ly ,  by 
supporting, researc.h a t  selected i n s t i t u t i o n s  no t  c u r r e n t l y  p a r t i c i p a t i n g  i n  
the  space prcqp-itm, the  number of u n i v e r s i t i e s  a t t a c k i n g  some of the  funda- 
mental  probleris of t he  space program is  permit ted t o  grow and thus brcaden 
the  base of t:he Nat ion 's  r e sea rch  c a p a b i l i t y .  By providing new oppor tun i t i e s  
t o  these  i.nst::.tuti.ons t o  p a r t i c i p a t e  , many e x c e l l e n t  r e sea rch  programs have 
a l r eady  emerged and new t a l e n t s  and s k i l l s  have been developed. Throu.gh t h i s  
po r t ion  of t hc  program, some $28 m i l l i o n  a t  56 i n s t i t u t i o n s  w i l l  have been 
inves ted  t:hroiigh FY 1965 t o  o b t a i n  r e s u l t s  which w i l l  h e l p  t o  determin.e the  
long-range coiirse of space technology. 

A t  univcr!irsi~ti.es where p r i o r  involvement i n  space r e sea rch  has  been 
minimal, s e v e r a l  p r o j e c t s  have developed t o  a p o i n t  where they have succeeded 
i n  ob ta in ing  :;upport on t h e i r  i n d i v i d u a l  meri ts ,  e i t h e r  from o the r  NASA 
program o f f i c e s  or o the r  agencies .  Thus, these  g r a n t s  have served t o  provide 
a b a s i s  f o r  new re sea rche r s  and have provided them wi th  an opportuni ty  t o  
develop t h e i r  work t o  a p o i n t  where i t  can a t t ract  s u f f i c i e n t  a t t e n t i c n  t o  
be recognized arid independent ly  supported.  I n  a d d i t i o n ,  by v i r t u e  of t he  
s t a b i l i z e d  , 1.1)ng-range funding provided under the  g r a n t ,  t hese  schools have 
been ab le  t o  liotd and a t t r ac t  s t a f f  members who might have moved t o  o the r  
i n s t i t u t i o n s  inore capable  of providing research  oppor tun i t i e s .  

Reviews of the  pub l i ca t ions  and progress  r e p o r t s  by i n t e r e s t e d  NASA 
program o f f i c e s  and t h e  s c i e n t i f i c  community i n d i c a t e  t h a t  the  s m a l l e r  schools  
can be counted upon t o  make outs tanding  con t r ibu t ions  t o  the  space prcigrani i f  
given the  o p p x t u n i t y  t o  p a r t i c i p a t e .  Examples of such work are matez ia l s  
r e sea rch  a t  the  Un ive r s i ty  of Denver, a s t rophys ic s  a t  Montana S t a t e  Col lege , 
and s t u d i e s  o E  t he  p l ane t  J u p i t e r  a t  the  Univers i ty  of F l o r i d a .  Engineering 
research  i n  !j t ruc tu res  a t  Texas A&M has a t t r a c t e d  cons iderable  a t t e n t j  on, and 
a t  W i l l i a m  and Mary s i g n i f i c a n t  progress  has been made toward the  eventua l  
u t i l i z a t i o n  o f  the 600 megavo'lt synchrocyclotron under cons t ruc t ion  at the 
Langley Research Center f o r  fundamental r e sea rch  i n  high energy physic.s . 

761-133 0-65-11 
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A t  the l a r g e r  i n s t i t u t i o n s ,  g r a n t s  under t h i s  program have provided a 
broad base o.E suppor t  t o  NASA sponsored r e sea rch  p r o j e c t s ,  l ending  a d d i t i o n a l  
s t r e n g t h  and breadth t o  these  p r o j e c t  e f f o r t s  and pe rmi t t i ng  b e t t e r  long-range 
planning on t i e  p a r t  of the i n s t i t u t i o n .  A t  UCLA, t h i s  program provided 
suppor t  f o r  tne development of a p r o j e c t  f o r  t h e  c o l l e c t i o n  of meteoroids i n  
space ,  and hi33 supported t h e  d e s i g n  and f a b r i c a t i o n  of a unique t e s t i n g  
chamber f o r  s p a c e c r a f t  magnetometers. A t  the  C a l i f o r n i a  I n s t i t u t e  of 
Technology, the Graduate Research Center of the  Southwest , and t h e  Un:i.versity 
of C a l i f o r n i a  a t  Berkeley , g r a n t s  have supported fundamental r e sea rch  which 
has r e s u l t e d  i n  the  development of new f l i g h t  experiment des igns  and new 
o p p o r t u n i t i e s  f o r  t he  i n t e r p r e t a t i o n  of d a t a  acquired from f l i g h t  experiments , 
The Univers i ty  of Maryland Computer Center has  developed new techniques i n  
programming space sc i ence  informat ion .  The Unive r s i ty  of Pennsylvania,  
through suppor t  provided by t h e  Sus t a in ing  Un ive r s i ty  Program, has crtiated a 
unique c a p a b i l i t y  i n  the  development of unconventional power sou rces ;  t h i s  
m u l t i d i s c i p l i n a r y  e f f o r t  draws upon t h e  t a l e n t s  and s k i l l s  of the  many 
d i s c i p l i n e s  w i t h i n  the  u n i v e r s i t y .  A t  the  Un ive r s i ty  of  Washington ( S e a t t l e )  , 
a broad miJ1tidisc:iplinary program of ceramics r e sea rch  has been i n i t i a t e d .  

I n  s e v e r a l  i n s t ances  the  i m p a c t  of t hese  g r a n t s  upon t h e  univers:i-ty has  
been ex tens ive .  A t  W i l l i a m  and Mary the  g r a n t  w a s  i n s t rumen ta l  i n  suppor t ing  
a new Ph.D. program i n  phys i c s ,  whi le  a t  s e v e r a l  o the r  i n s t i t u t i o n s  p i t r t i c i -  
p a t i o n  has r e s u l t e d  i n  l a r g e  matching con t r ibu t ions  from the  universi1:y and 
p r i v a t e  donors. ‘Chese are examples of how t h i s  broad, f l e x i b l e ,  and I.ong- 
range f orm oE suppor t  can s t i m u l a t e  t h e  s t r eng then ing  and development of 
s e l e c t e d  i n s t i t u t i o n s .  

For the  con t inua t ion  and o r d e r l y  growth of t h i s  s p e c i a l  purpose i:esearch 
i n  FY 1966, ,approximately s i x t y - s i x  p r o j e c t s  w i l l  be supported a t  a c o s t  of 
$13 m i l l i o n .  F i f t y - s i x  of t hese  g r a n t s  w i l l  be f o r  t he  con t inua t ion  of 
p r o j e c t s  supported i n  FY 1965, and the  remainder w i l l  be t o  universit:i-es 
p a r t i c i p a t i n g  i n  t h i s  r e sea rch  program f o r  t h e  f i r s t  time. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF SPACE --I SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPMENT PROGRAM _- 

PROGRAM OBJE(:’CIIJES -- AND JUSTIFICATION: 

The purpose of t h e  launch v e h i c l e  development program i s  t o  ensu ie  t h e  
t imely availa1,i l i t :y of launch v e h i c l e  c a p a b i l i t y  t o  m e e t  mission requirements .  
Continuing stawveillance of mission requirements  e s t a b l i s h e s  t h e  needs f o r  
launch vehic1.e conf igu ra t ion ,  ope ra t ing  techniques ,  and systems techncilogy. 
A s  mission requ:irements exceed e x i s t i n g  launch v e h i c l e  c a p a b i l i t i e s ,  nieans t o  
improve system performance are s tud ied  and def ined .  
i s  r equ i r ed  t.o meet new mission needs,  implementation of t h e  development would 
be w i t h i n  the  launch v e h i c l e  development program. Scout and Delta development 
programs, generated and implemented i n  t h i s  fash ion ,  were completed i n  FY 1963. 
The Centaur v e h i c l e  development i s  cont inuing  i n  FY 1966 w i t h  t h e  f i r s t  
ope ra t iona l  f:.ight scheduled f o r  ca lendar  year  1965. 

I f  major system development 

SUMMARY OF RE:!;OZIKCES REOUIREMENTS: 

1966 -- 1964 1965 

Supporting r e sea rch  and technology.. $3,800,000 $7,100,000 $4,000,000 
Centaur devclopment.. ............... 108,100,000 89,400,000 59,60O,,oOO 

Tota l  ....,........................$ 111,900,000 $96,500,000 $63,600:,000 

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

John F. K.ennedy Space Center ,NASA. $983,000 $1,783,000 $1,050,000 
Marshall  Space F l i g h t  Center.. . . . .  --- --- 13,000,000 
Goddard Space F l i g h t  Center.. . . . . .  250,000 925,000 550,000 

L e w i s  Research Center.  ............ 109,497,000 91,317,000 47,600,000 
Langley R.c:se.arch Center. .  ......... 115,000 650,000 300,000 

NASA Headcuarters. . .  .............. 1,055,000 1,825,000 1,100,000 

BASIS OF FUND RE,QUIREMENTS: -- 
Supporting Research and T e c h n o l o a  

1964 1965 19615 

Advanced s t c d i e s  .................... $180,000 $925,000 $1,500,000 

Vehicle subsystem studies . . . . . . . . . . .  316,000 1,475,000 7 50,000 
Flu id  behavior studies. . . . . . . . . . . . . .  480,000 --- --- 
Propuls ion technology.. ............. 491,000 2,000,000 1,000,000 
Applied mathematics....... .......... 433,000 100,000 250,000 
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1964 1965 1966 

Guidance technology. ................ --- --- 500,000 
e-- FLOX................................ 1,900,000 2,600,000 - 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $3,800,000 $7,100,000 $4,000,000 
,- 

The suppaorting r e s e a r c h  and technology program provides  f o r  advanced 
s t u d i e s  t o  idlentify new launch v e h i c l e  requirements  and t o  determine a 'hternati ire 
approaches t o  s a t i s f y  these requirements .  I n  a d d i t i o n ,  e f f o r t s  are cont inuing  
t o  provide  an  avai ' lable  source  of d a t a  on new technology (veh ic l e  subsystems, 
propuls ion ,  guidance) and o p e r a t i o n a l  techniques which may be app l i ed  [LO 
v e h i c l e  improvements o r  new v e h i c l e  development, as r e q u i r e d ,  t o  meet new 
m i s s  i on  requirements  . 

Funds provided i n  FY 1964 were u t i l i z e d  f o r  s t u d i e s  inc lud ing  ze ro  g r a v i t y  
f l u i d  behavior  phenomena and cryogenic  p r o p e l l a n t  systems t o  i n c r e a s e  lihe 
amount of t h r u s t  p e r  pound of p r o p e l l a n t .  

FY 1965 Eunds are suppor t ing  s t u d i e s  of a k i ck  s t a g e  f o r  high v e l o c i t y  

A ve 'nicle  planning s tudy  e f f o r t  has been i n i t i a t e d  t o  assist :in 
miss ions ,  s p i n  motor technology and a con t inua t ion  of t h e  FLOX technology 
e f f o r t .  
i d e n t i f y i n g  and 'defining t h e  d a t a  requirements  of t he  program. Other :study 
areas inc lude  s o l i d  p ropu l s ion  accuracy p r e d i c t i o n ,  atmospheric d i s p e r s i o n  of 
t o x i c  fumes, and f l u o r i n e  technology. 

The FY 1'366 program w i l l  i nc lude  increased  e f f o r t  on t h e  k ick-s tage  s tudy  
and complementing technology e f f o r t s .  Tasks w i l l  i nc lude  guidance and p ropu l s ion  
technology and i n v e s t i g a t i o n  of o t h e r  v e h i c l e  subsystems. Also, app l i cd  
mathematics e E f o r t s  w i l l  concen t r a t e  on d e f i n i t i o n  and u t i l i z a t i o n  of computer 
program work i n  launch v e h i c l e  planning and technology. 

Centaur Development 

1960 - 1964 1965 

Vehicle development. ................ $93,729,000 $77,320,000 $39,500,000 
Supporting serrices................. 5,133,000 3,834,000 1,500,,000 
Tracking instrumentation.. . . . . . . . . . .  86,000 300,000 100~,000 
A t l a s  boosters. . . . . . . . . . . . . . . . . . . . . .  4,558,000 4,250,000 --- 
RL-10-A3 engine development. ........ 1,095,000 --- --- 
RL-lO-A3 engine improvements.. I- 

P rope l lan ts . . . . . l . . . . . . . . . .  ......... 3,499,000 3,696,000 5,500,000 ...... --- --- 13,000 ;,OOO 

Tota l  ............................. $108,100,000 $89,400,000 $59,600 ,,OOO - 
,- 

The purpose of t h e  Centaur Development P r o j e c t  i s  t o  develop a high 
performance l i q u i d  hydrogen fue led  launch v e h i c l e  f o r  NASA unmanned luna r  and 
p l a n e t a r y  missions. Centaur meets t h e  requirement  f o r  a v e h i c l e  capable  of 
ca r ry ing  payloads too heavy f o r  Atlas-Agena c l a s s  v e h i c l e s  and too l i g h t  t o  
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warrant  use  of t h e  Sa turn  v e h i c l e s .  
be f o r  t h e  Surveyor missions t o  the  luna r  sur face .  The Centaur v e h i c l e  consis t : ;  
of a modifie'd A t l a s  boos te r  and a high-energy upper s t a g e  (Centaur) employing 
l i q u i d  hydrogen and l i q u i d  oxygen p r o p e l l a n t s .  The Centaur s t a g e  con[-ains a 
l i g h t  weight i n e r t i a l  guidance subsystem and o t h e r  compact, l i gh twe igh t  sub- 
systems t o  permit  maximum payload capac i ty .  

The f i r s t  ope ra t iona l  u se  of Centaur w i l l  

This  development p r o j e c t  inc ludes  des ign ,  development, f a b r i c a t i o n  and 
e i g h t  f l i g h t  tests of t h e  Centaur v e h i c l e  supported by a n  ex tens ive  ground 
tes t  program. Four of t h e s e  f l i g h t  tests have been completed; t h e  remaining 
four  f l i g h t  t e s t s  are planned t o  demonstrate proper  guidance ope ra t ion ,  d i r e c t  
a s c e n t  t o  luna r  impact,  t he  ope ra t iona l  (product ion)  conf igu ra t ion ,  and a two- 
burn c a p a b i l i t y .  The development program w i l l  extend through ca lendar  year  l!360. 

The ground test program inc ludes  such major tests as a f u l l  scalgi dynamic 
s e p a r a t i o n  t e s t  of t h e  Atlas from Centaur,  s t a t i c  loading  tests of t h e  f u l l  
s c a l e  Atlas v e h i c l e ,  dynamic tests of t h e  Atlas/Centaur/Surveyor combination, 
s t r u c t u r a l  and f a t i g u e  t e s t i n g  of t h e  Centaur tanks ,  and s t a t i c  f i r i n g  tests 
of t h e  test  v e h i c l e s  i n  f l i g h t  conf igura t ion .  

General Dynamics, As t ronaut ics  Div is ion ,  i s  t h e  prime c o n t r a c t o r  f o r  t h e  
Centaur s t age .  This  s t a g e  uses  RL-10-A3 engines  developed under c o n t r a c t  w i t h  
P r a t t  and Whi tney A i r c r a f t  Corporat ion,  and a guidance subsystem devel.oped by 
Minneapolis-I-I3nlqwell as a subcont rac tor  t o  General D y n a m i c s .  NASA has 
subsequent 1 y :on t r a c  t ed  d i r e c t  1 y w i t h  Minneapol i s  -Honeywell f o r  t h e  giiidance s u b  
system. 

The NASA OEfice of Space Science and Appl ica t ions  has ass igned  management: 
of t he  Centaur p r o j e c t  t o  the  Lewis  Research Center.  
ment program is under t h e  d i r e c t i o n  of t h e  Marshall  Space F l i g h t  Center s i n c e  
these  engine:; aire a l s o  used w i t h  t h e  Sa turn  v e h i c l e ,  b u t  i n t e g r a t i o n  of t hese  
engines  wi th  the Centaur v e h i c l e  is  under t h e  management of t h e  L e w i s  Research 
Center.  

The IU-10-A3 engine develclp- 

The Centmir p r o j e c t ,  i n i t i a t e d  i n  1958 by t h e  Advanced Research P r o j e c t s  
Agency of t h e  Department of Defense and t r a n s f e r r e d  t o  NASA i n  1959, underwent: 
a r e o r i e n t a t i o n  program a f t e r  t he  f a i l u r e  of t h e  f i r s t  f l i g h t  test  on May 8, 
1962. This  reoi : ientat ion included g r e a t e r  emphasis on ground t e s t i n g  p r i o r  t o  
f l i g h t  and a number of des ign  and procedure changes t o  improve r e l i a b i l i t y  and 
performance. 

The second f l i g h t  test of t h e  Atlas-Centaur v e h i c l e  on November 217, 1963, 
w a s  a completx success .  The t h i r d  f l i g h t  w a s  a l s o  s u c c e s s f u l ,  a l though one t e s t  
o b j e c t i v e  w a s  n o t  f u l l y  achieved because of f a i l u r e  of one of t h e  hydraul ic  
systems i n  the  Centaur s t age .  The f o u r t h  v e h i c l e  w a s  launched i n  December 19614 
and w a s  success fu l ,  a l though a secondary test  o b j e c t i v e ,  a n  a t t empt  t o  r e s t a r t .  
t he  engines  xiter t h e  Centaur was i n  o r b i t ,  d i d  no t  succeed. 

Funding ~ O I :  FY 1966 i s  f o r  con t inua t ion  of developmental e f f o r t  on t h e  
Centaur vehic:;.e such as engineer ing  and des ign  e f f o r t ,  ground test  prclgrams 
and f l i g h t .  t e i i t i ; .  I n  a d d i t i o n ,  improvement e f f o r t  on t he  RL-10-A3 eng,ines,  
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formerly funded by the  Of f i ce  of Manned Space F l i g h t ,  has now been included 
i n  t h e  Centau.r development p r o j e c t .  RL-10 p r o j e c t  h i s t o r y  may be  found i n  the  
Of f i ce  of Mantried Space F l i g h t  j u s t i f i c a t i o n .  
t he  development of l i g h t  weight  subsystems, and a n  ex tens ive  program to  reduce 
t h e  overall w i g h t  of t he  v e h i c l e  is  underway t o  inc rease  t h e  Centaur payload 
capac i ty .  

This  improvement e f f o r t  a long w i t h  

Completion of t he  development p r o j e c t  i s  expected i n  F i s c a l  Year 1967. 
To ta l  project .  c o s t s  are es t imated  a t  $575 m i l l i o n  inc luding  t h e  RL-10-A3 
engine improwment program. The c o s t  of t h e  P r o j e c t  through FY 1964 was 
$391.7 million. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

It i s  t h e  o b j e c t i v e  of t h e  Launch Vehicle Procurement program t o  pro- 
v ide  launch v e h i c l e s  f o r  unmanned space missions.  Th i s  program inc ludes  
the  purchase and adap ta t ion  of  v e h i c l e  hardware f o r  s p e c i f i c  miss ions ,  t h e  
procurement of t h e  necessary  suppor t ,  engineer ing  and maintenance, and t h e  
procurement of s e r v i c e s  a s soc ia t ed  wi th  t h e  launching of  t he  veh ic l e .  The 
launch v e h i c l e s  c u r r e n t l y  procured through t h i s  program are: Scout ,  'Delta, 
Thor-Agena, Atlas-Agena, and Atlas-Centaur .  

I n  previous budget submissions funding f o r  procurement of t h e s e  \vehicles  
w a s  shown as p a r t  o f  t h e  c o s t  of t he  va r ious  f l i g h t  p r o j e c t s .  I n  t h i s  sub- 
mission veh ic l e  c o s t s  are shown as a non-add n o t a t i o n  wi th  the  s p e c i f i c  
missions supported only  t o  permit an assessment of t o t a l  p r o j e c t  cost( ; .  
Sus t a in ing  Engineering and Maintenance, p rev ious ly  Opera t iona l  Vehicll? 
Support presented under Vehicle  Development, i s  not  charged t o  t h e  p r o j e c t s .  
For the  f i r s t  t i m e ,  however, t o t a l  v e h i c l e  procurement funding requircments  
are presented as ,a sewrate program. This  has  been done t o  provide a pre-  
s e n t a t i o n  t h a t  i s  more c o n s i s t e n t  wi th  a c t u a l  procurement p r a c t i c e s .  

The Eabricat ion and adap ta t ion  of  v e h i c l e s  i s  i n i t i a t e d  on the  b # i s i s  
of p ro jec t ed  launch requirements  t o  in su re  t h a t  a v e h i c l e  w i l l  be a v a i l a b l e  
when each spacec ra f t  i s  ready f o r  launch. Various f a c t o r s  are eva lua ted  i n  
e s t a b l i s h i n g  the  q u a n t i t y  of v e h i c l e s  t o  be procured. These are:  c u r r e n t  
and p ro jec t ed  i n v e n t o r i e s ,  v e h i c l e s  under c o n t r a c t  bu t  no t  d e l i v e r e d ,  c u r r e n t  
p ro jec t ed  launch schedules ,  and f u t u r e  mission adap ta t ion  requirement:;.  
Procurement of veh ic l e s  i s  ad jus t ed  t o  main ta in  minimum i n v e n t o r i e s ;  liowever, 
maintenance of  some inventory  i s  necessary  t o  provide t h e  f l e x i b i l i t y  t o  meet 
changing requirements .  

I n  a d d i t  ion t o  o p e r a t i o n a l  hardware procurement, a cont inuing  engineerin{; 
and maintenan-e e f f o r t  i s  necessary  t o  keep the  c u r r e n t  inventory  of 1.aunch 
v e h i c l e s  up-t  >-date  and ready t o  meet changing s p a c e c r a f t  and mission r e q u i r e -  
ments. The o3ject:ive of t h i s  e f f o r t  i s  t o  provide cont inuing  support  t o  
launch vehic:les t h a t  a r e  o p e r a t i o n a l ,  bu t  can b e n e f i t  from modif ica t ion  t o  
improve pe r fo  cmance and r e l i a b i l i t y .  This  e f f o r t  i s  accomplished thrclugh 
product impro.Jernent programs, maintenance of ground support  equipment, 
veh ic l e  sys t tm engineer ing ,  and o t h e r  suppor t ing  s e r v i c e s .  



SUMMARY OF REgIURCES REQUIREMENTS : 

19 64 1965 

S c o u t . . . . . . . . . . . . . . . . . . .  ....... $11,500,000 $13,196,000 
Del ta . . . . .  ..................... 30,101,000 32,650,000 
Agena .......................... 54,599 ,000 60,040,000 
Centaur. ....................... 32,000,000 47,814,000 
Atlas. . .  ....................... 1,786,000 972,000 

T o t a l . . . . . . . . .  ............... $129,986,000 $154,672,000 

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

John F. Kennedy Space Center ,  

Goddard Space F l i g h t  Center . .  23,326,000 19,960,000 
P a c i f i c  Launch Operat ions 

Langley Research Cen te r . . . . . .  11,930,000 13,106,000 
Lewis Research Cen te r . . . . . . . .  87,875,000 106,006,000 

NASA.... . . . . . . . .  ........... $836,000 $3,025,000 

O f f i c e . . . . . . . . . . . . . . . . . . . . .  --- 90,000 

NASA He adquar t e r  s ............ 6,019,000 12,485,000 

The over all mission p lan  f o r  launches during t h i s  per iod 

Vehicle 

scout  
Delta 
Thor-Agen 3 
A t  las-Agaiia 
Centaur 

Calendar 
Year 
1964 

BASIS OF FUN1)BQUIREMENTS : 

Scout Procurement 

1964 

Vehicles ....................... $4,900,000 
Motors. . . . .  .................... 2,000,000 
Logi s t i c s  arid o t h e r . . . . . . . . . . . .  1,200,000 

3,400,000 
Susta in ing  engineer ing and 

main t e naace .................. 
Tota l . .  ...................... $11,500,000 

C a1 end a r  
Year 
1965 

1965 

$4,096,000 
1,300,000 

300,000 

7,500,000 

$13,196,000 

1966 , 

$11,700,000 
30,700,000 
82,300,000 
69 ,800,000 

PI 

--- 
$194,500,000 - 

$3,175,000 
23,025,000 

--- 
11,700,000 

149 , 130,000 
7,470,000 

i s  : 

C a 1 en( 1 a r  
Year 
1960 -- 

1966 

$5,750,000 
1,650,000 

300,000 

- 

2, 4 000,000 

S11,700,000 - 
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The purpose of t h e  Scout Procurement program i s  t o  provide a r e l i a b l e ,  
r e l a t i v e l y  inexpensive v e h i c l e  f o r  gene ra l  space r e sea rch .  It i s  t h e  smallest: 
of t h e  b a s i c  NASA family of launch v e h i c l e s  and w i l l  meet the  requirements f o r  
a v a r i e t y  of small  s i z e d  payloads f o r  o r b i t a l ,  probe, and r e e n t r y  missions.  

There a r e  two launch s i t e s  capable of launching t h e  Scout vehicl(2: The 
A i r  Force Western T e s t  Range i n  C a l i f o r n i a ,  and Wallops I s l a n d ,  Vi rg i i i i a .  
L o g i s t i c  support  of t h e s e  launch s i t e s  h a s  been i n t e g r a t e d  i n t o  a sin;:le 
e f f o r t  w i th in  t h i s  program. 

The E i r s t  ope ra t iona l  Scout v e h i c l e  w a s  launched A p r i l  26, 1962. There 
have been 24 launches through t h e  end of ca l enda r  year  1964 f o r  a wid(! variet!ff 
of NASA, Departnent of Defense , and Atomic Energy Commission m i s s i o n s ,  

The FY 1966 funds f o r  Scout Procurement w i l l  be app l i ed  t o  e x i s t m g  
procurement a c t i o n s  and t o  t h e  i n i t i a t i o n  of new procurements o f  f i r s l : ,  second, 
t h i r d ,  and f o u r t h  s t a g e  motors t o  meet FY 1966 launch requirements.  lhnding  
i s  a l s o  provided f o r  a d a p t a t i o n  of t h e  Scout v e h i c l e  t o  s a t i s f y  s p a c e c r a f t  
and mission pec i i l i a r  requirements.  

To adequate ly  provide Sus t a in ing  Engineering and Maintenance suppor t  f o r  
Scout miss ions ,  funds are r equ i r ed  f o r  improving v e h i c l e  system and subsystems 
d e f i c i e n c i e s  3s they are d iscovered  through o p e r a t i o n a l  use .  I n  p a s t  y e a r s ,  
funds have been u t i l i z e d  f o r  nozz le  redes ign  of t h e  f i r s t  s t a g e  motor:, ve1ocit:y 
c o n t r o l  impro.Jernent , launch complex s t a n d a r d i z a t i o n  , and o t h e r  minor j,mprove- 
ments. 

I n  FY lSllj6, funds are reques ted  f o r  upkeep and replacement of ground 
support  equipment t o  provide necessary  c a p a b i l i t y  f o r  adequate ground t e s t  
and launch of t h e  Scout v e h i c l e  system. Funds reques ted  i n  FY 1966 w i l l  
a l s o  provide for t.he maintenance of t h e  two launch complexes a t  t h e  Wollops 
I s l a n d  launch s i t e ,  and t h e  launch complex a t  t he  Western Tes t  Range. In  
a d d i t i o n ,  furids are reques ted  f o r  adequate spa res  and v e h i c l e  i n s t rumen ta t ion  
suppor t .  

Delta Procurement 

19 64 1965 1966 

Del ta  stage:; ..................... $20,930,000 $14,996,000 $21,530,000 
3,700,000 Thor b o o s t e r s . . . .  4,815,000 10,200,000 

P r o p e l l a n t s  326,000 250,000 

Sus ta in ing  engineer ing  

................ 
...................... 250,000 

Thi rd  s t a g e s  ..................... 430,000 265,000 420,000 

and maintenance ................ 3,600,000 6.939 .OOO 4,800 .OOO 

T o t a l  .......................... $30,101,000 $32,650,000 $30,700,000 - 

761-133 0 -65 -12  
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The purpose of t he  Del ta  Procurement program i s  t o  provide a r e l i a b l e  
launch vehic1.e fo r  a wide v a r i e t y  of medium payload s a t e l l i t e s  and s m a l l  
payload space probes.  

The Of f i ce  of! Space Science and Appl ica t ions  has  ass igned  management 
of t he  Delta p r o j e c t  t o  Goddard Space F l i g h t  Center .  The prime c o n t r a c t o r  
f o r  t h e  D e l t a  launch veh ic l e  i s  Douglas A i r c r a f t  Corporat ion.  
are procured .:hrough t h e  A i r  Force.  

Thor boos t e r s  

E f f o r t  I-J iinderway us ing  FY 1965 funding f o r  improvement of  t h e  I l e l t a  
veh ic l e  t o  provide increased  payload volume and weight.  The improved per -  
formance w i l l ;  be obta ined  through improvements i n  the  Delta second s t a g e  
and use  of t h r u s t  augmentation wi th  t h e  Thor boos t e r .  

Funds rttquested f o r  FY 1966 w i l l  provide f o r  launch services r equ i r e -  
ments f o r  t he  D e l t a  v e h i c l e  a t  t h e  Eas t e rn  T e s t  Range and t o  provide ti new 
launch c a p a b i l i t y  a t  t he  Western T e s t  Range. Launch s e r v i c e s  a s soc ia t ed  
wi th  the  De1 t . a  Launch v e h i c l e  are procured on an  annual b a s i s .  Included 
i n  t h e  FY 19tjl5 :request are funds t o  cont inue  procurement of Thor boost.ers,  
De l t a  second s t ages ,  and X-258 t h i r d  s t a g e s  t o  meet the  launch schedule  
requirements fo r  the  Delta veh ic l e .  

FY 1966 funds f o r  Sus t a in ing  Engineer ing and Maintenance w i l l  provide 
f o r  launch s i t e  and range s a f e t y  improvements, new s p i n  r o c k e t s ,  support  
of a Western Tes t  Range launch c a p a b i l i t y ,  modi f ica t ion  of miscel laneous 
tes t  equipment, i n v e s t i g a t i o n  of s e p a r a t i o n  techniques ,  performance s t .udies ,  
and telemetry measurements. 

Agena Procurement 

1964 

Agena prodn: t ion. ................ $14,087,000 
Agena m i s s i m  modi f ica t ions .  ..... 11,271,000 

A t l a s  prociiceinent. ............... 22,057,000 

Sus ta in ing  engineer ing and 

Thor procuic emlent:. ................ 894,000 

P r o p e l l a n t s  90,000 

maintenan:e.., .................. 6,200,000 

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

T o t a l . .  ......................... $54.599.000 

1965 

$14,708,000 
15,597,000 

4,827,000 

645,000 
10,211,000 

14.052 . O W  

$60,040,000 

1..966 
-, 

$17,261,000 
28 ,;;'98,000 

3,985,000 
26,091,000 

465,000 

5-i:- 
$82,:.100,000 -. 

I n  Combination with t h e  Thor and At las  b o o s t e r s ,  t he  Agena second s t a g e  
i s  employed e g t e n s i v e l y  by NASA and the  A i r  Force.  
s t a g e  provides  cons iderable  l a t i t u d e  i n  mission c a p a b i l i t y  among the  va r ious  
e a r t h  o r b i t a l  and luna r  o r  p l a n e t a r y  missions.  

The r e s t a r t a b l e  Agena 



The Ageina ‘was developed by t h e  A i r  Force as a second s t a g e  f o r  use  i n  
i t s  programs. Ear ly  i n  1960, i t  w a s  decided t o  use  t h e  Agena i n  combination 
with the  Thor and A t l a s  r a t h e r  than  develop a s i m i l a r  s t age .  Each Agma 
must be modified,  however, t o  meet mission requirements .  NASA space missions 
u t i l i z i n g  t h e  Thor-Agena inc lude  t h e  Po la r  Orb i t ing  Geophysical Observatory,  
t he  meteorological  s a t e l l i t e  Nimbus, t h e  communications s a t e l l i t e  Echo 11, 
and the  Canadian Topside Sounder, Alouet te .  A l l  Thor-Agena v e h i c l e s  *%re 
p r e s e n t l y  planned t o  be launched from t h e  Western Test Range i n t o  p o l x  o r  
near -polar  o r b i t s .  

NASA uses  the  Atlas-Agena f o r  i t s  unmanned luna r  and p l a n e t a r y  e:[- 
p l o r a t i o n  missions,  such as the  Ranger and the  Lunar O r b i t e r  p r o j e c t s  The 
Atlas-Agena has  placed Mariner s p a c e c r a f t  on t r a j e c t o r i e s  t o  f ly-by  Vmus 
and Mars. It  has  been used on t h e  Ranger p r o j e c t ,  and w i l l  be employc!d t o  
launch heav ie r  s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e s  such as the  Geo1)hysical 
Observa tor ies ,  the Astronomical Observa tor ies ,  and the  Appl ica t ions  Technology 
S a t e l l i t e .  The Atlas-Agena i s  predominantly launched from t h e  Easterii Tes t  
Range t o  supp9rt  NASA missions.  

The Of f i ce  o f  Space Science and Appl ica t ions  has  ass igned projecl: 
management t o  L,ewis Research Center .  The prime c o n t r a c t o r  i s  Lockheetl 
Missiles and Space Corporat ion.  Atlas and Thor boos te r s  are procured 
through the  Department of  the  A i r  Force.  

Funds requ’ested f o r  FY 1966 w i l l  provide f o r  cont inued procuremerlt of 
t he  b a s i c  Agena s t a g e ,  A t l a s  and Thor boos te r s ,  and the  modi f ica t ions  
necessary  t o  adapt t he  Agena s t a g e s  f o r  mission p e c u l i a r i t i e s .  Fundirlg i s  
a l s o  provided f o r  c o n t r a c t o r  launch s e r v i c e s  which inc lude  r e c e i p t ,  a:;sembly, 
check-out , and launch of t he  veh ic l e s .  

FY 1966 Sus ta in ing  Engineer ing and Maintenance funds w i l l  providt! f o r  
t h e  con t inua t ion  of t he  Atlas Improvement p r o j e c t  j o i n t l y  supported by NASA 
and the  DOD, the  development of a s tandard  un ive r sa l  shroud, miscellalleous 
engineer ing  ,;Jpport s e r v i c e s  and ground support  equipment modif icat ior ts  a t  
t h e  Western T e s t  Range for t h e  Thor-Agena and a t  t h e  Eas t e rn  Tes t  Ranl;e f o r  
t h e  Atlas-Agena v e h i c l e  system. 

Centaur Procurement 

1964 

Vehicle  product ion . .  ............. $19,151,000 
System in t e%r .a t ion .  .............. 2,443,000 
Atlas prociireinent.. .............. 7,156,000 
RL-10 engine .procurement. ........ 3,100,000 

Sus ta in ing  2ngineering 
P r o p e l l a n t s  ....................... 150,000 

--- and maint cnance ................ 
Tota l  ............................ .$32,000,000 

1965 

$24,050,000 
2,038,000 

12,598,000 
5,800,000 
3,328,000 

$47,814,000 

1966 -- 
$28,9;!0,000 

12,740,000 
3,2!iO ,000 
1 ,500 ,000 

19,400,000 

$69 ,8OO,OOO 

3,95~0,000 

-- 
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The Cent,aur v e h i c l e  i s  a high performance, general-purpose launch 
veh ic l e  f o r  use on unmanned luna r  and p l ane ta ry  missions which are beyond 
the  c a p a b i l i t y  of t he  Atlas-Agena veh ic l e .  The p resen t  procurement of ' 
Operat ional  Centaur v e h i c l e s  i s  programmed t o  meet the  launch v e h i c l e  
requirements of t he  Surveyor unmanned luna r  su r face  exp lo ra t ion  p r o j e c t .  
The f i r s t  Operat ional  Centaur i s  scheduled f o r  launch i n  ca lendar  yea]' 
1965. 

As i n  t he  Centaur Development project, t he  Of f i ce  of  Space Scienc.e and 
Appl ica t ions  iiais ass igned p r o j e c t  management t o  the  L e w i s  Research Center ,  
and the  prime c o n t r a c t o r  f o r  Centaur Procurement i s  General Dynamics, 
As t ronaut ics  .Division, San Diego, C a l i f o r n i a .  P r a t t  and Whitney A i r c r a f t  
Corporat ion oE East Har t fo rd ,  Connect icut ,  and West Pa lm Beach, F l o r i d a ,  i s  
an a s s o c i a t e  c o n t r a c t o r  f o r  t he  f a b r i c a t i o n  of t h e  15,000 pound thrust .  
l i q u i d  hydrogen engine,  and Minneapolis-Honeywell of S t .  Pe te rsburg ,  F l o r i d a ,  
i s  an a s s o c i a t e  c o n t r a c t o r  f o r  product ion of t he  Centaur guidance syst.em. 

Funds r tques t ed  f o r  FY 1966 t o  cont inue Centaur Procurement i n  support  
of t he  Surveyor program, provide f i n a l  increment of funding f o r  Atlas boosters; 
f o r  t he  f i r s t  seven Surveyor v e h i c l e s  and an increment on t h e  procurement of 
the  next f i v e  veh ic l e s .  Funding is a l s o  included f o r  t he  necessary  systems 
i n t e g r a t i o n  o E  t hese  v e h i c l e s  wi th  the  Surveyor s p a c e c r a f t .  

Since the  ope ra t iona l  v e h i c l e  w i l l  be launched f o r  Surveyor  luna^. 
missions,  scheduled t o  begin i n  ca lendar  year  1965,  Sus ta in ing  Engineering 
and Maintenai1,:e i s  included f o r  t he  f i r s t  t i m e  i n  t h i s  r eques t .  Estiriiates 
a r e  based on Experience gained with o t h e r  launch v e h i c l e s  i n  e a r l y  oper-  
a t i o n a l  use .  Serv ices  included are minor changes o r  improvements as tlis- 
covered t o  be necessary through ope ra t iona l  use ,  maintenance of  ground 
support  equipineiat and p r e - f l i g h t  and p o s t - f l i g h t  engineer ing  ana lyses  of 
performance ;Pad r e l i a b i l i t y  a spec t s  of t he  Opera t iona l  Centaur.  

Atlas Procurement 

1964 1965 1966 I 

A t l a s  Vehic Leis. ., . . . . . . . . . . . . . . . . $1,786,000 $972,000 --- 
This  p r o j e c t  c o n s i s t s  of procurement of A t l a s  launch v e h i c l e s  for 

unmanned rnissioins. A t  t he  p re sen t  t i m e ,  two v e h i c l e s  are procured foi. 
t he  Off ice  o:E Advanced Research and Technology, Space Vehicle Systems :, 
p r o j e c t  F i r e .  :Project management f o r  t h i s  p r o j e c t  has  been a s s iged  
t o  the  L e w i s  Research Center .  

FY 1963 3nd p r i o r  funding f o r  t h i s  p r o j e c t  amounted t o  $6 .4  millji.on. 
FY 1965 fundtag will complete the  procurement of t h e  v e h i c l e s  f o r  t he  F i r e  
p r o j e c t .  
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---- SUMMARJ' OF LAUNCH VEHICLE PROCUREMENT FOR UNMANNED PROGRAMS 

Program/Froject 

Geophysics andAstronomy 

Orbiting Solar Observa- 

Orbiting Astronomical 

Orbiting Gleophysical 

Orbiting Geophysical 

Explorers ............... 
Explorers ................ 

tory .................. 
Observatory ........... 
Observatory ........... 
Observatory ........... 

Explorers ................ 
Lunar and P1a:ietary 
Exp 1 ora t io11 

Ranger . . . . . . . . . . . . . . . . . . .  
Surveyor Lander .  ........ 
Lunar 0rbit:er.. ......... 
Mariner. ................. 
Pioneer. . . . . . . . . . . . . . . . . .  

Bioscience 

B iosate 11 i t . c .  ........... 
Meteorologica,l.lSatellites 

TIROS . . . . . . . . . . . . . . . . . . .  
Nimbus .................. 

Communica t ionfAa t e 11 it es 

Echo 11. ................ 
Syncom .................. 

Applications ZChnology 
Satellites 

Applications Technology 
Satellites . . . . . . . . . . . .  

Fiscal Fiscal 
Year Year 

Vehicle 1964 1965 

Fiscal 
Year 
1966 

Delta $3,650,000 $361,000 $ L,400,00O 

Atlas-Agena 5,626,000 9 ,039 ,000 1 '5,100,000 

Atlas-Agena 6,959,000 3,672,000 1:1,598,000 

Thor-Agena 3,213,000 4,454,000 80 2,000 
scout 6,600,000 4,296,000 ? ,700,000 
Delta 11,750,000 12,350,000 51,500,000 
Thor-Agena 2,697,000 11,560,000 ~ ~ , 1 0 0 , 0 0 0  

200,000 Atlas-Agena 14,863,000 3,136,000 
Atlas-Centaur 32,000,000 47,814,000 5Cl,400,000 
Atlas-Agena 170,000 2,335,000 22,200,000 

200,000 Atlas-Agena 10,550,000 2,377,000 
Delta 4,100,000 2,900,000 ,900,000 

Delta - - -  9,000,000 9,100,000 

Delta 3,800,000 1,100,000 -0 - 
Thor-Agena 3,516,000 6 ,3  58,000 6,200,000 

- - -  - - -  Thor-Agena 805,000 
Delta 3,201,000 - - -  - - -  

Atlas-Agena - - -  3,057,000 14,200,000 
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Prowam/ P r o j e c t  

Space Vehicle Systems 

Reentry ............... 
F I  R E . . . . . . . . . . . . . . . . . .  

Nuclear E l e c t r i c  Systems 

SERT . . . . . . . . . . . . . . . . . .  

F i s c a l  F i s c a l  F iscal 
Year Year Year 

1966 -- Vehicle  19 64 1965 

scout  $1,000,000 $1,000,000 - - -  
Atlas  1 , 786 , 000 972,000 - - -  

--- scout  500,000 400,000 

S u b - t o t a l . . . . . .  ..................... $116,786,000 $126,181,000 $160,~i00,000 

Sus ta in ing  engineer ing  and 
maintenance ....................... 13,200,000 28,491,000 33 ,!lOO,OOO 

TOTAL ............................... $129,986,000 $154,672,000 $194,!iOO,OOO 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM 

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

The o b j e c t i v e s  of t he  Bioscience program are to: (1)  determine t:he lo- 
ca t ion ,  o r i g i a ,  na tu re ,  and l e v e l  of development of e x t r a t e r r e s t r i a l  1.ife;  
(2 )  eva lua te  Erom a b i o l o g i c a l  s t andpo in t  t h e  o r i g i n  and evolu t ion  of t he  
s o l a r  system to acqu i re  an understanding of t he  o r i g i n  of terrestrial l i f e ;  
( 3 )  determine t h e  e f f e c t s  of t h e  space environment on e a r t h  organisms wi th  
p a r t i c u l a r  eniphasis on f a c t o r s  which can a s s i s t  i n  p r e d i c t i n g  t h e i r  e f f e c t s  
on man. Thio program w i l l  provide a b e t t e r  understanding of l i f e  and l i f e  
processes ,  ass is t  i n  the  d iscovery  of unique a spec t s  of t he  space environment 
which are per'1:inent t o  l i f e  i n  space,  and develop information which i s  essen- 
t i a l  t o  long clurat.ion manned space f l i g h t .  A program of b a s i c  and app l i ed  
r e sea rch  i s  being conducted t o  suppor t  t h e  accomplishment of t hese  program 
ob jec t ives .  

I n  r e l a t i o n  t o  these  o b j e c t i v e s  i t  i s  noteworthy t h a t  t he  Nat iona l  Acade- 
my of Sciences (Nat ional  Research Council) Surmner Study Group r e p o r t  of 1962 
placed s u b s t a n t i a l  emphasis on the  exobio logica l  goal  of f i nd ing  and elcploring 
e x t r a t e r r e s t r i a l  l i f e ,  More r ecen t ly ,  t he  Space Science Board of t he  National 
Research Council recommended t h a t  unmanned exp lo ra t ion  of t h e  p l a n e t  Mars, in-  
volving both Fhys ica l  and b i o l o g i c a l  i n v e s t i g a t i o n s ,  and expres s ly  the  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 ,  be made the  primary o b j e c t i v e  of t he  Nat ion ' s  space 
e f f o r t  i n  t he  t e n  t o  f i f t e e n  yea r s  fol lowing t h e  P r o j e c t  Apollo manned lunar  
landing. 

I n  order  t o  exped i t e  t h e  sea rch  f o r  l i f e  on Mars and o t h e r  planetls, two 
a c t i o n s  were taken. The f i r s t  was t h e  es tab l i shment  of a s tudy  e f f o r t  which 
had as i t s  o b j e c t i v e  the  pre l iminary  design of an automated b i d l c c i c a l  experi- 
omt: system which w i l l  provide a c a p a b i l i t y  f o r  d e t e c t i n g  and desc r ib ing  
p l ane ta ry  l i f e  and  related environmental  f ac to r s .  This  system i s  intended as 
a payload f o r  Voyager missions t o  Mars. The second management a c t i o n  was t h e  
es tab l i shment  of a program t o  i n t e g r a t e  and exped i t e  p l ane ta ry  q u a r a n t m e  
e f f o r t s .  

The B i o s a t e l l i t e  program i s  d i r e c t e d  toward t h e  s tudy  of t h e  b i o l o g i c a l  
e f f e c t s  of ( a )  weight lessness ,  (b )  weight lessness  combined wi th  a knowt 
source of r a d i s t i o n ,  and ( c )  removal of l i v i n g  organisms from the  24-hour 
cyc le  of t he  Ear th ' s  r o t a t i o n .  The b a s i c  research  with t h i s  Earth o r b i t i n g  
s a t e l l i t e  i s  e.upect:ed t o  provide q u a n t i t a t i v e  d a t a  which w i l l  ass is t  man i n  
adapt ing  t o  the  space environment, 
s c i e n t i f i c  connnuriity, 20 have been s e l e c t e d  f o r  f l i g h t .  
packaged i n t o  3 i n t e g r a t e d  experiment payloads. 
ass igned t o  t twse th ree  p r i n c i p a l  payloads,  p lus  th ree  f o r  backup, f o r  a t o t a l  
of s ix  planned f l i g h t s .  

From over 185 experiments submitteci' by the  

Three spacec ra f t  have been 
These have been 
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SUMMARY OF F:IXWJRCES REQUIREMENTS : 

1964 1965 7 1966 

Supporting; r e sea rch  and 
techno logy. ................... $12,979,000 $12,700,000 $15,500,000 

B i o s a t e l l i t e . . . . . . . . . . .  ......... 8.500.000 16,000,000 16,000,000 

........................ $21,479,000 $28,700,000 $31,500,000 Total .  
-, 

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

Manned Spacecraf t  Center. .......... $234,000 $475,000 $1,000,000 
Goddard Space F l i g h t  Center........ 250,000 250,000 250,000 
J e t  Propcls ion  Laboratory...... .... 1,243,000 1,499,000 1,250,000 
Ames Research Center............... 9,856,000 17,267,000 17,450,000 
NASA Heacquarters . . . . . . . . . . . . . . . . . .  9,896,000 9,209,000 11,550,000 

BASIS OF FUNlJJEQUIREMENTS : 

Supporting Research and Technology 

Exobiology...O..........o.......o 
Environinental biology.  ........... 
Behavioral  biology.............., 
Phys ica l  
P l ane ta ry  quarantine............. 
Automated b i o l o g i c a l  

experiment system.............. 
Bioscience i n v e s t i g a t i o n s  f o r  

manned missions................ 

1964 

$5,200,000 
2,900,000 
2,100,000 
1,99 1,000 

e-- 

--- 
788,000 

1965 - 1.966 

$4,900,000 $51,000,000 
2,800,000 2,,800,000 
2,100,000 2,,100,000 
1,900,000 1 I, 900,000 --- 1 l,ooo, 000 

--- 1 :I, 000,000 

1,000,000 - 1 ,,, 700,000 
Totall...........oo.....~o...o. $12,979,000 ~ 1 2 , 7 0 0 , 0 0 0  $15,500,000 - 

Exobiology 

The sea rch  f o r  extraterrestrial l i f e  will be one of t h e  prime obilectives 
i n  t h e  post-rlpollo per iod.  I n  managing t h i s  p a r t  of t h e  program, NASA Centers ,  
u n i v e r s i t i e s ,  and i n d u s t r i a l  r e s e a r c h  o rgan iza t ions ,  are us ing  t h r e e  approaches: 

1. A n  inttiempt is  being made t o  s y n t h e s i z e  subs tances  which w i l l  have 
c h a r a c t e r i s t i c s  similar t o  p r i m i t i v e  s i n g l e  c e l l e d  organisms. 

2. The ?h:ysical environments of t h e  p l a n e t s  are being s tud ied  by in- 
s t ruments  Erom t h e  Earth,  from h i g h - a l t i t u d e  ba l loons ,  and from p lane ta ry  
fly-bys,, Such measurements w i l l  assist i n  d e f i n i n g  t h e  p l a n e t a r y  ev- 
vironments and i n  determining whether l i f e  as w e  know i t  could exist on 
t h e  p l a n e t s ,  o r  whether t h e  cond i t ions  are so s e v e r e  t h a t  l i v i n g  processes  
are probably excluded. This  data w i l l  also assist i n  t h e  des ign  of ex- 
per iment;  a p p r o p r i a t e  t o  such d i v e r s e  environmental  cond i t ions .  
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3. L i f e  d e t e c t i o n  experiments are being designed f o r  bo th  unmanned and 
manned explora t ion .  A t  p re sen t ,  s e v e r a l  d i f f e r e n t  automated liEe detect:oir 
instruments  are being cons t ruc ted  f o r  t h e  remote d e t e c t i o n  of ex t r a -  
terrestrial  p l ane ta ry  l i f e  using unmanned landing spacec ra f t .  

The development of l i f e  d e t e c t i o n  techniques and instruments  is p r imar i ly  
centered  around the  development of s p e c i a l i z e d  instruments  which w i l l  evalu- 
a t e  a s p e c i f i c  f a c e t  of chemical composition, morphology, o r  phys io log ica l  
processes .  About a dozen l i f e  d e t e c t o r  instruments  are being develo1,ed f o r  
remote sample c o l l e c t i o n  and d e t e c t i o n  of l i f e  on Mars. F i e l d  tests have 
shown t h e  Mark 111 Gul l ive r  d e t e c t o r  t o  be e f f e c t i v e  i n  environments h o s t i l e  
t o  l i f e ,  such .as t he  d e s e r t ,  h igh ly  s a l i n e  areas, and a mountain top. B a l l  
Brothers  Research Corporation, i n  co l l abora t ion  wi th  D r .  Wolf Vishniac of t he  
Univers i ty  of Xochester, has r e c e n t l y  advanced t h e  Wolf Trap to an engineer ing  
breadboard (1 av ice. 

An automated b i o l o g i c a l  experiment system concept is being s tud ied  as a 
payload f o r  the Mars-Voyager mission. This  concept v i s u a l i z e s  an i n t e g r a t e d  
set of experiments designed f o r  a l i f e t i m e  of two Ear th  yea r s  (approximately 
one Martian pilr) on t h e  s u r f a c e  of Mars t o  c o l l e c t ,  d e t e c t ,  and desc r ibe  
b i o l o g i c a l  and chemical evidence of l i f e .  

The P lane tary  Quarant ine program, an outgrowth of t he  s t e r i l i z a t i o n  
e f f o r t ,  requ:-res increased  emphasis commencing i n  FY 1966. S t e r i l i z a t i o n  is  
es sen t i a l .  t o  exobio logica l  i n v e s t i g a t i o n s  of t h e  p l a n e t s  because e a r t h  organ- 
i s m s  might b e  ltanded on Mars and have an explos ive  growth which would i n t e r -  
f e r e  wi th  sut)sequent s c i e n t i f i c  i n v e s t i g a t i o n s .  Another hazard is t h a t  of 
p o s s i b l e  back contamination of t h e  Ea r th  a t  a l a t e r  da te .  The s t e r i l i z a t i o n  
program inc ludes  r e sea rch  t o  improve p resen t  methods and t o  develop new meth- 
ods of s t e r i l i z a t i o n  compatible wi th  r e l i a b i l i t y .  A t  t he  p re sen t  time, cap- 
s u l e s  of b a s i c ,  s i m p l e  design can be  s t e r i l i z e d  b u t  f u r t h e r  e f f o r t  is r equ i r ed  
f o r  complex c:apsules t o  de f ine  t h e  e f f e c t  of s t e r i l i z a t i o n  on r e l i a b i l i t y .  
Accomplishment of s t e r i l i z a t i o n  r e q u i r e s  d e t a i l e d  s tandards ,  p l ans ,  and pro- 
cedures  f o r  c.on.tamination c o n t r o l  throughout manufacture, assembly, t e s t i n g ,  
launch and lznding on the  p l ane t .  

Environment a 1 B i o  logy 

Research i s  being conducted on the  b i o l o g i c a l  e f f e c t s  of t h e  space en- 
vironment on l i v i n g  e a r t h  organisms. A l l  known space f a c t o r s  are being 
s tud ied  i n  l a b o r a t o r i e s  on Ea r th  except  such unique f a c t o r s  as weight lessness ,  
removal from the  e f f e c t s  of t h e  Earth's r o t a t i o n ,  and primary cosmic r ad ia t ion .  
The B i o s a t e l l i t e  program w i l l  s tudy  these  unique f a c t o r s  i n  f l i g h t ,  and com- 
pa re  t h e  r e s u l t s  w i t h  Earth based s t u d i e s .  

In r e l a t i o n  t o  t h e  exobiology mission,  t h e  parameters of e x t r a t e r r e s t r i a l .  
environment wi th in  which given organisms can e x i s t , i s  being def ined.  
p o r t  of t h i s  goal ,  va r ious  animals and p l a n t s  are being sub jec t ed  t o  :;imulatetY. 
p l ane ta ry  coi idi t ions.  

I n  sup- 
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Research .with b i o l o g i c a l  organisms is  underway t o  develop t h e i r  a p p l i c a -  
t i o n  i n  space (1) i n  b io regene ra t ive  a l g a l  o r  b a c t e r i a l  l i f e - s u p p o r t  systems,, 
(2)  as test or,ganisms t o  determine t h e  b i o l o g i c a l  s a f e t y  of o t h e r  p l a n e t s ,  
(3) f o r  s tudying  t h e  p o t e n t i a l  of inducing h ibe rna t ion  o r  decreased metabolic: 
a c t i v i t y  i n  ns t ronauts ,  and (4) f o r  s tudying  t h e  biomedical e f f e c t s  of t h e  
space envircnment:. 

Bed rea t s t u d i e s  f o r  s imula t ing  weight lessness  of 2-week and l-month 
pe r iods  have been completed us ing  human vo lun tee r s .  
10 percent 1i:rorn the  s k e l e t o n  ( h e e l  bone) w a s  determined by X-ray techniques.  
Research by va r ious  NASA gran tees  has shown t h a t  numerous s p e c i e s  of organisms 
can s u r v i v e  :;iniul.ated Martian environmental  cond i t ions .  

Calcium loss of up t o  

Behavioral  Biology 

Research is being conducted t o  determine t h e  e f f e c t  of t h e  unique space 
environment on t h e  o r i e n t a t i o n ,  behavior ,  and b i o l o g i c a l  rhythms of v a r i o u s  
organisms. 
accomplished tot d e f i n e  b r a i n  behav io ra l  r e l a t i o n s h i p s  of importance t o  the  
organism i n  dea l ing  wi th  s t r e s s  producing environmental  f a c t o r s .  
systems are be ing  s t u d i e d ,  us ing  psychologica l ,  phys io log ica l ,  biocheinical, 
and b iophys ica l  t echniques ,  t o  determine t h e  molecular  b a s i s  of a c q u i s i t i o n ,  
p rocess ing ,  s t o r a g e ,  and retrieval of information.  The e f f e c t s  of priolonged 
confinement i n  small spaces  and o t h e r  types  of environments which produce 
complex behav io ra l  problems are be ing  s tudied .  

Eleu.rophysiologica1, biochemical ,  and behav io ra l  ana lyses  a r e  be ing  

Living 

Examples of the work underway i n  Behavioral  Biology are: (1) inves t iga -  
t o r s  a t  Pr ince ton  have designed equipment for d e t e c t i n g  changes i n  temperature! 
and a c t i v i t y  i n  s m a l l  organisms dur ing  o r b i t a l  f l i g h t ;  and (2 )  a t  the  Un ive r s i ty  
of Kentucky Medical School, p r imates  are being used t o  s tudy  t h e  effec:ts of 
geophysical  .€ac tors  such a s  g r a v i t y  and magnetic fo rces  on b i o l o g i c a l  rhythms,, 

Phys ica l  Biology 

Research 1s being conducted i n t o  n u t r i t i o n  and metabolism as they a f f e c t  
energy excharige wi th in  l i v i n g  organisms exposed t o  va r ious  s t r e s s e s  which may 
be encountered i n  space f l i g h t .  
organisms which are uniquely s u i t a b l e  f o r  experimental  b i o l o g i c a l  i nves t iga -  
t i o n  i n  orbit::ing v e h i c l e s  and p l a n e t a r y  probes. 

S tud ie s  are a l s o  be ing  conducted on l i v i n g  

Research i t ;  underway on an automatic  e l e c t r o n i c  scanning device,  u t i l i z i n g  
computer ana1.ysj.s f o r  record ing ,  counting, and a s s o r t i n g  chromosomes i n  o rde r  t o  
show anatomical  changes i n  blood cells and chromosomes. 
i n d i c a t o r s  of va r ious  environmental  stress cond i t ions  be ing  experienced i n  
space  f l i g h t .  

Such changes may be 

I n  t h e  area. of b iophys ics ,  s t u d i e s  are being conducted on t h e  dynamics of 
var ious  p h y s i c l o g i c a l  systems, d i r e c t e d  toward exp la in ing  t h e  adverse  e f f e c t s  
encountered by t h e  a s t r o n a u t s  dur ing  t h e i r  o r b i t a l  missions.  
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Bioscience Investigations for Manned Missions 

This effort includes the research and development necessary to provide 
scientific experiments and associated equipment for flight on manned wpace- 
craft. Four experiments for the Gemini missions are being prepared for 
flight during calendar year 1965. The development of an equal number of ex- 
periments will be initiated during FY 1965 for the Apollo Earth orbitirl mis- 
sions. Effort will be continued to define those areas in which Biosc:i.ence in- 
vestigations must be carried out to support manned space missions and in which 
an astronaut is necessary as a technician or scientist during the flight of 
the experiment. 

sunrmary 
The FY .L'36.5 SR&T Advanced Studies effort includes increased emphasis on 

Exobiology w i t h  continuing research in Environmental, Behavioral, and Physical. 
Biology. In 3" 1966 the emphasis on Exobiology will be continued wit11 a 
follow-on sttidy effort on the automated biological experiment system and the 
fabrication and testing of hardware. Funding will continue in an effort to 
develop methods and procedures for effectively sterilizing spacecraft. The 
FY 1966 funds: requested for Bioscience Investigations for Manned Space Mis- 
sions are needed t o  continue preparation of the Apollo experiments for flight, 
and to deterrni.ne future experiment requirements consistent with extended Apollo 
or Manned Orbiting Laboratory missions. 
continue at approximately the same level as in FY 1965. 

Support of Gemini experiments will 

Flight Program (Biosatellite) 

/' 
i 

1366 - 1964 1965 

.. Spacecraft ......................... $5,567,000 $11,190,000 $ l O , ~ ! O O , O O O & -  . Experiments... ..................... 2,9 21,000 4,560,000 4,200,000 --.3 
Ground operations..... ............. 12,000 250,000 1 000 , ooo+- 

Total Spacecraft and Operations.. $8,500,000 $16,000,000 $16,000,000 

1 Delta (Launch Vehicle Procurement 

\ 
Program).. ....................... (---) ( 9  . 000.000 (9 > LOO, 000) 

\ 
\ Total (inc luding launch 

vehicles :I.. .................... ($8,500,000) ($25,000,000) ($25,100,000) 

The Biosatellite will consist of a spacecraft with a recoverable esperi- 
ment capsule designed to orbit the Earth for periods ranging from 3 to 30 days, 
depending on tke experiments aboard. 
unique environments of space upon lower forms of life, plants, small animals, 
and primates ir order to obtain basic biological data, to determine and 
delineate those hazards which may exist for astronauts, and to define the 
degree of degradation in human performance during long term space flights. 

It will investigate the effects O E  the 

The study of the effects of weightlessness will be given the highest 
priority. Also of importance will be the assessment of the effects of it 

known source of gamma radiation when combined with Weightlessness. The 
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specimens wi.:.l be  sh ie lded  from most of t h e  cosmic r a d i a t i o n ,  thereby removing 
the  cosmic e!lZfc!ct as an independent v a r i a b l e  i n  t h e s e  experiments. Ground 
based radiat.i.on experiments w i l l  be  performed employing the same types of 
specimens as those  wi th in  the  Biosatell i te i n  order  to  ob ta in  d a t a  which ex- 
cludes weigh.t:le!ssness as a v a r i a b l e .  

The experiments used t o  explore  the  combined e f f e c t s  of r a d i a t i o n  and 
weight lessness  were s e l e c t e d  because ground based l abora to ry  experimeiits have 
shown t h a t  r e s u l t i n g  gene t i c  changes o r  damage can be  c o n s i s t e n t l y  i n t e r p r e t e d  
as r e s u l t i n g  from a s p e c i f i c  dose of r ad ia t ion .  Examples of t h e  experiments 
selected are: the  Tribolium o r  f l o u r  b e e t l e  which i n  i t s  l a r v a l  s ta t s  is very 
s e n s i t i v e  t o  r a d i a t i o n  so t h a t  embryonic development i s  a f f e c t e d  and wing 
d e f e c t s  l a t e r  occur;  t he  g e n e t i c  e f f e c t  ( l e t h a l  mutat ions)  on Habrobracon 
(wasps); and the  e f f e c t s  of ze ro  g r a v i t y  on r a d i a t i o n  induced damage (muta- 
t i o n  and chromosome breaking)  i n  Drosophila ( f r u i t  f l i e s ) .  I d e n t i c a l  experi-  
ments which a r e  n o t  i r r a d i a t e d  w i l l  be flown aboard t h e  B i o s a t e l l i t e  iis 
"con t ro l s f1  t 3  s e p a r a t e  t h e  e f f e c t  of weight lessness  from t h e  combined e f f e c t s , ,  

The c i r c a d i a n  (about a day) rhythms t h a t  occur i n  a l l  l i v i n g  ce1.l.s form 
t he  b a s i s  f o r  o the r  experiments. Normally t h e s e  rhythms fol low the  l o c a l  
l i gh t -da rk  o:c t i d a l  cyc le ,  and i f  t he  organism i s  removed from i ts  noimal 
24-hour cyc le  i t  rephases i t s e l f  w i th  t h e  new environment very  s lowly,  
rhythmic changes i n  body temperature of a s t r a i n  of rats w i l l  be  examjned i n  
the  B i o s a t e l l i t e  while  i t  i s  removed from t h e  immediate e f f e c t s  of thc E a r t h ' s  
pe r iod ic  r o t a t i o n  f o r  an c r b i t a l  per iod  of 21  days. 

The 

The most: complex system s tud ied  w i l l  be t h a t  of t h e  primate.  The e f f e c t s  
of weight less i iess  on i t s  card iovascular ,  s k e l e t a l ,  and c e n t r a l  nervous sytems 
w i l l  be s tud ied  during o r b i t s  of 30 day ' s  duration.With the  a i d  of deeply im- 
p lan ted  b ra in  ellec.trodes, t he  animals '  sleep-wakefulness cyc le ,  response t o  
s t i m u l i ,  and performance of s imple t a s k s  w i l l  be s tud ied  through the  examina- 
t i o n  of elect.i~oc~ncephalogram ( b r a i n  wave) p a t t e r n s .  Venous and ar ter ia l  
p re s su res ,  ca.rdj.ac output ,  e lectrocardiograms and u r i n a r y  c o n s t i t u e n t s  w i l l  
be s tudied  to determine  the  e f f e c t  of weight lessness  on the c i r c u l a t o r y  system 
and metabolism i n  general .  X-ray examination of t he  animals w i l l  be  made 
p r e - f l i g h t  and p o s t - f l i g h t  t o  determine i f  t h e r e  i s  a l o s s  of calcium from 
t h e  bones due t o  r e l a t i v e  immobility i n  the  weight less  state. 

The recoverable  spacec ra f t  is being designed by the  prime c o n t r a c t o r ,  
t he  General E l e c t r i c  Company, Reentry Systems Division. Overa l l  management 
and d i r e c t i o n  of t he  B i o s a t e l l i t e  p r o j e c t  i s  t h e  r e s p o n s i b i l i t y  of NASA 
Headquarters. P ro jec t  r e s p o n s i b i l i t y  has  been assigned t o  the  Ames Research 
Center.  Most of t he  i n i t i a l  des ign  has  been completed. Fabr i ca t ion  of t he  
experimental  models of t h e  h e a t  s h i e l d  and r e e n t r y  capsule  have been completed,, 
Proof tests of t he  recovery parachute ,  and capsule  and environmental  tests of 
the  experiments have commenced. An agreement has been nego t i a t ed  with t h e  A i r  
Force t o  recover the  Biosatel l i tes  ( inc lud ing  p r i o r  t e s t i n g  of t he  recovery 
system) by the  a e r i a l  recovery method, wi th  provis ions  f o r  a back-up 
recovery from the water i n  the  event  aer ia l  r e t r i e v a l  is no t  s ~ ~ ~ e s s f u l ~ . .  
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The FY 1963 and prior years funding for this six flight program, in- 
cluding launch vehicles, amounted to $1,959,000. Funding for FY 1964 pro- 
vided for the initiation of design, fabrication, and testing of the :space- 
craft. Funding for FY 1965 provides for the continuation of the fabcication 
and testing of the spacecraft and incremental funding for experiment develop- 
ment. Funding for FY 1966 will provide continued funding of the spacecraft 
contract, continued experiment development, and fabrication of flight ready 
hardware, and funding of recovery development and operations. Funding re- 
quirements for FY 1967 to completion including launch vehicles are estimated 
to be $20,000,000. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFF ICE OF SPACKSCIENCE AND APPLICATIONS METEOROLOGICAL SATELLITES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e s  of t h e  Meteorological  S a t e l l i t e s  Program are: (1) t h e  
development of advanced meteoro logica l  obse rva t ion  techniques,  s e n s o r s ,  sub- 
systems, and i n t e g r a t e d  systems for s c i e n t i f i c  s tudy  of t h e  atmosphere and f o r  
ob ta in ing  o p e r a t i o n a l  weather s u r v e i l l a n c e  and f o r e c a s t i n g  d a t a ;  (2 )  t o  f l i g h t  
test and assess promising new techniques and hardware developments p r i o r  to  
commitment t o  ope ra t iona l  systems; (3) to provide maximum i n t e r i m  o p e r a t i o n a l  
weather observa t ion  d a t a  p r i o r  to the  a v a i l a b i l i t y  of t h e  o p e r a t i o n a l  satel-  
l i t e  system; (4) t o  assist  the  Department of Commerce ,  Weather Bureau (with the  
development 011' l'iros Opera t iona l  S a t e l l i t e  ('fQS) system; and ( 5 )  to  o b t a i n  
meteorologica.1. cioundings f o r  s c i e n t i f i c  and f o r e c a s t i n g  purposes. 

The deve:'iopment of advanced hardware and techniques  (1 above) a r e  accom- 

Spt!c:ific experiments ,  subsystems, and techniques are also developed 
p l i shed ,  for gene ra l  a p p l i c a t i o n ,  i n  t h e  Support ing Research and Techniology 
pro jec t .  
i n  the  f l ight :  p r o j e c t s  (Meteorological F l i g h t  Experiments, T i r o s  and Iiimbus) 
t o  be t e s t e d  ,along w i t h  the  gene ra l  developments produced under SR&T 
( 2  above): 
s u r v e i l l a n c e  ( 3  above), 
are funded b l  t h e  Department of Conaoerce, Weather Bureau which reimburses  NASA 
for TOS s p a c e c r a f t  procurement and launch opera t ions ,  
Nimbus programs have provided f o r  t h e  development of t he  s p a c e c r a f t  and senso r s  
u t i l i z e d  €or the  p re sen t  TOS program and t h e  T i r o s  p r o j e c t  w i l l  provide f o r  a 
cont inuing  s y s t e m s  and technology improvement e f f o r t  d i r e c t l y  applical '>le to  
TOS (4 above).  
Meteorological S a t e l l i t e  Program (5 above).  

'rLros VI1 and VI11 and T i r o s  I (Eye) w i l l  provide i n t e r i m  weather 
The d i r e c t  implementation costs of the  TOS program 

P r i o r  y e a r  T i r o s  and 

Meteorological Soundings is  a cont inuing  e f f o r t  withi l l  t he  

Eight  Tiros s p a c e c r a f t  have been launched s i n c e  1960 and t h e  launch and 
ope ra t ion  i n  o r b i t  of Nimbus I i n  t h e  summer of 1964 have con t r ibu ted  to  f u l -  
f i l l i n g  thesc objec t ives .  The TW system, which i s  to become o p e r a t i o n a l  
during 1966, is; being developed from technology gained from t he  Tiros and 
Nimbus p ro jec t s .  
reg ion  from ;!O to  60 miles i n d i c a t i n g  important  temperature and wind v e l o c i t y  
changes n o t  prev ious ly  known to  e x i s t .  

Mcteorological Sounding Rockets have provided d a t a  i n  the 

SUMMARY OF SgSIURCES REQUIREMENTS: 

1966 1964 1965 -I 

Support ing rlesearch and technology $7,754,000 $7,500,000 $8,200,000 
Meteoroloj3ic,al f l i g h t  experiments.  .)-- 1,200,000 4,000,000 
Tiro8. . o e a e m  e e e e e e e 0 e e 11,506,000 4,100,000 4 , ~ ~ O O , O O O  
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1964 1965 

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

Manned Spiacecraf t Center.. . . . . . . $50,000 

Goddard Space F l i g h t  Center..... 62,346,000 29,575,000 
Langley RePedarch Center......... 444,000 420,000 
NASA Headqilatters.. .. . . . . . . . . . 172,000 1,035,000 

$135,000 
Marshal 1 !Space F l i g h t  Center.. . . 80,000 120,000 

BAS IS OF FUND -l3UIREMENTS : 

Support ing Research and Technology 

Synchronous meteoro logica l  sate 1- 
l i t e s . . . . ~ D r o ~ ~ . . . . . . . ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ .  

Meteorologic,nl component develop- 
men to * * * o D * 4~ * * * * * * 

Meteorologiciil s enso r  development. 
Meteorological  a tmospheric  

research.  , 1 4 D  0 .  0 .  0 . 0  . 0 0 0 0 .  . 0 0 0 . 
Advanced syo4:erns and components... 
Applicationti  for manned space 

 mission^.^^^^..............^.^.... 

To ta 1. d D  0 

1964 

$210,000 

2,790,000 
1,342,000 

2 , 155,000 
1 ,o 10,000 

247,000 

$7,754,000 

1965 

$100,000 

2 , 2 14,000 
1,546,000 

2,420,000 
720,000 

m , o o o  

$7,500,000 

19656 
-I- 

$22,700,000 
3,000,000 

$42,700,000 
I- 

$200,000 
120,000 

2,1U~,OOo 

39,720,000 
530,000 

19(ii6 
PI- 

$100,000 

2 ,OM!) ,000 
l,1oc~l,ooo 

2,300,000 
l,5ocl~,ooo 

1,200,000 

9 8,2oCl~,000 -- 
The objec:i:ives of t h e  Support ing Research and Technology e f f o r t  are: 

(1) to develop senso r s ,  c o n t r o l  and power components, and d a t a  conversion 
systems to fac: i . l i ta te  t h e  basic a c q u i s i t i o n  of meteoro logica l  d a t a ;  (2)  to  
i n v e s t i g a t e  new techniques and d a t a  process ing  systems f o r  ob ta in ing  improve- 
ments i n  d a t a  cicc:uracy and coverage; (3) to e v a l u a t e  d a t a  from s a t e l l i t e s  and 
sounding r o c k e t s  f o r  u t i l i z a t i o n  i n  des ign  improvement s t u d i e s ;  (4) t o  inves-  
t i g a t e  new appl.ic!ations of meteorological systems us ing  c u r r e n t  components; 
(5) to  increase t:he r e l i a b i l i t y  and l i f e  time of  s p a c e c r a f t  ins t rumenta t ion ;  
and (6) to d e w l o p  equipment for the  obse rva t ion  of e a r t h  a tmospheric  phenom- 
ena  f roo manned o r b i t a l  spacecraf  t. 

P r o j e c t  d#l . rect ion is by t h e  Office of Space Science and A p p l i c a t i m s  a t  
NASA Headquarters, , with  implementation both by Headquarters and Goddard Space 
F l i g h t  Center. 



Funds were expended i n  FY 1963 and p r i o r  y e a r s  to suppor t  e f f o r t s  i n  
such areas as conducting a f e a s i b i l i t y  s tudy  of a synchronous meteoro logica l  
sa te l l i te ,  camera r e s o l u t i o n  s t u d i e s  f o r  t h e  e c c e n t r i c  and synchronous o r b i t  
missions,  f o x  design and development work on te lemet ry  systems and a m p l i f i e r s  
f o r  meteoro1ay:ic:al sa te l l i tes ,  for a prepro to type  model of  a d i e l e c t r i c  t ape  
camera system,, senso r  c a l i b r a t i o n ,  meteoro logica l  d a t a  ana lyses ,  and s t u d i e s  
of methods of derte handling. Funds €or FY 1964 were u t i l i z e d  to  cont inue  
developments prev ious ly  i n i t i a t e d  and for new s t u d i e s  and developments i n  
components anid ciystems f o r  the synchronous meteorological satel l i te  expe r i -  
ments, rocket. wind measurements, s f e r i c r  s t u d i e s  and fo r  s t u d i e s  leading to  
an i n t e r r o g a t i o n ,  record ing  and l o c a t i n g  subsystem (IRLS) f o r  c o l l e c t i n g  
meteorologica.!. rrnd oceanographic d a t a  from remote instrumented platforms. 

FY 1965 funds provide f o r  developments and s t u d i e s  i n i t i a t e d  i n  p r i o r  
y e a r s  to  be cont inued and i n i t i a t i o n  of e f f o r t  i n  measurement of e t r a t o -  
s p h e r i c  tempe:irat:ures and the  thermal s t r u c t u r e  of t h e  atmosphere, and micro- 
wave sens ing  techniques.  Also, hardware developments are being i n i t i a t e d  for 
preprototype cryogenic  coo l ing  systems f o r  meteorological senso r s ,  s t a b i l i z a -  
t i o n  and eont:i:olt systems components w i th  improved r e l i a b i l i t y  and longer  l i f e ,  
and improved isol.ar paddles. Funding has also been u t i l i z e d  i n  FY 1965 to  
i n i t i a t e  advsrriced r e sea rch  and development on gyro-magnetic s t a b i l i z a t i o n  
systems, lon.m;-lltfe e l e c t r o n i c  ins t rumenta t ion ,  and f e a s i b i l i t y  s tud iea  f o r  an 
advanced metc!orological satel l i te  system. 

Applicat::iorr8 for manned space miss ions  inc lude  t h e  s tudy  and development 
of s c i e n t l f i c :  i n v e s t i g a t i o n s  and advanced remote sens ing  equipment fox t h e  
observa t ion  o:E atmospheric phenomena fmm manned o r b i t a l  spacecraf  t. Severa l  
inves t iga t ion :% of t h i s  type are to  be undertaken on manned Gemini f l ie ih ts .  
S t u d i e s  of experiments  for Later manned o r b i t a l  s p a c e c r a f t  are programmed f o r  
FY 1965 and If'[ I966 to be prepared to take f u l l  advantage of manned space 
f l i g h t  misslotis and c a p a b i l i t i e s .  

In FY 10156, i n  a d d i t i o n  to  cont inuing  most of t he  areas i d e n t i f i e d  
above, e f f o r t s  will be i n i t i a t e d  i n  an  improved automatic  p i c t u r e  tak ing  camera 
8 t O r a g e  system, a prepro to type  b i - fo ld  solar paddle  a r r a y ,  a compatible 
ground s t a t i o n  for an on-board d i g i t a l  TV system providing improved accuracy 
and longevi ty ,  4% l o n g - l i f e  c o n t r o l  system, and on a preprototype i n t e i r o g a -  
t i o n ,  recordiing , and loca t ion  subsystem to i n v e s t i g a t e  satell i te measurement 
of the atmosp?e'ric s t r u c t u r e .  S tud ie s  are also planned on automatic  F la t t e rn  
recogni t ion  f o r  i n t e r p r e t a t i o n  and a n a l y s i s  of TV cloud p i c t u r e s  and cin pro- 
gram d e f i n i t i i m  of advanced meteoro logica l  satell i te systems. 

He teoro lop ical  F 1 ip; h t Experiments 

1066 -- 1964 1965 

Meteoro1eg:Lcal f l i g h t  experiments. - 0 -  $1,200,000 $4,000,000 

The t i t l e  (of t h i s  p r o j e c t  was changed s i n c e  t h e  FY 1965 budget sithis- 
s i o n  from Synchronous Meteorological  S a t e l l i t e  Experiments to Meteoro1I.ogical 
F l i g h t  Experiments because some experiments w i l l  be flown i n  o t h e r  thtrn 
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synchronous orI>ii:s. 
f i v e  Applicatkonrr Technology S a t e l l i t e s  (Am) to explore  the  techniquesl of 
ob ta in ing  c o n t h u o u s  cloud cover d a t a ,  ove r  both f u l l  and s e l e c t e d  e a r t h  
areas, from tic? vantage p o i n t  o f f e r e d  a t  h igh  a l t i t u d e  and synchronous 
o r b i t s .  The o b j e c t i v e  of t h i s  e f f o r t  is to provide  a c a p a b i l i t y  f o r  mini- 
t o r ing  short- lL Lved seve re  storms. The obse rva t ions  w i l l  also provide dlata 
on phenomena ~ i : s s ~ c i a t e d  d i r e c t l y  wi th  energy t r a n s f e r  processes  a f f e c t i n g  the  
weather,  inc luding  day-night t r a n s i t i o n  e f f e c t s .  P r i o r  to  t h e  f l i g h t  expe r i -  
ments, s t u d i e s  w i l l  be conducted concerning t h e  use of a l i n e  scan camera or  
a camera wi th  Lmagge motion compensation f o r  use on the s p i n - s t a b i l i z e d  ATS 
f l i g h t s .  

Meteorological  experiments  will be undertaken on the  

The O f f i c e  of Space Science and Appl ica t ions  is r e spons ib l e  fo r  tfie 
o v e r a l l  management of t h i s  p ro jec t .  Respons ib i l i t y  f o r  p r o j e c t  management is 
ass igned  to  Gotidiird Space F l i g h t  Center. 

FY 1965 fiinds are being used to procure and modify h igh  and l o w  r e so lu -  
t i o n  camera s j r ! ; t ems ,  to  procure zoom l enses  for the high r e s o l u t i o n  caniera, 
t o  provide for ground equipment and i n t e g r a t i o n  suppor t  f o r  the  6,500 m i l e  
o r b i t  missions ( A S - A )  . 

In  FY 1966, funds  are requ i r ed  to procure h igh  and l o w  r e s o l u t i o n  
cameras, inc luding  image d i s s e c t o r s  ( l i n e  scan)  or image motion compenFiation 
devices ,  and a d d i t i o n a l  zoom l e n s e s  f o r  t he  h igh  r e s o l u t i o n  camera f o r  the 
ATS spin-stabl.Li:ted, synchronous f l i g h t s  (ATS B and C). 

1966 
-I- 

1964 1965 

Spacecraft . ,  ......................... $6,724,000 $1,400,000 $6oc1~,000 

TOS improve~ l l c?n~s . . . . . . . ~~~ . . . ~ . . . .  --- 1,450,000 2,400!,000 
Ground suppo:rt,, ................... 4,782,000 1,250,000 i,8001,000 

Total Spacec ra f t  and Support.... $11,506,OoO $4,100,000 $4,80CI ,000 

Delta (Launch Vehicle 
( - - - I  

PI- 
Procurement I?rogram) ............ (3,800,000) (1,100,OOO) 

T o t a l  (inc: Luding launch 
vehiclets 1 ...................... ($15,3O6,000) ($5,200,000) ($4,800,000) 

The Ti roo  p r o j e c t  has  demonstrated t h e  engineer ing  and s c i e n t i f i c  f e a s l -  
b i l i t y  of t he  ,%ccumulation and d isseminat ion  of meteorological i n f o r e a t  i on  
from e a r t h  orbLt:Lng satellites. 
r e sea rch  and cievtslopment p r o j e c t  are: 
t i o n a l  d a t a  f o r  use in weather  a n a l y s i s  and f o r e c a s t i n g  p r i o r  to a v a i l a b i l i t y  
of d a t a  from o p e ~ r a t i o n a l  systems; (2 )  to  provide developmental suppor t  f o r  
the TOS system; and (3 )  to  provide r e sea rch  and development toward advanced 
m e  teoro log ica 11 sate 1 1 i te sy s teas . 

The o b j e c t i v e s  of the cont inuing  T i roe  
(1) to provide m a x i m u m  i n t e r i m  opera- 
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Eight  T i x o s  s p a c e c r a f t  have been s u c c e s s f u l l y  launched a ince  A p r i l  1960. 
The T i r o s  series satellites provided an  average of 190 useable  c loud cover  
p i c t u r e s  p e r  cay r e s u l t i n g  i n  the  p repa ra t ion  of approximately 40 specfal 
storm a d v i s o r i e s  p e r  month and 15 improvement8 t o  weather ana lyses  per month. 
The n i n t h  s p a c e c r a f t ,  Tiros I (Eye), the s p i n - s t a b i l i z e d  " w h e e l "  conf ilgura- 
t i o n ,  w i l l  be launched i n  1965 to o b t a i n  e a r t h  o r i e n t e d  p i c t u r e s  and provide 
a c a p a b i l i t y  cif i n t e r i m  o p e r a t i o n a l  use by ob ta in ing  d a i l y  g l o b a l  c loud cover  
data .  This ccinf igurat ion w i l l  be u t i l i z e d  f o r  t h e  Weather Bureau funded 
o p e r a t i o n a l  s a t e l l i t e  syrtem, c a l l e d  Tim8 Opera t iona l  S a t e l l i t e  (TOS) System. 

E f f o r t s  are underway to  develop f l i g h t  hardware for improvements to  the  
TOS system, t.o improve r e l i a b i l i t y  and extend subsystems and component l i f e  
and to meet aiperat ional  d a t a  requirements. 

The t e n t h  and e l even th  Tiros s p a c e c r a f t  w i l l  be u t i l i z e d  to provide  
r e sea rch  and development d a t a  f o r  advanced meteoro logica l  satell i te s y s t e m s  
deve l o p e n  t . 

The t e n t ?  and e l even th  s p a c e c r a f t  are scheduled t o  be launched dur ing  
1966 i n t o  a IiLghly e c c e n t r i c  o r b i t  w i th  apogee a t  approximately synchronous 
a l t f t u d e .  
s e l e c t e d  geolg ralphical areas f o r  pe r iods  of approximately t h r e e  hours. 

Tha s p a c e c r a f t  w i l l  be a b l e  t o  view the  f u l l  d i s c  of t he  Ear th  and 

The Off ice of Space Sc ience  and Appl ica t ions ,  NASA Headquarters ,  .It8 
respons ib le  f o r  t he  overall management of the T i r o s  pro jec t .  
f o r  p r o j e c t  am,mnlsggement is ass igned  to Goddard Space F l i g h t  Center. 
c o n t r a c t o r  i t ;  the  Ast ro-Elec t ronics  Div is ion  of RCA, 

Responsdbi l l ty  
The major 

The FY 11'96.3 and p r t o r  years funding f o r  t h e  c u r r e n t l y  approved 111:flight 
program inc lud ing  launch v e h i c l e s  amounted to  $35.1 mil l ion.  
fund8 were used to complete funding of the e i g h t h  a p a c e c r a f t  and f o r  p r t i a l  
funding of t h r e e  a d d i t i o n a l  s p a c e c r a f t  (I, K, and L) and related ground 
equipment, and ope,ration8. 
incremental  IEmding fo r :  (1) t h e  Ti roa  I, K, and L s p a c e c r a f t  and related 
ground e q u i p w n t ;  (2)  ground o p e r a t i o n  to suppor t  T i r o s  VI1 and VI11 1i.n o r b i t  
and Tiros I; and (3)  improvemntr  to the  TOS system. 

The FY 11.964 

The FY 1965 funds are to  be u t i l i z e d  f o r  t h e  

FY 1966 funds w i l l  be used to complete funding f o r  the K and L space- 
c r a f t  and rels t led ground equipment, f o r  ground suppor t  f o r  Tiros I ant1 K, 
and f o r  contLnu'ed e f f o r t  i n  t h e  I D S  improvement program, Funding r equ i r e -  
ments f o r  FY 1967 and to completion are es t ima ted  to be $10.2 mil l ion , ,  

1966 
->- 

1964 1965 

Spacecraf t. .. . . . . . . . . . . . . . . . . . . . $8,700,000 $10,8~~)0,000 
Experiments................~...o.. -0-  4,100,000 6,700,000 
Ground ope I a t  ions  and support.. . . . 4 7,500,000 3,200,000 5,200,000 

$34,173,000 

Total. Spacecxaft  and Support.... $41,673,000 $16,000,000 $22,700,000 
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1964 1965 1966 
-I- 

Thor-Agena (Launch Vehicle 
Procuremerit Program). . . . . . . . . . . . (3  ,S16,000) (6,358,000) (s .OOO) 

The overcill. p r o j e c t  o b j e c t l v e s  of Nimbus are to provide senso r  and rub- 
system tes t ing:  of equipment p r i o r  to i n c l u s i o n  i n  pro to type  o p e r a t i o n a l  sys-  
tems and to  pwovide d a t a  for atmospheric research.  Data ob ta ined  are made 
a v a i l a b l e  for meteorological r e s e a r c h  and o p e r a t i o n a l  u se  to the Weather 
Bureau and other domestic and f o r e i g n  w e a t h e r  services. 
of Nimbua a r e  to conduct experimentat ion leading  to obtaining:  (1) f u l l  g l o b a l  
daytime cloud1 cover d a t a ;  (2 )  daytime cloud cover  d a t a  for local u s e r s ;  (3) 
i n f r a r e d  meastiranento of the n i g h t  t i m e  c loud cover; and (4) obse rva t ion  of 
PretSUm, temperature, wind and water vapor a t  several a l t i t u d e s  over t h e  
e n t i r e  globe. The N i m b u s  s p a c e c r a f t  is larger than T i r o s  or TOS and is 
o r i e n t e d  to W.ew t h e  e a r t h  a t  a l l  times. Nimbus provides  a b a s i c  satellite 
system f o r  t e o t i n g  a v a r i e t y  of subsystems, s e n s o r s  and meteorological ex- 
periments. 1lre Nimbus I s p a c e c r a f t  w a s  s u c c e s s f u l l y  launched August 28, 1964. 
Due to  a short second burn of the tlgena B veh ic l e ,  the o r b i t  achieved was much 
more e l l i p t i c x i 1  than desired.  A l l  systems opera ted  and the s e n s o r s  provided 
e x c e l l e n t  dat:a 1:hraughout the  one month active l i fe  of the spacecraf t .  A 
f a i l u r e  i n  t tw solar a r r a y  d r i v e  mechanism te rmina ted  u s e f u l  operation. 
Three cloud pitclnrre-taking experlments  were flown. These inc luded  t h r e e  
v id icon  cameras f o r  g loba l  daytime cloud cover  da t a ,  a high r e s o l u t i o n  i n f r a -  
red radiometer  4:HRIR) for g l o b a l  n i g h t  time cloud cover d a t a ,  and t h e  auto- 
matic p i c t u r e  t ransmiss ion  (APT) system f o r  d i r e c t  t ransmiss ion  of recil-time 
d a y l i g h t  clout1 <:over p i c t u r e s  to small local w e a t h e r  s t a t ions .  The cameras 
tested have been s e l e c t e d  for o p e r a t i o n a l  s y s t e r  use,  and methods of adapt ing  
the  RRIR to  cqwirational epacecraf  t are being inves t iga ted .  

S p e c i f i c  o b j e c t l v e s  

Nimbus C:, ocheduled f o r  launch i n  1966, w i l l  weigh about 900 pounids and 
w i l l  be a n  inqmved ve r s ion  of the N i m b u s  I spacecraf t .  Modificationel w i l l  
be made to scBLair a r r a y  d r i v e  mechanirms and a Thrust-Augmented Thor-Ag,ena B 
v e h i c l e  w i l l  1~ used to provide  the a d d i t i o n a l  t h r u s t  to l i f t  the s p a c e c r a f t  
i n t o  the plarineci c i r c u l a r  polar o r b i t .  
a d d i t i o n a l  gl.oba1 re sea rch  d a t a  from the  HRIR and v id icon  camera; (2) acquire 
a d d i t i o n a l  l i f e t i m e  d a t a  on sensors i n  o r b i t ;  (3)  provide d i r ec t  t ransmiss ion  of 
real-time d a y l i g h t  c loud cover  p i c t u r e s  t o  local weather s t a t i o n s ;  ( 4 )  i n i t i -  

ate experimerriaition wi th  n i g h t  time direct  local readout  of HRIR d a t a  through 
nPT ground s t t r t~ tons ;  and ( 5 )  provide unique d a t a  from the d i g i t a l  medium 
r e s o l u t i o n  in:Ertrred radiometer  ( M R I R ) ,  The MRIR experiment trill p e r m i t  a f u l l  
g loba l  study of the e a r t h ’ s  h e a t  balance,  and r e p r e s e n t s  one of the  milst 
s i g n i f i c a n t  awteoro logica l  experiments  so f a r  undertaken. 

This s p a c e c r a f t  w i l l :  ( 1 )  p m v i d e  

The curr:cent Nimbuo program inc ludes  the  development of two a d d i t i o n a l  
s p a c e c r a f t  (Plimbus Band D)  which are scheduled f o r  launch i n  1967 and 1968, 

RD 10-6 



r e spec t ive ly ,  T'his r e p r e s e n t s  a cont inuing  e f f o r t  to develop and test  space 
meteorological  observatories having adequate  power, s t a b i l i z a t i o n  accuracy,  
and f l e x i b i l i t y  to accommodate a v a r i e t y  of experiments ,  many of which w i l l  
be even tua l ly  splplicable t o  the o p e r a t i o n a l  programs. The developmentrtl 
hardware and ! t d t n i q u e s  include:  (1) experiments  for atmospheric r e sea rch  
such as an  In ' terEeraneter  and the  Weather Bureau spectrometer; (2 )  provis ion  
f o r  the on-board record ing  of o p e r a t i o n a l  APT cloud cover  d a t a ;  (3 )  the' 
i n i t i a l  exper:iimeintation of a satell i te i n t e r r o g a t i o n ,  recording and l o c a t i n g  
subsystem (IRLS) ; and (4) a 5 0 - w a t t  r ad io i so tope  the rmoe lec t r i c  g e n e r a t o r  
(RTG) which w i l l  demonstrate t he  f e a s i b i l i t y  of long l i f e  power s u p p l i e s  f o r  
meteorological  satellites. 

The Off i c e  of Space Science and Applicat lono,  NASA Headquarters,  is 
r e s p o n s i b i l e  f w  the  o v e r a l l  management of t he  N i m b u s  p ro jec t .  
b i l i t y  f o r  p r o j e c t  management is ass igned  to the  Goddard Space F l i g h t  Center. 
The major c o n t r a c t o r s  are General Electric f o r  i n t e g r a t i o n  and t e a t  of the 
s p a c e c r a f t  and f o r  the c o n t r o l s  subsystems, and t h e  Radio Corporat ion of 
America f o r  c~umera subsystems. 

Responhii- 

FY 1963 ( a n d  p r i o r  y e a r s  funding inc luding  launch v e h i c l e s  amounted to 
$60.7 mill ion, ,  
s p a c e c r a f t n  pipwide f o r  r e l a t e d  ground o p e r a t i o n s  and suppor t ,  and to i n i t i -  
ate mod1ficat:Lmrs of  the  c o n t r o l s  f o r  the Nimbus B spacecraf t .  FY 1961; 
funds are bein,g u t i l i zed  to  complete t h e  N i m b u s  C s p a c e c r a f t ,  increment:al 
funding of the  N i m b u s  B s p a c e c r a f t ,  and experiments  and r e l a t e d  ground 
ope ra t ions  and support. 
launch, and ground o p e r a t i o n s  f o r  Nimbus C, incremental  funding to cont inue 
the Nimbus B ispacecraf t, experiments ,  ground ope ra t ions ,  and suppor t  e f f o r t s ,  
and i n i t i a t e  development of the N i m b u s  D s p a c e c r a f t  and experiments.  

The FY 1964 funds  w e r e  u t i l i z e d  to complete the  N i m b u s  I 

FY 1966 funds are requ i r ed  f o r  f i n a l  p repa ra t ion ,  

Funding r,equirements f o r  FY 1967 to completion, through the "D" apace- 
c r a f t  and XncL,ddLng launch v e h i c l e  costs are es t ima ted  to  be $22.2 mil1l.ion. 

He teorological Sounding Rock ts 

19b6 -- 1964 1965 

Large me teo~mlogical sounding 
rocke t  prcsject. . . . . . . . . . .. . . . . . 

Development of small meteorologf- 
$1,8Oo,OOO $1,920,000 $1,900,000 

ca 1 sounding rocke t  sys tern.. . . . 444,000 420,000 5M:) ,000 
60,000 -,& 

60C:) 000 F i e  Id expe r:i meint support.. . . . . . . . . I)-- 

Total .  . , , 0.. . . . . . . . . 92,244,000 $2,400,000 $3,000,000 -- 
The o b j e c t i v e s  of t he  Large Meteorological  Sounding Rocket p r o j e c t  are 

to  develop and improve s e n s o r s  and techniques f o r  measuring the  ba8ic  
meteorological  parameters  i n  the  reg ion  40 to 60 m i l e s  above the  e a r t h  and 
the  exp lo ra t ion  of the  S t N C t U r e  and behavior  of the atmosphere in thir, 
region. Launchings from sites a t  several d i f f e r e n t  l a t i t u d e s  provide  d a t a  
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concerning t h e  mignitude and e x t e n t  of the  dynamic and thermodynamic va.ria- 
t i o n s  of the  er!:wspheric p r o p e r t i e s  i n  the upper s t r a t o s p h e r e  and mesosphere. 

The o b j e c t i v e  of the Small b t e o r o l o g i c a l  Sounding Rocket p r o j e c t  is  to 
develop a rellLcib:Le, s impl i f i ed ,  s e l f - s u f f i c i e n t  sounding rocket system 
( r o c k e t  vehiclliz., s enso r s ,  and data a c q u i s i t i o n )  which w i l l  provide a c e p a b i l i -  
t y  f o r  r o u t i n e  measurements of the basic meteorological parameters  i n  the  20 
to  40 m i l e  regLon of the atmosphere. 

F i e l d  experiment suppor t  p rovides  for conduct ing sounding rocket experi- 
ments i n  cooperation w i t h  other count r ies .  Through t h i s  suppor t ,  d a t a  u s e f u l  
to NASA are olbtained ove r  t h e  territories of coopera t ing  f o r e i g n  c o u n t r i e s  on 
a cos t - shar ing  b a s i s ,  involv ing  no exchange of funds. Thus, NASA may riupply 
rocke t s  and t r a i n i n g  while  the  f o r e i g n  agency f u r n i s h e s  the payloads aird 
launching f a c i l i t i e s .  

The Of f i ce  of Space Science and Appl ica t ions ,  NASA Headquarters, is 
respons ib le  f o r  the  o v e r a l l  management of t he  Meteorological Sounding Rockets 
pro jec t .  Re rpons ib i l i t y  for management of large sounding rocke t s  is ass igned  
to Goddard Space F l i g h t  Center  and r e s p o n s i b i l i t y  f o r  small sounding rockets 
is ass igned  t c  Langley Research Center. Xmplementation of f i e l d  experlment 
support  is asaigned to  Goddard Space F l i g h t  Center  and Wallops S t a t i o n .  

In FY 19613 and p r i o r  years, a to ta l  of $1.7 m i l l i o n  was u t i l i z e d  in  
l a rge  soundinf: rocke t s  and $0.2 m i l l i o n  i n  small sounding rockets .  
FY 1964, twenty-six large sounding rocke t s  w e r e  launched us ing  t h r e e  etcperi- 
merits: a c o u s t i c  grenade, p f t o t - s t a t i c  tube,  and sodim vapor. These launches 
provided meaaturements of the  atmosphere and i t 8  v a r i a t i o n  from the t r o p i c a l  
to s u b a r c t i c  r eg ions  and from season to season using launch sites a t  Wallops 
S t a t i o n ;  F t .  Church i l l ,  Canada; Ascension Is land;  and Kronogaard, Sweden. 
Also, about  1.00 small meteorological sounding r o c k e t s  w e r e  launched w i t h  
va r ious  types1 of senso r  payloads inc luding  new s e p a r a t i o n  and parachute  
recovery devicee.  During FY 1965, approximately f i f t y  large sounding rocke t  
launches are planned. The r e s u l t s  are expected to lead to the ref inement  of 
measurement techniques and provide  more ex tens ive  s c i e n t i f i c  data .  A I  so, 
fund6 are being u t i l i z e d  f o r  t he  purchase and f l i g h t  test of  about  1001 small 
sounding rocketis, p o s t  f l i g h t  ana lyses  and launch area s a f e t y  s t u d i e s ,  
FY 1966, funds  are r equ i r ed  to provide for launch of 45 to 50 l a r g e  scvnding 
rocke t s ,  launch of approximately 100 small  sounding rockets and payloads,  
improvement O E  rocket  systems, procurement of a d d i t i o n a l  ground equipment, 
and in i t ic r t io i i  of design and development e f f o r t  on an advanced system, 
funds are r equ i r ed  f o r  t he  development of f i e l d  experiment p r o j e c t s  j o i n t l y  
wi th  c o u n t r i e s  i n  South America, Europe, and A s i a  t o  s tudy  and observc! t he  
upper atmosp'hpre through the use  of small meteoro logica l  sounding roclcetso 

I n  

In 

Also, 
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RESEARCH AND DEVEUIPMEKT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF S P M Z  SCIENCE AND APPLICATIONS COMMUNICATION SATELLITES PROGUM 

PROGRAM OBJECZYIJIES AM) JUSTIFICATION: 

The o b j e c t i v e s  of t he  Coamunication S a t e l l i t e s  Program are to  a s s u r e  
t h a t  technology requi red  f o r  establishment of f u t u r e  communications s a t e l l i t e  
system8 is deve1.oped; to  s tudy  requirement8 f o r ,  and t e c h n i c a l l y  assess, the  
a p p l i c a b i l i t y  of satell i tes to the  f u t u r e  needs of coPaDunications systems; 
and to f u l f i l l .  NASA's r e s p o n s i b i l i t y  under t h e  Communications S a t e l l i t e  A c t  
of 1962. High frequency r ad io ,  used f o r  much of t he  p re sen t  world-wide 
conaaunicationlri iiystem, is  n o t  a r e l i a b l e  means of communication. 
n e i t h e r  h igh  frequency radio nor  t h e  c u r r e n t  submarine c a b l e s  can provide f o r  
t e l e v i s i o n  a n d  h igh  rpeed d a t a  transmission. Coomunications sa te l l i tes  o f f e r  
t h e  possibi1il :y of microwave carmunicat lon over  long d i s t a n c e s  by providing 
relay etationit; at  a l t i t u d e s  where they  can be viewed from widely d i s t a n t  
p o i n t s  on the Earth 's  surface.  Thus, they o f f e r  the p o t e n t i a l  f o r  providing 
a l l  types of telecommunication services on a world-wide basis.  

In  a d d i t i o n ,  

There are! growing demands f o r  a n  improved world-wide naviga t ion  rystem, 
and f o r  t r a f f : t c  c o n t r o l ,  s e a r c h  and rescue ,  and comaunication systems f o r  
a i r c r a f t  and cihips. S a t e l l i t e s  o f f e r  great p o t e n t i a l  i n  t h i s  area. NASA, 
working joint1.y wi th  f i v e  o t h e r  Government Agencies, w i l l  determine the  
e x i s t i n g  and es t imated  requirements ,  the coat e f f e c t i v e n e s s ,  and t h e  poten- 
t i a l  capabi1it :y of a satel l i te  system 

SUHMARY OF RESOURCES -- REQUIREHENTS: 

to meet these  

1964 

Supporting refiearch and technology. 

R e  lay. ..... I )  ........................ 
Syncom. .... ., ..................... 
Ear ly  g rav i  C:y g r a d i e n t  experiment.. 

Echo II....~~.~...o......,~o~ooooooo 

$1,637,000 
1,675,000 
2,590,000 
2,511,000 --- 

$8,413,000 

Di s t r i bu t i c z o f  Program Amount by I n s  ta 1 la t ion  : 

Goddard S,pac:e F l i g h t  Center...... $7,661,000 
Langley R.c!search Center. ......... 200,000 
NASA Headquarters. ............... 552,000 

f u t u r e  needs. 

1965 

$2,100 ,Ooo 
220,000 
525,000 
210,000 

5,000,000 

$8,055,000 

$1,415,000 
300,000 

6,340,000 

1966 -- 

$2,800,000 
-s 

$1,500,000 
300,000 

1 ,o 00 ,Ooo 



BASIS OF FUNCL&:QUIREMENTS: 

Supporting Research and Technology 

1966 
PI 

1964 1965 

Comrnunicationai. , . . . . . . . . . . . . . . , . . $1,587,000 $1,725,000 $2,1800,000 
400,000 N a v i g a t i o n . ~ . a a a a o a a a a ~ ~ ~ o ~ ~ ~ ~ ~ a ~ ~ ~  50,000 37 5,000 -, 

$ 1,637,000 $2,100,000 $2,500,000 - 
The support:ing r e s e a r c h  and technology e f f o r t s  have been concent ra ted  i n  

t h r e e  areas: advanced pass ive  and active communications s a t e l l i t e  concepts ;  
n a v i g a t i o n - t r a f f i c  coord ina t ion  system f e a s i b i l i t y ;  and experimentat ion on 
fundamental problems of e lec t romagnet ic  propagation, 

Although no a d d i t i o n a l  pass ive  comnunication satel l i te  launches are 
planned, a modest e f f o r t  on materials, s t r u c t u r e s ,  end e r e c t i o n  system 
development f a r  advanced pass ive  satel l i tes  is  underway and w i l l  cont inue  
during FY 19661. Explorat ion of pass ive  s a t e l l i t e  technology i s  being con- 
t inued  becausc such sa te l l i t es  have unl imi ted  m u l t i p l e  access and frequency 
response capabilities, i n h e r e n t  long l i f e  and h igh  r e l i a b i l i t y .  Material and 
s t r u c t u r e  devclctpment e f f o r t s  are d i r e c t e d  toward providing g r e a t l y  reduced 
weight and more e f f i c i e n t  l a r g e  r e f l e c t i n g  areas, S t u d i e s  are underway on 
g r a v i t y  g rad ic  n t  s t a b i l i z e d  l e n t i c u l a r  s t r u c t u r e s  and on t h e  p o s s i b l e  u t i l i -  
z a t i o n  of so1e.r pressure  fo r  s a t e l l i t e  per iod  c o n t r o l ,  Erec t ion  systeims are 
being s t u d i e d  whiich u t i l i z e  t h e  memory c h a r a c t e r i s t i c s  of c e r t a i n  materials 
as a means of r e l i a b l y  deploying and e r e c t i n g  l i g h t w e i g h t  s t r u c t u r e s  i n  t h e  
space environnien t. 

1nvest ige. t ion e f f o r t  w i l l  con t inue  i n  FY 1966 on a c t i v e  sa te l l i t e  systems 
capable  of l ir tking te rmina ls  of g r e a t l y  reduced s i z e  and cost, making poss ib le  
comunica t ions  w i t h  over-ocean a i r c r a f t ,  s h i p s  a t  sea, and small emergency 
land s t a t i o n s ,  Beginning i n  FY 1965 and cont inuing  i n  FY 1966, i n v e s t i g a t i o n s  
and experimental  design e f f o r t s  w i l l  be pursued on Time-Division Multilplex 
(TDM) systems. Recent s t u d i e s  i n d i c a t e  that TDM o f f e r s  t h e  greatest  piotential  
i n  m u l t i p l e  a c c e s s  communications w i t h  mixed and s m a l l  s ize mobile terininals. 

Navigaticln t r a f f i c  c o o r d i n a t i o n  satel l i te  system f e a s i b i l i t y  s t u d i e s  
funded i n  p r i e r  y e a r s  c l e a r l y  i n d i c a t e d  t h a t  satellites could assist over- 
ocean a i r c r a f t  and s h i p s  a t  sea to o b t a i n  more p r e c i s e  p o s i t i o n  i n f o m , a t i o n  
under a l l  weather  c o n d i t i o n s ,  and could a i d  air-sea t r a f f i c  c o n t r o l ,  aiqd 
coord ina t ion  of emergency rescue  opera t ionso  
w a s  made involving t h e  Departments of Commerce, Defense, I n t e r i o r ,  and 
Treasury,  t he  FAA and NASA, whereby 
Committee (JNSC) w a s  e s t a b l i s h e d  to  determine and eva lua te  e x i s t i n g  and f u t u r e  
agency requirements ,  analyze and compare v a r i o u s  navigat ion-  t r a f  f i c  coordina-  
t i o n  systems ( inc luding  satel l i tes) ,  and recommend a n a t i o n a l  program plan 
which w i l l  set f o r t h  t h e  r e q u i r e d  f u t u r e  effort. In FY 1966, s t u d i e s  I d i l l  be 

As a r e s u l t ,  a formal agreement 

an ad hoc J o i n t  Navigation SatellLte 
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conducted i n  t h e  navigat ion-  t r a f  f i c  c o n t r o l  area to determine t h e  tecbnology 
needed t o  meet: n a t i o n a l  program o b j e c t i v e s ,  and i n v e s t i g a t i o n s  w i l l  be con- 
t inued  on promising p o s i t i o n - f i x i n g  techniques  u t i l i z i n g  e x i s t i n g  NASA satel- 
l i t e s  and gra'undl f a c i l l t i e s .  

Fu r the r  advances i n  h igher  power communications satell i tes are foreseen. 
These sate1l i t .e~ would be capable  of broadcas t ing  e i t h e r  vo ice  or t e l e v i s i o n  
d i r e c t l y  to  cclnventional home F M  r a d i o  or t e l e v i s i o n  r e c e i v e r s  of e n t i r e  popu- 
l a t ions .  In  EY 1965, mission f e a s i b i l i t y  s t u d i e s  w i l l  be i n i t i a t e d  on d i r e c t  
broadcast  s a t e l l i t e s  capable  of broadcast ing voice  to FM home r a d i o s ,  and ad- 
vanced mission s t u d i e s  on TV broadcas t  sa te l l i tes  w i l l  fo l low i n  FY 19166. 

In  t h e  rneasu.rements area, i n v e s t i g a t i o n s  i n i t i a t e d  on the  e f f e c t  (of 
s c a t t e r i n g  of  e lec t romagnet ic  waves by l o c a l i z e d  weather  c o n d i t i o n s  art? 
near ing  completion. The r e s u l t s  have made important  c o n t r i b u t i o n s  to the 
I n t e r n a t i o n a l  Telecommunications Union Conference on Space Connnunications, 
Techniques have been developed f o r  measuring r a d i o  r e f l e c t i v i t y  charac te rLs-  
t ics  of l a r g e  i n f l a t a b l e  s t r u c t u r e s  on the ground 60 t h a t  t h e i r  p o t e n t i a l  use- 
f u l n e s s  i n  space can be predicted.  In  FY 1966, t hese  techniques w i l l  1k used 
to make measurements on small segments of  new and improved pass ive  satel l i te  
materials and s t r u c t u r e s  and on advanced antenna des igns  to  determine Itheir 
c h a r a c t e r i s t i c s .  

Echo 11 

1964 

~~a~ecraf~.~.~~~.,~..~~..~~..~..~.. $660,000 
Ground o p e r a t i o n s  and support....., 1,015,000 

Total Spacecraf t  and Support..... $1,675,000 

Thor-Agena (La:unch Vehicle  
Procurement Program)..,..,.....,. (805,000) 

1965 

-a- 

$220,000 

$220,000 

($220,000) 

1966 
-I- 

o-.. --- - 

The Echo 11 p r o j e c t  cons i s t ed  of des ign ,  development, launch and cvalu- 
a t i o n  of a 1315 f o o t  l a r g e  i n f l a t a b l e  pass ive  c o m u n i c a t i o n  satellite. Other  
than a l o w  l e w l  e f f o r t  i n  experiments  on Echo 11, t h e  project was completed 
i n  FY 1964. IW 1963 and p r i o r  yea r  funding, inc luding  launch vehicles! , ,  amounted 
t o  $15.1 mil1:Lon. 
communications experiments and d a t a  analysis. 

FY 1965 funds are be ing  u t i l i z e d  t o  support  pos t  launch 
No funds for FY 1966 arc  requi red .  
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Relay 

It 966 - 1964 1965 

Spacecraft. . . . .0. .00000.~.0~~.. . . . .  
Ground ope ra t ions  and support...... 

$130,000 
2,460,000 

9 2,590,000 

"-- 
$525.000 

9 525,000 

$:l,OO ,000 

P r o j e c t  Relay cons i s t ed  of t h e  des ign ,  development, launch, and cwalu- 
a t i o n  of t w o  in te rmedia te  a l t i t u d e  a c t i v e  communication satellites. Th i s  
p r o j e c t  demonstrated t h e  c a p a b i l i t y  to  r e l i a b l y  and economically perfiorm 
narrowband and wideband c m u n i c a t i o n s ,  inc luding  telephone, d i g i t a l  tiata and 
TV demonstrat ions,  between widely separa ted  ground stations f o r  long pe r iods  
of t ime.  In addi t ion ,  Relay satel l i tes  are equipped to measure levelri  of 
r a d i a t i o n  i n  the space environment and t h e  e f f e c t s  of r a d i a t i o n  on ce i - ta in  
c r i  t ica 1 conp~~ncmts.  

Relay I was s u c c e s s f u l l y  launched i n  December 1962, and Relay I1 i n  
January 1964,, 
i n  t h e  U. S o : ,  Europe, Japan, and Brazil. 

Ground s t a t i o n s  p a r t i c i p a t i n g  i n  Relay experiments  w e r e  located 

The O f f i c e  of Space Science and Appl ica t ions  is respons ib le  f o r  o v e r a l l  
management. 
Space F l i g h t  Center. 
f o r  s p a c e c r a f t  development; Space Technology Laboratories f o r  sate1lit.e pre-  
l iminary  desl-gn, systems coord ina t ion  and planning,  tes t  s t a t i o n  opere1 t i o n ,  
and experimeri t a l  review and a n a l y s i s ;  P h i l c o  Corporat ion for  West Coat, t ground 
s t a t i o n ;  Amer Lccin Telephone and Telegraph, and I n t e r n a t i o n a l  Telephone and 
Telegraph for ground s t a t i o n  operat ion.  

l i e i ~ p o n s i b i l i t y  f o r  p r o j e c t  management is ass igned  to Codcllard 
The major c o n t r a c t o r s  were Radio Corporat ion of America 

The FY 1.963 and prfor y e a r s  funding fo r  the  t w o  launches inc luding  
launch v e h i c 1 . e ~  amounted to $37.4 mfllion. 
ground station ope ra t iona l  suppor t ,  spa re  p a r t s ,  and data r educ t ion  and 
ana lys i s .  FY 1966 funds  are requ i r ed  for cont inued d a t a  reduct ion  and 
ana lys i s .  Suilmequent f i s c a l  y e a r  funding requirements  w i l l  be minim1 and 
determined by t h e  u t i l i t y  and l i f e t i m e  of t h e  t w o  sa te l l i tes  i n  orbi t .  

FY 1965 funds are being Usied f o r  

Syncom 

1964 

Spacecraft., , .  ,..................... $725,000 
Ground ope ra t ion  and support .  ...... 1,786,000 

T o t a l  Spacec ra f t  and Support..... $2,511,000 

Delta (Launch Vehicle 
Procurement Program). ............ (3,201,000) 

To ta  1 ( i n  c: lctding launch v e h i c l e s  1 ($5,7 12,000) 

1966 
-I 

1965 

$50,000 --- 
160,000 $100,000 - 

$2 10,000 $100,000 

761-133 0-65-15 
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P r o j e c t  !3ynccom c o n s i s t e d  of  t h e  des ign ,  development, launch, and evalu- 
Th i s  p r o j e c t  a t i o n  of synchronous a l t i t u d e  active communication satellites. 

demonstrated t h e  c a p a b i l i t y  of r e l i a b l y  and economically performing cmmuni- 
c a t i o n s  exper:tinei?ts from synchronous o r b i t s  inc luding  te legraph ,  d i g i t d  d a t a  
and TV demonst: ra  t ions.  

Three Syncom s p a c e c r a f t  have been launched: Syncom I i n  February 1963 
w a s  unsuccessfu l ;  Syncom 11 i n  J u l y  1963 w a s  success fu l  i n  achiev ing  the  
d e s i r e d  inc l i i i ed  synchronous o r b i t ;  and Syncom 111 w a s  s u c c e s s f u l l y  latinched 
i n t o  an e q u a t o r i a l  synchronous ( s t a t i o n a r y )  o r b i t .  Syncoms 11 and 111 con- 
t i nue  to  funct:Lon s a t i s f a c t o r i l y .  

The O f f i c e  of Space Science and Appl ica t ions ,  NASA Headquarters,  is 
r e spons ib l e  fo.r overall management. R e s p o n s i b i l i t y  f o r  p r o j e c t  managenlent i s  
ass igned  to Goddard Space F l i g h t  Center. 
p r o j e c t  are Hughes Aircraft Company f o r  s p a c e c r a f t  development and tel,.emetry 
and command equipewnt, and Space Technology Labora to r i e s  f o r  range and range- 
rate equipment, 

The major c o n t r a c t o r s  f o r  the: Syncom 

The FY 1963 and p r i o r  y e a r s  fundings  f o r  t h i s  3 f l i g h t  program ine luding  
launch vehic1a:a csmounted to $25.4 mi l l ion .  
ground s t a t i o n  l o g i s t i c s  suppor t  and maintenance; o p e r a t i o n a l  suppor t ;  and 
d a t a  reduct ion  and ana lys i s .  
to t h e  e l i m i n a t i o n  of a f o u r t h  Syncom f l i g h t  end due to t r a n s f e r  of opeIration- 
a1 suppor t  of !;yncom 11 and Syncom 111 to t h e  Department of Defense (DOID) i n  
1965. FY 1960 funds  are requ i r ed  f o r  cont inued d a t a  reduct ion  and ana lys i s .  
Subsequent f iscall  y e a r  funding requirements  w i l l  be minimal and de  terml ned by 
the  u t i l i t y  and ] l i fe t ime of t h e  t w o  satellites i n  orbit. 

FY 1965 funds  are being used f o r  

A reduct ion  i n  the  FY 1965 funding was made due 

E a r l y  Gravi ty  Gradient  Experiment 

1964 1965 151166 
-,- 

Spacecraf to m a  rn 0 0 0 s 0 0 0 0 --- $5,000,000 *"I 

The Ear ly  Gravi ty  Gradient  p r o j e c t  c o n s i s t s  of the  des ign ,  development, 
and f l i g h t  t e s t i n g  of a g r a v i t y  g r a d i e n t  s t a b i l i z a t i o n  system. The primary 
o b j e c t i v e  of t l r io  e f f o r t  is to demonstrate a g r a v i t y  g r a d i e n t  s t a b i l i z e . t i o n  
subsystem i n  atrpport of t h e  advanced Defense Comuunicaticm Satell i te Program 
i n  the  n e a r  synchronous a l t i t u d e  reg ion ,  provide  d a t a  to suppor t  the  s e l e c t i o n  
of des ign  p a r m e t e r s ,  and assess the  f e a s i b i l i t y  of g r a v i t y  g r a d i e n t  s t ab i l i -  
z a t i o n  f o r  adwinced space systems, 

NASA and I)OI) en te red  i n t o  an agreement whereby t h e  A i r  Force Space 
Systems Commaricl w i l l  be r e spons ib l e  f o r  t he  procurement of f l i g h t  hardblare, 
and w i € l  f l i g h t  test  t h e  g r a v i t y  g r a d i e n t  system as an i n t e g r a l  p a r t  of the  
i n i t i a l  Defense Cbmmunications S a t e l l i t e  f l i g h t s .  NASA w i l l  cont inue  t o  moni- 
tor  t h i s  e f for t :  aind provide t e c h n i c a l  a s s i s t a n c e  to the A i r  Force,  FY 1965 
funds of $5,OOlO,C)OO w i l l  be made a v a i l a b l e  to  the A i r  Force to cover  the costs 
of the  spacecrtift:. No FY 1966 funds  are requ i r ed  f o r  t h i s  p ro jec t .  

A f l i g h t  tes t  i s  scheduled f o r  t h e  second q u a r t e r  of 1966. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF SPA% SCIENCE AND APPLICATIONS APPLICATIONS TECHNOLOGY SA'YELLITES 

PROGRAM OBJECZJES AND JUSTIFICATION : 
PROGRAM 

The t i t t ?  of t h i s  program has  been changed s i n c e  the  FY 1965 budtket from 
Advanced Technological S a t e l l i t e s  t o  Appl ica t ions  Technology S a t e l l i t e s .  The 
o b j e c t i v e s  hoaever remain the  same. These o b j e c t i v e s  are: (1) t o  deirelop 
spacec ra f t  t e  3hiiology p a r t i c u l a r l y  s u i t e d  f o r  space a p p l i c a t i o n s ,  (2) t o  
provide c a p a b i l i t y  f o r  experimental  t e s t i n g  of techniques and devices  from 
va r ious  engixwe r ing and technologica l  d i s c i p l i n e s  i n  t h e  space enviroriment , 
p a r t i c u l a r l y  in  the  h igher  a l t i t u d e  o r b i t s ,  and (3) t o  provide b a s i c  techno- 
l o g i c a l  arid : ; - i e n t i f i c  d a t a  on g r a v i t y  g rad ien t  s t a b i l i z a t i o n  i n  a 6,1100 
m i l e  orbit: which may be ex t r apo la t ed  t o  the  more d i f f i c u l t  synchronous o r b i t s .  
There i s  a need i n  t h e  Department of  Defense and i n  t h e  Nat iona l  Aeronaut ics  
and Space Adrninist:ration f o r  improved spacec ra f t  technology i n  the  arc as of 
s t a b i l i z a t i o n ,  o r i e n t a t i o n ,  and s t a t i o n  keeping i n  t h e  synchronous o r t l i t .  
There i s  a requ irement f o r  ob ta in ing  engineer ing  d a t a  on t h e  s t a t i o n a l  y o r b i t  
( e q u a t o r i a l  :; qnchronous o r b i t )  f o r  use  i n  designing systems f o r  t h a t  c l i sc re te  
o r b i t  wi th  i t : ;  unique f e a t u r e s  and a l s o  a requirement i n  both the  Department 
of Defense and the  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  f o r  t a s i c  
information t.o val i d a t e  t h e o r e t i c a l  concepts  of t h e  phys ica l  parameter s 
e f f e c t i n g  gra . i i ty  g rad ien t  s t a b i l i z a t i o n .  This  in format ion  i s  r equ i r ed  i n  
such d e t a i l  :is t o  be amenable t o  e x t r a p o l a t i o n  t o  o t h e r  a l t i t u d e s  and be 
conve r t ib l e  t:o engineer ing  handbook type d a t a  f o r  u se  i n  systems design.  
It i s  the purpo:;e of t he  Appl ica t ions  Technology S a t e l l i t e s  program t c  
meet these  requ;irements. 

SUMMARY OF RE2;OIJRCES REQUIREMENTS : 

1964 1965 1966 

Supporting research  

Application:;  t:echnology 
and techcwlogy. ................. $2,162,000 $1,700,000 $2,000,000 

satel l i te : ; . .  .................... 15,377,000 21,695,000 26,700,000 

T o t a l . . . .  ....................... $17,539,000 $23,395,000 $28,700,000 

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

Goddard Space F l i g h t  C e n t e r . . . . .  $16,478,000 $22,699,000 $28,182,000 
J e t  Propuls ion Laboratory ....... 1,061,000 396,000 518,000 
NASA Head c,ua.r t e r  s ............... --- 300,000 - - -  
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BASIS OF FUNDREQUIREMENTS : 

Supporting Research and Technology 

1964 1965 . - 1966 
Spacecraft paarts and subsystem 
elements.... ....................... $976,000 $750,000 $1:,000,000 

Control.... .......................... 1,011,000 650,000 400,000 
Wave propagation .................... 175,000 300,000 - 600,000 
Total. .............................. $2,162,000 $1,700,000 $2,, 000,000 - 
The objective of the Applications Technology Satellites Support~ng 

research and technology is to sponsor a continuing effort of spacecraft com- 
ponent and materials investigations and development; advanced instrurientatiorl, 
stabilization and control systems development; technology experiment feasi- 
bility arid tl2sign; and advanced system studies. 
by various :iIdust:rial companies, universities and NASA Installations. 

The work is being pcirformed 

Spacecraft Parts and Subsystem Elements 

In FY 1.066 development efforts currently underway on advanced space- 
craft comporumts and materials will be continued. The effort to investigate 
multiple betun forming, electronically steerable, spacecraft antenna alrray 
techniques previously initiated has begun to yield very promising results. 
In FY 1966, .aboratory models of the most promising arrays will be developed 
for experimental purposes to determine their potential for space applications 
such as: mi;.tiple access communications with small mobile terminals, and 
direct broadcast satellites. Efforts will also be continued on millimeter- 
wave component investigation and development for higher frequency communi- 
cations system;. 

Control 

In the spalcecraft controls area, passively damped gravity-gradient 
stabilization a.ttitude control system parametric studies have been rigorously 
pursued in prior fiscal years. These efforts have provided the basis for 
conceptual designs of satellites in intermediate altitude and synchronous 
orbits. In fiscal years 1964-1965, development efforts were initiated on 
stabilization components, such as passive dampers, extendable booms aind 
boom deployment mechanisms, and on associated instrumentation required to 
determine the attitude of a gravity gradient stabilized spacecraft. Kfforts 
will be continued in FY 1966 to optimize designs and assess the performance 
of improved stabilization components. These efforts directly support the 
flight project. 



I n  FY 1965, mission f e a s i b i l i t y  s t u d i e s  w e r e  i n i t i a t e d  in-house on 
advanced a p p l i c a t i o n s  technology sa te l l i t e  concepts .  This  e f f o r t  w i l l  be 
augmented w i t h  c o n t r a c t u a l  support .  The s tudy  e f f o r t s  a r e  d i r e c t e d  toward 
a long- l ived ,  f u l l y  s t a b i l i z e d  s p a c e c r a f t  having a l a r g e  space e r e c t  i b l e  
antenna which can be pointed p r e c i s e l y  t o  s e l e c t e d  geographic areas '3n e a r t h .  
Act ive s t a b i l i z a t i o n  c o n t r o l  systems, as w e l l  as hybrid g r a v i t y  g rad ien t  
systems ,will be considered.  Technology requirements  and optimum approaches 
w i l l  be determined i n  these  s t u d i e s .  

Wave Propagat ion 

I n  the  n i l l i m e t e r  wave propagat ion and technology experiment areas, 
f e a s i b i l i t y  design s t u d i e s  are being pursued. 
continued on t he  design and pre l iminary  development of  a spaceborne r i i l l i -  
meter propagstiori  experiment f o r  ATS. The frequency range,  10 t o  1O(l  
Gigacycles  pe r  second (Gc/s, equal  t o  a b i l l i o n  cyc le s  pe r  second) ,  j s  
of g r e a t  int:erest  because t h e  lower frequency bands are very  crowded as 
compared wit11 .Erequency bands of 10 t o  100 Gc/s. However, l i t t l e  i s  known the  
propagat ion amomalies i n  t h i s  frequency range.  

I n  FY 1966, e f f o r t  w i i . 1  be 

App l i ca t ions  Technology S a t e l l i t e s  

1964 1965 - 

Spacecraf t  ...................... $9,832,000 $18,831,000 
Operat ionis1 support .  ........... 5,545,000 2,864,000 

T o t a l  Spsccxraf t  and Support .  $15,377,000 $21,695,000 

A t l a s  Ager1.s (Launch Vehicle  
Pro c ti r ern1 3 n 1: I' r o g r am) ......... (---) (3,057,000) 

Total. (liiic:Lucling launch 
vehic1.e) ................... ($1 5,37 7,000) ($24,7 52,000) 

1.966 -- 
$24 ,:.oo,ooo 

2,000,000 

$26, ;'OO ,000 

($40,400,000) 

The o b j e c t i v e s  of t he  Appl ica t ions  Technology S a t e l l i t e  p r o j e c t  are (1)  
t o  des ign ,  develop, f l i g h t  t e s t ,  and eva lua te  a spacec ra f t  capable  of per -  
forming c:omniim:ications, meteoro logica l ,  g r a v i t y  g rad ien t  s t a b i l i z a t i c n ,  
s c i e n t i f i . c  and o t h e r  technologica l  experiments i n  a 6,500 m i l e  c i r c u l a r  
o r b i t ,  (i!) t:o perform communications, meteoro logica l ,  s c i e n t i f i c  and o t h e r  
technologica:. experiments u t i l i z i n g  a s p i n  s t a b i l i z e d  s p a c e c r a f t  i n  synchro- 
nous o r b i t ,  iintl (3) t o  perform communications, meteoro logica l ,  s c i e n t i f i c  
and o t h e r  technologica l  experiments u t i l i z i n g  g r a v i t y  g r a d i e n t  s t a b i l i z e d  
s a t e l l i t e s  i m  synchronous o r b i t .  The b a s i c  spacec ra f t  w i l l  weigh about 
650 pounds, Five launches a r e  scheduled -- one f l i g h t  planned for 1966 i n  
t h e  6,500 m i l e  c i r c u l a r  o r b i t  p r i m a r i l y  t o  eva lua te  t h e  g r a v i t y  g rad ien t  
s t a b i l i z a t i c r i  system; two f l i g h t s  scheduled f o r  1967 i n  t h e  synchronous 
o r b i t  u t i l i z i n g ;  s p i n  s t a b i l i z e d  sa te l l i t es ;  and two f l i g h t s  scheduled f o r  
1968 i n  synctirclnous o r b i t  usi.ng g r a v i t y  g rad ien t  s t a b i l i z e d  spacec:raf t .  
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Office o E  !;pace Science and Applications, NASA Headquarters is rcispon- 
sible for O V ~  r-iall- management. Responsibility for project management is 
assigned to Goddard Space Flight: Center. 
Aircraft Compmy for spacecraft development, and General Electric Corporation 
for gravity gradient stabilization system development. 

The major contractors are Hughes 

Funding €01: this project commenced in FY 1964. FY 1965 funds arc being 
utilized for -3a:ctial funding for spacecraft and the gravity gradient :,ystem 
development, cornmunication transmitters and receivers and for scientific 
and technological experiments. FY 1966 funds will be utilized to continue 
funding for spacecraft and the gravity gradient system, communication test 
equipment and for scientific and technological experiments hardware. The 
major portion of the ground station system development and modifications 
costs are inc:luded in the Office of Tracking and Data Acquisition func' 
requirements. Funding requirements including launch vehicle procurement 
for FY 1967 and to completion of this 5-flight program are estimated to 
be $69 million. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM 

PROGRAM OBJECXJJES AND JUSTIFICATION : 

The purpc~se of t h e  Basic Research Program i s  t o  i n i t i a t e  and a d m m i s t e r  
fundamental .reslearch i n  t h e  phys ica l  and mathematical  s c i ences  which t r i l l  
provide an understanding of phenomena which are important t o  t h e  deve!.opment 
of cu r ren t  and f u t u r e  a i r c r a f t  and s p a c e c r a f t .  This b a s i c  r e sea rch  i t 1  carried 
out  i n  NASA':; Research Centers  w i t h  some c o n t r a c t  a s s i s t a n c e  by u n i v e r s i t i e s ,  
i n d u s t r i a l  and lother Government l a b o r a t o r i e s .  Fundamental knowledge :.n many 
f i e l d s  i s  e s s e n t i a l  f o r  NASA's programs t o  advance i n  an o r d e r l y  mannt:r and onr 
a s c i e n t i f i c  bas i s .  Basic r e sea rch  i n  NASA h a s ,  t h e r e f o r e ,  t o  cover i l  wide 
range of d i s c i p l i n e s ,  and v a r i e s  from very  fundamental s t u d i e s  i n t o  t h e  n a t u r e  
of t h e  atomin nucleus and i t s  i n t e r n a l  ene rg ie s  t o  mcre appl ied  resea.rch i n  
m a t e r i a l s  f o r  a p p l i c a t i o n  t o  supersonic  t r a n s p o r t s  o r  e n t r y  v e h i c l e s .  Much 
of t h e  Basic Research Program cannot be s p e c i f i c a l l y  i d e n t i f i e d  wi th  c:urrent 
NASA p r o j e c t s .  Its broad o b j e c t i v e  is  t o  inc rease  man's knowledge ani1 under- 
s t and ing  of the  phys ica l  l a w s  of n a t u r e  and of t h e i r  mathematical exp.:ession, 
d e f i n i t i o n ,  and i n t e r p r e t a t i o n .  

Engineers today m u s t  f r equen t ly  u s e  materials which are inaciequa':e t o  
meet t h e  s p e c i a l  requirements of p a r t i c u l a r  a p p l i c a t i o n s .  As  a resu l ' :  they  
must "over design",  adding more weight t o  a s s u r e  adequate performance. Thus 
t h e  goa l  i n  m a t e r i a l s  r e sea rch  i s  t o  o b t a i n  c o n s t r u c t i o n  materials which a r e  
s a f e r ,  l i g h t e r  i n  weight ,  more temperature  r e s i s t a n t ,  and allow c.heapl2r 
cons t ruc t  ion.  

I n  t h e  e l ec t rophys ic s  a r e a ,  superconduct iv i ty ,  cha rac t e r i zed  by cero 
e l e c t r i c a l  r e s i s t a n c e  of some meta ls  a t  temperatures  nea r  abso1ut.e zero ,  i s  
be ing  s tud ied  t o  l e a r n  more about t h e  mechanisms of t h e  e l e c t r o n  moveinent 
w i t h i n  t h e  c r y s t a l  s t r u c t u r e  and t o  d iscover  i n  t h i s  way new ma te r i a l , ;  which 
e x h i b i t  t hese  same c h a r a c t e r i s t i c s  a t  somewhat h ighe r  temperatures .  Ilany 
a p p l i c a t i o n s  a r e  awai t ing  r e s u l t s  of t h i s  r e sea rch ;  f o r  example, supecconducti-nl: 
devices  such as a cryogenic  gyroscope which w i l l  r o t a t e  f o r  long per iods  of 
t i m e  wi th  no power requirements ,  us ing  extremely small bu t  very  powerEul 
magnets . 

I n  f l u i d  phys ics ,  ref inements  i n  magnetohydrodynamic a c c e l e r a t o r s  may 
lead  t o  a l abora to ry  f a c i l i t y  which, as a wind tunnel  of extreme s p e e l ,  w i l l  
permit more r e a l i s t i c  s imula t ion  of r e e n t r y  cond i t ions  p r e v a i l i n g  around space 
v e h i c l e s  r e tu rn ing  t o  t h e  Ear th  o r  e n t e r i n g  t h e  atmosphere of o t h e r  p l a n e t s .  
Research i n  t h i s  f i e l d  i s  a l s o  lead ing  t o  an understanding of t h e  p r i i i c ip l e s  
o f  e l e c t r i c  propuls ion dev ices ,  plasma flows i n  atomic power gene ra to r s ,  and 
such fundamental phenomena as t h e  i n t e r a c t i o n  of t h e  s o l a r  wind wi th  Ithe 
E a r t h ' s  magnetosphere. 



I n  appl ied  mathematics, another  important p a r t  of t h e  Basic  Reseiirch 
Program, new and improved mathematical techniques a r e  being developed which 
w i l l  enable complex phys ica l  phenomena to be represented  more e a s i l y  iind more 
a c c u r a t e l y  and t o  be s tud ied  wi th  g r e a t e r  accuracy and speed on e l e c t r o n i c  
computers. 'These techniques w i l l ,  i n  t ime, lead  t o  t h e  s o l u t i o n  of miiny 
important phys ica l  and mechanical problems of t h e  kind t h a t  now a r e  extremely 
time consuming o r  even impossible t o  so lve  wi th  present  a n a l y t i c a l  anti 
numerical methods. 

SUMMARY OF REliURCES REQUIREMENTS: 

1366 -- 1964 1965 

Supporting research  and 
technolog,y ........................ $22,653.000 $21.231.000 ~$22.000.000 

T o t a l . . . , . . .  ...................... $22.653.000 $21,231.000 ~22.0~00.000 -- 

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

Marshall Space F l i g h t  Center . . . . . .  
Goddard Space F l igh t  Center.  ...... 
J e t  Propulsion Laboratory. .  ....... 
Ames Reseaixh Center.  ............. 
E 1 ec t rortics Res earch Center ....... 
F1 igh t Res e arch Cent e r ............ 
Langley Research Center . .  ......... 
Lewis Research Center . .  ........... 
Western Operations O f f  i ce . .  ....... NASA Headquarters ................. 

BASIS OF FUNDEQUIREMENTS : 

$986,000 
235,000 

6,443,000 
1,692,000 --- 

--- 
1,466,000 
3,464,000 
7,831,000 

536,000 

$916,000 
257,000 

5,792,000 
1,881,000 

30,000 
1,861,000 
2,234,000 
8,260,000 --- 

Supporting Research and Techno1oe;y 

1964 1965 

$920,000 
260,000 

5,800,000 
1,900,000 

200,000 
30,000 

1,9 20,000 
2,750,000 
8 , 2  20,000 --- 

1.966 - 
F l u i d  physics ....................... $7,887,000 $7,830,000 
Electrophysics  ...................... 3,986,000 3,940,000 
Mater ia l s  r e s e a r c h . . . . . . . . . . . . . . . . . .  9,582,000 8,156,000 

$8,000,000 
4 ,  LOO, 000 
8,600,000 

Applied m a t h e m a t i c s . . . . . . . . . . . . .  .... 1,198,000 1,305.000 1.300.000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $22,653.000 $21,231,000 - $22,000,000 

Flu id  Physics 

The o b j e c t i v e  of b a s i c  research  i n  f l u i d  physics i s  an unde r s t a id ing  of 
t h e  fundamental processes determining t h e  behavior of l i q u i d s  arid gases .  
Emphasis is  placed on t h e  s tudy of processes  r e l a t e d  d i r e c t l y  01: i n d i r e c t l y  
t o  problems a n t i c i p a t e d  i n  t h e  development of f u t u r e  spacec ra f t  and a i r c r a f t . .  
For example, problems of f l u i d  physics  a r e  involved i n  t h e  e ros ion  of e l ec t rodzs  

RD 13-2 



and i n s u l a t o r s  i n  magnetogasdynamic propuls ion  devices  where gas temperatures  
reach 50,000 ceg,rees Fahrenhei t .  A t  t h e s e  temperatures  gas  mixtures  react 
chemical ly ,  i r t e r a c t  wi th  s t r u c t u r a l  materials,  and undergo molecular  and 
atomic decompclsitions, causing s i g n i f i c a n t  a l t e r a t i o n s  of t h e  f l o w  f i e l d  and 
of t h e  thermal and mechanical s t r e s s e s  i n  exposed s t r u c t u r e s .  S imi l a r  problem:; 
a r e  encountered i n  t h e  ho t  gas cap surrounding space  v e h i c l e s  dur ing  atmosphere 
en t ry  and r e s u l t  i n  dangerous s t r u c t u r a l  stresses and seve re  c o n t r o l  and 
communication.:; problems. The success fu l  s o l u t i o n  t o  t h e s e  and similar problems 
which s t and  i r i  t he  way of minimum weight ,  long l i f e  s p a c e c r a f t  systems depends 
i n  l a r g e  measure on a product ive  f l u i d  physics  r e sea rch  program. 

During F'? :.966 research  w i l l  cont inue  on t h e  h igh  temperature  p r c p e r t i e s  
of t h e  gases  Icnown t o  make up the E a r t h ' s  atmosphere and of o t h e r s  be l i eved  
t o  be present: i n  t h e  atmospheres of Mars and Venus. These p r o p e r t i e s ,  which 
w i l l  be  obtaj.iietl a t  t h e  Ames Research Center  and under c o n t r a c t ,  a r e  Essen t i a l  
t o  t h e  p r e d i c - i o n  of flow condi t ions  about a v e h i c l e  and hence t o  t h e  s t r u c t u r a l  
and aerodynamic design of i n t e r p l a n e t a r y  s p a c e c r a f t .  For example, the thermal 
r a d i a t i v e  pro 3eirties of a i r  and carbon d ioxide  n i t r o g e n  mixtures ,  s imula t ing  
t h e  composit:dn of t h e  Venusian and Mart ian atmospheres , show l a r g e  vzrr ia t ions 
a t  c e r t a i n  w s ? e  l eng ths  i n  e lec t romagnet ic  spectrum. Much must be 1ez.rned 
about t h e  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  i n  t h e  u l t r a v i o l e t  wave lengths ,  
be fo re  spaceccaEt des igners  can proceed wi th  confidence wi th  t h e  desig,n of 
p l ane ta ry  1anie.cs 

Another important h igh  temperature  c h a r a c t e r i s t i c  of c e r t a i n  gases  i s  
t h e i r  tendency t o  become ionized .  Gases i n  t h i s  s t a t e  are  cal led plasmas and 
research  on plasma phenomena has  become an  important f i e l d  of f l u i d  phys ics .  
To understand t ine  p r i n c i p l e s  involved i s  e s s e n t i a l  , f o r  example, t o  t h e  design 
of e lec t romagnet ic  gas  a c c e l e r a t o r s  and c e r t a i n  energy conve r t e r s .  In FY 1966, 
plasma pliysics research  w i l l  be  focused on fundamental problems of p l s m a  
s t a b i l i t y  which a r e  impeding t h e  development of a number of plasma propuls ive  
devices .  Successfu l  s o l u t i o n  of t h e s e  problems may a l s o  l e a d  t o  t h e  design 
and cons t ruc t ion  of a hyperve loc i ty  plasma tunne l  f o r  model t e s t i n g  under 
r e e n t r y  condi t ions .  This i s  t h e  only technique so  f a r  discovered tha-:  has t h e  
p o t e n t i a l  of complete s imula t ion  of t h e s e  cond i t ions  i n  a cont inuous stream. 
Such a f a c i l i t y  would become a powerful too l  f o r  materials and s t . ruct i i ra1 
research .  T h e  Langley, Lewis  and Ames Research Centers ,  a s s i s t e d  by some o u t -  
s i d e  c o n t r a c t s ,  are conducting t h e  plasma physics  r e sea rch  program. 

Another important o b j e c t i v e  i n  f l u i d  phys ics  research  dur ing  FY 1966 i s  
an  unders tanc ing  of t u r b u l e n t  boundary l a y e r  behavior  on hypersonic  a i r c r a f t .  
Accurate p r e c i c t i o n s  of boundary l a y e r  behavior  are e s s e n t i a l  t o  r e l i a b l e  
p r e d i c t i o n s  c f  a i r p l a n e  performance. The p resen t  u n c e r t a i n t y  i n  understanding 
of hypersonic boundary l a y e r s  must be  overcome be fo re  t h e  f e a s i b i l i t y  of 
hypersonic  c i u i s e  a i rc raf t  can be assessed  wi th  confidence.  Hypersonic 
t u r b u l e n t  boimdary l a y e r s  w i l l  be  s t u d i e d  a t  t h e  Langley and Lewis Research 
Centers  , e s p e c i a l l y  under t h e  h igh  h e a t  t r a n s f e r  cond i t ions  expected on 
a i r p l a n e  s u r f a c e s  and i n  engine i n l e t s  and nozz les .  

761-133 0 - 6 - 1 6  
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Elec t  rophysics  

Elec t rophys ics  inc ludes  experimental  and t h e o r e t i c a l  i n v e s t i g a t i o n s  of 
t h e  r e a c t i o n s  of e l e c t r o n i c ,  atomic and nuc lea r  s t a t e s  of s o l i d s ,  l i q u i d s  and 
gases  which a r e  inf luenced  by the  s t a t i c  o r  dynamic f o r c e s  of gravi tar : ional ,  
nuc lea r ,  magnetic and e l e c t r i c  f i e l d s .  Information from t h i s  researcl i  i s  
gene ra l ly  app l i cab le  t o  engineer ing advances i n  such f i e l d s  as space .>ewer, 
r a d i a t i o n  e f f e c t s  and e l e c t r o n i c  communications. 

Research i s  under way t o  determine and exp la in  t h e  mechanisms of energy 
t r a n s f e r  w i th in  t h e  atomic l e v e l s  of s o l i d s  and gases .  This wil l .  leal1 t o  
new sources  f o r  t h e  s t imu la t ed  emission of coherent  e lectromagnet ic  w,wes 
( l a s e r s )  i n  the  reg ion  from gamma ray  t o  mi l l ime te r  wave l eng ths .  
a b i l i t y  of such s i g n a l  sources  would s u b s t a n t i a l l y  advance our  c a p a b i l i t i e s  i n  
e l e c t r o n i c  communication and naviga t ion  f o r  s p a c e c r a f t .  This  researcl i  i s  
be ing  conducted a t  t h e  Massachusetts I n s t i t u t e  of Technology, S t a n f o r l  Uni- 
v e r s i t y ,  Univers i ty  of Michigan and Johns Hopkins Univers i ty ,  under N.GA 
c o n t r a c t s .  

The? a v a i l -  

Theore t i ca l  and experimental  research  i n  superconduct iv i ty  research  is 
being conducted t o  inc rease  t h e  c r i t i c a l  temperature  and magnetic f i e l d  
s t r e n g t h  of superconductors.  Superconducting c o i l s  o f f e r  a supe r io r  method 
wi th  r e spec t  t o  weight ,  volume and power requirements f o r  ob ta in ing  sltrong 
magnetic f i e l d s .  These f i e l d s  may conceivably be used t o  s h i e l d  spacec ra f t  
from harmful s o l a r  pa r t . i c l e  r a d i a t i o n  and a l s o  t o  conf ine  properly th'2 flow 
of ion ized  gases  i n  magnetohydrodynamic and c o n t r o l l e d  thermonuclear 2 l e c t r i c  
power genera tors .  Other p o t e n t i a l  uses  of superconductors a r e  f o r  e l 2 c t r i c  
power t ransmiss ion  l i n e s ,  f o r  computers, and f o r  r o t a t i n g  e l e c t r i c a l  inotors 
and gene ra to r s .  'The research  i s  be ing  c a r r i e d  out  by t h e  Lewis Research 
Center ,  t h e  J e t  Propuls ion Laboratory,  and t h e  Univers i ty  of Chicago. 

One outs tanding  accomplishment i n  the  Basic Research Program during 
FY 1965 was t h e  genera t ion  of a c o u s t i c  energy i n  s o l i d s  and l i q u i d s  by high 
i n t e n s i t y  pulsed l i g h t  from a l a s e r .  This a c o u s t i c  wave has  a frequency 
thousands of t imes h igher  than t h a t  of u l t r a s o n i c  sound waves produceld by 
previous methods. Coherent a c o u s t i c  energy may become a new research  t o o l  t o  
probe fu r the r  t h e  behavior of e l e c t r o n s  and ions  which form t h e  : ; t ructure  of 
s o l i d  s t a t e  devices  such a s  semiconductors,  t r a n s i s t o r s  and l a s e r s .  It may 
also be p o s s i b l e  t o  adapt a c o u s t i c  energy t o  i n d u s t r i a l  nondes t ruc t ive  t e s t i n g  
techniques . 

I n  FY 1566, t h e  e x i s t i n g  program w i l l  be continued. Addi t iona l  emphasis 
w i l l  be  placed on explor ing  nuc lea r  r e a c t i o n s  t o  ob ta in  a b e t t e r  understanding 
of t h e  forces  binding t h e  n u c l e i .  Such knowledge not  only w i l l  exp la in  b e t t e r  
t h e  r eac t ions  of primary s o l a r  r a d i a t i o n s  impinging on spacec ra f t  s t r u c t u r e s ,  
but  a l s o  probide new information about t h e  secondary r a d i a t i o n s  a r i s i n g  from 
t h e  primary zeac t ions .  This information may be h e l p f u l  t o  spacec ra f t  des igners  
Also, a more i n t e n s e  e f f o r t  w i l l  be made t o  explore  t h e  energy t ransformat ions  
i n  t h e  l a t t i c e  s t r u c t u r e  due t o  app l i ed  e l e c t r i c  and magnetic fo rces .  
r e s u l t s  may lead  t o  g r e a t l y  improved e l e c t r o n i c  c i r c u i t  components f o r  space 
naviga t ion  ar.d communication systems. 

The 
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Materia 1 s Research 

The r o l e  o:E b a s i c  r e sea rch  i n  materials i s  t o  ga in  an  understanding of 
the  b a s i c  physical. and chemical n a t u r e  of s o l i d s .  It i s  only through such 
understanding that: NASA can cont inue  t o  m e e t  i t s  growing needs €or  improved 
materials. 

The prograin Is broad i n  scope and ranges from bas i c  s t u d i e s  of t he  
e l e c t r o n i c  an3 atomic na tu re  of matter t o  i t s  a p p l i c a t i o n  :in airplanes!  and 
space v e h i c l e s .  X t  d e a l s  w i th  t h e  thermodynamics of chemical r e a c t i o n s  
involved i n  t h e  product ion and u t i l i z a t i o n  of materials I arid w i t h  t h e  physical. 
metal lurgy and chemistry of complex a l l o y s  , ceramics,  aiid polymers from which 
many devices  used i n  f l i g h t  programs are constructed.  The program inc ludes  
s t u d i e s  oE t he  bas ic  mechanisms by which materials d e t e r i o r a t e  i n  serv ice .  
One example is the  s tudy a t  Ames Research Center on t he  mechanism by which 
a b l a t i v e  m a t e r i a l s  d e t e r i o r a t e  upon r e e n t e r i n g  the  E a r t h ' s  atmosphere,, It i s  
t h i s  b r e a l t i n , ~  down of t h e  a b l a t i v e  material t h a t  provides  t h e  h e a t  p r o t e c t i o n  
t o  Spacecraf t .  When t h e  a b l a t i o n  process  i s  completely understood, i': w i l l  be 
p o s s i b l e  to  u t i l i z e  c u r r e n t  a b l a t i v e  materials more e f f i c i e n t l y  and t o  develop 
b e t t e r  a b l a t i v e s  €or f u t u r e  spacec ra f t .  

Encouraging r e s u l t s  dur ing  t h e  p a s t  year  i n d i c a t e  t h a t  t h e  e n t i r e  Material: ;  
Research Program w i l l  show s u b s t a n t i a l  p rogress  i n  FY 1966. One a s p e c t  of 
t h i s  program should be p a r t i c u l a r l y  product ive:  t h e  understanding of t h e  
e l e c t r i c a l ,  chemical and phys ica l  n a t u r e  of sur faces .  This understanding is 
v e r y  important i n  problems involving almost a l l  phases of materials behavior ,  
and i s  f ind ing  f requent  a p p l i c a t i o n  i n  t h e  development of space v e h i c l e s  and 
high speed a i r c r a f t .  For example, t he  20 year  backlog of s c i e n t i f i c  'tnow1edgl.c: 
and experience i n  ox ida t ion  resistant high temperature a l l o y s  w i l l ,  ii FY 196Ci, 
be app l i ed  t c  t he  s p e c i f i c  problem of des igning  s t a t o r  and tu rb ine  blddes f o r  
t h e  engines cf t h e  Mach 3 supersonic  t r anspor t .  These engine coniponeiits w i l l  
be opera t ing  a t  temperatures 300 t o  400 degrees  Fahrenhei t  higher  t h a i  those 
i n  c u r r e n t  engines ,  a temperature  r eg ion  where ox ida t ion  becomes a serere 
problem. 

Another a spec t  of materials r e sea rch  which i s  progress ing  well and 
should f i n d  F r a c t i c a l  a p p l i c a t i o n  i n  FY 1966 i s  t h a t  of d i s p e r s i o n  s t rengthened  
materials. These a r e  metals o r  a l l o y s  which have been s t rengthened  through 
t h e  in t roduc t ion  of v e r y  small hard p a r t i c l e s  t h a t  r e t a r d  s l i p p i n g  between 
t h e  metal c r q s t a l s .  In t h e  p a s t ,  r e sea rch  on t h e s e  materials has r e s u l t e d  
i n  an  accumulation of s c i e n t i f i c  knowledge on t h e  mechanism by which such 
p a r t i c l e s  s t r eng then  metals. A clear p i c t u r e  i s  almost a t  hand ilnd w i l l  
r e s u l t  i n  a c , i spers ion  s t rengthened  n i c k e l  t o  be eva lua ted  i n  FY 1966 f o r  t he  
s t r u c t u r e  of the  supersonic  t r a n s p o r t  a i r p l a n e .  This  m a t e r i a l  should has ten  
the  f i n a l  de:,ig,n of t h i s  a i rp l ane .  

Applied M a  thema t ics 

Research i n  app l i ed  mathematics is concerned wi th  the  development of 
improved mat.tienlatica1 techniques f o r  t h e  s o l u t i o n  of phys i ca l  problems. The 
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problems which. may arise i n  aerospace  s c i e n c e  o r  engineer ing  u s u a l l y  r e q u i r e  
t h e  s o l u t i o n  c 4  non-l inear  d i f f e r e n t i a l  equat ions .  
are d e s i r e d  fcir planning experiments and p r e d i c t i v e  eva lua t ion  of r e s u l t s ,  
because t h i s  is o f t e n  t h e  most f e a s i b l e  and economical way. 

F a s t  and s imple s o l u t i o n s  

While sub: ; tan t ia l  p rog res s  has been made i n  t h i s  d i r e c t i o n ,  t h e r e  remain 
many problems :.n t h e  phys ica l  s c i ences  which a w a i t  mathematical  formula t ion  
and s o l u t i o n .  One of t h e s e  i s  t h e  problem of t h r e e  bodies ,  t h a t  is, t h e  
ques t ion  of so:.ving, t h e  mathematical  equat ions  r e p r e s e n t i n g  motion o f ,  say,  
a l una r  satell.:itc! o r  space probe moving under t h e  i n f l u e n c e  of g r a v i t a t i o n a l  
f i e l d s  of two or more l a r g e  masses, each having r e l a t i v e l y  l a r g e  e f f e c t s .  
Since a lunar probe o r  satell i te i s  thus  inf luenced  by t h e  Ea r th ,  Moon, and 
Sun, w h i l e  any p l a n e t a r y  probe w i l l  be c r i t i c a l l y  inf luenced  by some p l a n e t  
as w e l l  as t h e  Sun, it i s  c l e a r  t h a t  t h e  t h r e e  body problem w i l l  r e c u r  f o r  
many future.  space missions. Already s p e c i a l  cases of t h e  t h r e e  body problem 
have been so lved  t o  a s a t i s f a c t o r y  degree,  and it is planned i n  FY 1966 t o  
expand t h e  worlc :Into t h e  more gene ra l  cases which are involved i n  space! f l i g h t .  

E f f o r t s  cvi.l:L a l s o  be made t o  f i n d  mathematical methods, bo th  a n a l y t i c a l  
and numer ica l ,  which could be used i n  determining t h e  o r b i t s  of l u n a r  satel- 
l i t es  t o  a h i g i  degree of accuracy. The mathematical  methods f o r  determining 
and p r o g r a m i n 5  such an  o r b i t  are s t i l l  un te s t ed  and u n c e r t a i n  and p re l imina ry  
consideration:;  hiavtz shown t h a t  many types  of l u n a r  o r b i t s  w i l l  be  high1.y 
uns tab le .  

S i m i l a r l y ,  t he re  w i l l  a l s o  be e f f o r t s  t o  improve t h e  mathematical  
a n a l y s i s  of s p a c e c r a f t  and a i r c r a f t  s t r u c t u r e s .  
those  of the s t r e n g t h  of p l a t e s  and s h e l l s  f o r  such s t r u c t u r e s ,  and of d e t e r -  
mining t h e  requirements  o r  l i m i t a t i o n s  of modern a i r c r a f t  t o  f l y  optimum 
t r a j e c t o r i e s  between two a i r p o r t s .  

Problems i n  t h i s  f i e l d  inc lude  
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RESEARCH AND DEVELOPNENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF N)VA?CED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM 

PROGRAM OBJECTLVES ---- AND JUSTIFICATION: 

The o b j e c t i v e s  of t h e  Space Vehicle Systems Program are t o  ident i l iy  and 
so lve  t h e  cri t i c a l  des ign  problems a s s o c i a t e d  w i t h  space v e h i c l e  launch and 
a scen t  through t n e  atmosphere, f l i g h t  through space,  e n t r y  i n t o  t h e  a tnosphere  
of earth or o t h e r  p l a n e t s ,  and ‘landing. The  program seeks  t o  advance .:he 
s t a t e - o f - t h e - a r t  on a broad f r o n t  t o  permit  t h e  concept ion and developrient 
of advanced v e h i c l e s  and a t  t h e  same t i m e  t o  so lve  c r i t i ca l  t e c h n i c a l  problems 
t h a t  may a r i s .  dur ing  t h e  course  of dev-lopment of p r e s e n t  gene ra t ion  ;pace 
v e h i c l e s .  

The space v e h i c l e  dur ing  launch and a s c e n t  through t h e  atmosphere must 
cope s u c c e s s f u l l y  wi th  a wide v a r i e t y  of problems which inc lude  ground-wind 
loads ,  mechanical v i b r a t i o n ,  i n t e n s e  a c o u s t i c  no i se ,  severe g u s t s  and ?aind 
g r a d i e n t s  a l o f t ,  p r o p e l l a n t  s lo sh ing ,  c o n t r o l  f o r c e s ,  and many o the r s .  The 
h ighes t  p o s s i b l e  s t r u c t u r a l  e f f i c i e n c y  i s  r equ i r ed  t o  achieve  m i n i m u m  $e igh t  
whi le  assur ink  n o  s t r u c t u r a l  f a i l u r e .  F l i g h t  through space t akes  p l a c e  i n  a n  
environment of h i g h  energy charged p a r t i c l e  r a d i a t i o n s ,  meteoroids ,  high 
vacuum, cold $pace and una t tenuated  thermal r a d i a t i o n  from the  sun, and i s  
f u r t h e r  cha rac t e r i zed  by a cond i t ion  of ze ro  g r a v i t y ,  a l l  of which must be 
understood anc  d e a l t  w i th  by proper  s t r u c t u r a l  and system design.  
t o  e a r t h  (or exp lo ra to ry  missions t o  t h e  s u r f a c e s  of o t h e r  p l a n e t s )  i s  charac- 
t e r i z e d  by Iii{,h speed atmosphere e n t r y  wi th  i t s  i n t e n s e  hea t ing  which must 
be w e l l  underctood and a c c u r a t e l y  p red ic t ed  and f o r  which adequate  thermal 
p r o t e c t i v e  s t i ’uc tures  must be devised.  Kesearch must be  c a r r i e d  out  i n  
aerothermodyriimics , s t r u c t u r e s ,  and i n  t h e  several d i s c i p l i n e s  a s s o c i a t e d  
wi th  t h e  space environment by means of a v a r i e t y  of l a b o r a t o r y  f a c i l i t i e s  
and by carefu:. ly Lelected f l i g h t  experiments t o  provlde  the  d e t a i l e d  techno- 
l o g i c a l  know1 edge r equ i r ed  for- t h e  des ign  of advanced space  v e h i c l e s .  

Return 

Major’ p rogres s  was made dur ing  t h e  p a s t  year  i n  a number of important  
areas. Signi..iicant h i g h l i g h t s  i nc lude  two atmosphere e n t r y  f l i g h t s ;  one, 
P r o j e c t  F i r e  wh:icli measured t h e  hea t ing  environment a t  38,000 f e e t  per second,, 
and t h e  o t h e r ,  a Scout launched experiment which measured t h e  behavior of 
a n  advanced a b l a t i v e  hea t  s h i e l d  material i n  t h e  hea t ing  erivironment 2 . t  

28,000 f e e t  p e r  second. A pre l imina ry  f l i g h t  program a t  t h e  F l i g h t  Research 
Center of a s i m p l i f i e d  l i g h t  weight test  v e h i c l e  of t h e  M-2 l i f t i n g  body 
conf igu ra t ion  W i Z s  s u c c e s s f u l l y  completed and a n  ex tens ion  of t h i s  prog;ram 
w a s  implemenf:?d by a c o n t r a c t  f o r  t h e  cons t ruc t ion  of two a l l  metal M.-2 and 
HL-10 tes t  vesicles w i t h  h igher  and more rea l i s t ic  planform loadings .  The 
Explorer XXICI meteoroid s a t e l l i t e  w a s  s u c c e s s f u l l y  o r b i t e d .  An impoi-tant 
secondary exper irnent t o  measure launch v e h i c l e  s t r u c t u r a l  response t o  seve re  
wind g r a d i e n t s  sloft w a s  s u c c e s s f u l l y  c a r r i e d  ou t  dur ing  the  Explorer  XI11 launch. 
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Substant::.al. p rogress  w a s  a l s o  made i n  ground based r e sea rch  and included 
the  genera t ion  of new s t r u c t u r a l  and aerodynamic concepts for p lane ta ry  
e n t r y  probes and t.echniques f o r  u se  i n  determining t h e  p r o p e r t i e s  and compo- 
s i t i o n  of the  atmasphere of Mars, new high v e l o c i t y  p a r t i c l e  impact r e s u l t s  
con t r ibu t ing  '10 our knowledge of t h e  meteoroid hazard,  and l a r g e  sca le  
measurements of t h e  a c o u s t i c  no i se  f i e l d  generated by t h e  high v e l o c i t y  
hydrogen exhaust  from a nuclear  rocke t .  

During t i e  coming year  emphasis w i l l  be placed on f u r t h e r  advancing the  
technology of l i f t i n g  e n t r y  f l i g h t  through t h e  extended M-2 and HL-10 f l i g h t  
test  program and through augmented l abora to ry  r e sea rch  on hea t  p r o t e c t i o n  
systems and : t i  o the r  areas. Corol la ry  f l i g h t  experiments t o  measure 
tu rbu len t  boil idary  l a y e r  heat t r a n s f e r  and t o  determine the  performance of 
advanced a b l a t i v e  hea t  s h i e l d  materials w i l l  be  undertaken. Emphasis w i l l  
cont inue on de termina t ion  of t h e  meteoroid hazard,  and a major mi les tone  
i n  t h a t  program i s  expected w i t h i n  the  coming year  wi th  t h e  Sa turn  launchings 
of Pegasus s p a c ~ e c r a f t  w i th  t h e i r  2000 square f e e t  of meteoroid detect:.on area,, 
Augmented e fEor t  w i l l  be given t o  r e sea rch  an the  e f f e c t s  of high energy 
r a d i a t i o n  on space v e h i c l e  materials, components, and subsystems i n  the  
Langley Research Center ' s  new Space Radiat ion E f f e c t s  Laboratory w i t h  i t s  
600 m i l l i o n  (e lec t ron  v o l t  cyc lo t ron .  

Emphasis w i l l  a l s o  be placed dur ing  t h e  coming year  on a c c e l e r a t i n g  
progress  i n  the  development of c r i t i c a l  des ign  c r i t e r i a  f o r  space v e h t c l e s  
incorpora t ing  t h e  most r e c e n t  r e s u l t s  of ground based r e sea rch  and f l t g h t  
experiments i n  order  t o  provide indus t ry ,  t h e  NASA, and o the r  Governmctnt 
agencies  w i t h  v i t a l l y  needed t echn ica l  gu ide l ines .  

SUMMARY OF REEURCES REQUIREMENTS: 

19156 
-___I- 

1964 1965 

Supporting r e sea rch  and technology.. $24,951,000 $24,559 ,000 $24,000,000 
Pro jec t  FIFE.. ...................... 7,037,000 2,811,000 5013,000 

L i f t i n g  boc.y f l i g h t  and landing 

P ro jec t  Peg,asus (Saturn-launched 

Smal l  space v e h i c l e  f l i g h t  

Scout 1aun.c:hed meteoroid 

Scout r e e n t r y  p r o j e c t . .  ............. 305,000 750,000 5,000,000 

tests............................. 1,200,000 1,500,000 1,003,000 

meteoroid experiment). ............ 9,900,000 13,690,000 2,500,000 

experiments. .  ..................... 1,959,000 1,010,000 2,000,000 

exper imertts 362,000 175,000 --- ....................... --- 
Tota l . . . ,  ......................... $45,714,000 $44,495,000 S35.000,OOO 

_.__- 
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1906 --- 1964 1965 

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

Manned Spacecraf t  Center.......... $629,000 
Marshall  Space F l i g h t  Center...... 13,569,000 
Goddard Space F l i g h t  Center.. . , . . .  878,000 

Ames Kesisarch Center.............. 1,942,000 
F l i g h t  Research Center............ 1,403,000 
Langley Research Center.. . . . , . . . . .  15,257,000 
L e w i s  Research Center............. 3,186,000 
NASA Headquarters..  ............... 3,282,000 

Jet  P rop i~ l s ion  Laboratory. ,  ....... 4,577,000 

$730,000 
16,744,000 

956,000 
3,438,000 
2 , 922,000 

9,659,000 
2,326,000 
5,700,000 

2,020,000 

$85!i ,000 

9311,000 
3,14O,OOO 
2,65.j ,000 
1 , 18O,OOO 

13 , 46 L ,000 
1,770,000 
6,513,000 

4,490,000 

Western Operat ions Off ice . . . . . . . . .  991,000 --- --- 
BASIS OF FUND --- REQUIREMENTS: 

Supporting Research and Technology 

19'56 --- 1964 1965 

Spacecraf t  aerothermodynamics.,..... $5,452,000 $5,242,000 $5,345,000 
Spacecraf t  loads  and s t r u c t u r e s , . . , .  4,495,000 5,209,000 5,561,000 
Launch v e h i c l e  aerothermodynamics... 826,000 1,264,000 1,30 3,000 
Launch v e h i c l e  loads  and s t r u c t u r e s .  3,720,000 3,350,000 3,415,000 
Space v e h i c l e  environmental  f a c t o r s .  7,506,000 6,745,000 7,105,000 
Advanced sFace v e h i c l e  concepts.. . . .  2,371,000 1,949,000 5513,000 
Space v e h i c l e  des ign  c r i t e r i a . .  ..... 581,000 800,000 7 2  5,000 --- 

Total. . . . . . . . . . . . . . . .  ............. $24,951,000 $24,559,000 $24,000,000 --- 
Spacecraf t  Aerothermodynamics 

The purFose of t h i s  r e s e a r c h  i s  t o  provide  informat ion  on aerodynamic 
hea t ing  and t1ea.t p r o t e c t i o n ,  advanced conf igu ra t ions  , and landing  and recovery.  
This  informat:ion suppor ts  e x i s t i n g  v e h i c l e  development programs and p r w i d e s  
new concepts f o r  f u t u r e  space veh ic l e s .  

Two success fu l  f l i g h t  r e s e a r c h  programs added m a t e r i a l l y  t o  t h e  aero-  
dynamic heati.np, technology dur ing  t h e  p a s t  year .  One of t h e s e  programs was 
P r o j e c t  FIRE which measured t h e  atmospheric  e n t r y  hea t ing  a t  a speed of 
38,000 f e e t  pe r  second where r a d i a t i v e  hea t ing  i s  a n  important  problem. 
experiment p r a  ided h ighly  s i g n i f i c a n t  new f l i g h t  d a t a  f o r  c o r r e l a t i o n  w i t h  
r e s u l t s  of gi.ound based r e s e a r c h  and t h e o r e t i c a l  p r e d i c t i o n s  which have con- 
t a ined  cons ide rab le  unce r t a in ty .  I n  t h e  o the r  f l i g h t ,  an  a b l a t i v e  hea t  s h i e l d  
experiment was flown on a Scout rocke t  a t  a n  e n t r y  v e l o c i t y  of 28,000 f e e t  p e r  
second. A litrE,e spread i n  t h e  p r e d i c t i o n s  of hea t  s h i e l d  performance had been 
obtained f r c n  ground based f a c i l i t i e s .  These f l i g h t s ,  by provid ing  anchor 
p o i n t  d a t a ,  itre c o n t r i b u t i n g  g r e a t l y  t o  a b e t t e r  understanding of t e s t  d a t a  
obta ined  i n  ground based f a c i l i t i e s .  

T h i s  
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In the field of manned entry vehicles, research continues on the lifting 
body concept. This principle provides maneuverability during entry and the 
possibility of conventional horizontal landing on land. Significant progress 
was made in the past year at Langley and Ames Research Centers in deflning 
controllable configurations and in solving the stability problems. ~Jring 

FY 1966, ground based research will emphasize high speed performance, stability 
and control, vehicle heat protection, and problems associated with abort and 
emergency landings. 

A preliminary flight investigation at the Flight Research Center of a 
light weight test vehicle of the M-2 lifting body configuration has bf!en 
successfully canp1eted. During the coming year heavier test vehicles of both 
the M-2 and ]IL-IO designs will be constructed and flown to study approach and 
landing probl,=m:; at weights more representative of operational vehicles. 

Research has continued at the Manned Spacecraft Center over the past year 
in an effort ',::'0 provide other safe and reliable means of recovering manned 
spacecraft. l.anding of heavy spacecraft, in the order of 10,000 pounds, would 
now require the use of multiple parachutes to provide a descent speed low 
enough to ase;urE~ the safety of spacecraft and astronauts. These systems are 
heavy, requirE! large stowage volumes, and are difficult to make reliable. 
Research has lead to a single large parachute (capable of recovering a 10,000 
pound spacecraft:) with greatly increased reliability. During FY 1966 this 
program will E~mphasize further reduction in weight of the single parachute 
system and \\li11 continue research on other concepts, such as steerab1e para­
chutes, parachute retro-rocket systems and light weight variable drag devices. 

Spacecraft Loads and Structures 

The purpe·se of this research program is to provide new concep ts and new 
analytical and experimental tools for the structural design of spacecr"lft. 
The program encompasses: advanced structural concepts, new applications of 
materials, definition of loads, techniques for analyzing and testing structural 
response and structural failure, protection against entry heating and the 
hazards of space, storage of cryogens during long periods of space flight, and 
protection of components against vibrational envirorunents and landing impact. 

In the area of advanced structural concepts, a number of concepts have 
been generated which are sufficiently promising to warrant further evaluation 
in FY 1966. I)ne example is an expandable airlock system which could be used 
for servicing ~r rendezvousing operations between space stations and spacecraft. 
The airlock is capable of compact storage and expansion by virtue of the 
application of elastic foam as part of its structure. A gas-tight linE!r prevente: 
loss of internal air pressure. Tensile loads due to pressure are carried by 
a knitted strU4:ture. Protection against the space envirorunent is achieved by 
a reflective outer shield and the meteoroid protection characteristics of the 
foam inner 1ajmrs. 

During the many operations of space vehicles, electronic and structural 
components arE: subjected to high frequency vibrations. This is an important 
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and complex problem occas iona l ly  r e s u l t i n g  i n  miss ion  f a i l u r e  bu t  more o f t e n  
causing s e r i o u s  weight p e n a l t i e s  r e s u l t i n g  from overdesign. Methods of pre-  
d i c t i n g  space v e h i c l e  l oads  and load  t ransmiss ion  through s t r u c t u r e s  are 
inadequate ,  a s  a r e  c u r r e n t  methods of i s o l a t i n g  v i b r a t i o n s  and of proof  t e s t i n g  
s p a c e c r a f t  t o  ensure  a g a i n s t  f a i l u r e  r e s u l t i n g  from v i b r a t i o n s .  Research a t  
t h e  Goddard Space F l i g h t  Center and Langley Research Center w i l l  concen t r a t e  
on t h e s e  problenis i n  FY 1966. 

The impor.ta.nce of hydrogen as a f u e l  f o r  f u t u r e  space  missions i s  w e l l  
recognized. The c u r r e n t  program t o  m e e t  t h e  requirements  f o r  s t o r a g e  of \ 

hydrogen and o the r  cryogens i n  space f o r  pe r iods  g r e a t e r  than  a few weeks w i l l  
be cont inued 1.n FY 1966. This  r e sea rch ,  under way a t  t h e  L e w i s  Research Center  
and Marshall  Space F l i g h t  Center ,  i s  emphasizing t h e  important  p r o b l e m  of 
thermal and nwtaoroid p r o t e c t i o n ,  s e l e c t i o n  of materials, and t h e  des ign  and 
f a b r i c a t i o n  c)C cryogenic  tanks.  

Launch Vehicle Aerothermodynamics 

The Launch Vehicle  Aerothermodynamics program i s  concerned w i t h  1 he s tudy  
of new launch v e h i c l e  concepts  and wi th  t h e  s o l u t i o n  of hea t ing ,  aerodynamic, 
and r e l a t e d  p'roblems of c u r r e n t  and f u t u r e  launch v e h i c l e s .  Among t h e  impor- 
t a n t  s p e c i f i c  problems are base  hea t ing  from rocke t  exhaust  and t h e  gcineratiori 
and propagatfi m of i n t e n s e  a c o u s t i c  no ise .  

One obje: t ive of t h i s  program i s  t o  develop f e a s i b l e  concepts  f o ~ .  recover-  
a b l e  launch v z h i c l e s .  A t t en t ion  w i l l  be g iven  t o  methods f o r  recover!' of 
p r e s e n t  type:; oE v e h i c l e s  u s ing  a u x g l i a r y  devices  and t o  advanced t y p t s  of 
v e h i c l e s  d e s t p e d  to  have f l i g h t  c h a r a c t e r i s t i c s  a p p r o p r i a t e  t o  recovery.  

Another cu r ren t  o b j e c t i v e  of t h e  program i s  t o  f i n d  s o l u t i o n s  t o  t h e  base  
hea t ing  problems of l a r g e  mult i -engine launch v e h i c l e s .  Research has  shown 
t h a t  a cont r ibu t i l lg  cause of t h e s e  problems i s  t h e  burning of t he  f u e l - r i c h  
exhaust  gases  from t h e  turbopumps i n  t h e  base  reg ion .  This  w i l l  be  explored 
f u r t h e r  i n  t h e  coming year .  Research w i l l  a l s o  cont inue  on t h e o r e t i c , i l  and 
experimental  methods of p r e d i c t i n g  t h e  amount of r a d i a t i v e  and convec Live base  
hea t ing  con t r ibu ted  by t h e  r o c k e t  j e t s ,  t h e  r e c i r c u l a t i o n  and burning of 
unburned Zases from t h e s e  j e t s ,  and t h e  burning of en t r a ined  waste gases.  Thc! 
work inc ludes  t h e  development of inexpensive experimental  methods of le terminin:: 
base  hea t ing  on models and the es tab l i shment  of a p p r o p r i a t e  s c a l i n g  l 3 w s .  

In  t h e  area of r e s e a r c h  on n o i s e  gene ra t ion  and propagat ion ,  coml?rehensive 
measurements were made f o r  t h e  f i r s t  t i m e  dur ing  t h e  p a s t  year  of t h e  acous t i c -  
n o i s e  f i e l d  generated by t h e  high v e l o c i t y  hydrogen j e t  exhaust  from a nuclear  
rocke t  ( K I W I ) .  These, and similar experiments ,  w i l l  p rovide  important  i n f o r -  
mation f o r  tl-e s t r u c t u r a l  des ign  of nuc lea r  powered space v e h i c l e  systems and 
components ar.d of t es t  s t ands  and surrounding bu i ld ings .  
n o i s e  genera t ion  w i l l  cont inue  i n  FY 1966 w i t h  emphasis on provid ing  improved 
understandin:, of t h e  mechanism of n o i s e  product ion  i n  h igh  v e l o c i t y  jets. 

Research on rocke t  

In a rel.at:ed f i e l d ,  t h e  e f f e c t s  of a tmospheric  cond i t ions  on the  propaga- 
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t i o n  of n o i s e  a r e  under study. It has been found t h a t  temperature  inve r s ions  
and l o c a l  winds cause focus ing  of sound waves from r o c k e t  test s t ands  which can 
r e s u l t  i n  s t r u c t u r a l  damage a t  d i s t a n c e s  from t h e  test s i te  normally considered 
safe .  Research is cont inuing  on sound propagat ion  under a v a r i e t y  of ittmos- 
p h e r i c  cond i t ions  qu ick ly  and a c c u r a t e l y  so t h a t  s t a t i c  tests of l a r g e  booster:; 
can be scheduled w i t h  less f e a r  of bu i ld ing  damage o r  d i s tu rbances  t o  c:ommuniti.e:;. 

Launch Vehicles Loads and S t r u c t u r e s  

The purpose of t h i s  program i s  t o  d e r i v e  and e v a l u a t e  advanced s t t u c t u r a l  
concepts  and new materials a p p l i c a t i o n s  f o r  launch v e h i c l e s ;  t o  d e f i n e  t h e  
loading  t o  which t h e  s t r u c t u r e s  w i l l  be subjec ted ;  t o  improve a n a l y t i c a l  and 
experimental  methods of determining s t r u c t u r a l  response t o  loads; and to 
develop means of proof t e s t i n g  launch v e h i c l e s  t o  ensure  a g a i n s t  f a i l u r e .  

Ground winds t o  which l a r g e  launch v e h i c l e s  are sub jec t ed  on t h e  Launch 
pad c o n s t i t u t e  a major des ign  load  f o r  t h e s e  s t r u c t u r e s .  Experimental  
r e s e a r c h  w i t h  s ca l ed  models i n  l o w  speed wind tunne l s ,  conducted by t h e  
Langley and Ares Research Centers ,  and r e l a t e d  r e s e a r c h  a t  Marshall S p x e  F l i g h t  
Center ,  has produced important  in format ion  on t h e  n a t u r e  of these loads  and 
t h e  s t r u c t u r a l  response of launch vehicles. Approximate methods f o r  p r e d i c t i n g  
loads  on f u l l  s c a l e  v e h i c l e s  have been developed. During t h e  coming ytzar t h e s e  
a n a l y t i c a l  methods, and t h e  s c a l e d  model r e s u l t s ,  w i l l  be eva lua ted  and com- 
pared w i t h  f u l l  s c a l e  tests. 

A second important  o b j e c t i v e  of t h i s  program i s  an  understanding lof t h e  
dynamic loads  imposed on launch v e h i c l e s  dur ing  powered f l i g h t .  
caused by wind shea r ,  t h r u s t  v e c t o r i n g ,  f u e l  s l o s h ,  and aerodynamic flow 
i n s t a b i l i t i e s ,  have caused s t r u c t u r a l  f a i l u r e  i n  launch v e h i c l e s .  Reslearch 
on launch v e h i c l e  s t r u c t u r a l  dynamics w i l l  cont inue  a t  the Langley and Ames 
Research Centers  and t h e  Marshall  Space F l i g h t  Center  i n  FY 1966. Typica l  of 
t h e  problems cons idered  i s  t h a t  of reducing  t h e  s t r u c t u r a l  l oads  caused by 
s losh ing  of rclck.et f u e l  i n  tanks du r ing  launch. Promising r e s u l t s  are being 
obta ined  w i t h  a technique u t i l i z i n g  f l e x i b l e  b a f f l e s  which i n h i b i t  s losh ing .  

These  l oads ,  

Space Vehicle Environmental Fac to r s  

The o b j e c t i v e  of t h i s  r e s e a r c h  program is t o  provide  understanding and 
d e t a i l e d  techr . ica1 knowledge of the space environment and i t s  e f f e c t s  on 
s p a c e c r a f t  anc. t h e i r  systems t o  i n s u r e  proper  and e f f i c i e n t  des ign  and 
opera t ion .  The r e s e a r c h  inc ludes  h i g h  energy space r a d i a t i o n  e f f e c t s  and 
s h i e l d i n g ,  t h e  meteoroid hazard,  hard vacuum, thermal  r a d i a t i o n  e f f e c t s  and 
temperature  cclntrol, and t h e  bzhavior  and c o n t r o l  of f l u i d s  i n  ze ro  g rav i ty .  

The higb energy r a d i a t i o n  environment i s  d e t r i m e n t a l  to  equipment and 
hazardous t o  nlarr. A major r e s e a r c h  program i s  t h e r e f o r e  being conducted t o  
determine the e f f e c t s  of charged p a r t i c l e  r a d i a t i o n  on space v e h i c l e  equipment, 
t o  understand the damage mechanisms involved,  and t o  develop r a d i a t i o n  s h i e l d i n g  
techniques.  
Space Radia t ion  E f f e c t s  Laboratory w i l l  g r e a t l y  enhance t h e  c a p a b i l i t y  f o r  

'J'he. completion i n  FY 1966 of t h e  Langley Research Center ' s  new 
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r e sea rch  on r a d i a t i o n  e f f e c t s  i n  materials, components, and subsystems,  
Inves t iga t ions  under way t o  determine the  s h i e l d i n g  e f f e c t i v e n e s s  of va r ious  
materials a g a i n s t  space r a d i a t i o n  w i l l  continue.  Experimental r a d i a t i o n  
p e n e t r a t i o n  r e s u l t s  r e c e n t l y  obtained by r e sea rche r s  i n  indus t ry  and a t  t h e  
Oak Ridge National Laboratory under c o n t r a c t  have compared favorably  wl th  
t h e o r e t i c a l  c a l c u l a t i o n s ,  l ead ing  t o  g r e a t e r  confidence i n  these  metho'is. 
Theore t i ca l  a r d  experimental  l abo ra to ry  r e sea rch  i s  being pursued t o  dizvelop 
new sh ie ld ing  concepts  involving e l e c t r o s t a t i c  and e lec t romagnet ic  phenomena 
which may resLlt i n  apprec i ab le  sav ings  i n  weight f o r  f u t u r e  space veh lc l e s .  

Meteoroid p e n e t r a t i o n  of p re s su r i zed  cabins ,  p r o p e l l a n t  tanks ,  o r  t h e  
r a d i a t o r s  of r u c l e a r  power systems could be ca t a s t roph ic .  Erosion of su r face  
coa t ings  by tt.e smaller p a r t i c l e s  could have s e r i o u s  e f f e c t s  such as c r e a t i n g  
undes i r ab le  ckanges i n  the  temperature  balance.  Current  information on t h e  
meteoroid envi rcmment and on t h e  mechanism of hyperve loc i ty  impact by m e t e o r i t i c  
p a r t i c l e s  i s  s e r i o u s l y  l i m i t e d ,  and t h e r e f o r e  a broad r e sea rch  program inc luding  
both l abora to ry  and f l i g h t  experiments i s  under way. I n  t h e  program t o  d e f i n e  
t h e  meteoroid hazard,  a second satel l i te  of t h e  S-55 c l a s s ,  Explorer  X K I I I ,  w a s  
success fu l ly  o r b i t e d  dur ing  t h e  p a s t  year.  A major mi les tone  is  expected 
during the  cclniing year  w i th  t h e  Saturn launchings of Pegasus s p a c e c r a f t ,  
w i th  their 2,(100 square f e e t  of meteoroid d e t e c t i o n  area. In  a d d i t i o n  t o  
f l i g h t  experiments,  meteors e n t e r i n g  the  Ea r th ' s  atmosphere are being s tud ied  
using r a d i o  r e f l e c t i o n  techniques by Harvard College Observatory under con t r ac t .  
Laboratory s t u d i e s  w i l l  be continued t o  ob ta in  an  understanding oE the  phys ics  
of hyperveloc:.ty impact. Prel iminary d a t a  on p a r t i c l e  s i z e  e f f e c t s  have been 
obtained by t h e  Ames Research Center which may exp la in  e x i s t i n g  d i sc repanc ie s  
found i n  f l i g l i t  between impact experiments using microphones and p e n e t r a t i o n  
experiments u:;irig t h i n  w a l l  d e t e c t o r s  such as p res su r i zed  c e l l s .  Labcratory 
t e s t i n g ,  however, i s  s t i l l  l i m i t e d  by t h e  i n a b i l i t y  t o  s imula te  meteoroid 
p a r t i c l e s  siz:t:s and v e l o c i t i e s  i n  t h e  most c r i t i c a l  ranges of these q u a n t i t i e s .  
Emphasis  w i l l  consequently be given t o  the  development of promising techniques, 
f o r  achieving be t te r  s imulat ion.  

The zero-gravi ty  f l u i d  behavior program involves  research on t h e  e f f e c t  
of weight lessneas  on t h e  s ta t ic  and dynamic behavior  and hea t  t r a n s f e r  phenomena 
of l i q u i d s  and vapor. Problems of s epa ra t ing  and p o s i t i o n i n g  of l i q u l d s  and 
vapors ,  l i q u i d  pumping, and ven t ing  of vapors  are common t o  spacecraf t  systems 
such as prope'tlant: tanks and water supply tanks.  Drop tower tests a t  the  
L e w i s  Researc:li Center have produced a good understanding of t h e  behavl o r  of 
f l u i d s  and vapoi:s ' i n  s t a t i c  equi l ibr ium cond i t ions  of weight lessness .  Effor ts ;  
t o  understand the  dynamics of f l u i d s  under l o w  a c c e l e r a t i o n s  and t o  inprove 
t h e  capabi1it :r  f o r  e x t r a p o l a t i n g  small s c a l e  r e s u l t s  t o  f u l l  s c a l e  systems art! 
cont inuing.  ' :light experiments of f l u i d s  under we igh t l e s s  cond i t ions  are being 
conducted t o  study behavior which t akes  p l a c e  more s lowly than can be s tud ied  
i n  t h e  s h o r t  t e s t  times provided by our drop tower re sea rch  f a c i l i t i e s .  

Current  m l d e n c e  shows t h a t  s p a c e c r a f t  material p r o p e r t i e s  can undergo 
s e r i o u s  detr:Linental changes when exposed t o  t h e  extreme vacuum of space. I n  
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t h e  high v a c u m  technology area, t h e  ove r -a l l  o b j e c t i v e  i s  t o  advance our 
l abora to ry  c a ? a ' b i l i t y  t o  s imula te ,  main ta in ,  and measure the  v e r y  low p res su re  
o r  d e n s i t y  a s soc ia t ed  wi th  space vacuum and thus achieve  a more d e f i n x t i v e  
r e sea rch  and development c a p a b i l i t y  f o r  t e s t i n g  space v e h i c l e  material.s , 
components and systems. 
vacuum condi t ions  i n  chambers by cap tu re  of most gas molecules,  and 011 improving; 
of vacuum ins t rumenta t ion .  

Research w i l l  be  focused on producing c l eane r  deep 

An important and complex s p a c e c r a f t  des ign  cons ide ra t ion  i s  t h a t  of 
maintaining component and cabin  temperatures  w i t h i n  narrow l i m i t s .  Where the  
s o l a r  hea t  i npu t  remains cons t an t  o r  i s  c y c l i c ,  pas s ive  thermal coa t ings  can 
be used e f f e c t i v e l y .  Where t h i s  i s  n o t  t he  case ,  such as i n  i n t e r p l m e t a r y  
f l i g h t ,  a c t i v e  systems which are a b l e  t o  a l ter  t h e  thermal c h a r a c t e r i s t i c s  of 
t he  v e h i c l e  a r e  requi red .  Research is  being c a r r i e d  out  on thernlal c3a t ings  
which change t h e i r  abso rp t ion  o r  hea t  emmission c h a r a c t e r i s t i c s  au tomat i ca l ly  
w i t h  changes i n  temperature ,  o r  which v a r y  t h e i r  c h a r a c t e r i s t i c s  throligh 
a p p l i c a t i o n  c f  e l e c t r i c  o r  magnetic f i e l d s .  Major advances have been made i n  
pas s ive  coa t ings  which a r e  s t a b l e  i n  t h e  u l t r a v i o l e t  space environment. The 
r e s i s t a n c e  of t h e s e  coa t ings  t o  high energy r a d i a t i o n  is  st i l l  q u e s t i m a b l e  
and w i l l  reqtire f u r t h e r  research .  
of spacecraf t  i s  hampered by our i n a b i l i t y  t o  s imula te  adequate ly  the  s o l a r  
spectrum i n  l abora to ry  f a c i l i t i e s .  The program t o  improve this c a p a b i l i t y  
inc ludes  the  development of improved c a l i b r a t i o n  and s p e c t r a l  i n t e n s i t y  
monitoring techniques,  as w e l l  as improved methods of thermal balance measure- 
men t and c onq lu t.a t i on. 

The a b i l i t y  t o  ground test  thermal perforrnaice 

Advanced Space-Vehicle Concepts 

This program looks beyond the  p r e s e n t  genera t ion  of s p a c e f l i g h t  p r o j e c t s  
and attempts.  t o  d e f i n e  problems of t he  next  genera t ion  of spacec ra f t .  P o t e n t i a l l y  
a t t r a c t i v e  m:.ssions f o r  f u t u r e  NASA s p a c e f l i g h t  programs are analyzed w i t h  t h e  
o b j e c t i v e  of i d e n t i f y i n g  those where major advances i n  technology w i l l  be 
requi red  o r  where f e a s i b i l i t y  w i l l  depend upon new innovat ions.  

During ':he p a s t  year  s t u d i e s  of t h i s  type have been made i n  a number of 
important  areas. These have inc luded ,  f o r  example, recoverable  launc h veh ic l  es  
and a l t e r n a t e  approaches t o  recovery which emphasize s i m p l i f i c a t i o n  t o  reduce 
boos te r  c:os1:;, advanced l o g i s t i c  s p a c e c r a f t  of t h e  l i f t i n g  e n t r y  type,  l a r g e  
o r b i t i n g  te1.escopes i n  a s s o c i a t i o n  wi th  manned o r b i t i n g  l a b o r a t o r i e s  new 
probe and p m b e  lander  concepts f o r  determining t h e  atmosphere of Mars, and 
v e h i c l e s  anti techniques f o r  manned Mars exp lo ra t ion  missions.  

The s t u d i e s  of launch v e h i c l e  s i m p l i f i c a t i o n  have produced a po1:entially 
a t t r a c t i v e  c m c e p t  i m o l v i n g  t h e  placement of the  more complex and c o s t l y  
e lements ,  such as s t e e r i n g  c o n t r o l s  and high energy, l i q u i d  f u e l ,  upper s t age  
rocke t s ,  i n  the  spacec ra f t  i t s e l f ,  which would be recovered,  and reducing the 
lower vehic:Le s t ages  t o  t h e  s imples t  p o s s i b l e  conf igu ra t ion  which could be 
economically d iscarded  a f t e r  use.  

The s t u d i e s  of unmanned p l a n e t a r y  probes have produced s e v e r a l  promising 
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new concepts  cif s p a c e c r a f t  and techniques f o r  t h e  d i r e c t  measurement of t h e  
s t r u c t u r e  and ccimposition of t he  atmosphere of Mars, which w i l l  be  a prereq-  
u i s i t e  t o  the  conf iden t  des ign  of more complex unmanned s p a c e c r a f t  intended 
f o r  s o f t  landing, on the  su r face  of Mars, 

The mannEd Nars mission s t u d i e s  r e s u l t e d  i n  the  d iscovery  of a dramatic  
technique f o r  reducing markedly t h e  t o t a l  p ropu l s ive  requirements  f o r  t h e  
Mars t r i p .  The technique involves  s e l e c t i o n  of a p a r t i c u l a r  Earth-Mars 
t r a j e c t o r y  which passes  c l o s e  enough t o  t h e  p l a n e t  Venus t h a t  t h e  s p a c e c r a f t  
t r a j e c t o r y  i s  bent  sha rp ly  by t h e  p l a n e t ' s  g r a v i t a t i o n a l  f i e l d  as i t  passes  by, 
This  "swing-bjr" maneuver a1 ters the  s p a c e c r a f t  ' s d i r e c t i o n  of approach t o  
e i t h e r  Mars cr the Ear th  i n  such a way t h a t  t h e  s p a c e c r a f t  i s  moving more 
n e a r l y  i n  the sa.me d i r e c t i o n  as t h e  t a r g e t  p l a n e t  a t  the  approach. T h e  r e s u l t  
i s  a much reduced r e l a t i v e  approach v e l o c i t y  and hence a much lower d e c e l e r a t i o n  
requirement f o r  the Mars o r  Ear th  landing.  

I n  FY 1966 r e sea rch  i n  t h i s  program w i l l  examine i n  cons iderably  g r e a t e r  
depth t h e  v e h i c l e  and systems des ign  problems t o  i d e n t i f y  f u r t h e r  t h e  techno- 
l o g i c a l  needs and r e sea rch  requirements  i n  s p e c i f i c  problem areas such as 
landing s y s t e m ,  h e a t  p r o t e c t i o n ,  communications, and aerodynamics. F a r t i c u l a r  
emphasis will be given t o  unmanned Nars atmosphere probe technoloyy, advanced 
maneuverable c!nt:ry v e h i c l e s  f o r  near  e a r t h  f l i g h t  a p p l i c a t i o n ,  an3 recoverable  
launch v e h i c l e s .  

Space Vehicle Design Criteria 

Several  i i a i l u r e s  of space v e h i c l e s  r e s u l t i n g  from inadequate  des ign  and 
t e s t i n g  procedures  have c l e a r l y  ind ica t ed  t h e  need f o r  engineer ing  des ign  
c r i t e r i a  f o r  t he  guidance of t h e  des igne r s  of f u t u r e  space v e h i c l e s .  The b a s i c  
o b j e c t i v e  of i:hFs program i s  to  develop and d isseminate  such c r i t e r i a ,  and thus  
t o  improve re1 . i i ib i l i ty  of space v e h i c l e s  and reduce c o s t s  of f u t u r e  space 
programs through t h e  uniform a p p l i c a t i o n  t o  des ign  of up-to-date  t echn ica l  
knowledge. 

The products  of t h i s  program are des ign  cr i ter ia  monographs f o r  use by 
NASA and indus t ry  i n  t h e  engineer ing  des ign  of f u t u r e  space. v e h i c l e s .  These 
monographs prtnrj.de a n  important  means of ensur ing  t h e  a v a i l a b i l i t y  t o  engineers  
of a n  appropr:.at:e formulat ion of t h e  la tes t  knowledge, based on both opera t ing  
experience anti research .  It i s  expected t h a t  t h e s e  des ign  c r i te r ia  dccuments 
w i l l  have an  --mportant e f f e c t  i n  reducing o r  e l imina t ing  many causes  c f  p o t e n t i a l  
f a i l u r e  of f u t u r e  v e h i c l e s .  

The program encompasses p r e p a r a t i o n  of c r l t e r i a  i n  several areas of 
des ign ,  inc luding  s t r u c t u r e s ,  p ropuls ion ,  and guidance and c o n t r o l ;  and i n  the 
t e r r e s t r i a l  and space environments which g ive  rise t o  des ign  problems. The 
work i s  preserit1.y being c a r r i e d  ou t  a t  s i x  I n s t a l l a t i o n s ;  a t  t h e  Je t  Propuls ion 
Laboratory; aiid,through c o n t r a c t s ,  a t  t h e  U.S. Weather Bureau, s i x  aerospace  
companies, and one u n i v e r s i t y .  FY 1966 funds w i l l  p r w i d e  f o r  c o n t i m i n g  and 
expanding t h e  c o n t r a c t  program necessary  t o  a c c e l e r a t e  completion of L rgen t ly  
needed cr i. ter  ia 
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Several  c r i t e r i a  monographs p e r t a i n i n g  t o  the  s t r u c t u r a l  dynamic des ign  
problems of buffteting and f l u t t e r  were disseminated t o  indus t ry  and o the r  
Federal  agencies  i n  FY 1965. Curren t ly  about f o r t y  a d d i t i o n a l  criteria 
monographs, dea l ing  wi th  o t h e r  des ign  problems and wi th  the  n a t u r a l  emrironmenl:, 
are i n  var iouo  s t ages  of p repa ra t ion ,  

P ro jec t  FIRE 

196fi - 1964 1965 

Spacecraf t  and support  s e rv i ces .  .. $7,037,000 $2,811,000 $500,000 

A t  l a  s (Launch vehic  le 
P r  oc uremeii t ‘Program) ............ (1,786,000) (972,000)- LA 
Tota 1 ( inc  luding launch 

vehicleis) .  .................... ($8,823,000) ($3,783,000) ($500 ,,ooo) 

This p r o j e c t  i n v e s t i g a t e s  t he  hea t ing  environment around an Apollo shaped 
s p a c e c r a f t  dur ing  r e e n t r y  a t  speeds near  37,000 f e e t  p e r  second. F l i g h t  tests 
are requ i r ed  t o  provide c r i t i c a l  anchor p o i n t  d a t a  f o r  v a l i d a t i n g  r e s u l t s  from 
l abora to ry  t e s t  f a c i l i t i e s  and t o  provide guidance f o r  a p p l i c a t i o n  of t h e o r e t i c a l  
as w e l l  as experimental  r e e n t r y  data. 

The FIRE I spacec ra f t  w a s  s u c c e s s f u l l y  flown on Apr i l  14,  1964. I t  provided 
t h e  f i r s t  f l i g h t  measurements of t o t a l  hea t ing  and r a d i a t i v e  hea t ing  a t  a 
v e l o c i t y  of 38,0100 f e e t  p e r  second on a l a r g e  s i z e  body. The d a t a  def ined  the  
gross  heat ing l e v e l s  i n  t h i s  severe  environment and provided a necessary i n t e r -  
p r e t a t i o n  of r e s u l t s  from ground based f a c i l i t i e s  and t h e o r e t i c a l  p red ic t ions .  

A second r e e n t r y  (FIRE 11) i s  planned near  t h e  end of FY 1965. I n  view 
of the  success  of t h e  f i r s t  f l i g h t ,  t he  r e e n t r y  sequence has been a l t e r e d  t o  
provide a d d i t i o n a l  information t o  complement t h e  r e s u l t s  i n  hand, inc luding  
measurements a t  maximum heat ing.  
t o  favor  measuring important  sources  of gas r a d i a t i o n  wi th  a s p e c i a l  high 
r e s o l u t i o n ,  gi:ound based t r ack ing  spectrograph t o  a i d  i n  a more complete 
understanding of t h e  r e e n t r y  hea t ing  environment. 

The t r a j e c t o r y  has a l s o  been s h i f t e d  s l i g h t l y  

FY 1966 ;!unds are requ i r ed  t o  complete ope ra t ions  f o r  FIRE I1 and t o  
ana lyze  and piibl-ish t h e  r e s u l t s .  
Center ,  t h i s  p r o j e c t  employs Republic Aviat ion Corporat ion as a prime contract .or  
f o r  t h e  r e e n t r y  package, Ling-Temco-Vought as c o n t r a c t o r  f o r  t h e  v e l o c i t y  
package, and General Dynamics/Astronautics as systems i n t e g r a t i o n  con t r ac to r  
and launch v e h i c l e  supp l i e r .  

Under t h e  management of t he  Langley Research 
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Scout Reentry P r o j e c t  

196C --- 1964 1965 

Spacecraf t  a.id support . .  . . . . . . b $305,000 $750,000 - $5,000 :,ooO 
Scout (Launc’i v e h i c l e  

(1,000,000) (1,000,000) ( - - -) Procurement Program). . . . . . . . . . . . 
Tota 1 ( inc lud ing  launch 

v e h i c l e s ) .  . . , . . . . . . . . . . . . . . . .. ( $ 1 , 3 0 5 , 0 0 0 > ( $ ~ , ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~  

The performance of a r e e n t r y  hea t  p r o t e c t i o n  system i s  determined by a 
complex in te rac t . ion  of t he  phys ica l  and chemical p r o p e r t i e s  of m a t e r i a l s  a t  
high temperatures and t h e  c h a r a c t e r i s t i c s  of t h e  hea ted  a i r  surrounding t h e  
spacec ra f t .  ::t i s  no t  p r e s e n t l y  p o s s i b l e  t o  reproduce s imultaneously,  i n  
any e x i s t i n g  ground based f a c i l i t y ,  t h e  proper  combination of a l l  parameters  
known t o  be of importance i n  t h e  performance of a h e a t  p r o t e c t i o n  system dur ing  
atmosphere ret:nt:ry. This  p r o j e c t  i s  designed t u  provide a series of f l i g h t  
experiments,  r* t j . l i z ing  the  Scout launch v e h i c l e ,  which w i l l  o b t a i n  d a t a  e s s e n t i a l  
t o  current.  mr.ior f l i g h t  p r o j e c t s  and w i l l  l e ad  t o  more r e l i a b l e  i n t e r p r e t a t i o n s  
of t e s t  resu1::s from ground based f a c i l i t i e s .  

The Scou 1 r e e n t r y  materials payload “Reentry D”, w a s  success fu l l ]  flown 
i n  August 19ht. The material flown was a candida te  material f o r  t h e  l g o l l o  
hea t  s h i e l d .  Ground based f a c i l i t i e s  v a r i e d  i n  t h e i r  p r e d i c t i o n s  of t he  
performance o E  t h e  hea t  s h i e l d  and none of t h e  f a c i l i t i e s  a c c u r a t e l y  p red ic t ed  
the  actual.  pc::forniance of t he  material. 
anchor p o i n t  €01: t h e  ground based f a c i l i t i e s  and a l a r g e  ground based program 
i s  now under vay t o  determine why t h e  material behaves as i t  does and why t h e  
f a c i l i t i e s  do n o t  p r e d i c t  t h e  material performance more a c c u r a t e l y .  

The f l i g h t  provided a n  important  

Scout e:c>e::iment “Reentry E” w i l l  be f l m  e a r l y  i n  FY 1966 wi th  a pheno1.i~ 
nylon hea t  sliieLd material. Phenol ic  nylon i s  probably t h e  b e s t  understood 
hea t  s h i e l d  msterial based on l a b o r a t o r y  experiments ,  b u t  has not been flown, 
The material shews great promise f o r  c e r t a i n  types of f l i g h t s  s u c h  as t h e  
b a l l i s t i c  o r  n e a r  b a l l i s t i c  a tmospheric  en t ry .  

Next, two ( d i f f e r e n t  payloads p l u s  back-up payloads w i l l  be  b u i l t ,  us ing  
d i f f e r e n t  elastorm2ric materials. Elastomeric  materials appear  promis ing f o r  
t h e  long f l i : ; h t  t i m e  of t h e  l i f t i n g  body e n t r y  and f o r  the low d e n s i t y  payload 
r equ i r ed  €o r  Mars missions.  
may c a r r y  s imulated f l a p s  i n  o rde r  t o  s tudy t h e  r eg ion  around the  f l a p .  

The payloads w i l l  be  b lunted  cones and one payload 

Another c r i t i c a l  problem t o  be i n v e s t i g a t e d  i n  t h i s  series is thl? d e t e r -  
minat ion of t r a n s i t i o n  Reynolds number and t u r b u l e n t  hea t ing  rates. ‘Che 
Reynolds num’ber oE t r a n s i t i o n  from laminar  t o  t u r b u l e n t  f low dec rease ;  w i t h  
increased  speed up t o  low hypersonic  speeds,  and then  i n c r e a s e s  r a p i d t y  a t  
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higher  speeds.  A t  t h e s e  higher  f l i g h t  speeds (20,000 f e e t  p e r  second) t h e r e  
i s  g r e a t  u n c w t a i n t y  as t o  t h e  Reynolds number a t  which t r a n s i t i o n  occurs.  
Few f l i g h t  d a t a  on tu rbu len t  hea t ing  rates exist. A f l i g h t  experiment w i l l  be 
made t o  provide a check of t he  semi-empirical  t u rbu len t  hea t ing  t h e o r i e s  a t  
high v e l o c i t i 2 s .  A s lender  cone w i l l  be flown a t  20,000 f e e t  p e r  seccind. Two 
payloads and me back-up are requi red .  

L i f t i n g  Body F l i g h t  and Landing T e s t s  

1906 
_.__- 

19G4 1965 

F l i g h t  v e h i c l e  and support  s e rv i ces .  $1,200,000 $1,50Q,000 $1,000,000 -- 
The l i f  Itin:? body conf igu ra t ion  as a f u t u r e  spacec ra f t  promises b e t t e r  

manewerabi l . i ty  011 Ear th  r e e n t r y  than Apollo and Gemini and has t h e  c a p a b i l i t y  
of convent i on  a 1  a i r p  l a n e  type lior i zon t a l  landing. 

During t.he p a s t  yea r ,  t he  l i g h t  weight l i f t i n g  body g l i d e r  f l i g h t  program 
w a s  completed. This  l i f t i n g  body test  v e h i c l e  has been b u i l t  a t  an  alpproximate 
c o s t  of $2O,ClOCl by the  F l i g h t  Research Center. The f l i g h t s  demonstrated t h a t  
a l i g h t  weight v e h i c l e  could be landed success fu l ly .  

Also during FY 1965, a f ixed  p r i c e  c o n t r a c t  w a s  s igned wi th  Norair  Div is ion  
of Northrop Corporation t o  b u i l d  two metal, l i f t i n g  body g l i d e r  conf igura t ions :  
one, t he  Lan.g;ley HL-10 and the  o the r  t he  Ames M-2. These v e h i c l e s  w i l l  be 
c a r r i e d  t o  art a . l t i t ude  of 40,000 f e e t  and a speed of about Mach number 0.8 
then releasecl t.o g l i d e  back t o  Earth.  
concepts of l i f t i n g  bodies ,  are being b u i l t  t o  s tudy  t h e  problems a s soc ia t ed  
wi th  f l y i n g  a t  high subsonic speeds and landing  a v e h i c l e  which has planform 
loading equixpalent t o  what could be expected from an  a c t u a l  space veh ic l e .  
During FY l%16,, t he  f l i g h t  test  program w i l l  begin wi th  f l i g h t s  of t h e  M-2 
scheduled i n  t h e  F a l l  of ca lendar  year  1965. 
be about s i x .  months later. 

These v e h i c l e s ,  which r e p r e s e n t  d i f f e r e n t  

F i r s t  f l i g h t  of t he  HL-10 w i l l  

The funds i n  FY 1966 w i l l  provide f o r  f l i g h t s  t h a t  w i l l  inc lude  p i l o t  
familiarizat.:.ori wi th  t h e  v e h i c l e ,  and s t u d i e s  of e f f e c t s  of c e n t e r  of g r a v i t y  
change and v a r i a b l e  planform loadings.  

-- E’1:o’~c t Pegasus (Saturn-Launched Meteoroid Experiments) 

1966 .-- 1964 1965 

Spacecraft: arid support..  . . . . . . . . . $9,900,000 $13,690,000 $2,500,000 .-- 

To detai:mI.ne. t he  s e v e r i t y  of t he  meteoroid hazard t o  s p a c e c r a f t ,  d i r e c t  
measurements are requ i r ed  i n  t h e  space environment t o  o b t a i n  a c t u a l  pene t r a t ion  
rates i n  spacec ra f t  materials. The Explorer XVI (Scout launched experiment) 
has provi.dec1 the  f i r s t  s t a t i s t i c a l l y  s i g n i f i c a n t  p e n e t r a t i o n  r a t e s  i r  t h i n  
m a  t er ia  1 s . 
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These experiments,  t o  be launched i n t o  near Ear th  o r b i t s  on devel.opment 
f l i g h t s  o f  Si3tturn I launch v e h i c l e s ,  w i l l  expose t o  meteoroid penetrai:ion an 
a r e a  almost 130 t i m e s  t h a t  of t he  Scout launched experiments. This  w:i.ll permit  
measurements of t he  frequency of p e n e t r a t i o n  of metal su r faces  as t h i c k  a s  
0.016 inches ,  a:pproaching nominal v e h i c l e  wa l l  th icknesses  used i n  p r o p e l l a n t  
tanks f o r  ApoLlo and o the r  p r o j e c t s .  FY 1966 funds w i l l  permit  t he  lziunching 
of the  t h i r d  spacec ra f t .  

The Pegiasus s p a c e c r a f t ,  ope ra t ing  a few hundred m i l e s  from the  Ea r th ,  
w i l l  provide B good measure of t he  pene t r a t ion  power of meteoroids i n  the  
near-Earth envi  rotment. While i t  is gene ra l ly  assumed t h a t  t he  meteoroid 
hazard decreases  i n  s e v e r i t y  wi th  inc reas ing  d i s t a n c e  from the  Ea r th ,  no t  
enough i s  kncrm about t he  v a r i a t i o n  i n  meteoroid f l u x  wi th  d i s t ance  from the  
Ear th  t o  permit tak ing  t h i s  f a c t o r  i n t o  account i n  spacec ra f t  design. Some 
t h e o r i e s  a l s o  i n d i c a t e  t h a t  t h e r e  may be focusing f a c t o r s ,  and thus  p o i n t s  of 
severe ly  incir?ased hazard,  between t h e  Earth and the  Moon. The assumptions i n  
t hese  t h e o r i e s  iare: s u f f i c i e n t l y  unce r t a in  t h a t  i t  i s  not  poss ib l e  t o  say 
whether o r  no t  these a r e a s  of increased  hazard a c t u a l l y  e x i s t .  

Upon a n a l y s i s  of t he  f l i g h t  da t a  from the  Ear th  o r b i t i n g  Pegasus space- 
c r a f t ,  i t  i s  ?limned t o  proceed wi th  t h e  s tudy of t he  systems requirement f o r  
conducting s i t t n i  Lat: experiments i n  a h ighly  e l l i p t i c a l  o r b i t  t o  de f ine  the  
meteoroid pe1iet:cation hazard i n  the  reg ion  of space between the  Ear th  and the  
Moon. Funds xcwided i n  FY 1966 w i l l  be used f o r  p r o j e c t  d e f i n i t i o n  5, tudies  
and prel imina ry design of t he  experiment. 

Small Space Vehicle F l i g h t  Experiments 

1964 1965 1966 --- 
Behavior and hand1 ing of cryogenic  

prope1lant:s at: zero G. c e e a e 0 e a e a e $1,050,000 $255,000 --- 
Wind-shear measurements.. ........... 117,000 25,000 $95,000 
Meteor simi:Lation. .................. 640,000 650,000 325,000 
Reentry de t ix t ion . .  ................. 63,000 80,000 --- 
Materials c:orrel .ation and s t r u c t u r e s  

Meteoroid p m e t r a t i o n  probe,.  ....... 89,000 --- --- t e s t s , . . .  .......................... --- --- 1,580,000 
--- 

Total..,........................ $1.959 000 

The ob jec t ive  of t h i s  cont inuing p r o j e c t  i s  t o  provide f o r  s e l e c t e d  f l i g h t  
experiments usirtg small rocke t  launch v e h i c l e s  t o  v e r i f y  r e s u l t s  obtained i n  
ground based f a c : i l i t i e s  and t o  i n v e s t i g a t e  problems which can only be s tud ied  
under environnierital condi t ions  which occur i n  a c t u a l  f l i g h t .  Current  and 
r e c e n t l y  compIet.ed experiments inc lude  t h e  following: 

761-133 0 4 - 1 8  
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Behavior and Handling of Cryogenic P rope l l an t s  a t  Zero G 

Work on t h e  handling of f u e l s  and o the r  f l u i d s  under we igh t l e s s  Zonditions 
i s  being pursued i n  f l i g h t  experiments t o  s tudy  behavior which takes  iplace 
more slowly than can be  provided f o r  i n  drop towers or o t h e r  ground based 
f a c i l i t i e s .  Data from previous experiments i n  t h i s  p r o j e c t  have e s t a b l i s h e d  
t h e  r a t e  a t  which hea t  w i l l  be t r a n s f e r r e d  from t h e  tank walls t o  the  co ld  
f l u i d ,  causir.g bo i l -o f f  and r e s u l t a n t  w a s t e  of f u e l .  I n  FY 1966 f l i g h t  
experiments w i l l  be conducted t o  extend t h i s  i n i t i a l  understanding t o  more 
complex problenis of dynamic behavior of f l u i d s  such as f l u i d  pumping, tank 
spinning o r  tumbling, and dynamics a t  engine restart. 

Wind Shear Measurements 

Measurenients of t he  s t a t i s t i c a l  d i s t r i b u t i o n  of wind v e l o c i t i e s  i n  the  
v i c i n i t y  of nlajor rocke t  launching bases  ( t o  provide c r i t e r i a  f o r  des ign  of 
launch v e h i c 1 . e ~  t o  wi ths tand  the  loads  r e s u l t i n g  from wind shear  fo rces )  are 
being obtained f o r  a l t i t u d e s  up t o  70,000 f e e t  using Nike boos te r s  w i th  smoke 
producing nose cones. 

Meteor Simulat ion 

Experimt!nt:s a r e  being conducted t o  pruvide  d a t a  a t  v e l o c i t i e s  up t o  
90,000 f e e t  Fer second on the  luminous e f f i c i e n c y ,  hea t  t r a n s f e r ,  a b l a t i o n  r a t e ,  
and i o n i z a t i o n  e f f i c i e n c y  of s imulated meteors of known mass, composition, 
material, shz.pe and s i z e .  From t h e  r e s u l t s  of t hese  tests,  the  gross  hea t ing  
experienced by n a t u r a l  meteors can be determined and meteoric  e n t r y  phenomena 
can be e s t ab l i shed .  

Materials Cor re l a t ion  and S t r u c t u r e s  Tes ts  

The fact .ors known t o  a f f e c t  t h e  performance of a b l a t i o n  materials a r e  
hea t ing  r a t e :  shear  stress, stream composition, du ra t ion ,  en tha lpy  and s i z e .  
It i s  p o s s i b l e  i n  e x i s t i n g  ground based f a c i l i t i e s  t o  s imula te  s imultaneously 
some but  not a l l  of t hese  f a c t o r s .  Resu l t s  of f l i g h t  experiments i n  the  p a s t  
year  have in.clic:ated a s t r o n g  need f o r  b e t t e r  comparison between r e s u l t s  of 
f l i g h t  t e s t  and r e s u l t s  from ground based f a c i l i t i e s  f o r  v a l i d a t i o n  of t he  
ground based ds.ta. 

The planned f l i g h t  experiments w i l l  r e q u i r e  two payloads p l u s  a back-up 
payload. T h e  materials flown would be s t rong  e las tomer ic  materials s u i t a b l e  
f o r  Mars ent ry .  The planned f l i g h t  experiments have been formulated i n  such 
a way as t o  complement and extend informat ion  gained from t h e  ground based 
f a c i l i t i e s  and o the r  f l i g h t  experiments.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADYNCED RESEARCH AND TECHNOLOGY ELECTRONIC SYSTEMS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The o b j e c t i v e  of t h i s  program is t o  provide t h e  necessary aclvancls i n  
technology t o  a s su re  t h e  a v a i l a b i l i t y  of r e l i a b l e  and e f f i c i e n t  e l e c t r o n i c  
components f o r  f u t u r e  ae ronau t i ca l  and space f l i g h t  miss ions .  Researirh i s  
conducted i n  t h e  l abora to ry  on t h e  problems of guidance, c o n t r o l ,  comnunica- 
t i o n s ,  t r a c k i n g ,  ins t rumenta t ion ,  and d a t a  processing systems. Small f l i g h t  
experiments a r e  used t o  confirm r e s u l t s  of l abora to ry  research  arid, i i i  some 
c a s e s ,  t o  o b t a i n  s o l u t i o n s  t o  problems which cannot be s t u d i e d  at1equa:ely i n  
t h e  l abora to ry .  

SUMMARY OF R,ligURCES REQUIREMENTS : 

1964 

Supporting research  and 
technology ..................... $26,380,000 

Small f l i g h t  p r o j e c t s . .  .......... 2,320,000 

T o t a l . . . . . . . . . . . . . . .  ........... $28,700,000 

Dis t r ibu t i , onof  Propram Amount by I n s t a l l a t i o n :  

Manned Spacecraf t  Center .  ...... 
Marshall  Space F l i g h t  Center . .  . 
Goddard Space F l i g h t  Center . .  .. 
J e t  Propuls ion Laboratory. .  .... 
Ames Res,t!arch Center . .  ......... 
Elect rorti.c8 Research Center .  ... 
F 1 igh t Ekes earch Center ......... 
Langley Research Center .  ....... 
Lewis Research Center . .  ........ 
NASA Headquarters.  ............. 
Western Opt?’rat:ions Office. .  .... 

BASIS OF FUNJIGQUIREMENTS: 

$1,079,000 
4 , 644,000 
3 , 274,000 
2,806,000 
2,399,000 

1,072,000 
8,848,000 

463 , 000 
4,087,600 

28,000 

--- 

1965 

$23,322,000 
2,100,000 

$25,422,000 

$475,000 
3,469,000 
2,797,000 
2,727,000 
3,650,000 
1,873,000 
1,103,000 
6,390,000 

445,000 
2,493,000 --- 

Supporting Research and Technology 

1964 1965 

Guidanc.e systems. ................ $4 . 723,000 $4,800,000 
Control. systems .................. 6,596,000 5 , 660,000 
Communicat: :ions ................... 5 , 156,000 3,960,000 
Tracking and d a t a  a c q u i s i t i o n . .  .. 2,897,000 2 , 750,000 

1966 - 

$30,000,000 
4,400.000 - 

$34,400,000, - 

$880,000 
4,525,000 
3,035,000 
3,200,000 
3,390,000 
5,000,000 
1,400,000 
9,120,000 

580,000 
3,270,000 --- 

1966 - 
$6,200,000 
6,000,000 

3,800,000 
5,900,000 
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1966 - 1964 1965 

Data handl ing and processing ..... $3,102,000 $3,040,000 $4, 100,000 
Ins t rumenta t ion . . . . . . . . . . . . . . . . . .  3,906,000 3,112,000 4,000,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  $26,380,000 $23.322.000 $30,!300,000 - 
Guidance Systems 

The guidance system research  program is d i r e c t e d  towards t h e  d e r i v a t i o n  
of information necessary t o  understand and design s imple,  r e l i a b l e  and l i g h t -  
weight s enso r s ,  r e f e rence  elements ,  and a s soc ia t ed  components which make up 
a guidance system. The program emphasizes technique and component research  
i n  i n e r t i a l ,  o p t i c a l ,  and electromagnet ic  phenomena f o r  a p p l i c a t i o n  t o  
sens ing  and r e fe rence  func t ions .  D i g i t a l  computer technology i s  explored as 
a means f o r  implementing guidance equat ions and processing nav iga t iona l  da t a .  
T ra j ec to ry  a n a l y s i s  provides the  framework f o r  examining energy requirements ,  
e r r o r  ana lyses ,  and sensor  and d a t a  processing t r ade -o f f s  f o r  any s p e c i f i e d  
space mission.  

The o b j e c t i v e  of research  i n  i n e r t i a l  components is t o  develop l o n g l i f e ,  
h igh  performance , low power devices  f o r  f u t u r e  spacec ra f t  guidance and 
a t t i t u d e  con t ro l  systems. Typical  uses  inc lude  f l i g h t  path c o r r e c t i o n s ,  
a u t o p i l o t  c o n t r o l ,  and o r b i t  plane determinat ion.  I n i t i a l  i n v e s t i g a t i o n s  
i n  one a r e a ,  for example, have demonstrated t h e  f e a s i b i l i t y  of t h e  " f r i c t i o n -  
l e s s "  e l e c t r o s  t a . t i c a l l y  suspended gyro (ESG) ; t h e  follow-on program by 
Honeywell, I n c . ,  under the  d i r e c t i o n  of J e t  Propuls ion Laboratory w i l l  begin 
t h e  development and t e s t i n g  of f l y a b l e  pro to types .  

One o b j e c t i v e  of t he  r e sea rch  on o p t i c a l  devices  is t o  improve the  
performance of automatic space naviga t ion  equipment, such a s  e l e c t r o - o p t i c a l  
star t r a c k e r s  and s t a r  mappers. But i-n,reasing emphasis i s  being placed on 
t h e  search  f o r  new techniques which w i l l  make on board guidance systems, 
p a r t i c u l a r l y  clf manned v e h i c l e s ,  l e s s  dependent on complex automatic  o r  
remotely operated systems. Thus, f o r  example, f o r  manned space f l i g h t ,  t h e  
incorpora t ion  of manually operated s e x t a n t s  i n t o  t h e  naviga t ion  computation 
loop could s i g n i f i c a n t l y  reduce computer complexity and t h e  s i z e  and weight 
of  o v e r a l l  naviga t ion  equipment. 
u t i l i z i n g  space f l i g h t  s imula t ion  techniques ,  is expected t o  lead  t o  t h e  
development of' s imple hand-held s e x t a n t s  and t h e  techniques f o r  us ing  them. 

Research a t  t h e  Ames Research Center ,  

I n  the f i e l d  of d i g i t a l  computer r e sea rch ,  emphasis i s  c u r r e n t l y  on the  
problems of developing sma l l ,  l i g h t  weight , high performance computers f o r  
on board a p p l i c a t i o n s .  Some of the most promising r e s u l t s  of t h i s  r e s ? a r c h  
s o  f a r  a r e  coming from exp lo ra to ry  work on new computer concepts a t  t h ?  J e t  
Propuls ion Laboratory.  Included i n  t h i s  program a r e  the  development oE a 
prototype magret ic- logic  computer and i n v e s t i g a t i o n s  of s e l f -o rgan iz ing  
computer techniques.  This work w i l l  continue as p a r t  of the  FY 1056 r ? s e a r c h  
program i n  guidance computers. 
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The d e r i v a t i o n  of  guidance equat ions  and guidance system requiremients i s  
based on t h e  a n a l y s i s  of t r a j e c t o r i e s  r e l a t e d  t o  t h e  va r ious  miss ion  ol3jec- 
t i v e s .  P a s t  kork i n  t h i s  a r e a  has  e s t a b l i s h e d  b a s i c  t r a j e c t o r i e s  t o  the moon 
and nearby p l a n e t s .  Continuing s t u d i e s  a t  Marshal l  Space F l i g h t  Center ,  Ames 
Research Center ,  J e t  Propuls ion Laboratory,  E lec t ron ic s  Research Center ,  and 
Langley Research Center ,  a r e  now seeking  s i m p l i f i e d  guidance equat ions  f o r  
u s e  wi th  t h e s e  t r a j e c t o r i e s ,  and explor ing  new t r a j e c t o r y  problems suc' i  as 
those  a s soc ia t ed  wi th  low l e v e l ,  long du ra t ion  t h r u s t i n g  systems t y p i c a l  of 
e l e c t r i c  o r  nuc lea r  propuls ion .  

Control  Systems 

Research i n  t h i s  program eF tab l i shes  t h e  technology and des ign  re 'quire-  
ments f o r  c o n t r o l  systems of aerospace v e h i c l e s .  Problems s t u d i e d  inc lude  
those  of manned and automatic  f l i g h t  c o n t r o l ,  spacec ra f t  a t t i t u d e  s t a b i l i z a -  
t i o n ,  and t h e  development of improved research  techniques.  Along wi th  t h e  
appl ied  r e sea rch ,  a program of t h e o r e t i c a l  and b a s i c  r e sea rch  is  c:arri.d out 
i n  r e l a t e d  f i e l d s .  S p e c i f i c  o b j e c t i v e s  inc lude :  improvements i n  d i sp l ays  
f o r  manned v e h i c l e s ,  development of adapt ive  automatic  c o n t r o l s ,  economical 
methods f o r  long l i f e  s a t e l l i t e  s t a b i l i z a t i o n  and more accu ra t e  po in t i . i g  
techniques for  o p t i c a l  communication devices .  

Research i n  r ecen t  years  on t h e  problems of des igning  c o n t r o l  systems 
intended f o r  use by man i n  c o n t r o l l i n g  s p a c e c r a f t  and h igh  speed a i r c r 3 f t  has  
emphasized t h e  need f o r  t h e  a p p l i c a t i o n  of  mathematical  techniques t o  1:he 
d e s c r i p t i o n  of human response c h a r a c t e r i s t i c s .  Mathematical d e s c r i p t i o n s  of 
t h e  human opera tor  f o r  complex c o n t r o l  t a s k s  are  now under development a t  
Langley Research Center ,  Massachusetts I n s t i t u t e  of Technology, arid thl? 
Univers i ty  of Michigan . 

I n  t h e  f i e l d  of a t t i t u d e  s t a b i l i z a t i o n ,  a dominant problem dur ing  t h e  
coming year  w i l l  be t h e  development of  systems f o r  long term s e r v i c e  
s a t e l l i t e s  (e .g . ,  communications, meteoro logica l ,  and nav iga t ion  s a t e l l i t e s )  
which r e q u i r e  cons t an t ,  o r  f r equen t ,  a t t i t u d e  r e o r i e n t a t i o n .  Present  ( I c t ive  
methods u t i l . i z i n g  gas j e t s  a r e  not  s a t i s f a c t o r y  because of f u e l  requirements .  
Pass ive  s t a b i l i z a t i o n  systems, which u t i l i z e  n a t u r a l  fo rces  as energy ijources, 
appear promising. Gravi ty  g rad ien t  a t t i t u d e  s t a b i l i z a t i o n  systems f o r  
s a t e l l i t e s  have been s t u d i e d  ex tens ive ly  a t  Ames Research Center. Thi,; 
p r i n c i p l e  u t i l i z e s  t h e  E a r t h ' s  g r a v i t y  both t o  e s t a b l i s h  an  a t t i t u d e  m f e r e n c e  
and as a source of  power f o r  a l i g n i n g  t h e  v e h i c l e  i n  t h e  d e s i r e d  a t t i t u d e .  
An a p p l i c a t i o n  of t h i s  p r i n c i p l e  i s  p r e s e n t l y  being considered f o r  use on t h e  
Appl ica t ions  Technology s a t e l l i t e .  Fu r the r  development of pass ive  schI2mes 
f o r  c o n t r o l  purposes w i l l  cont inue  dur ing  FY 1966. 

The i n v e s t i g a t i o n  and des ign  of s u i t a b l e  components f o r  elect.roni1: 
systems is  an  important p a r t  of t h e  c o n t r o l  systems research  program. 
E l e c t r i c a l ,  e l e c t r o n i c ,  and mechanical components of a wide var ie t .y  arc? 
included.  For example, a b rush le s s  DC motor has  been developed by t h e  
Sperry Company f o r  t h e  Goddard Space F l i g h t  Center .  
optimum f o r  a p p l i c a t i o n  t o  s a t e l l i t e  e l e c t r i c a l  power systems,  has  not  been 

The DC motor,  whi le  
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used because t)rushes wear r a p i d l y  i n  t h e  vacuum of space.  
des ign  has  shown high r e l i a b i l i t y  when opera ted  i n  a vacuum and motor 
e l e c t r i c a l .  e f f i c i e n c i e s  of 60 pe rcen t ,  as much as twice t h a t  a v a i l a b l e  i n  t h e  
convent ional  IX: motor,  are ob ta inab le  over  a wide ope ra t ing  range. 

The b rush le s s  

I n  t h e  cont inuing  program t o  r e f i n e  r e sea rch  techniques i n  t h e  c c n t r o l  
systems fi.elc1, s i g n i f i c a n t  progress  was made dur ing  t h e  p a s t  year  on t h e  
problem of process ing  t h e  l a r g e  amounts of d a t a  ga thered  from ground based 
s imula t ion  experiments.  NASA sponsored research  by B o l t ,  Beranek & Newman 
has produced a 1:echnique of us ing  a d i g i t a l  computer on l i n e  wi th  the  
experiment t o  process  d a t a  immediately and d i s p l a y  s i g n i f i c a n t  r e s u l t s .  This 
w i l l  al low the  experimenter t o  modify h i s  experiment i n  l i g h t  of r e s u l t s ,  
expand h i s  conpi:ehension of t h e  problem, and e f f e c t  s i g n i f i c a n t  r educ t ions  i n  
c o s t .  Eff0rt.r; to apply t h e s e  techniques t o  NASA f l i g h t  c o n t r o l  s imula to r s  
w i l l  cont inue  i n  F i s c a l  Year 1966. 

Communications 

The o b j e c t i v e  of the  NASA research  program i n  communications i s  t o  
provide t h e  t:echnology f o r  i nc reas ing  t h e  d a t a  t r a n s f e r  c a p a b i l i t y  of space-  
c r a f t  by prov:iding advanced techniques and components a p p l i c a b l e  t o  space- to-  
ground commun:ications. Advanced s a t e l l i t e s  and deep space probes r e q u i r e  
sma l l e r ,  I.ighi:er, more powerful and more r e l i a b l e  equipment than  i s  p r e s e n t l y  
a v a i l a b l e  i n  o rde r  t o  t r ansmi t  in format ion  wi thout  unduly consuming sFace- 
c r a f t  payload weight .  P a r t i c u l a r l y  c r i t i c a l  are  t h e  requirements impcsed on 
a communic:atj.ons system by manned o r  unmanned space probes t o  Venus, P a r s  
and beyond. 

To improve t h e  a b i l i t y  t o  t r ansmi t  in format ion  from a s p a c e c r a f t ,  
r e sea rch  i s  underway t o  improve t h e  e f f i c i e n c y  and power handl ing  capsibi l i -  
t i e s  of microwave devices .  Microwave tubes t o  be employed as a m p l i f i e r s  i n  
t h e  t e n  wat t  .range w i l l  be  a v a i l a b l e  i n  ca l enda r  year  1966. E f f i c i e n t  tubes 
i n  t h e  20-100 watt: range are c u r r e n t l y  under experimental  i n v e s t i g a t i o n  by 
t h e  Langley IL2saarch Center .  It is expected t h a t  r e s u l t s  of t h i s  program w i l l .  
provide space q u a l i f i e d  tubes w i t h  good e f f i c i e n c y  by ca l enda r  year  1967. 
S tud ie s  w i l l  be undertaken i n  FY 1966 f o r  even more powerful t ubes ,  5C10-1000 
w a t t s ,  t o  meei:  system requirements of t h e  mid-sevent ies .  

During IT '1965, s t u d i e s  were i n i t i a t e d  on t h e  propagat ion of sub-  
m i l l i m e t e r  wave:;. Deta i led  d a t a  on propagat ion through t h e  Ea r th ' s  atmosphere1 
i n  t h i s  po r t ion  of t h e  spectrum is  not  a v a i l a b l e  and must be obta ined  be fo re  
deep space- to  -ground communication systems ope ra t ing  a t  t h e s e  frequenc ies  
can be designed.  During FY 1966, work i n  t h i s  area w i l l  a l s o  inc lude  com- 
ponent development: and system s t u d i e s ,  It is  expected t h a t  t h e  weight and 
s i z e  of t h e s e  components w i l l  be  less than  those  of corresponding micwwave 
components, due t o  t h e  s h o r t e r  wavelength involved,  and t h a t  systems clperat- 
i n g  a t  t h e s e  Erequencies w i l l  have increased  d a t a  handl ing  c a p a b i l i t y .  The 
bulk of t h e  r~zsearch  w i l l  be  under t h e  program d i r e c t i o n  of t h e  E lec t ron ic s  
Research Center ,  



One of t h e  most important developments i n  t h e  o p t i c a l  technology f i e l d  
f o r  appl icat ic in  t o  communications i s  t h e  laser. A program t o  determine t h e  
e f f e c t s  of t h e  atmosphere on o p t i c a l  f r equenc ie s ,  such as a t t e n u a t i o n ,  r e -  
f r a c t i o n ,  f ad ing ,  phase d i s t o r t i o n  and pu l se  shape d i s t o r t i o n ,  i s  underway. 
This  program will c o n t r i b u t e  t o  t h e  understanding of t h e s e  e f f e c t s  and permit 
t h e  development of more e f f i c i e n t  techniques f o r  propagat ion of energy 
through the atmcsphere a t  o p t i c a l  f requencies .  

Thin f i l m  and mic roe lec t ron ic s  r e sea rch  performed t o  d a t e  has  achieved 
r e l i a b l e  t h i n  f i l m  and semi-conductor i n t e g r a t e d  components and c i r c u i t s  of 
l e s s  s i z e  and weight than  t h e  convent ional  approach. Continuing e f f o r t s  t o  
enhance t h e  r e l i a b i l i t y  of e l e c t r o n i c  c i r c u i t s  i s  r equ i r ed  as we l l  as 
techniques t o  achieve a family of low power devices .  Research on methDds 
t o  achieve micropower devices  through t h e  use  of s e l e c t e d  components alid 
r ev i sed  c i r c u i t  des ign  was i n i t i a t e d  i n  FY 1965 by Langley Research C e i t e r  
and w i l l  be ccnt inued i n  FY 1966. I n  a d d i t i o n  t o  t h e  low power requi r?ments ,  
emphasis w i l l  a l s o  be placed on s m a l l  s i z e ,  low weight ,  improved I - e l i a ~ i l i t y  
and increased  r e s i s t a n c e  t o  r a d i a t i o n .  

Appl ica t ions  of mic roe lec t ron ic  devices  t o  subsystems of t h e  Sa turn  V 
v e h i c l e  have been i n i t i a t e d  a t  t h e  Marsha l l  Space F l i g h t  Center .  Sele1:ted 
e l e c t r o n i c  subsystems w i l l  be  cons t ruc ted  us ing  mic roe lec t ron ic  compon'?nts, 
and flown piggy back on developmental f l i g h t s  t o  determine performance 
c a p a b i l i t i e s  and s tudy p o t e n t i a l  r e l i a b i l i t y  improvements. This  progrs3m w i l l  
cont inue  i n  FY 1966. 

Tracking and Data Acqu i s i t i on  

The o b j e c t i v e  of research  i n  t h i s  a r e a  i s  t o  improve accuracy i n  1:he 
de te rmina t ion  of t h e  o r b i t a l  parameters of a s p a c e c r a f t ,  and t o  enhanci? 
d a t a  a c q u i s i t i o n  c a p a b i l i t y  of ground based t r a c k i n g  systems. Improved 
accurac i e s  of o r b i t a l  parameters are necessary  f o r  t h e  understanding o i  
geophysical  c h a r a c t e r i s t i c s  and v a r i a t i o n s  i n  t h e  E a r t h ' s  g r a v i t a t i o n a .  
f i e l d .  

Laboratory experiments were i n i t i a t e d  i n  FY 1965 on t h e  use  of op1:ical 
methods f o r  tine a c q u i s i t i o n  of d a t a  from a s p a c e c r a f t .  Since such a sirstem 
would e l imina te  t h e  need f o r  a t r a n s m i t t e r  aboard t h e  s p a c e c r a f t ,  it would 
inc rease  r e l i a b i l i t y  of t h e  o v e r a l l  system and decrease  spacec ra f t  wei1;ht. 
Resu l t s  t o  d a t e  have demonstrated t h e  f e a s i b i l i t y  of  d a t a  t r a n s f e r  through 
t h e  d i s t o r t i o n  of t h i n  Mylar membrances coated wi th  r e f l e c t i n g  materials.  
This  e f f o r t  w i l l  be  cont inued i n  FY 1966 t o  improve e f f i c i e n c y  and invc:sti- 
g a t e  t h e  use  of o the r  phenomena such as molecular  s t r u c t u r e  as modulat:.on 
mechanisms, 

During FY 1965, research  i n  t h e  use  of o p t i c a l  t r a c k i n g  technique:: w a s  
concent ra ted  Larsely i n  laser component development and system s t u d i e s  
E f f e c t i v e  use of t h e  very  narrow beams c h a r a c t e r i s t i c  of  laser  devices  
r e q u i r e s  ex t r ene ly  accu ra t e  po in t ing  and p o s i t i o n  c o n t r o l .  S tudies  of 
techniques  f o r  e l e c t r o n i c a l l y  sens ing  and c o n t r o l l i n g  t h e  p o s i t i o n  of t h e  
l a s e r  beam have been i n i t i a t e d .  This  work w i l l  be  cont inued i n  FY 196tt. 
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Research on microwave antennas t o  achieve increased  d a t a  a c q u i s i t i o n  
c a p a b i l i t y  is  concentrated i n  t h e  improvement of spacec ra f t  antennas and 
t h e  a r r ay ing  of pa rabo l i c  d i s h  antennas t o  o b t a i n  a l a r g e  e f f e c t i v e  ape r tu re  
f o r  ground based s t a t i o n s .  
conducted by the  Langley Research Center  and t h e  Goddard Space F l i g h t  ( ;enter.  
A pro to type  model of a n ine  foo t  diameter  spacec ra f t  antenna e rec t ed  f::om a 
one foo t  diameter folded package has  been developed by Goodyear Aircrait 
Corporat ion under t h e  d i r e c t i o n  of t h e  J e t  Propuls ion Laboratory.  This 
research  w i l l  be continued i n  FY 1966. I n  a d d i t i o n ,  f e a s i b i l i t y  s t u d i e s  a r e  
planned i n  FY 1966 of t h e  use  of l a r g e  antennas placed i n  space a s  s a t e l l i t e s  
of t h e  Earth f o r  t r ack ing  and d a t a  a c q u i s i t i o n  a s  we l l  a s  f o r  r a d i o  as1:ronomy 
purposes . 

The r e sea rch  on antenna a r r ay ing  is  being 

Data Handling and Processing 

The v a r i e t y  and number of on-board and ground based data processing 
a p p l i c a t i o n s  are  increas ing  r a p i d l y  a t  the  present  t i m e .  Concommitant -y wi th  
such broadening of a p p l i c a t i o n ,  marked changes i n  equipment and techniques 
a r e  occurr ing.  They include improved means of d i r e c t ,  r a p i d  ( " rea l  tirie") 
communication between computers and use r s ;  h igher  capac i ty ,  f a s t  d a t a  
s to rage  u n i t s  ("Memories") ; and g r e a t e r  use of d a t a  processing systems t o  
enhance man's c a p a b i l i t y  t o  make ccmplex l o g i c a l  dec i s ions .  

I n  FY 1966 *work w i l l  continue on the  "continuous f e r r i t e "  p l a t e  mf!mory. 
Recently,  large s i n g l e  planes , each conta in ing  many elements , have beer1 
f ab r i ca t ed  success fu l ly  by Radio Corporat ion of America. The problems of 
r e p r o d u c i b i l i t y  of p e r f e c t  p l anes ,  r e l i a b l e  in te rconnec t ions  and the  dc!sign 
of assoc ia ted  n i c roe lec t ron ic s  r equ i r e  f u r t h e r  i n v e s t i g a t i o n .  Both aero-  
space and ground based da ta  handl ing c a p a b i l i t i e s  w i l l  be augmented s i t p i f  -. 
i c a n t l y  as  these very high capac i ty ,  smal l ,  rap id  , d i g i t a l  memories bec:ome 
gene ra l ly  ava i la51e.  

The research  on systems and techniques f o r  t h e  processing of TV s;,.gnals, 
both on-board the  spacec ra f t  and on t h e  ground, has  been concent ra ted  :.n two 
primary a reas  r ecen t ly :  I n  t h e  one, advanced equipment has  evolved foi: 
ground t e s t i n g  of var ious  e l e c t r o n i c  conf igu ra t ions  and f o r  switching TV 
e l e c t r i c a l  s i g n a l s  among va r ious  media; o sc i l l o scopes ,  magnetic t a p e s ,  o p t i c a l  
e lements ,  and so on. I n  t h e  o t h e r ,  t h e o r i e s  have been evolved, and sone 
equipment made and s u c c e s s f u l l y  t e s t e d ,  u t i l i z i n g  advanced concepts i n  t h e  
s u b s t a n t i a l  reduct ion  of t h e  number of d a t a  t h a t  must be t r ansmi t t ed  from 
spacec ra f t  t o  ground t o  ensure accu ra t e  r e c r e a t i o n  of t he  scene a t  t h e  view- 
ing  te rmina l .  F lyable  pro to types  are being designed a t  Goddard Space I ' l igh t  
Center .  

Research on techniques t o  improve t h e  e f f i c i e n c y  of computer u t i l a - za t ion  
has  l ed  t o  t h e  development and a c q u i s i t i o n  of equipment t o  enable  s imultane-  
ous,  d i r e c t ,  " ' real- t ime" ope ra t ion  of computers by a number of u se r s .  Some 
of t h e s e  devices  a r e  now i n  use  a t  Langley Research Center  and Lewis Rcsearch 
Center  both as ope ra t iona l  equipment and as research  t o o l s  t o  s tudy  problems 
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r e l a t e d  t o  sha r ing  of l a rge  computer f a c i l i t i e s  among a number of usei-s. 
Problems ass13ci2ted with coopera t ive  s o l u t i o n  of d i f f i c u l t  coniput ing Imoblems 
through d i r e c t  comnunications between the  computer and s c i e n t i s t  w i l l  a l s o  be 
s tud ied .  Sul:ces:;ful s o l u t i o n  of t hese  problems w i l l  reduce requiremeIits f o r  
a d d i t i o n a l  programming spec ia  Lists and c o n t r i b u t e  t o  more e f f i c i e n t  use of 
1.arge computational complexes. These e f f o r t s  w i l l  cont inue i n  FY 1960. 

Reduction Df the amount of d a t a  t r ansmi t t ed  from space veh ic l e s  i:o e a r t h  
i s  a cont inuing goal  of r e sea rch  i n  data compression techniques.  One approach, 
under i n v e s t i g a t i o n  a t  J e t  Propuls ion  Laboratory,  i s  a system kncwn a:, 
'P rev ious  Elenent  Coding'' f o r  use i n  video d a t a  p rocess ing ,  I n  t h i s  :,theme, 
the p i c t u r e  taken by the  s p a c e c r a f t  camera i s  divided i n t o  element:; wtiich 
are c l a s s i f  i e 3  2nd coded according t o  t h e i r  r e l a t i v e  b r igh tness  ( ' 'graj, l eve l " ) .  
The elements are  au tomat ica l ly  scanned and compared wi th  ad jacent  e ler ients .  
The spacecraEt  then t r ansmi t s  the coded b r igh tness  l e v e l s  and the numkler of 
contiguous eL~?ments which are of the same shade. For p i c t u r e s  wi th  lzirge 
f e a t u r e s  of :; i m i  Lar tona l  q u a l i t y ,  t h i s  r e s u l t s  i n  an apprec iab le  :;av;.ng of 
communication; channel capac i ty  compared t o  the o r i g i n a l  technique of t r a n s  - 
m i t t i n g  the l>r ightness  of each ind iv idua l  p i c t u r e  element.  Reduct ion: of 2 
t o  1 i n  d a t a  3 i t  t ransmiss ion  requirements by t h i s  technique are predj c t ed .  
Research on ,:his and o ther  techniques w i l l  cont inue i n  FY L966. 

I n s  t rument a t i o n  
I 

Instrumentattjion and measurement are fundamental t o  success fu l  acklieve- 
nient of b a s i c  s z i e n t i f i c  ob jec t ives  and t o  the  technologica l  advancement of 
engineer ing  : ;=iences.  A s t r o n g  and vigorous program t o  in su re  tiniely a v a i l -  
a b i l i t y  o;t i n ; t  runents and measurement techniques f o r  planned and ant j .c ipated 
space and a e i r ~ ~ n a u t i c a l  missions i s  e s s e n t i a l  t o  t he  u l t ima te  success  of such 
iniss ions .  

For dens i t y  measurements of the upper atmosphere , remote sens ing  devices  
have been developed a t  Langley Research Center ,  based on the  backsca t t e r  of 
e lec t romagnet ic  r a d i a t i o n .  F l i g h t  tests using sounding rockets  have success-  
f u l l y  demonstratecl the  f e a s i b i l i t y  and s u b s t a n t i a t e d  a n a l y t i c a l  predic t i o n s .  
Fu r the r  deve Lopmerits using s t r o n g e r  r a d i a t i o n  sources  and improved serlsing 
methods w F l l  lie t e s t e d  i n  subsequent f l i g h t s  t o  extend t h e  technique t o  
h igher  a l t i t ude : ; .  During FY 1966 research  on r a d i a t i v e  sens ing  niethocs w i l l  
be extended ix inires t i g a t c  the  remote measurement of o the r  atniosphere 
c h a r a c t e r i s t i c s  such as pressure  , temperature ,  and wind v e l o c i t y  whict could 
lead t o  more x c u r a t e  data f o r  weather fo recas t ing .  

Although vacuum pumping sys  terns have advanced s i g n i f i c a n t l y  throtigh the  
i n t r o d u c t i o n  of i o n  pumping, the accuracy with which vacuni  can be me; sured 
i s  s t i l l  orde cs of: magnitude below the d e s i r e d  l e v e l .  Absolute measuring 
methods do no: e x i s t  f o r  very low pressure  and a r e  u rgen t ly  needed. The 
development o E  mass spectrometer  techniques f o r  measuring gas composit i o n s ,  
by the Nat:ion.xl Research Corporat ion,  has  progressed t o  a po in t  where the  
use of int:ense :ion sources  and more advanced e l e c t r o n i c  count ing s y s  t e m s  
should make i: poss ib l e  t o  inc rease  the  s e n s i t i v i t y  of t hese  a n a l y t i c  devices  
by several. o rders  of magnitude. Knowledge of the  q u a l i t a t i v e  and quar t i t a -  
t i v e  composition of gas res idues  i n  evacuated chambers can then  be used t o  
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analyze p o s s i b l e  sources  of s y s t e m  l i m i t a t i o n  and t o  i n v e s t i g a t e  new 
techniques fcir measuring very  low pressures .  These developments w i l l  be 
pursued f u r t h e r  i n  FY 1966. 

Spacecra.ft s u b j e c t  t o  r a d i a t i o n  from the  sun ou t s ide  the  E a r t h ' s  
atmosphere requ!-re e f f e c t i v e  temperature c o n t r o l  over broad po r t ions  c f the 
e1ectroniagnet::L.c spectrum, inc luding  the  f a r  i n f r a r e d .  The development of 
so l id .  stat:e physics has produced new sens ing  ma te r i a l s  responding t o  r a d i a -  
t i o n  i n  these extended ranges.  Measuring appara tus  i s  being designed by the 
Naval Ordnance Laboratory a t  Corona, C a l i f o r n i a ,  t o  enable  accu ra t e  ekaluat ion. ,  
i n  the  f a r  i n f r a r e d ,  of the r a d i a t i v e  c h a r a c t e r i s t i c s  of ma te r i a l s .  Resul t s  
of t h i s  work wi:.1 l e a d  t o  the development of more e f f i c i e n t :  coat ings f o r  
spacecraf t .  teriperature c o n t r o l .  This program w i l l  cont inue i n  FY 1966. 

Recent pirog;ress i n  the  des ign  of microminiature components has pro-  
duced new p o s , s i b i l i t i e s  i n  e l e c t r o - o p t i c a l  imaging concepts .  Sol id  s t a t e  
image convert:c!rs which do not r equ i r e  e l e c t r o n  beam scanning seem f e a s i b l e  
and may f ind  a p p l i c a t i o n  not  only f o r  TV bu t  a l s o  i n  o the r  f i e l d s  such  as  
horizon sens ing  and s o l i d  s t a t e  s p e c t r a l  analyzing.  Advances i n  photc 
m u l t i p l i e r  des ign  and a s soc ia t ed  e l e c t r o n i c  c i r c u i t s ,  by Avco Corporat ion 
and the Goddalrd Space F l i g h t  Center ,  have produced improved devices  f c r  
,counting impi.ngj.ng low energy e l e c t r o n s .  These devices  w i l l  be used i n  the 
Di rec t  Measurenient Explorer  S a t e l l i t e .  Fur ther  work w i l l  be done i n  FY 1966 

B ioe lec t ron ic  ins t rumenta t ion  has  bene f i t ed  from t h e  development of 
min ia ture  devices  and c i r c u i t s  f o r  measuring card iovascular  and nerve s i g n a l s  
through t h e  us8e of implants  i n  l i v e  s u b j e c t s .  Microe lec t ronic  techniques 
c o n t r i b u t e  t o  th.e design of t h e s e  devices ,  bu t  power requirements r e s t r i c t  
a p p l i c a t i o n s  i n  many cases .  To a l l e v i a t e  t h i s  r e s t r i c t i o n ,  research  is 
underway t o  reduce power consumption and develop a l t e r n a t e  power sources .  
E f f o r t s  t o  r ep lace  b a t t e r y  power s u p p l i e s  by e i t h e r  body generated power o r  
power r a d i a t e 6  t o  t h e  implanted sens ing  device from ou t s ide  a r e  under 
i n v e s t i g a t i o n  at Ames Research Center and Republic Aviat ion Corporat ion.  

S m a l l  F l i g h t  P r o i e c t s  

1964 

Radio a t t e n u a t i o n  measurements 

Horizon d e f i n i t i o n  r e sea rch  

G E M I N I  o p t i c a l  communications 

(RAM) ........................... $450,000 

(SCANNER) ....................... 1,800,000 

experiment ...................... 70.000 

To ta l . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2,320 .OOO 

1965 

$900,000 

1,200,000 

--- 
$2.100,000 

1966 - 

$3,000,000 

1 ,'D00,000 

- $4,~00.000 
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Radio At tenuat ion  Measurements (RAM) 

The o b j t x t i v e  of t h i s  p r o j e c t  is t o  i n v e s t i g a t e  t h e  i n t e r a c t i o n  clf 
e lec t romagnet ic  waves wi th  t h e  plasma shea th  which engu l f s  a s p a c e c r a f t  
dur ing  r e e n t r y  i n t o  t h e  Ea r th ' s  atmosphere and causes  r a d i o  b lackout .  Ground 
s imula t ion  of r een t ry  is  not  adequate  t o  gene ra t e  t h e  type  of plasma 
encountered 1 ) : ~  ia r e e n t e r i n g  s p a c e c r a f t ;  t h u s ,  a series of f l i g h t s  a r e  being 
undertaken by t h e  Langley Research Center  t o  determine t h e  plasma parameters 
and t h e  effec;:  of t h i s  plasma on e lec t romagnet ic  r a d i a t i o n  a t  f requencies  
from VHF to X band. These f l i g h t s  are examining aerodynamic shaping,  
magnetic fie:Llls, and m a t e r i a l  a d d i t i o n  as means of e l imina t ing  t h e  blackout  
phenomena dur ing  r een t ry .  Pre l iminary  r e s u l t s  i n d i c a t e  t h a t  m a t e r i a l  
a d d i t i o n  may be t h e  most e f f e c t i v e  and f u r t h e r  experiments u s ing  t h i s  tech-  
n ique  w i l l  be  performed i n  FY 1966. 

Data obta ined  t o  d a t e  have been i n  t h e  18,000 f e e t  pe r  second ve!.ocity 
regime. Fur the r  experiments w i l l  be  concerned wi th  r e e n t r y  ve loc i t i eE  of 
28,000 f e e t  p e r  second and beyond. 

Horizon D e f i n i t i o n  Research (SCANNER) 

Pass ive  horizon sensors  a r e  used i n  spacec ra f t  s t a b i l i z a t i o n  and guid-  
ance as devices  f o r  determining t h e  l o c a l  v e r t i c a l  through accurate 
d i sc r imina t ion  of t h e  change i n  r a d i a n t  energy between t h e  edge of a 
p l ane ta ry  d i s k  and t h e  space background. The SCANNER p r o j e c t  has  t h e  
o b j e c t i v e  of making d e t a i l e d  measurements, from h igh  a l t i t u d e s ,  of thl! 
n a t u r a l  r a d i a t i o n  g rad ien t s  which d e f i n e  t h e  Ea r th ' s  hor izon .  
e s s e n t i a l  t o  t h e  development of  accu ra t e  hor izon  senso r s .  
t i v e  i s  t o  develop a f l i g h t  proven technique f o r  ga the r ing  s t a t i s t i c a .  
hor izon  d a t a ,  poss ib ly  i n  Ear th  s a t e l l i t e  s p a c e c r a f t .  The projec:t i s  an  
ex tens ion  of c u r r e n t  l abora to ry  research  on hor izon  c h a r a c t e r i s t i c s .  Two 
experiments w i l l  be  performed from s u b o r b i t a l  b a l l i s t i c  t r a j e c t o r i e s  u s ing  
t h e  T r a i l b l a z e r  I1 launch v e h i c l e .  F l i g h t  #l i s  scheduled f o r  August 1965 
and F l i g h t  8 2  i s  scheduled f o r  October 1965. A backup se t  of payload equip-  
ment and ins t rumenta t ion  w i l l  be  provided,  pe rmi t t i ng  a p o s s i b l e  t h i r i  
f l i g h t .  The dua l  channel radiometer ,  ope ra t ing  i n  t h e  14-16 and 20-413 micron 
bands,  w i l l  Frovide a s p a t i a l  r e s o l u t i o n  of 2 km, a f i v e - f o l d  inc rease  i n  
r e s o l u t i o n  over t h a t  of radiometers  used i n  ea r l i e r  experiments.  S t a r  
mapping techniques u t i l i z i n g  t e l e scopes  i n  t h e  s p a c e c r a f t  w i l l  be  used t o  
c o r r e l a t e  t h e ' p o i n t i n g  d i r e c t i o n  of t h e  senso r  wi th  observed da ta .  
Research C e n t e r  has p r o j e c t  d i r e c t i o n .  

These d a t a  a r e  
A secondar:? ob jec-  

Langley 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVl'llED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PROGRAM 

PROGRAM OBJEKCIVES AND JUSTIFICATION: 

This program has four major objectives: (1) to determine man's reactions 
to the novel tmvironments of space and aeronautical flight, (2) to define the 
essential recpirements for sustaining and protecting man in these environ- 
ments, ( 3 )  to provide the technology necessary to develop suitable life 
support and pirotective systems, and (4) to discover means of integrating 
man's capabil.:itfies with those of machines to obtain composite systems of 
superior performance. 

The firsi; and second objectives will help establish the limits of man's 
usefulness in space or on the moon: To what extent will his ability t o  ex- 
plore, observe, and experiment be encumbered by the mechanical devices and 
restraints ncxessary to sustain his life? How will his judgment and powers 
of perception be affected by his environment? What limitations must be 
placed on his exposure time to extra-terrestrial environments to avoid both 
immediate and long term damage? The second and third objectives together 
will determine the costs in weight, and therefore in dollars, of sustaining 
human life in space: How much food, water, and artificial atmosphere must 
be provided? To what extent, and at what cost in weight, can these be manu- 
factured on board the spacecraft from human waste products? 
radiation can man endure and how can the required shielding be provided at 
least weight? The fourth objective will determine the extent to whicki the 
presence of nlim, with his unique capabilities, can compensate for the costs 
of sustainine him: How can the machine systems required to take him t o  the 
moon be made simpler, more reliable, and lighter in weight by substituting 
human functions for certain mechanical functions? How can man's capatlilities 
as an observcr iand recorder of information be augmented by machine systems? 

How much natural 

Answers to  all of these and many other related questions are being 
sought in this research program. The work is done by researchers in elec- 
tronics, physics, engineering, psychology, biology, and nearly every field 
of medicine. Miany of these are NASA scientists and engineers; many mclre are 
located in university and industrial laboratories and in other Government 
agencies. 

SUMMARY OF RISljOlJRCES -- REQUIREMENTS : 

1966 - 19 64 1965 

Supporting .research and 
technology. . . . . . . . . . . . . . . . . $13,200,000 $11,85O,OOO $13,000,000 
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Small b i o t  echno 
p r o j e c t s  ..... 
T o t a l . .  ...... 

19 64 1965 

ogy f l i g h t  
............. --- $1,470,000 

............. $13,200,000 $13,320,000 

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

Manned S,pacecraft  Center . .  ... $1,900,000 $445,000 
Marshall  Space F l i g h t  Center .  235 , 000 220 , 000 

F l i g h t  Research Center... ..... 1,342,000 2,000,000 
Langley .Aesearch Center . .  .... 1,834,400 3,204,000 

NASA Headquarters ............ 3,931,300 3,108,000 

Ames Research Cen te r . . . . . . . . .  3,820,300 4,113,000 

L e w i s  Re.search Cen te r . . . . . . . .  137 , 000 230,000 

BASIS OF FUND -- REQUIREMENTS: 

Supporting Research and Technology 

1964 1965 

Human re sea rch  and performance. $4,128,000 $3,570,000 
L i f e  support  and p r o t e c t i v e  

systems..  ..................... 5,841,000 5,400,000 

650,000 
Man system:; i n t e g r a t i o n . .  ...... 2,827,000 2,230,000 
Advanced co n c  ep t_ s 404,000 - .............. 

Tota l  $13,200,000 $11,850,000 

1966 

$1! 900,000 

$14,900,000 

: 900 , 000 
300,000 

4,680,000 
1,500,000 
4,450,000 

2,870 , 000 
200 , 000 

1.966 - 
$5,000,000 

4,750;OOO 
2,850,000 - 400,000 

$13 ,000,000 
I 1  

Human Research and Performance 

Long term manned space f l i g h t  w i l l  expose man t o  h o s t i l e  environniental  
condi t ions .  The o b j e c t i v e  of t h i s  r e sea rch  i s  t o  understand t h e  psychologi- 
ca l  and phys i3 log ica l  r e a c t i o n s  of man and h i s  organic  systems t o  ther8e con- 
d i t i o n s  and - 3  : p r e d i c t  t h e i r  e f f e c t s  on h i s  performance and w e l l  being;. The 
environmental  phenomena considered range from zero  g r a v i t y  t o  so1itar:r 
confinement iand inc lude  e lec t romagnet ic  and pa r t i c l e  r a d i a t i o n ,  magnet i c  
f i e l d s ,  a c c e l e r a t i o n  fo rces ,  a r t i f i c i a l l y  produced atmospheres, temperature ,  
humidity,  and v i b r a t i o n .  

During t h e  p a s t  year n o t a b l e  progress  has been made i n  s e v e r a l  ai.eas of 
i n v e s t i g a t i o n .  I n  t h e  f i e l d  of rad iobio logy ,  r e sea rch  a t  t h e  Universj . ty of 
C a l i f o r n i a  axild the Ames Research Center  has  produced t h e  f i r s t  meaningful i n -  
formation on the b i o l o g i c a l  e f f e c t s  of t h e  pro ton  component i n  r a d i a t i o n  
l i k e l y  t o  be encountered i n  space f l i g h t .  These r e s u l t s ,  obtained from ani -  
m a l  experiments i n  the  Un ive r s i ty  of C a l i f o r n i a  cyc lo t ron ,  showed that a t  t he  
l e tha l -dose  .Level t h e  b i o l o g i c a l  damage mechanism of proton r a d i a t i o n  f o r  
s m a l l  animal:; i s  s i m i l a r  t o  t h a t  of gamma r a d i a t i o n .  I f  t h e s e  pre l imjnary  
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results are confirmed with other species, the extensive knowledge of punma 
radiation effects already available may become directly applicable to the 
problems of radiation hazards in space flight. 

During the coming year, this work will be expanded to investigate the 
effects of lower levels of radiation over prolonged exposure periods, and to 
determine whether these effects are altered by variations in temperature, 
humidity, or vibration. 

In the f:te:Ld of acceleration research, Ames Research Center has con- 
tinued to exp.Loit a laboratory technique which may compensate for our in- 
ability to si.rnu:late directly the effects of long term reduced gravity on 
physiological- systems. Each of several groups of test animals is subjected 
to a different :Level of acceleration in centrifuges for a prolonged period. 
Resultant physiological differences among groups are then analyzed for corre- 
lation with acceleration (or gravitational) level. If significant relation- 
ships can be established between physiological phenomena and gravitational 
stress at acceleration levels greater than 1-G, it may be possible to predict, 
by extrapolat::ion, corresponding effects at acceleration levels less than 1-G. 

In the r;irudy of the effect of altered gravity environment on small ani- 
mals, prelimj.nary results, which cannot be fully interpreted at this time, 
indicate certain changes in growth size and body chemistry. Rats centrifuged 
for periods a:; :Long as one year at G loads ranging from 2.5  to 4.7 abcive nor- 
mal, gravity did not grow to normal size. In the coming year researchers 
will try to verify these trends and to discover the biological mechanisms 
producing them. 

Life Support and Protective Systems 

Life support and protective systems are those systems necessary to sus- 
tain human li.Ee and prevent physical injury in a hostile environment such as 
that encountered by man in space. N A S A ' s  research in this field has a s  its 
objectives to develop and demonstrate new concepts which will lead to systems 
of lighter weight, longer duration, lower power consumption, and greater 
flexibility. 

SpacecrnEt life support systems in current use are relatively heaivy, 
short-duration, systems which require stored gases for artificial atmcispheres, 
chemical waste treatment with waste storage, and stored food and water. Sig- 
nificant reductions in system weights, which may be essential to the economic 
feasibility o . E  :Long duration manned space flight (e.g. to the planets), ap- 
pear possible if the concept of "regenerative" systems can be proven. A 
regenerative Life support system would produce the principal life sustaining 
requirements of man (food, water, and oxygen) by the reprocessing of his own 
waste and met:isbolic products. 

Research 011 this principle at the NASA Langley Research Center in the 
past year has provided the basis for a partial regenerative system capable 
of supporting four men for ninety days at about one half the cost in weight 
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t h a t  c u r r e n t  o p e r a t i o n a l  techniques  would involve .  The system would Froduce 
oxygen from cixrbon d ioxide  and f r e s h  water from u r i n e ,  cab in  condensat ion ,  
and wash w a t e r .  Food would be  s t o r e d .  I n  t h e  coming year  a f u l l - s c a l e  
l abora to ry  v c ~ s ~ i o r t  of t h e  system, produced by General Dynamics/Astronautics, 
w i l l  be eva lua ted  i n  a series of experiments a t  t h e  Langley Research Center 
i n  which four  men w i l l  l i v e  and perform space  miss ion  t a s k s  i n  a sfmulated 
space v e h i c l e  f o r  as long as 100 days suppl ied  e n t i r e l y  by s t o r e d  fooc and 
regenera ted  water and oxygen. 

Fu r the r  refinements of t h e  r e g e n e r a t i v e  system concept: may r e s u l t  from 
re sea rch  a t  t h e  Ames Research Center where t h e  f e a s i b i l i t y  of b a c t e r i a l  re- 
process ing  of metabol ic  products  i s  under s tudy .  A s u c c e s s f u l  system based 

upon t h i s  p r i n c i p l e  would produce food as w e l l  as oxygen and water.  

Man S y s t e m s  I n t e g r a t i o n  

Research i n  man systems i n t e g r a t i o n  provides  t h e  technology f o r  e f f e c -  
t i v e  and re1Fab.le u t i l i z a t i o n  of t he  human i n  man-machine systems. T t e  pro- 
gram emphasizes ( 1 . )  development of q u a n t i t a t i v e  measures of human performance 
under cond i t ions  which are t y p i c a l  of those  t o  be encountered dur ing  aero-  
space miss ions ,  ('2) t h e  development of systems des ign  c r i t e r i a  which h i l l  

assure maximuri u t i l i z a t i o n  of man as an element i n  t h e  syst.em, and ( 3 )  t h e  
eva lua t ion  of man-machine des ign  concepts i n  the  l abora to ry .  

Typica l  of t h e  problems cons idered  i n  t h i s  program i s  t h a t  of d e t e r -  
minirig what c l i f l i i cu l t i e s  the low g r a v i t y  environment may cause m a n  i n  per- 
forming r o u t i n e  t a s k s  onthe s u r f a c e  of t h e  moon. It i s  not. a t  a l l  c lear ,  
f o r  example, 1:hat he w i l l  be a b l e  t o  climb, run, o r  even walk on t h e  noon 
w i t h  the  same ease t h a t  he does on Ea r th .  Muscles, conditi.oned t o  moving 
limba of a gi.ver1 weight on Ear th ,  may over c o n t r o l  i n  t h e  1./6-gravity of 
t h e  moon; t h e  reduced f r i c t i o n  between show and s u r f a c e  caused by reduced 
weight may make t r a c t i o n  extremely d i f f i c u l t .  To i n v e s t i g a t e  problems of 
t h i s  kind t h e  Langley Research Center has developed a technique  w i t h  which 
t h e  c:ondit.ions of moving about i n  a 1 /6 -g rav i ty  environment. can be f a i r l y  
c l o s e l y  simu1.ated. The device  c o n s i s t s  of a f l o o r  t i l t e d  up t o  an angle of 
80.5" on which CL sub jec t  walks supported i n  a n e a r l y  h o r i z o n t a l  a t t i t u d e  by 
a s e r i e s  of cab1.e~ a t t ached  t o  head, upper to r so ,  h i p s ,  and l e g s ,  The 
cab le s ,  suspended from overhead t r o l l e y s ,  are p a r a l l e l  t o  t h e  t i l t e d  f l o o r  
and support  most: olf t h e  s u b j e c t ' s  weight so  t h a t  r e l a t i v e  t.o t h e  t i l t e d  
f l o o r  h i s  apparent weight i s  approximately 1 /6  of normal. During t h e  corn- 
ing  year  t h i s  technique w i l l  be used t o  examine numerous r o u t i n e  and non- 
r o u t i n e  t a sks  miin w i l l  be expected t o  perform on t h e  moon and i d e n t i f y  
those  t h a t  w i l . 1  r e q u i r e  s p e c i a l  t r a i n i n g  o r  equipment. 

Advanced Concepts 

Research. on advanced concepts i n  any f i e l d  i s  e s s e n t i a l  i f  man i s  t o  be 
ready t o  s o l v e  t h e  next  gene ra t ion  of problems i n  t h a t  f i e l d .  I n  human fac- 
t o r s  research., many of t h e s e  problems are l i k e l y  t o  involve ways of  f u r t h e r  
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i n t e g r a t i n g  inan i n t o  t h e  ope ra t iona l  systems of f u t u r e  a i r c r a f t  and space- 
c r a f t .  Severa l  i n t e r e s t i n g  p o s s i b i l i t i e s  have a r i s e n  i n  r e c e n t  yea r s , ,  some 
showing enough promise t o  warrant  s e r i o u s  s tudy.  The two r e l a t e d  examples 
descr ibed  below are r e p r e s e n t a t i v e  of those  t h a t  make up t h i s  advance!I con- 
cep t s  program. 

The p r e c i s i o n  c o n t r o l  of h igh  speed a i r c r a f t  has ,  under c e r t a i n  circum- 
s t ances ,  a l r eady  taxed t o  t h e  l i m i t  man's a b i l i t y  t o  coord ina te  sensory  per-  
cep t ion  wi th  motor response.  The c o n t r o l  t a s k s  of complex s p a c e c r a f t  systems 
of t h e  f u t u r e  could e a s i l y  exceed h i s  a b i l i t y .  Researchers have hypochesized 
t h a t  one l i m i t i n g  f a c t o r  may be t h e  n e c e s s i t y  f o r  sensory  cues ( v i s u a l  o r  
a u r a l  s i g n a l s )  t o  be t r ansmi t t ed  t o  t h e  b r a i n ,  t r a n s l a t e d  t o  a motor command, 
and r e - t r ansmi t t ed  t o  arms, hands, f e e t ,  e t c . ,  be fo re  a r equ i r ed  func1:ion i s  
executed. I f  a d i r e c t  l i n k  could be e s t a b l i s h e d  between, say,  t h e  eyc: and 
the  system t o  be c o n t r o l l e d ,  t h i s l i m i t a t i o n  could be circumvented. A concept 
now under s tudy  f o r  a device  designed t o  t r a c k  eye motions of a s t r o n a u t s  as a 
means of ob ta in ing  da ta  t o  improve t h e  design of instrument  d i s p l a y s  has sug- 
ges ted  a p o s s i b l e  method f o r  doing t h i s .  

The device  would fo l low t h e  motion of t h e  eye by t r ack ing  a beam of 
l i g h t  r e f l e c t e d  from t h e  cornea.  The r e s u l t a n t  motion of t h e  l i g h t  btmn 
would be converted i n t o  e l e c t r o n i c  signals which, i n  tu rn ,  would be rcxorded 
as a t i m e  h i s t o r y  of t h e  a s t r o n a u t ' s  eye movements. 
recorded,  th'e s i g n a l s  were used t o  command c e r t a i n  c o n t r o l  o p e r a t i o n s ,  t h e  
a s t r o n a u t  could maneuver h i s  s p a c e c r a f t  u s ing  eye movements a lone .  The eye 
t r ack ing  device  w i l l  be  developed dur ing  t h e  coming year .  
f e a s i b l e ,  a s tudy of t h i s  f u t u r e  a p p l i c a t i o n  w i l l  follow. 

I f ,  i n s t e a d  of bcing 

I f  i t  proves 

A second p o s s i b i l i t y ,  even more remote than t h e  f i r s t  a t  t h i s  t:i-me but  
s t i l l  i n t e r e s t i n g  as a f u t u r e  a p p l i c a t i o n  of t h e  developing technology, i s  
t h e  d i r e c t  t ransmiss ion  of c o n t r o l  s i g n a l s  from man t o  machine by nerlre im-  
pu l se s .  W i t h  such a technique,  machine systems could be c o n t r o l l e d  by t h e  
b r a i n  and nervous system d i r e c t l y ,  i n  t h e  same manner t h a t  movements of man's 
limbs are c o n t r o l l e d .  The b a s i s  f o r  t h i s  technique would be  t h e  d e t e c t i o n  
and t ransmiss ion  of t h e  magnetic f i e l d  components of nerve  impulses.  Neuro- 
l o g i c a l  r e sea rch  a t  Georgetown Unive r s i ty  i s  c u r r e n t l y  d e f i n i n g  t h e  complete 
e lec t romagnet ic  c h a r a c t e r  of t hese  impulses and, i f  success fu l ,  w i l l  I 'rovide 
a s t a r t i n g  ploint €or  l a te r  s t u d i e s  of c o n t r o l  a p p l i c a t i o n s .  

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

1966 - 1964 1965 

Small biotechnology f l i g h t  
p r o j e c t s  ..................... --- $1,470,000 $1,900,000 

I n  many f i e l d s  of aerospace technology t h e r e  are problems t h a t  c m n o t  be 
solved i n  t h e  l abora to ry  a t  a l l  b u t  must be solved i n  f l i g h t .  Apparent so lu-  
t i o n s  t o  man,y o the r  problems can be found on t h e  ground bu t  must then be 
eva lua ted  i n  f l i g h t  before  they can be accepted.  This  s m a l l - f l i g h t  p r o j e c t s  
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program se rves  these  e s s e n t i a l  purposes f o r  t h e  Human Fac to r s  Systems 
r e sea rch  prog;i:ani. 

One prob:teni t h a t  i s  becoming more a c u t e  t o  aerospace medical  s p e c i a l -  
i s ts  as more experience is gained wi th  man i n  h i s  new space environment is 
t h a t  of estab.iir;hi.ng a new base of r e fe rence  f o r  many long e s t a b l i s h e d  
measures of pliyc;iological processes .  The s p e c i a l i s t s  are f ind ing  t h a t  c l i n i -  
cal  s tandards  for- "normal" h e a r t  rate, blood p res su re ,  and r e s p i r a t i o n ,  ap- 
p l i c a b l e  t.o Iiiunans under n o - s t r e s s  cond i t ions ,  are no t  a p p l i c a b l e  "norms" 
f o r  astronaut::; :Eunctioning f o r  prolonged pe r iods  under cond i t ions  of s t r e s s .  
The lack of app t i c a b l e  s tandards  obscures the  s i g n i f i c a n c e  of phys io l cg ica l  
d a t a  monitiored dur ing  space f l i g h t s  and prevents  accu ra t e  assessments  of t h e  
a s t r o n a u t ' s  we11 being. A p r o j e c t  begun t h i s  year  by t h e  F l i g h t  Resezrch 
Center should u Ltimately supply t h e  new phys io log ica l  s tandards  requi red .  

The p r o j e c t  involves  t h e  c o l l e c t i o n  of phys io log ica l  d a t a  on a l a r g e  
number of i nd iv idua l s  who spend long per iods  of t i m e  under s t r e s s f u l  condi- 
t i o n s  r e p r e s e n t a t i v e  of those  encountered i n  space f l i g h t .  The subje<: t s  
chosen f o r  t h e  Zxperiment, by arrangement w i t h  t h e  U. S.  A i r  Force,  w c r e  t h e  
s tuden t s  of the M .  S .  A i r  Force Aerospace T e s t  P i l o t s  School a t  Edwards A i r  
Force Base, C a l i f o r n i a .  These are p a r t i c u l a r l y  appropr i a t e  s u b j e c t s  tjecause 
t h e i r  medical h i s t o r i e s  are w e l l  documented, they p a r t i c i p a t e  i n  i d e n t i c a l  
t r a i n i n g  pro,grams involv ing  many hours of h igh  stress f l y i n g ,  and they them- 
s e l v e s  r ep resen t  one major source  of f u t u r e  a s t r o n a u t s .  Each s u b j e c t  w i l l  be 
instrumented with s m a l l  s e l f - con ta ined  sens ing  devices  and a min ia tu re  tape  
recorder  which w i l l  measure and record  e lec t rocard iograms,  vibrac.ardiograms, 
r e s p i r a t i o n ,  and voice  d a t a .  Data w i l l  be obta ined  cont inuous ly  dur ing  a l l  
per iods  of high stress a c t i v i t y  throughout t h e  f l y i n g  careers of each s u b j e c t .  
S ince  the  p r o j e c t  is t o  be a cont inuing  one, success ive  classes a t  thlz School 
w i l l  p a r t i c i p a t e  and, i n  t i m e ,  a s t a t i s t i c a l l y  s i g n i f i c a n t  sample  of d a t a  w i l l .  
become a v a i l a b l e  from which t o  d e r i v e  the  new s tandards .  

761-133 0-65-20 
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RESEARCH AN0 DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADW_I*:ED RESEARCH AND TECHNOLOGY NUCLEAR-ELECTRIC SYSTEMS - P R O G W  

PROGRAM OB JEC'ITVE -- S AND JUST IF  I CAT I O N  : 

The purpxle  of t h i s  r e s e a r c h  is  t o  provide  t h e  technology needed f o r  
long l i f e  n u c l e a r - e l e c t r i c  power systems so t h a t  advanced space miss ions  
which may b e n e f i t  from use of t h e s e  systems can be s e l e c t e d  and undertaken 
w i t h  assurance  'of success .  

Nuc lea r -e l ec t r i c  power gene ra t ing  systems and electric propuls ioi i  systems 
have been considered as two complementary p a r t s  of t h i s  s i n g l e  o v e r a l l  pro- 
gram. For f u t u r e  manned deep space o r  i n t e r p l a n e t a r y  missions i n  which the  
high s p e c i f i c  impulse a t t a i n a b l e  from e l ec t r i c  propuls ion  would be uniquely  
advantageous, n u c l e a r - e l e c t r i c  power i s  t h e  only  f e a s i b l e  source  of tlie mega- 
w a t t  power l e v e l s  requi red  f o r  l a r g e  e lectr ic  t h r u s t o r s .  Research ha.3 a l s o  
ind ica t ed  p o t e n t i a l  a p p l i c a t i o n s  of electric propuls ion  f o r  a t t i t . ude  c o n t r o l  
and s t a t i o n  keeping where power l e v e l s  of only  w a t t s  would be requi red ,  and 
f o r  s a t e l l i t e  o r b i t  r a i s i n g  and unmanned space probes where power reqii ire- 
ments would b e  i n  t h e  k i l o w a t t  range.  The lower power requirements  f o r  t h e s e  
a p p l i c a t i o n s  of e lec t r ic  propuls ion  can aga in  be provided by nuc lea r  >ewer 
genera t ion  s y s t e m s ,  a l though t h e  power systems descr ibed  under Chemical and 
So la r  Power may a l s o  be a p p l i c a b l e .  

Concepts f o r  u t i l i z a t i o n  of l a r g e  nuc lea r  r e a c t o r  power syst:ems inc lude  
p o t e n t i a l  fo r  s t a t i o n a r y  power p l a n t s  on t h e  moon and p l a n e t s ,  arid f o r  ad- 
vanced communication and o t h e r  on board power requirements as w e l l  as f o r  
e lec t r ic  propuls ion .  I so tope  power r e p r e s e n t s  t h e  nuc lea r  energy cont r ibu-  
t i o n  a t  low power, i n  t h e  w a t t  t o  k i l o w a t t  range. 

The AEC i s  developing i s o t o p e  powered systems, and i t  i s  proceeding wi th  
e f f o r t s  i n  t h e  range up t o  250 wat t s .  NASA i s  r e spons ib l e  f o r  i n t e g r a t i n g  
such power s u p p l i e s  i n t o  s p a c e c r a f t .  Close coord ina t ion  between t h e  agencies  
i s  maintained t o  i n s u r e  t h a t  t h e  AEC work i s  d i r e c t e d  t o  meet NASA's requi re -  
ments and t h a t  t h e  r e s u l t s  w i l l  be  s u i t a b l e  f o r  e f f e c t i v e  i n t e g r a t i o n  i n t o  t h e  
spacec ra f t  syst.ems. 

SUMMARY OF Ri.€WRCES REQUIREMENTS: 

19 64 1965 - 1966 , 

Supporting; r e sea rch  and 
technology. .................. $26,749,000 $23,192,000 $2 4,000,0010 

SNAP-8 development.. ........... 15,465,000 17,000,000 -a - 
(SERT) ......................... 3,467,000 2,300,000 3,000,0010 

Space electric rocket  tes t  
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1964 1965 - 

Small nuc1es.r e l e c t r i c  
propulsicm and power 

--- ........... f l i g h t  p r o j e c t s  $282,000 - 
$42,492,000 ..................... - - Tota l .  $45,963,000 

D i s  t r ibu t i c z e o  f Program Amount by I n s  t a  1 la t ion  : 

Manned Spacecraf t  Cen te r . .  ... $94,000 $100,000 

Jet  Prop~iI.si.on Laboratory. .  .. 1,882,000 2,336,000 

NASA Beaclcluarters ............ 685,000 1,186,000 

Marshal l  Space F l i g h t  Center .  263,000 290,000 
Goddard S8pac:e F l i g h t  Cen te r . .  1,320,000 1,142,000 

Langley F.esaarch Center . .  .... --- 400,000 
L e w i s  Research Center . .  ...... 41,719,000 37,038,000 

BASIS OF FUND RElQUIREMENTS: --- 
Supporting Research and Technology 

1964 1965 - 

Nuclear -e lec t r ic .  power.. ...... $15,218,000 $13 , 225,000 
......... 9,967,000 Electric:  propuls ion . .  11,531,000 - 

Tota l  ........................ $26,749,000 $23,192,000 - 

Nuclear -Elec t r ic  Power 

1966 -- 

$27 000,000 
__1 

$100,000 

1 , 200 , 000 
400,000 

1,600,000 

22,700,000 
--.. 

1,000,000 

1966 

$14,000,000 
10,000,000 

$24.000.000 

- 

Developui~mt: of nuc lear  space power systems f o r  non-propulsive a u x i l i a r y  
power and f o r  e lec t r ic  propuls ion  power i s  dependent upon t h e  research  of t he  
Nuclear El.ect:iric Power Supporting Research and Technology Program. T h i s  pro- 
gram provides; technology f o r  conversion of nuc lea r  energy t o  e l e c t r i c a l  en- 
ergy by power conversion systems such as the  l i q u i d  metal Rankine cyc le ,  t h e  
gaseous Brayton cyc le ,  thermionic  d i r e c t  conversion and magnetoplasmadynamic 
systems. Coniponent r e sea rch ,  l i q u i d  metal and l i q u i d  metal  vapor p r o p e r t i e s ,  
space-envirorunent e f f e c t s ,  advanced concepts and mission a n a l y s i s  r ep resen t  
t y p i c a l  areas of research .  

The program funding i s  d iv ided  with approximately 85 percent  f o r  i n -  
d u s t r i a l  and u n i v e r s i t y  c o n t r a c t s  and 1 5  percent  spent  i n  support  of t he  
in-house work at: t h e  NASA c e n t e r s .  

Primary ;research emphasis has  been on t h e  l i q u i d  m e t a l  Rankine cqc le  i n  
which a l i q u i d  metal, vaporized by nuc lea r  hea t ,  i s  used t o  d r i v e  a t u r b i n e  
which i n  t u r n  d r i v e s  an  e l ec t r i c  gene ra to r .  The Rankine cyc le  shows great 
promise as a high power ( k i l o w a t t s  t o  megawatts) energy conversion system 
because the  c::tcell.ent hea t  t r a n s f e r  and high ope ra t ing  temperature  chs racter- 
i s t i c s  of l i q u i d  metals can r e s u l t  i n  r e l a t i v e l y  small and l ightweight  
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components even when coupled with large nuclear reactors. 

Work is continuing on advanced technology aimed at high temperature and 
high power sys4tems. 
General Electric Company in FY 1965. Performance testing and design 
evaluation will be continued in FY 1965 and endurance testing w i l l  begin in 
FY 1966. In other Rankine-cycle-component research, a design of a high 
temperature lightweight electro-magnetic pump to be used as a liquid-metal 
boiler feed pump was completed in J?Y 1965. Procurement and testing of this 
pump will be initiated in FY 1966. Testing is continuing at Lewis Reslearch 
Center on the performance of centrifugal pumps for liquid-metal working 
fluids. During FY 1965, three axial flow inducers were performance tested; 
these inducers would be used for pressure boost devices for the main condensate 
pump in a liquid-metal power conversion system. Testing of a full-scale 
centrifugal cclndensate pump suitable for a one-megawatt power system wtll be 
started in FY 1966. 

Testing of potassium-vapor turbines was initiated at 

In comparison with the liquid metal Rankine cycle, a gaseous Brayton- 
cycle power ccinversion system may eliminate many of the problems inherent 
in the use of high temperature liquid metals and can draw upon the years of 
turbojet experience in the development of high efficiency reliable turbines 
and compressors. Gas-cycle turbomachinery has been designed and fabricated, 
and initial testing has verified the anticipated high efficiency potential of 
the Brayton cycle. A broad program of Brayton cycle component developinent is 
now in progress, emphasizing efficiency and reliability. Attainment of maxi- 
mum efficiencies! will compensate for the inherent Brayton-cycle character- 
istic of large size and weight, resulting from the fact that gas is a poor 
heat transfer medium compared with liquid metal. Brayton cycle power con- 
version equipment is adaptable for use with either a nuclear heat source or 
a solar heat souirce, and Brayton cycle system technology is, therefore, 
jointly supported by the Nuclear-Electric Power and the Solar and Chemical 
Power programls . 

Another phaLse of Nuclear-Electric Program research is concerned with an 
ultimate goal of eliminating the rotating turbomachinery of dynamic Rankine 
and Brayton cycles by development of methods of directly converting nuclear 
energy to electric energy. Direct conversion research emphasizes thermionic 
conversion in which nuclear energy is utilized to heat an electrode until, as 
in radio tubes,, it gives off electrons to another electrode and thereby estab- 
lishes an electric current. In this concept an easily ionized element such 
as cesium is i.ntroduced between the two electrodes in order to facilitate the 
flow of electrons and prevent electron accumulation at the emitting electrode. 
Two principal types of thermionic direct conversion methods are being in- 
vest igated: 

( 1 )  the th,ermionic fuel element, i.e., where the nuclear fuel is 
integral with the thermionic converter; 

(2)  The out-of-core converter in which the thermionic converter assembly 
is separated from the reactor with a heat-transfer loop transporting 
reactor heat to the converter emitters. 
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P r i m a r y  r e sea rch  emphasis i s  on h igh  temperature  materials development 
( f u e l s ,  i n s u l a t c r s ,  e t c . ) ,  because temperatures  beyond our  c u r r e n t  c a p s b i l i t y  
a r e  requi red  t o  make thermionic systems ope ra t e  a t  a t t r a c t i v e  performance 
l e v e l s .  Inasrruch as system goals  r e q u i r e  a t  least  a 10,000 hour . ~ f e ,  i t  i s  
necessary t o  determine the  dimensional s t a b i l i t y ,  nuc lear  f u e l  r e t e n t i o n ,  
performance and ope ra t ing  c h a r a c t e r i s t i c s  of candida te  materials and c m c e p t s  
over t he  long per iods  of t ine  and high temperatures  c o n s i s t e n t  wi th  u l t i m a t e  
s y s t e m  requirements .  

During FY 1965 i r r a d i a t i o n  tes t s  equiva len t  t o  2500 hour fue , .  bur iup were 
conducted on a l a rge  number of mixed carb ide  nuc lea r  f u e l  specimens. Longer 
term t e s t s  equival 'ent  t o  10,000 hours ope ra t ion  w i l l  be conducted i n  t i e  NASA- 
Plum B-ook Tzst K P Z ~ ~ C P  i.1 ;'Y I T ( ( .  Long time l i f e  t e s t s  of e l e c t r i c a l l y  
heaLed fue led  conv2r te rs  w i L l  cont inue a t  General Atomics and General i c l ec t r i c .  
These t e s t s  complement i n - p i l e  eva lua t ion  of fue led  diodes (conducted b:r the  
AEC. 

A novel e x t e r n a l l y  fue l ed  thermionic element,  designed by Republii: Avia- 
t i o n ,  t h a t  m a y  have cons iderable  ope ra t iona l  ddvantages,  successfv. l ly  com- 
p l e t ed  o u t - o f - p i l e  Lest ing i n  FY 1965. Addi t iona l  long term t e s t s  w i l l  be 
performed 1013 t h i s  concept.  

S t i l l  an:,thet- energy conversion process  t h a t  might e l i m i n a t e  rotai . ing 
turbomachinery i s  under i n v e s t i g a t i o n  a t  t he  J e t  Propuls ion Laboratory I n  
much the  s a m e  nanner t h a t  e l e c t r i c i t y  i s  normally generated by the mot..on of 
an e l e c t r i c  conduci-or through a magnetic f i e l d ,  a magnetoplasmadynamic system 
has been propose-; in which a h ighly  conduct ive l i q u i d  m e t a l  flows through t h e  
magnetic f i e l d .  [II o rder  t o  a c t a i n  the  high f l u i d  flow v e l o c i t i e s  reqit ired 
f o r  apprec i ab l?  2ower genera t ion ,  J P L  i s  a t tempt ing  t o  use  the  high p res su re  
of vaporized cesium t o  a c c e l e r a t e  l i q u i d  l i t h ium.  Research, t o  extend 
through FY 1 9 0 3 ,  includes high temperature  e lec t r ica l  i n s u l a t i o n ,  h igh  v e l o c i t y  
l i q u i d  metal  c3rr <)sic)n, and l i t luid vapor sepa ra t ion .  A low temperaturc: f e a s i -  
b i l i t y  t e s t  ha9 produced 12 k i l o w a t t s  of powar a t  9 3  percen t  of t h e  thebro- 
r e t i c a l  e f f i c  i m - y , .  

E l e c t r i c  Propuls ion 

The objective of Electr ic  Propuls ion r e sea rch  i s  t o  provide t h e  ac,vanced 
technology tha L w i l l 1  lead t o  the development of e lec t r ic  t h r u s t o r  systems f o r  
spacec ra f t  pr;-Ine arid a n c i l l a r y  propuls ion .  These t h r u s t o r s ,  when delrelclped and 
used  i n  conjui?ction wi th  l igh tweight  power genera t ion  systems, o f f e r  tlie 
p o t e n t i a l  of s u b s t a n t i a l  i nc reases  i n  payload and/or  r educ t ion  i n  travctl  
t i m e  genera1l.y p ropor t iona l  t o  the energy requirements of a contemp1atr:d 
space miss ion .  The b a s i s  f o r  these  performance improvements l i e s  i n  r ; i i s ing  
s p e c i f i c  jrnpulse Erom t he  f e w  hundred seconds t y p i c a l  of chemical rockg!t 
systems t:' s p e c i f i c  impulses up t o  10,000 seconds and above wi th  extrer ie ly  
l o w  o v e r a l l  system weights .  The only known prac t ica l  method of accomp.ish- 
ing  thi:; 1:; by a ?  e l e c t r i c  t h r u s t o r  which conver t s  e lectr ical  energy i n t o  
k i n e t i c  energy of a p r o p e l l a n t .  However, because of t he  low t h r u s t  le7rels 
of such sv:;terns,a major requirement t h a t  must be a t t a i n e d  f o r  e f f ec t iv t !  ap-  
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plication is a capability of thousands of hours of reliable operation. Also, 
for prime propulsion applications, attainment of high overall thrustor system 
efficiency is of major importance because the total power required for opera- 
tion of the thrustor system, and thus the power plant weight and the mission 
payload capability, is dependent on thrustor system efficiency. 

Electrostatic thrustor systems in which atoms (or heavy particles) are 
electrically charged and then accelerated by an electrostatic field, are 
receiving the ma.jor emphasis. Three types of electrostatic thrustors are 
under active investigation. Two of these, the electron bombardment and 
contact ion engines, differ basically in the propellant charge or ionization 
technique employed, whereas the third type, the colloidal engine, accelerates 
charged agglomerates instead of ions. 

Work will continue on the ion systems to determine the performance capa- 
bility, durability, clustering and scaling relations required to proceed 
from the present 3 to 30 Kilowatt (KW) range to the hundreds of kilowatts 
and into the megawatt range that will ultimately be required for .inter- 
planetary electric propulsion systems. Both clustering of 3KW ion engines 
and scaling in size up to 30 KW level have been demonstrated this year at 
the Lewis Research Center with no major difficulties indicated. Efficiencies 
of 60 to 80 percent have been achieved in the impulse range of 4,000 seconds 
to 10,000 seccmcls. 
continued in F'Y 1966. 

Further scaling into the hundred kilowatt range will be 

The princ:ipal effort in the development of the electron bombardment ion 
thrustor has been devoted this past year to cathode life improvement. 
cathode in this type of thrustor charges the propellant by bombarding it 
with electrons. A cesium electron bombardment thrustor, by using cesium as 
the propellant., employs a promising cathode1 design concept called the auto- 
cathode. From 1.imited test data, it appears that this cathode may have a 
10,000 hour lifetime capability. The autocathode avoids the erosion and 
subsequent failure of the cathode caused by ion bombardment by continuously 
replenishing t.he cathode surface with cesium. 
cathode and new coated filament cathodes will be further evaluated for dura- 
bility and performance. 
inate cathode erosion by using a mercury pool as the cathode, is .also under 
invest iga t ion.. 

The 

In FY 1966, both the auto- 

Another promising cathode design that would elim- 

Contact ion thrustor research during this past year has concentrated 
heavily on the ionizer. In these engines the propellant atoms are ionized 
(charged) by passing them through a hot porous tungsten material calleli an 
ionizer. The ionizer must be capable of remaining porous throughout tlie 
required operating lifetime, and must be capable of ionizing or chargiiig 
over 99 percent of the propellant atoms. In order to produce such an 
efficient long life porous ionizer, porous tungsten technology must be 
further advanced. The Electro-Optical Systems, Space Technology Iaboriitory 
and Hughes Research Laboratory Companies are presently investigating this 
problem area under NASA contracts. Further efforts will continue into 
FY 1966. 
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The collc, icial  o r  heavy p a r t i c l e  e l e c t r o s t a t i c  a c c e l e r a t o r  i s  s t i l l  i n  
the  e a r l y  research  phase. This  concept i s  of i n t e r e s t  because i t  o f f e r s  
promise of g r e a t e r  t h r u s t  and because t h e  l a r g e  number of e l e c t r o n s  t h a t  can 
be removed frcm each molecule could make i t  p o s s i b l e  t o  vary  the  charge-to- 
mass r a t i o  and t.hereby opt imize s p e c i f i c  impulse i n  accordance wich mission 
requirements.  

I n  another  broad category of t h r u s t o r s ,  c a l l e d  e l ec t ro the rma l  t h r u s t o r s ,  
t h ree  types a r e  aga in  under i n v e s t i g a t i o n .  The r e s i s t o j e t  and arc: j e t  
a c c e l e r a t e  an e l e c t r i c a l l y  heated p r o p e l l a n t  by thermal expansion through a 
nozz le .  The t h i r d  type i s  an a rc - je t  l i k e  device  whose performance depends 
upon e lec t romagnet ic  as w e l l  as thermal e f f e c t s .  The p r i n c i p a l  problen 
a r e a s  a r e  i n  achiev ing  high performance and long l i f e .  S p e c i f i c  r e sea rch  
t a sks  inc lude  e l e c t r o d e  e f f e c t s ,  materials and f a b r i c a t i o n ,  p r o p e i l a n t  selec- 
t i o n ,  s to rage  and feed,  understanding of b a s i c  energy t r a n s f e r  mechanisms, 
cool ing  techniques and conf igu ra t ion  e f f e c t s .  

Space E l e c t r i c  Rocket Test (SERT) 

19 64 1965 1!166 

Development and f l i g h t  p r o j e c t . .  $3.467.060 $2,300.000 $3,000.000 

Scout (Launch vehic  le  ---) Procuremen L :Program). . . . . . . . . . (500,000) (400,000) L 

Tota l  ( i n c  luding launch 
vehic les : ) .  ., . . . . . . . . . . . . . . . . . ($3,967,000) ($2 , 700,000) ($3,CiOO ,000) 

The o b j e c t i v e  of t he  Space E l e c t r i c  Rocket Test (SERT) f l i g h t s  i z ;  t o  
provide infonn,at ion on e l e c t r i c  t h r u s t o r  sys t ems  t h a t  cannot be obta ined  i n  
ground based .E,acilities and t o  f l i g h t  q u a l i f y  e l e c t r i c  propuls ion  systc:ms 
f o r  mission ap ;? l i ca t ion .  

On July 20,  1964, t he  SERT I f l i g h t  w a s  s u c c e s s f u l l y  completed. The 
L e w i s  Research Center mercury e l e c t r o n  bombardment engine operated p e r f e c t l y  
and demonstrated conclus ive ly  t h a t  t he  pos i t ive ly-charged  ion  beam can be 
n e u t r a l i z e d  i n  space.  The Hughes cesium con tac t  engine f a i l e d  t o  oper:.te 
during the flfighit because of a h igh  vo l t age  breakdown. This  f a i l u r e  d id  not  
i n f luence  the  v a l i d i t y  of t h e  f l i g h t  r e s u l t s ,  but  d id  emphasize t h e  necd f o r  
the  continued -research i n  h igh  v o l t a g e  power cond i t ion ing  included i n  t h e  
Nuclear E l e c t r i c  Systems budget.  F l i g h t  t es t  d a t a  c o r r e l a t e d  w e l l  w i t k  
ground based V ~ C U U I I I  f a c i l i t y  r e s u l t s  thus  a l s o  confirming the  v a l i d i t y  of 
e s t a b l i s h e d  ground based l abora to ry  p r a c t i c e .  The success  of t h i s  f i r s t  
e l e c t r i c  rockei: engine f l i g h t  obvia ted  the  need f o r  f u r t h e r  SERT I type tests.  
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The objective of the current phase of the SERT program is the evaluation 
and development of advanced thrustors for satellite attitude control aiid sta- 
tion keeping, which appear to be the first potential applications for I2lec- 
tric thrustors. Analysis has indicated that for attitude control of long 
lived satellites, particularly those requiring very accurate attitude stabi- 
lization, the low propellant consumption inherently characteristic of I2lec- 
tric propulsion would result in considerable weight savings as compared with 
the chemical propellants presently in use. Vacuum tank test of several ex- 
perimental thrustor systems are being conducted and compared with chemical 
systems in order to permit selection of the more promising systems for 
further development. These systems will be further tested to determint: 
thrust and impulse reproducibility, reliability and operating l i f e .  I: is 
anticipated that this laboratory evaluation program will be completed in 
FY 1966 and that a flight verification (SERT 111) of the most promisinl; 
systems will be initiated. 

The SERT I1 flight test program has been postponed indefinitely, pend- 
ing definition of a primary electric propulsion application that would require 
flight validation of a specific electric propulsion system. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM 

PROGRAM OBJEC11:;VIS.S AND JUSTIFICATION : 

This progirarn provides  the  research ,  design and engineer ing  da ta ,  t e s t  
hardware, and genera l  technology r equ i r ed  t o  a s s u r e  t h a t  nuc lea r  rocket  
systems can be developed a t  t h e  power l e v e l s ,  ope ra t ing  times, res ta r t  con- 
d i t i o n s ,  arid s -pec i f i c  impulse va lues  t h a t  w i l l  be requi red  i n  advanced space 
exp lo ra t ion  miss ions. I n  t h e s e  systems, a nuc lea r  r e a c t o r  h e a t s  hydrog,en t o  
high temperature .  The high temperature  hydrogen gas i s  then  a c c e l e r a t e d  
through a . jet  no:zzle producing t h r u s t  a t  high s p e c i f i c  impulse. 

The emphasis i n  the  nuc lea r  rocke t s  program i s  on l ay ing  a technol.ogica1 
foundat ion f o r  proceeding wi th  confidence on t h e  development of nucleai- 
rocke t  systems t h a t  w i l l  be  r equ i r ed  t o  accomplish heavy payload, high energy 
miss ions  i n  space. 

Nuclear rocke t  propuls ion provides  s i g n i f i c a n t  performance aclvantdges 
f o r  p o t e n t i a l  missions beyond Apollo such as luna r  base l o g i s t i c s  oper ,a t ions,  
very  heavy deep space instrumented probes,  and manned exp lo ra t ion  of t'ie 
p l ane t s .  Manned. p l ane ta ry  expedi t ions  i s  considered among t h e  ma.jor a p p l i c a -  
t i o n s  f o r  nuc1.ea.r rocke t s ;  a nuc lear  rocke t  propel led  Mars spacec ra f t  could 
be one t h i r d  t:o one f i f t h  the  weight of a chemical ly  propel led  spacec ra f t .  

A major p a r t  of t h e  nuc lea r  rocke t s  program is  t h e  r e sea rch  and engineer-  
i ng  on the  nuclear  r e a c t o r  i t s e l f  s i n c e  t h i s  e n t i r e  f i e l d  i s  r e l a t i v e l y  new. 
I n  add i t ion ,  emphasis i s  placed on t h e  s o l u t i o n  of problems a s soc ia t ed  with 
non-reactor  components whose ope ra t ing  requirements  t a x  t h e  a v a i l a b l e  tech-  
nology and on t h e  s tudy  of t h e  fundamental h e a t  t r a n s f e r ,  f l u i d  flow, 
s t r u c t u r a l  des ign ,  and nuc lea r  phenomena involved. An e s s e n t i a l  p a r t  of t h i s  
program i s  i n v e s t i g a t i o n  of experimental  ground t e s t  engine systems r cqu i r ed  
t o  develop a Eull  understanding of the  i n t e r a c t i o n  of components i n  nuc lear  
rocke t  engines and of t h e  system performance c h a r a c t e r i s t i c s .  These d a t a  
form a b a s i s  for eventua l  f l i g h t  system development and provide inforniation 
requi red  by mission p lanners  t o  inco rpora t e  nuc lea r  rocke t  capabi l i t i c s  i n  
advanced missions.  

The nuc lea r  rocke t s  program i s  a j o i n t  AEC-NASA undertaking. To ensure 
an  i n t e g r a t e d  program, the  Space Nuclear Propuls ion Off ice ,  es tah l i sh i?d  by 
in te ragency  agreement between AEC and NASA, manages a l l  a spec t s  of nuc lear  
rocke t  propuls ion work f o r  t h e  two agencies .  Research and technology work 
i s  conducted both i n  AEC Labora tor ies  (e.g. ,  t h e  Los Alamos Sc ie r i t i f i :  Labo- 
r a t o r y  and the  Argonne Nat ional  Laboratory) and NASA Centers (e.$:., t i e  
Lewis  Research Center and t h e  Marshal l  Space F l i g h t  Center ) ,  a l though t h e  
major po r t ion  of t h e  work i s  conducted by i n d u s t r y  and some u n i v e r s i t i e s  
under contrac t .  
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SUMMARY OF RESOBCES REQUIREMENTS : 

1964 

Supporting r e sea rch  and 
technology ...................... $21,261,000 

K I W I . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1,700,000 
NERVA..... ........................ 48,820,000 
RIFT....... ....................... 6,645,000 
Nuclear Rocket Development S t a t i o n  750.000 

T o t a l . . . . . .  .................... $79,176,000 

Distribution-of '  Program Amount by I n s t a l l a t i o n :  

Marshal l  Space F l i g h t  Center. .  . $7,153,000 
J e t  Propu1.s ion Laboratory. ..... 338,000 
Lewis Research Center. ......... 11,330,000 
Space NucI.c?ar Propuls ion 

O f f i c e . . , , . .  .................. 60,355,000 

$21,731,000 $~2,000,000 

34,261,000 35,000,000 

739,000 1 . ~ ~ 0 0 0  

--- --- 
--- --- 

$56,731,000 $.~8,000,000 

$1,280,000 $1 , 300,000 
6,000 --- 

10,450,000 7,8CO,OOO 

44,995,000 48,9ChO ,000 

BASIS OF FUND JIE(LU1RENENTS : 

Supporting Research and Technology 

1!166 --- 1964 1965 

Rocket r e a c t o r  research . .  ........ $13,615,000 $13,356,000 $15,8jO,OOO 
Nuclear roc'ket engine 

component r e sea rch . . . . . . . . . . . . .  6,935,000 6,775,000 4 , 5  50,000 
Sa fe ty  ........................... 470,000 500,000 500,000 
Vehicle technology 241,000 1,100,000 - 1,1>0,000 

...................... $2 1,26 1,000 $2 1 ,73  1 . 000 $22 . 000,000 Tota l . . . .  .- 

The suppor t ing  r e sea rch  and technology program s a t i s f i e s  four  baz'ic 
needs: (1) :;lJpporting data f o r  c u r r e n t  p r o j e c t s  (NERVA); (2) technology far 
t h e  developme3it of f u t u r e  gene ra t ions  of nuc lea r  rocke t  engines  and v e h i c l e s ;  
(3) f e a s i b i l i t y  i n v e s t i g a t i o n  of advanced nuc lea r  propuls ion  concepts .  and, 
(4) s t u d i e s  of s p e c i a l  f l i g h t  s a f e t y  cons ide ra t ions  of nuc lea r  rocket:;.  

Rocket Reactor Research 

The m a j o r  e f f o r t  i n  rocke t  r e a c t o r  r e sea rch  i s  supported by the  AEC. It 
c o n s i s t s  p r i n c i p a l l y  of t h e  advanced g r a p h i t e  r e a c t o r  technology progiram 
(PHOEBUS) a t  t h e  TAX Alamos S c i e n t i f i c  Laboratory aimed a t  increased  r eac to r  
performance. 
and more advanced concepts.  
d i r e c t e d  p r imar i ly  towards t h e  development and procurement of t h e  j e t  nozz les  
and hydrogen turbopump systems r equ i r ed  f o r  ground t e s t i n g  with the  PHOEBUS 
r e a c t o r s ,  and the  eva lua t ion  of new and advanced nuc lea r  rocke t  propuls ion 
concepts  which o f f e r  p o t e n t i a l  performance advantages f o r  future space miss ions .  

Also inc luded  i s  p r d h i M r y  work on fast  tungs ten  base3 reactors 
The NASA program i n  t h i s  area i s  app l i ed  r e sea rch  
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The KIWI r e a c t o r  development p r o j e c t  ( f i r s t  g r a p h i t e  based rocke t  
r e a c t o r )  was completed by t h e  Los Alamos S c i e n t i f i c  Laboratory with t h e  suc- 
c e s s f u l  ground t e s t i n g  of  the  KIWI-B4E r e a c t o r  i n  August and September of 
1964. The tec.hnology developed i n  t h a t  p r o j e c t  s e rves  as t h e  b a s i s  f o r  t h e  
NERVA r e a c t o r  (NES-A), t he  f i r s t  power t e s t  of which w a s  s u c c e s s f u l l y  run  i n  
September, 1964. The K I W I  r e a c t o r  technology is a l s o  t h e  b a s i s  f o r  t he  
advanced graph:ite (PHOEBUS) r e a c t o r  program. 

The PHOEBUS program w i l l  provide improved, h igh  power r e a c t o r s  ( t c  
5,000 megawatt; nominal power) f o r  nuc lea r  rocke t s .  Mission s t u d i e s  i r d i c a t e  
t h a t  c l u s t e r e d  engines of t h i s  power l e v e l  would o f f e r  t h e  propuls ion  tapa-  
b i l i t y  f o r  manned p l ane ta ry  expedi t ions .  

The f i r s t  t e s t  of t h e  PHOEBUS p r o j e c t  w i l l  be conducted by Los Alamos a t  
t h e  Nuclear Rocket Development S t a t i o n  i n  ca lendar  year  1965 using, KIW:: s i z e d  
r e a c t o r s .  These t e s t s  w i l l  be run us ing  j e t  nozz les  developed for  t h e  K I W I  
program and m,odified K I W I  hydrogen turbopumps. However, pumps and j e t  nozz les  
of increased  c a p a b i l i t y  w i l l  be r equ i r ed  f o r  l a t e r  tests of t h e  l a r g e  d iameter ,  
high power PHOEBUS r e a c t o r  which w i l l  begin dur ing  ca lendar  year  1967. Devel- 
opment of these  nozz les  and pumps i s  being i n i t i a t e d  i n  FY 1965 arid w i l l  be 
continued i n  F'Y 1966. Included as p a r t  of t he  Rocket Reactor Research budget 
i s  t h e  c o s t  of hydrogen necessary  f o r  two KIWI s i z e d  PHOEBUS r e a c t o r  ecpe r i -  
ments i n  FY 1566, and f o r  development t e s t s  of t he  pumps and nozz'les mentioned 
above. 

The NASA program i n  FY 1966 w i l l  a l s o  cont inue eva lua t ion  of t he  per- 
formance p o t e n t i a l  of thermal ,  water moderated r e a c t o r s  us ing  tungsten 
uranium dioxi.de f u e l .  Pre l iminary  r e s u l t s  of t h i s  work have ind ica t ed  t h a t  
extremely long ope ra t ing  t imes may be a t t a i n a b l e  with t h i s  f u e l .  High 
temperature environmental  t e s t i n g  of f u e l  elements i n  flowing hydrogen, 
beginning i n  t h e  second h a l f  of FY 1965, w i l l  be an  important s t e p  i n  
determining performance l i m i t a t i o n s  of t h i s  f u e l  m a t e r i a l  and w i l l  be con- 
t inued  i n  FY 1966. It i s  a n t i c i p a t e d  t h a t  t he  work t o  be c a r r i e d  out  i n  
FY 1966 and 'L'36'7 w i l l  al low an assessment of t he  real  performance p o t c n t i a l  
of tungsten-uraiiium-dioxide r e a c t o r s  i n  the  Nuclear Rockets Program. 

Research w i l l  cont inue i n  FY 1966 on advanced nuc lea r  propuls ion  concept:; 
such as t h e  g a s  core  nuc lea r  rocket  propuls ion  concept i n  which t h e  ui-anium 
f i s s i o n a b l e  ina t e r i a l  i s  i n  a gaseous r a t h e r  than a s o l i d  form. The o1)ject ive 
of t h i s  work i s  p r imar i ly  t o  e s t a b l i s h  f e a s i b i l i t y  and performance p o t e n t i a l .  
Emphasis w i l l  be on eva lua t ion  of promising approaches f o r  containmen: of 
t he  gaseous nuc lear  f u e l  w i t h i n  t h e  r e a c t o r .  The approach w i l l  inc lude  
experimental  s t u d i e s  of t h e  b a s i c  f l u i d  mechanics of two concepts u sc ig  simu- 
l a t e d  p rope l l an t s  and nuc lea r  f u e l .  Supporting r e sea rch  on fundament,xl 
problems, such as t h e  e f f e c t s  of temperature  on f l u i d  mechanics and 0'1 h e a t  
t r a n s f e r  c h a r a c t e r i s t i c s ,  i s  being sponsored i n  s e v e r a l  u n i v e r s i t i e s  (Cathol ic  
Univers i ty ,  Pr ince ton ,  Case I n s t i t u t e ,  and Georgia I n s t i t u t e  of Techn3logy), 
i n d u s t r i a l  l z b o r a t o r i e s ,  and NASA Centers.  

RD 18-3 

http://dioxi.de


Nuclear Rocket Engine Component and System Research 

The o b j e c t i v e  of t h i s  program i s  t o  e s t a b l i s h  t h e  technology requi red  
f o r  t he  development of non-reactor  components f o r  nuc lea r  rocke t  engines.  
This component research ,  when combined wi th  Rocket Reactor Research, w i l l  
e s t a b l i s h  the  c h a r a c t e r i s t i c s  of f u t u r e  gene ra t ions  of nuc lea r  rocke t  tng ines  
and, i n  add i t ion ,  w i l l  e s t a b l i s h  design techniques and ope ra t ing  d a t a  on 
components and engine systems. 
work i n  t h i s  a r e a  and d i r e c t s  o t h e r  work accomplished under i n d u s t r y  01- 

u n i v e r s i t y  con t r ac t s .  

Lewis Research Center conducts t he  in-house 

Research i s  conducted on: hydrogen flow components and systems, IIurbo- 
machinery f o r  pumping hydrogen, ins t rumenta t ion  and c o n t r o l s ,  engine s.fstem 
a n a l y s i s ,  r a d i a t i o n  e f f e c t s ,  j e t  nozz les ,  bear ings  and seals,  and hydr3gen 
p r o p e r t i e s  . 

Turbomachinery research  i s  d i r e c t e d  a t  t he  unique problems posed by 
a p p l i c a t i o n  t o  i t  nuc lear  rocke t  engine.  
S t a t i o n  i n  FJ! 1966 w i l l  emphasize r a d i a t i o n  e f f e c t s  t e s t i n g  of va r ious  bear-  
ing  m a t e r i a l s  arid bear ing  conf igu ra t ions ,  s tudy  of nuc lear  rocke t  dynamics 
through system cold flow experimentat ion (B-1  and B-3 T e s t  S tands) ,  and 
turbopump perEomance eva lua t ion  i n  r e a l  feed system conf igu ra t ions  i n  t h e  
B-3  t e s t  s tand .  The r e s u l t s  of t h i s  experimental  r e sea rch  should prokide 
important d a t a  to t h e  NERVA p r o j e c t  and a b e t t e r  understanding of t h e  behavior  
of nuc lear  rocke t  engine sys t ems  under a l l  condi t ions  of opera t ion .  

The program a t  t h e  NASAFlum 13rook 

The experimental  engine dynamics s t u d i e s  c a r r i e d  ou t  i n  the  B - 1  t e s t  
s tand  w i l l  map engine performance c h a r a c t e r i s t i c s  and system c o n t r o l  iising 
NERVA engine hardware. Although no f i s s i o n  power i s  generated,  t h i s  1:est 
s t and  permits  f u l l  i n v e s t i g a t i o n  under vacuum condi t ions  of t h e  i m p o r ~ a n t  
low flow regime encountered dur ing  s t a r t u p  of nuc lea r  engines .  The f i r s t  
nuc lear  rocke t  engine systems dynamics t e s t s  were run i n  t h i s  f a r i 1 i t . j  near  
the  end of FY’ 1964 and w i l l  cont inue through FY 1966. Information f r lm these  
experiments w i l l  be used t o  design a s a f e  ope ra t ing  map f o r  the  NERVA engine 
c o n t r o l  system as w e l l  as t o  provide i n s i g h t  i n t o  t h e  design of improved 
engine s y s t e m  and t h e i r  s t a r t u p  con t ro l .  

The B-3 turbopump eva lua t ion  s tand  a t  t h e  Plum Brook S t a t i o n  w i l l  be  ready 
f o r  u s e  near  t h e  end of Fy 1965. I t s  f i r s t  u s e  w i l l  be t o  eva lua te  turbopump 
opera t ion ,  j.nc!luding t h e  e f f e c t  on pump performance of s imulated h e a t  a d d i t i o n  
t o  t h e  inlet :  such as would be expected from t h e  r a d i a t i o n  i n  a nuc lea r  rocke t  
engine. 

Re l i ab ’k  c o n t r o l  i s  e s s e n t i a l  f o r  nuc lear  rocke t  engine systems, and i t  
r e q u i r e s  t h a t  both ins t rumenta t ion  and c o n t r o l  components func t ion  pi.edictab1.y 
i n  the  a n t i c i p a t e d  environment under a wide range of ope ra t ing  condit . ions.  
The ex ten t  ‘ t o  which r a d i a t i o n  and low temperatures  w i l l  a f f e c t  t h e  r ( ! l i ab i l i t : y  
of t hese  components w i l l  be explored exper imenta l ly  a t  the  Plum Brook S t a t i m  
i n  FY 1966. A r e a c t o r  cryogenic  test loop w i l l  become a v a i l a b l e  dur:l.ng t h e  
year  f o r  t e s t i n g  of nuc lear  rocke t  d i agnos t i c  and c o n t r o l  instrumenti t t ion 
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with r e a l i s t i c .  r e a c t o r  r a d i a t i o n  and temperature  s imula t ion .  The most promis- 
ing  convent:ional instruments  a r e  being modified t o  wi ths tand  t h i s  environment 
and w i l l  be t e s t e d  i n  t h i s  r e a c t o r  t e s t  loop. A s imi l a r  loop w i l l  be used 
dur ing  FY 1966 t o  make s imulated tests of NERVA c o n t r o l  a c t u a t o r s .  The 
r e s u l t s  of t h e s e  t e s t s  w i l l  h e l p  determine what modi f ica t ions  must be nade, 
i f  any, t o  as:;.aris r e l i a b l e  opera t ion  p r i o r  t o  incorpora t ion  i n t o  engine tests.  

The r a d i a t i o n  e f f e c t s  program, conducted as p a r t  of engine componcint 
r e sea rch ,  Is Iercploring t h e  behavior  of candida te  m a t e r i a l s  f o r  use in  riuclear 
rocke t  propuls ion systems i n  a combined r a d i a t i o n  and cryogenic  envirorunent. 
A t y p i c a l  problem is t h a t  of bear ings ,  seals,  and l u b r i c a n t s  requi red  i:o 
opera t e  i n  t h i s  environment as components of h igh  speed r o t a t i n g  niachiiiery. 
It has been found t h a t ,  under those  condi t ions ,  bear ing  l i f e t i m e s  a r e  s i g -  
n i f i c a n t l y  reduced, l u b r i c a n t s  break down, and convent ional  seal  m a t e r i a l  
l o s e s  i t s  r e s i l i e n c y  and s e a l i n g  p rope r t i e s .  Tes t ing  equipment has  be3n 
designed and cons t ruc ted  f o r  use i n  theplum Brook S t a t i o n  r e a c t o r  which w i l l  
s imula te  o p e r a t i o n a l  loads on t h e s e  components whi le  they are sub.jecte3 t o  
the  appropr i a t e  r a d i a t i o n  and temperature  environment. This  equipment i s  
being i n s t a l l e d  i n  the  r e a c t o r  dur ing  FY 1965 and w i l l  be producing research  
information b y  I:Y 1966. Resul t s  of t h i s  research  support  a l l  phases of t he  
nuc lear  r0cket.s program, and a r e  e s s e n t i a l  t o  t h e  development of cu r ren t  
systems as w e l . 1  as t o  t h e  planning of advanced systems. A cons iderable  
amount of d a t a  w i l l  be obtained on materials which w i l l  be used i.1 the  design 
of t h e  high powered PHOEBUS r e a c t o r s .  

The ope ra t ing  cond i t ions  of t he  K I W I  r e a c t o r  and t h e  NERVA engine have 
requi red  ex tens ion  of our  present  nozzle  technology. The high powerec 
PHOEBUS r e a c t o r  w i l l  r e q u i r e  even f u r t h e r  improvements i n  nozz le  des ign ,  
m a t e r i a l s ,  axil3 Fabricat ion procedures. The f i r s t  tes t  f a c i l i t y  capable  of 
h e a t i n g  hydrogen t o  temperatures  and flow rates  adequate  t o  allow t e s t i n g  of 
reduced s c a l e  n3zs le  concepts i n  a ho t  hydrogen stream w i l l  begin opei.ation 
a t  the  L e w i s  Research Center i n  FY 1965. This  f a c i l i t y  w i l l  a l low expe r i -  
mental  c o n f i r n a t i o n  of a n a l y t i c a l  r e s u l t s  f o r  a number of new nozz le  r ia ter ia l : ;  
and designs.  Ref rac tory  metal nozzle  and coated nozz le  concepts w i l l  be 
s tud ied  during FY 1966 t o  determine t h e i r  adequacy f o r  advanced kligheq- power, 
h igher  temperature  nuc lear  rocke t  engines.  

F lu id  proper ty  r e sea rch  i s  conducted t o  provide b a s i c  d a t a  on propel -  
l a n t s  and f l u i d s  used i n  nuc lear  rocke t s  and i n  h igh  energy chemical rocket  
engines .  For- s e v e r a l  yea r s ,  NASA has  supported r e sea rch  and engineer ing 
development ciork r e l a t e d  t o  t h e  use of l i q u i d  hydrogen a t  t h e  Nat ional  
Bureau of Standards ' Cryogenic Engineering Laboratory.  While t h i s  program 
i s  funded by t h e  nuc lea r  rocke t s  program, the  research  and c o n s u l t a t i o n  
s e r v i c e s  a r e  a v a i l a b l e  t o  a l l  u se r s  of l i q u i d  hydrogen. The work inc ludes  
the  compilat: ion of b a s i c  thermodynamic d a t a  and t h e  eva lua t ion  of c m m e r c i a l l y  
a v a i l a b l e  s tmsors  f o r  use with l i q u i d  hydrogen. These a c t i v i t i e s  w i l l  be con- 
t inued  i n  F'I! 1S6h. 

Sa fe ty  

F l i g h t  s a f e t y  ana lyses  of nuc lea r  rocke t s  a r e  being performed under the  
d i r e c t i o n  of Marshal l  Space F l i g h t  Center. These s t u d i e s  inc lude  thi? a n a l y s i s  
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of t h e  o r b i t a l  l i f e t i m e  of nuc lear  rocke t  p a r t s  and t h e  r a d i a t i o n  l e v e l s  of 
such p a r t s  a f t e r  r een t ry .  Theore t i ca l  r e e n t r y  a n a l y s i s  w i l l  be expanded t o  
inc lude  ground t e s t i n g  and f l i g h t  tes t  planning. These s t u d i e s  when com- 
bined wi th  nuc1.ear ana lyses  performed by t h e  AEC w i l l  be used t o  so lve  unique 
opera t iona l  probl-ems a s s o c i a t e d  wi th  t h e  s a f e t y  of nuc lea r  rocke t  f l i g h t  
opera t ions .  Hydrogen s a f e t y  r e sea rch  a t  the  U. S. Bureau o f  Mines (P i t t sbu rgh)  
w i l l  a l s o  cont::inue. This  work inc ludes  de te rmina t ion  o f  de tona t ion  and com- 
bus t ion  l i m i t s ,  a c t i v a t i o n  ene rg ie s ,  k i n e t i c  and thermal  energy y i e l d s ,  and 
o the r  data on gaseous and l i q u i d  hydrogen. 

Vehicle  Technology 

This prograin i s  providing information on new concepts r e l a t i n g  t o  
v e h i c l e  s t a g i n g  ,and conf igu ra t ion  f o r  f u t u r e  a p p l i c a t i o n s  of nuc lea r  rocke t  
engines t o  s p a c e f l i g h t  miss ions .  

S tudies  of modular v e h i c l e  concepts ,  i n  which each module include:; a 
nuc lear  rocke t  engine and p rope l l an t  tank, were i n i t i a t e d  i n  FY 1965 and w i l l  
be extended i n  FY 1966. Conceptual des igns  of modular systems of a s i n g l e  
s i z e  t h a t  can be c l u s t e r e d  t o  provide a wide range of power a v a i l a b i l i c y  w i l l  
cont inue t o  be i n v e s t i g a t e d  i n  FY 1966. S tudies  a r e  a l s o  underway of s p e c i f i c  
technologica l  problems t h a t  w i l l  need engineer ing  s o l u t i o n s  be fo re  nuc lea r  
rocke t  powered s p a c e f l i g h t s  of long du ra t ion  w i l l  become f e a s i b l e .  Typical  
of t hese  i s  the  problem of long term s t o r a g e  i n  space of l i q u i d  hydrogen. 
Although the  l a r g e  tanks of l i q u i d  hydrogen a s s o c i a t e d  wi th  nuc lea r  propul-  
s i o n  have a reduced surface-to-volume r a t i o ,  compared wi th  chemical propul- 
s i o n  system p rope l l an t s ,  minimizat ion of hydrogen l o s s e s  through evaporat ion 
may be an important f a c t o r  i n  determining mission c a p a b i l i t i e s .  Analyses 
are being perfozmed t o  determine optimum methods of s t o r i n g  l i q u i d  hydrogen, 
tak ing  i n t o  account t h e  requirements f o r  micrometeori te  p r o t e c t i o n  and the  
e f f e c t s  of so'tai- r a d i a t i o n ,  h igh  energy charged p a r t i c l e  r a d i a t i o n ,  a r d  
nuc lear  r a d i a t i o n .  Pre l iminary  eva lua t ions  of super  i n s u l a t i o n ,  s l u s t  hydro- 
gen, and on h a r d  r e f r i g e r a t i o n  systems w i l l  be  expanded i n  FY 1966. 

1964 

Engine systems development ........ $4,555,000 
Component and subsystem 

Ground tes t  and opera t ions  
development ..................... 17,330,000 

support .  ........................ 23,090,000 
Prope l l an t s .  ...................... 3,845,000 

T o t a l . . . . . .  ..................... $48,820,000 

1965 - 1.966 

$4,340,500 $5,000,000 

12,300,000 11,000,000 

13,570,500 14, '500,000 
4,050,000 4, '500,000 

S34,26 1,000 

The o b j e c t i v e  of the  NERVA (Nuclear Engine f o r  Rocket Vehicle Applica- 
t i o n )  pro jec t  i s  t o  develop nuc lea r  rocke t  engine systems t h a t  can be t e s t e d  
i n  ground ba:,ed f a c i l i t i e s  t o  provide a complete understanding o f  t h e  per-  
formance and ope ra t ion  of t hese  systems and t h e i r  major components under 
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opera t ing  condi t ions  corresponding t o  those  of f u t u r e  space miss ions .  The 
work i s  being c a r r i e d  out  a t  a nominal power l e v e l  of 1,000 megawatts, cor -  
responding t o  a t h r u s t  of approximately 50,000 pounds wi th  a s p e c i f i c  :.mpulse 
over 700 seconds. The emphasis i s  on developing f o r  t h i s  purpose components 
and systems which can lead  d i r e c t l y  t o  t h e  l a te r  development of operat: .onal 
f l i g h t  engine systems wi th  a h igh  assurance  of success .  This p r o j e c t  .-s con- 
ducted p r i n c i p a l l y  under a j o i n t  AEC-NASA c o n t r a c t  by t h e  Aerojet-Gene:ral 
Corporation and Westinghouse E l e c t r i c  Corporation. 

S p e c i f i c  t e c h n i c a l  o b j e c t i v e s  f o r  t he  NERVA p r o j e c t  a r e  t o  pi-ovidl? the  
r e a c t o r ,  engine systems, f a c i l i t i e s  and component technologies .  l%e r 2 a c t o r  
development phase of t h e  NERVA p r o j e c t  inc ludes  f u l l - s c a l e  r e a c t o s  t e s t i n g  
t o  determine the s u i t a b i l i t y  of t h e  r e a c t o r  design f o r  cont inuing  techio logy  
advancement, for  use i n  ob ta in ing  an understanding of engine system opera- 
t i o n ,  and f o r  u l t i m a t e  a p p l i c a t i o n  i n  a f l i g h t  engine system. During FY 1965, 
t h e  KIWI and NEF.VA (MIX) r e a c t o r s  s u c c e s s f u l l y  operated near  r a t e d  power. 
Tes ts  planned f o r  FY 1966 w i l l  f u r t h e r  eva lua te  t h e  ope ra t ing  l i m i t s  of such 
r e a c t o r s  includi.ng d e f i n i t i o n  of t h e  t r a d e - o f f s  among power, ope ra t ing  tem- 
pe ra tu re ,  opei-at.ing dura t ion ,  and r e s t a r t  c h a r a c t e r i s t i c s .  

Engine system work inc ludes  i n v e s t i g a t i o n s  of engine system t r a n s i e n t  
s t a r t u p  c h a r a c t e r i s t i c s ,  s t eady  s t a t e  ope ra t ing  cyc le s ,  system dynamics of 
engine thrott:'Lirig and shutdown, and i n v e s t i g a t i o n  of engine r e s t a r t  ckar-  
a c t  e r  i s  t i c  s . 

The development of t e s t  f a c i l i t y  technology i s  necessary  t o  provj de 
confidence i n  undertaking a f u t u r e  nuc lea r  rocke t  engine development program. 
%e f a c i l i t y  technology o b j e c t i v e s  inc lude  proof of the  techniques f o r  remote 
t e s t i n g  of downward f i r i n g  engines  and t h e  f e a s i b i l i t y  of remote hand! ing  
ope ra t ions  f o r  engine system maintenance and disassembly. 

Se lec ted  engine components w i l l  be developed i n  connect ion wi th  the  
engine systems eva lua t ion  program, but component development w i l l  be l imited 
t o  those major components which s t r o n g l y  in f luence  sys  t e m  performance 
Valves and l i n e s  w i l l  be f a c i l i t y  o r  "bo i l e r  p l a t e "  types wherever p0,jsibLe. 
For t h e  ground t e s t  program, most components w i l l  not  be q u a l i f i e d  t o  the  
high degree o f  r e l i a b i l i t y  necessary  f o r  f l i g h t  opera t ion .  However, inajor 
components such as turbopumps, nozz les  wi th  hot-bleed p o r t s ,  and a c t u i t o r s  
f o r  engine r e a c t o r  c o n t r o l  w i l l  be of f l i g h t  design and w i l l  be devel3ped t o  
provide s a t i s f a c t o r y  performance under " f l i g h t "  ope ra t ing  condi t rons .  

S i g n i f i c a n t  accomplishments t o  d a t e  i n  t h e  K I W I  and NERVA p r o j e c t s  
inc lude :  r e a c t o r  s t a r t u p  and s t a b l e  ope ra t ion  us ing  l i q u i d  hydrogen as  a 
coo lan t ;  demonstration of a s a t i s f a c t o r y  r e a c t o r  des ign  t h a t  avoids  the  flow 
induced v i b r a t i o n  previous ly  encountered; success fu l  r e a c t o r  ope ra t ion  f o r  
more than t e n  minutes a t  design cond i t ions ;  r e s t a r t i n g  a r e a c t o r  and achiev-  
ing design power a f t e r  a p r i o r  run  a t  design power; and, automatic  s t a r t u p  
of a r e a c t o r  from s u b - c r i t i c a l  cond i t ions ,  thereby  demonstrat ing the  capa- 
b i l i t y  t o  s ta r t :  the  nuc lear  rocke t  au tomat i ca l ly  as would be requi red  i n  a 
f l i g h t  s y s t m .  Other progress  inc ludes  improvement i n  fuel-element c u a l i t y ,  
and advances i n  nozzle  and turbopump technology. 
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Engine System Development 

The o b j e c t i v e  of t h i s  phase of t h e  NERVA p r o j e c t  i s  t o  perform t h e  engi-  
neer ing,  f a b r i c a t i o n  and t e s t i n g  of engine systems p r i o r  t o  t h e i r  i n t e g r a t i o n  
i n t o  complete experimental  engines.  The program inc ludes  co ld  flow t e s t s  i n  
a non-nuclear engine s imula tor  as w e l l  as h o t  flow t e s t s  conducted w i t h  
opera t ing  r e a c t o r s .  C h a r a c t e r i s t i c s  t h a t  w i l l  be evaluated i n  the  cold flow 
s imula tor  t e a t s  inc lude  t h e  i n i t i a l  p o r t i o n  of engine s t a r t u p  with l i q u i d  
hydrogen, flow s t a b i l i t y ,  flow leakage, system p r e s s u r e  l o s s e s ,  and c c n t r o l  
response time:;. Cold flow t e s t i n g  of NERVA systems w i l l  be completed during 
FY 1966 and t h e  t e s t  hardware w i l l  be modified f o r  use i n  c:heckout of t h e  
Engine Test Stand i n  Nevada. A l s o  dur ing  FY 1966 h o t  flow engine system 
t e s t s  w i l l  be:$in i n  one of t h e  Reactor Test  c e l l s .  I n i t i a l  t e s t s  i n  t h i s  
s e r i e s  w i l l  u t i l i z e  an  upward-firing NERVA r e a c t o r ,  no t  configured a s  a 
f l i g h t  engine,  but: w i l l  incorpora te  a h o t  b leed  p o r t  nozzle  and a hydiogen 
turbopump system dr iven  by r e a c t o r  hea ted  gases  drawn from t h e  b leed  p o r t .  

Component and Subsystem Development 

Development of components and subsystems inc ludes  those r e q u i r e d  f o r  t h e  
experimental  engine systems and some r e q u i r e d  f o r  t h e  experimental  reactor.  
P r i n c i p a l  o b j e c t i v e s  a re  t h e  development of t h e  hydrogen turbopump system, 
t h r u s t  chamber assembly, and engine c o n t r o l s .  A r a d i a t i o n  r e s i s t a n t  1:urbine 
power c o n t r o l  va lve  r e q u i r e d  t o  c o n t r o l  turbopump speed w i l l  be developed. 
Nozzles, p ressure  v e s s e l s ,  turbopumps, c o n t r o l s ,  and a s s o c i a t e d  c~omponents 
w i l l  be f a b r i c a t e d  t o  support  t h e  engine t e s t  program. Acceptance ani3 r e l i a -  
b i l i t y  t e s t i n g  of t hese  components w i l l  be conducted. 

Ground Tes t  and Operat ions Support 

This phase of t h e  p r o j e c t  provides  remote handl ing  equipment, checkout 
and tes t  equipment, and maintenance equipment f o r  a l l  t e s t  opera t ions .  It  
a l s o  provide:, ins t rumenta t ion  f o r  d i a g n o s t i c  and c o n t r o l  purposes,  f o r  r e l i a -  
b i l i t y  and q u a l i t y  assurance t e s t i n g ,  and f o r  o p e r a t i o n a l  s a f e t y  monitoring. 
During FY 1966, t h e  equipment i n  t h e  engine t e s t  and maintenance f a c i l i t i e s  
w i l l  be checked ou t  and used t o  support  engine systems t e s t i n g .  Addi t iona l  
equipment and engine d i a g n o s t i c  ins t rumenta t ion  w i l l  a l so  be provided. Tech- 
n i c a l  guidance on ground t e s t  s a f e t y  w i l l  be continued and s a f e t y  r e p o r t s  and 
procedures wil?. be issued.  

P r o p e l l a n t s  

Funds p.tovided under t h i s  heading w i l l  be  used f o r  procurement c'f pro- 
p e l l a n t s ,  pi:imarily l i q u i d  hydrogen, r e q u i r e d  i n  v a r i o u s  NERVA t e s t i r ! g  
programs. 
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Nuclear Rocket Development S t a t i o n  Operat ions 

1965 1966 -- 1964 

General s i t e  support . .  ............... $500,000 $589,000 S 870,000 
Cap i t a 1 e qu i paen t .................... 250,000 1so,ooo 130,000 

Tota l . .  ............................ $750,000 $739,000 - $1,000,000 

The mission (of the Nuclear Rocket Development S t a t i o n  (NRDS) i s  :o pro- 
v ide  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 e a c t o r s ,  engines ,  and e- ien tua l ly  
veh ic l e s  a s soc ia t ed  with nuc lea r  rocke t  development. Management of tlie 
Nuclear Rocket Development S t a t i o n  i s  ass igned  t o  the  Space Nuclclar P.-opulsion 
Off ice .  The major u se r s  of t h e  S t a t i o n  are  Aerojet-General Corporatitin, 
Westinghouse Astronuclear  Laboratory,  and t h e  AEC Los Alamos S c i e n t i f i c  Labo- 
r a t o r y .  

Technical support ,  maintenance, housekeeping s e r v i c e s ,  and rnanagl3ment 
func t ions  must be provided a t  t h i s  s i t e .  These funds provide f o r  NAS4's 
sha re  of the  genera l  s i t e  ope ra t ions ,  t he  major p a r t  of which i s  now funded 
by t h e  AEC. 

General S i t e  Support 

General s i t e  support  inc ludes  r o u t i n e  maintenance and ope ra t ion  of t h e  
f a c i l i t i e s ;  f o r  example, c u s t o d i a l  s e r v i c e s ,  maintenance of roads ,  grounds, 
and u t i l i t y  systems, fu rn i sh ing  of u t i l i t i e s ,  bu i ld ing  ope ra t ing  s u p p l i e s ,  
f i r e  protecti .on,  and c a f e t e r i a  s e rv i ces .  Included a l s o  a r e  t h e  s e r v i c e s  of 
a support  con t r ac to r  t o  main ta in  and ope ra t e  plumbing, e l e c t r i c a l ,  ca rpen te r ,  
welding, and machine shops. Funds i n  t h i s  ca tegory  a l s o  cover c o s t s  of a c t i -  
v a t i n g  engine tes t  f a c i l i t i e s  and of main ta in ing  and ope ra t ing  support  f a c i l -  
i t i e s  and equipment. 

Cap i t a l  Equipment 

Cap i t a l  equipment funds a r e  used f o r  t h e  procurement of shop eqcipment, 
warehousing equipment, and o t h e r  p i eces  of major equipment r equ i r ed  1 o r  
genera l  suplmrt  of S t a t i o n  a c t i v i t i e s .  

76 1 - 1 3 3 0 - 6 S  -2; 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF A D l g C E D  RESEARCH AND TECHNOLOGY CIIEMICAL PROPULSION PROGRAM 

PROGRAM O B J E g L I V E S  AND JUSTIFICATION: 

Propuls ion r ep resen t s  one of t h e  g r e a t e s t  l i m i t a t i o n s  i n  c a p a b i l i t y  f o r  
explor ing space.  U n t i l  now space v e h i c l e s  have been p rope l l ed  by chenica l  
rocke t s .  New propuls ion  devices  such as a thenno-nuclear rocket  and var ious 
e l e c t r i c a l  rocke ts  w i l l  even tua l ly  advance space c a p a b i l i t i e s  s i g n i f i c a n t l y .  
When operati .ona1 t h e s e  new types of  propuls ion  devices  w i l l  t ake  t h e i r  own 
p laces  i n  a broad.ened propuls ion  spectrum, bu t  w i l l  not  r e p l a c e  a l l  chemical 
systems. It i s ;  c e r t a i n  t h a t  most space f l i g h t  advances made i n  the fo re see -  
a b l e  f u t u r e  vil.1 depend upon chemical rocke t  propuls ion.  The research  and 
experimental. engine programs i n  chemical propuls ion  a r e  devoted t o  i nc reas ing  
c a p a b i l i t i e s ;  t o  conduct space exp lo ra t ions .  

The tecl inological  base f o r  new engine developments is provided t y  a 
planned process  of s c i e n t i f i c  i n v e s t i g a t i o n  progress ing  from concept 
eva lua t ion  through t h e  ga the r ing  of engineer ing  d a t a  t o  t h e  demonstr:.tion of 
experimental  systems. To f a c i l i t a t e  t h i s  progress ion  t h e  chemical propuls ion  
programs i n  130th l i q u i d  and s o l i d  p rope l l an t  motors have each been d iv ided  
i n t o  two p r i x i p a l  e f f o r t s :  one i n  r e sea rch  and advanced technology and 
one i n  expe:cimfental engineer ing .  

Research and advanced technology covers  b a s i c  s t u d i e s  and exper:.ments 
r e l a t e d  t o  launch v e h i c l e  and spacec ra f t  p ropuls ion  such as measuremf!nts 
of chemical and phys ica l  p r o p e r t i e s  of p r o p e l l a n t s ,  i g n i t i o n  and c o m h s t i o n  
phenomena, c l a s s i c a l  and non-equi l ibr ium thermodynamic p rocesses ,  tht! 
examination of new m a t e r i a l s ,  and t h e  processes  of f l u i d  mechanics, gas 
dynamics, h e a t  t r a n s f e r ,  and s o l i d  mechanics. Analyses a r e  made of \:he 
func t ions  a p iece  of propuls ion  equipment must perform, the  performance 
l e v e l s  t h a t  can h e  m e t  and, i n  t h e  broad cyc le  e f f i c i e n c y  s e n s e ,  t h e  
condi t ions  under which i t  might b e s t  perform. New methods and desigii  
concepts a r e  assessed .  Future  requirements and new problem a reas  a r 2  
i d e n t i f i e d  f o r  f u r t h e r  work. 

The purpose of t h e  experimental  engineer ing  program i s  t o  b r i d g ?  t h e  
technologica l  gap between propuls ion  r e sea rch  technology and t h e  i n i t i a t i o n  
of mission o r i e n t e d  propuls ion  system developments. The work involves  the  
des ign ,  f a b r i c a t i o n  and t e s t  of model propuls ion  systems and of  subcDmponents 
t o  demonstrate t h e i r  engineer ing  p r a c t i c a l i t y  t o  meet t h e  a n t i c r p a t e d  r e -  
quirements c f  launch v e h i c l e ,  upper s t a g e  and s p a c e c r a f t  engine:;. From such 
experimental  system demonstrat ions w i l l  evolve advanced propuls ion  hardware 
designs w i t t  c l e a r l y  def ined  maximum ope ra t ing  cocd i t ions  and engineer ing  
l i m i t a t i o n s .  A d i r e c t  r e s u l t  of t h i s  work w i l l  be  a s e t  of pre l iminary  
engineer ing  s p e c i f i c a t i o n s  wi th  des ign  c r i t e r i a  and f a b r i c a t i o n  process  
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spec i f ica t ion : ; .  A byproduct i s  a r e a l i s t i c  assessment of  p o s s i b l e  deLelop- 
ment c o s t s  and schedules  , f a c i l i t i e s  and equipment requirements , e t c .  The 
r e s u l t s  w i l l  f a c i l i t a t e  i n i t i a t i o n  of  engine development wi th  minimum 
expendi tures  of funds and time dur ing  the  development phase.  

SUMMARY OF RKjOlJKCES REQUIREYENTS : 

1966 - 1964 1965 

Supporting research and 
techno1og:j.. ................... $21,970,000 $24,762,000 $30,000,000 

- - -  M - 1  engine 3ro jec t  ............... 24,000,000 24,000,000 
Large s o l i d  motor p r o j e c t . .  ...... * 15,000,000 - - -  
Small chem:-ca 1 propuls ion  - - -  f 1 ight: p ro  j ec  t: s ................ 30,000 30,000 - 

.......................... $46,000,000, $63,792,000 $JO-OOO.OOO - Tota l  

Dis t r ibu t im=)f  Program Amount by I n s t a l l a t i o n :  

- - -  Manned Spacecraf t  Center .  ...... 
Marshal l  !Spi3cE! F l i g h t  Center .  .. $3,542,000 
Goddaird Space F l i g h t  Center .  ... 375,000 
J e t  Propu Lsion Laboratory.  ..... 4,296,000 
Langley I1esearch Center .  ....... 1 , 144,000 
L e w i s  Research Center .  ......... 31,205,000 
NASA Headquarters .............. 3,194,000 
Ijestern Clpezations Office.. .... 2,244,000 

* Previous ly  U.S.  Air Force program 

--- $500,000 
$3,592,000 5,100,000 

550,000 800 , 000 
4,183,000 4 , 700,000 
1,480,000 1 , 980,000 

45,227,000 8,095,000 
8,76O,OOO 8 , 825,000 

BASIS OF FUNI,&:QUIREMENTS : 

Support ing Research and Technology 

1966 - 1964 1965 

Liquid rocke t  r e sea rch  and 

Liquid rock E , t  experiment a 1 

So l id  rocket  r e sea rch  and 

So l id  rocket  experimental  

advanced technology ............ $10,527,000 $11,500,000 $13,300,000 

engineer i r .g  .................... 6,640,000 6,075,000 8 , 500,000 

advanced technology ............ 2 , 760,000 4,995,000 5,000,000 

engineer ing  .................... 2,043,000 2 , 192,000 3,500,000 

Tota l  .......................... $21,970,000 $24,762,000 $30,300,000 - 
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Liquid Rocket Research and Advanced Technology 

The liqui.d rocket  research  and advanced technology program explores  and 
extends t h e  engineer ing s c i e n c e  of propuls ion  f o r  launch v e h i c l e s ,  upper 
s t a g e s ,  and s p a c e c r a f t .  

P a r t  of t he  program cont inues t o  examine propuls ion concepts f o r  f u t u r e  
launch v e h i c l e s .  Two approaches t o  advanced launch v e h i c l e  engines haJe  been 
pursued. The multi-chamber concept uses  t o  t h e  g r e a t e r  e x t e n t  t h e  t ecmology  
developed i n  b u i l d i n g  engine equipment p r e s e n t l y  i n  use .  The cont inuois  
chamber conceFt r e p r e s e n t s  a g r e a t e r  depar ture  from present  technology but  
may o f f e r  a g r e a t e r  performance ga in .  The f e a s i b i l i t y  of methods f o r  zxpand- 
i n g  combustion gases  through e i t h e r  a forced d e f l e c t i o n  o r  a plug nozz le  has 
been proven. Good engineer ing d a t a  requi red  f o r  d e t a i l e d  design a n a l y s i s  
have been accumulated. Hot f i r i n g  of c r i t i c a l  components has  been undzr- 
t aken .  Work r e l a t e d  t o  cool ing  and pumping f o r  engines a t  p ressures  
s i g n i f i c a n t l y  h i g h e r  than  c u r r e n t  p r a c t i c e  i s  i n  progress .  

E f f o r t s  t o  improve s p a c e c r a f t  performance by use of advanced spacz-  
s t o r a b l e  p r o p e l l a n t  combinations have been expanded. I n v e s t i g a t i o n s  011 t h e  
oxygen-difluorideldiborane combination have continued and a new p r o j e c :  
e v a l u a t i n g  Gxygen-difluoride/monomethyl hydrazine has  been s t a r t e d .  

Design guides f o r  pressur ized  gas  s t o r a g e  and p r o p e l l a n t  feed sys.:ems 
have been publ ished.  Work on p o s i t i v e  expuls ion  technology and advanced 
chamber c o n s t r u c t i o n  f o r  use w i t h  high temperature  combustion gase,s i s  being 
cont inued.  

An example of p r o p e l l a n t  technology t h a t  has  reached t h e  appl icatLon 
s t a g e  i s  t h e  development o f  a s u i t a b l e  c a t a l y s t  f o r  hydrazine.  This  
monopropel Lant has  h i g h e r  performance than  hydrogen peroxide,  which wa:; used 
i n  t h e  Mercury capsule  and i n  o t h e r  a p p l i c a t i o n s .  This deve1opmer.t ha:; been 
c i t e d  as one (of f o u r  major c o n t r i b u t i o n s  t o  space technology l a s t  y e a r  

Combustion i n s t a b i l i t y  cont inues  t o  plague engine development prqirams. 
NASA in-house and c o n t r a c t u a l  work h a s  been increased  t o  provide more t a s i c  
d a t a  and a b e t t e r  understanding o f  t h e  phenomenon. A t  t h e  same t i m e  
techniques are being explored f o r  avoiding t h e  i n s t a b i l i t y  through eng:.ne 
des ign  change:;. 

B e t t e r  ro2k.t t e s t  ins t rumenta t ion  i s  necessary and e f f o r t s  a long t h e s e  
l i n e s  a r e  progre.ssing. The f e a s i b i l i t y  o f  ins t rumenta t ion  t o  diagnose 
symptoms of t::~ouble i n  o p e r a t i n g  engines and t o  i n i t i a t e  automatic c o r i x x t i v e  
a c t i o n  has  been demonstrated.  Tests on o p e r a t i o n a l  engines a r e  forthcoming. 

Nork on advanced c o n s t r u c t i o n  m a t e r i a l s  f o r  l i q u i d  rocke t  eng ines :  
thermal and c o r r o s i o n  p r o t e c t i v e  c o a t i n g s ,  s t a t i c  and dynamic s ea l s ,  vii lves,  
t h e  flow of gases  i n  n o z z l e s ,  and t h e  dynamic behavior  of p r o p e l l a n t s  i n  t h e  
feed  system 0:: engines w i l l  a l s o  r e c e i v e  a d d i t i o n a l  emphasis i n  t h e  coning 
yea r .  
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Liquid Rocket Experimental  Engineer ing 

This program i s  focused p r e s e n t l y  on a u x i l i a r y  and space propuls ion .  
The p r o j e c t  inc ludes  an experimental  a u x i l i a r y  engine program t o  support  an 
a r e a  which lis.:; treen troublesome i n  t h e  mission development prograins ; t he  
con t inua t ion  of a program t o  evolve an advanced des ign  f o r  Earth s t o r a b l e  
space pro~uls i .o r i  systems; and  ex tens ion  of t h e  high perfornance p rope l l an t  
r e sea rch  intertded t o  provide s m a l l e r ,  h ighe r  energy upper s t a g e s .  

The program for exper imenta l ly  i n v e s t i g a t i n g  improved space propuls ion  
systems has  bt)er. focused i n  t h r e e  p r i n c i p a l  areas;  advanced Earth s t o r a b l e  
p rope l l an t  systems;  h igh  energy deep cryogenic  p rope l l an t  sys tems,  and high 
energy space s t c r a b l e  p rope l l an t  systems. 

The advarced Earth s t o r a b l e  p rope l l an t  system program, us ing  t h e  same 
c l a s s  of  p r o p c l l a n t s  as t h e  Apollo,  Gemini and Surveyor spacecraft:  systems,  
w i l l  cont inue  eva lua t ion  of des ign  concepts  t h a t  w i l l  s ign i f icant . .y  extend 
ope ra t ing  l i f e ,  minimize complexity o f  components, and improve conponeit  
c a p a b i l i t y .  Sore of these propuls ion  concepts  have been appl ied  t:o t h ?  
Mariner s p a c e c r a f t  des ign .  

The high energy deep cryogenic  p rope l l an t  systems programs a r e  f o x s e d  
on t h e  use  of  l i q u i d  hydrogen wi th  l i q u i d  f l u o r i n e  i n  upper s t a g e s .  S3ace- 
c r a f t  p ropuls ion  s y s t e m s  of  t h i s  type  can be o p e r a t i v e  up t o  s e v e r a l  w2eks 
i n  t h e  space environment. The cu r ren t  program has  demonstrated t h e  op:rat ion 
of  a modified oxygen-hydrogen engine wi th  f l u o r i n e  as t h e  o x i d i z e r .  R ~ ~ i s e d  
des igns  and ope ra t ing  techniques t h a t  w i l l  f a c i l i t a t e  t h e  r e a l i z a t i o n  of t h e  
f u l l  performance p o t e n t i a l  of t h e  f luorine-hydrogen combination i n  f1i:;ht 
type  hardware w i l l  be demonstrated.  Unique hydrogen tank p r e s s u r i z a t i o n  
concepts  t h a t  could minimize t o t a l  system weight w i l l  a l s o  be demcmstrs3ted. 

The high energy space s t o r a b l e  p r o p e l l a n t  systems program w i l l  e s : ab l i sh  
t h e  foundat ion f o r  t h e  f u t u r e  space propuls ion  systems t h a t  must remaill 
o p e r a t i v e  i n  a space environment f o r  months o r  poss ib ly  years .  The prlz- 
dominant r’equirement i s  t h a t  t h e  p rope l l an t  phys ica l  p r o p e r t i e s  permit long 
term s t o r a g e  i n  space.  One of  t h e  a t t r ac t ive  p rope l l an t  combinations LS 

oxygen-dif l uo r ide  wi th  l i g h t  petroleum gases  such as methane. This  p rope l l an t  
combination i s  now be ing  examined t o  e s t a b l i s h  component des igns  t h a t  i?ill 
f a c i l i t a t e  i t s  f u t u r e  use .  

An a u x i l i a r y  propuls ion  system program encompassing monopropellant- 
systems and b i -p rope l l an t  systems t h a t  employ both  t h e  Earth s t o r a b l e  ,md 
h igh  energy propel  Lants w i l l  b e  cont inued.  Design c r i t e r i a  f o r  small rocke t s  
t h a t  have a p p t i c a t  ion as r e e n t r y  c o n t r o l ,  s p a c e c r a f t  a t t i t u d e  c o n t r o l ,  
s t a t i o n  keepinS systems, e t c . ,  w i l l  be developed. The app l i ca t ion  of Iiew 
m a t e r i a l s ,  c o a t i ~ g s  and f a b r i c a t i o n  processes  t o  enhance opera t ing  l i f t ’  and 
r e l i a b i l i t y  i:; be ing  emphasized t o  improve l i f e  and des ign  margins.  
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The o thc  c p r i n c i p a l  a c t i v i t i e s  i n  t h e  program are: (1) i n t e r f a c e  analyses  
t o  evaluclt e the impact of i n t c g r a t i n g  propuls ion  systems i n t o  launch v e h i c l e  
s t a g e s  and sp i icccra l t  ; (2) d e i i n i t i o n  and c l a s s i f i c a t i o n  of t h e  hazards  
a s soc ia t ed  w ~ t h  tlie usc of advanced p rope l l an t  combinations and develcpmcnt 
of appropriat  ( 3  saf e t y  proccdurcs and c r i t e r i a ;  and (3) t he  devc>lopment of 
s p e c i f i c a t  ion:; f o r  t h e  des ign ,  manufacture,  and t e s t  of advanced propuls ion 
systems. 

Sol i d  Kocket Kesearcli and Advanced Technology 

This  program provides an engineer ing  base not  only f o r  t h e  re1 a t i v e l y  
simple s o l i d  p rope l l an t  motors,  wi th  a r e  used ex tens ive ly  f o r  a p p l i c a t i o n s  
r equ i r ing  ext i-eme r e l i a b i l i t y  r a t h e r  than extreme performance, but  a l s o  f o r  
hybrid motors , which may improve periormance t o  be competi t ive with l i q u i d  
b i -p ropc l l an t  systems €or  somc a p p l i c a t i o n s .  So l id  p rope l l an t  motor problc3ms 
t h a t  a p p l y  t o  motors O F  launch v e h i c l e  s i z e  inc lude  the  neeil f o r  nondestruc-  
t i v e  t e s t i n g  t.ec:hniques f o r  i n spcc t ion  and q u a l i f i c a t i o n  oi loaded motors ,  
b e t t e r  unders ta rd ing  01 i g n i t i o n  p rocesses ,  a b e t t e r  understanding of 
i n s t a b i l i t y  ailid thrust v c c t o r  c o n t r o l  systems,  b e t t e r  methods f o r  combustion 
tet-minat i o n ,  iiiicl improved processing tec1iniyuc.s . 

Candidates mcthods f o r  nondes t ruc t ive  t e s t i n g  inc lude  t h e  use of i n f r a -  
red d e t e c t o r  >canning ,  a t t e n u a t i o n  of x-rays us ing  s c i n t i l l a t i o n  d e t e c t o r s ,  
low frequcncy u l t r a s o n i c  probes,  and microwave probes.  During FY 1966, thesc 
and o t h c r  tccllniques w i l l  be evaluated f o r  use i n  t h e  in spec t ion  o f  loaded 
motors p r i o r  t o  f l ig l i t  . 

There is c u r r e n t l y  a need t o  achieve more accu ra t e  command cu to f f  of 
s o l i d  motor t h r u s t  and the> c a p a b i l i t y  f o r  a l i m i t e d  number of s t o p - r e s  t a r t  
cyclcls. 1iccer.t advances i n  s tcady  s t a t e  and t r a n s i e n t  combustion theory 
havc shccl cons idei-aI>Ic l i g h t  on t h e  b a s i c  mechanisms t h a t  c o n t r o l  combistinn 
tornmiriation pheuonicwa. This  work may lead  t o  t h e  development of s o l i d  motors 
capablci of i n t e r rup tcd  coml)ustion and a l imi t ed  number of s t o p - r e s t a r t  
cyc le s .  

NASA's f i r s r  work i n  hybrid p rope l l an t  technology was begun i n  FY 1965 
and w i l l  cont inue i n  the  coming yca r .  The hybr id  p rope l l an t  rockct  u s  i a l l y  
i i s c ' s  a s o l i d  f u c l  and  a l i q u i d  o x i d i z e r  a l though t h e  r eve r se  combination 
a l s o  l a l l s  i n t o  tliis c l a s s i l i c a t i o n .  P o t e n t i a l  advantages of hybr id  
propellants arc  improved space' s t o r a 1 ) i l i t y  and t h e  p o s s i b i l i t y  of v a r i i b l e  
t h r u s t  i n  tiigli prnpcl l  an t  pcrfonnnnce systems. 

Kcsenrch on s tcady  and non-steady s t a t c  combustion, propcl lar i t  an'l 
metal i g n i t i o n ,  L-lieological proper t  i c s  , degrada t ion  mechanisms, thermo - 
chemis t ry ,  high energy oxi t l izcrs  and chemical b inders  are a l s o  conduct 2d i n  
t h i s  p a r t  of t h e  program. Thcse s t u d i e s  a r e  fundamental t o  the  dcvclo3ment 
of botli launch vel i ic le  and s p a c c c r a l t  p ropuls ion  s y s t e m  and c o n t r i b u t  3 t o  
t h e  ltnowledgc 01 t h e  b a s i c  d i s c i p l i n a r y  sc i ences .  
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Sol id  pi-op(:J l an t  rocke ts  IJOSC a s p e c i a l  problem because of t he  wide- 
spread us('  of m,?t a l l i c  additivcLs i n  p rope l l an t  formulat ions which y i e l d  
condensed l iqii i t l  and s o l i d  part  i c l e s  i n  the  exhaust .  The t ransmission of 
r a d i o  beam s jgna l  s of  c e r t a i n  i requcncies  through t h e  exhaust products during 
f l i g h t  m u s t  tl(, c1xaminc.d. The i n t c r a c t i o n  of t h e  rocket  exhaust products  wi th  
t h e  s i g n a l s  i n  producing d i s t c . r  t i o n ,  a t t e n t u a t i o n ,  o r  spur ious  noisc, w i l l  be 
s tut l icd.  

The thrti::t  b(,liavior of s o l i d  motors i s  very  dependent on t h e  p r e d i c t -  
a b i l i t y  of t h c b  burning r a t e  of tlie p r o p e l l a n t .  I f  t h e  burning r a t e  is 1owc.r 
than yredictccl ,  tlie p r e s s u r e ,  t h r u s t ,  and impulse w i l l  be lower than  r equ i r ed .  
Vacuum sLorngc CIL spacecraft engines causes  some p rope l l an t  degrada t ion  t h a t  
i nc reases  burning r a t e s  . Radiat ion degrades t h e  o x i d i z e r ,  which reduces 
burning r a t e s .  'I'hescx compc.ting degrada t ion  e f f e c t s  decrease  t h e  ;accuracy of 
tl1c pred ic ted  perf  oriiiancc. T h e  burning r a t e  dev ia t ions  produced by  vacuum 
s t o r a g e  w i l l  b e  evaluated under tliis program and methods t o  a s su rc  p r e d i c t a b l e  
pcriormancc w i l l  be  developc~d.  

So 1 i d  Rock e t E s p cs r imen t a 1 Eng i n e  e r ing  

The experimental-engineer ing program was e s t a b l i s h e d  p r i n c i p a l l y  t o  
support  the  technology r e l a t e d  t o  sol id-motor  developments. The program 
i nc ludes  work i n  the  a r e a s  of s p a c e c r a f t - a u x i l i a r y  and c o n t r o l l a b  Le motors. 
Increased emphas,is w i l l  be app l i ed  t o  these  a r e a s  i n  subsequent f i s c a l  years .  

P re sen t ly  tlic ma jo r i ty  of the  s o l i d  p rope l l an t  experimental  niotor 
researcli  i s  t l i rcctcd toward development of important subsys tems applic.3blc 
t o  f i r s t  stagt' o r  boos te r  func t ions .  One subsystem is  a malfunct ion d i? tec t ion  
sys t cwi  f o r  warninp, of an impcnding f a i l u r e  i n  t h e  rocke t  motors i n  t i m i .  t o  
permit escape of  tlie a s t r o n a u t s .  The  program w a s  s t a r t e d  i n  ca lendar  :rear 
1963. During 196(1, a major advnnce w a s  made i n  d e t e c t i n g  overhea t ing  Iihich 
can lead t o  bJrn-through of motor cases .  This  new concept g ives  ti clei i r  
s i g n a l  when tlie liot gases  i n  t l i c  rocket  motor erode the  i n s u l a t i o r  t o  c'xpose 
a s p e c i a l  conductive l i n e r  m a t e r i a l .  During t h e  cu r ren t  y e a r ,  thc concept 
i s  bcinl; evaluated i n  small  sc,;lLe motors and during t h e  coming year  the> 
engineer ing  d e t a i l s  f o r  in t roducing  i t  i n t o  very  l a r g e  motors w i l l  h e  tlef ined.  

A system f o r  producing s t e e r i n g  fo rces  i n  l a r g e  s o l i d  rocket  niotoi.s by 
t h e  i n j e c t i o n  D f  l i q u i d  i n t o  the, exi t  cone i s  under engineer ing  i n v e s t j  ga t ion .  
During FY 1966, ,an engineer ing a n a l y s i s  w i l l  be  made t o  determinc which 
componcmts of s x i s t i n g  smal le r  motors a r e  d i r e c t l y  app l i cab le  t o  t h e  lcirger 
motor and which nocd t o  be f u r t h e r  developed. A d e t a i l e d  engineer ing  c es ign  
w i l l  be made o E  a complete s y s t e m  which can be jo ined  t o  t h e  nozz le  of t h e  
rocket  motor. I n  t:he coming f i s c a l  y e a r s ,  t h e  des ign  w i l l  h e  transfornied i n -  
t o  hardware and $1 c:omplete t h r u s t  v e c t o r  c o n t r o l  s y s t e m  w i l l  be t e s t e d  by 
s t a t i c  f i r i n g ,  
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Nondestruct ive in spec t ion  equipment and s t anda rds  f o r  t e s t i n g  motor 
cases, p rope l l an t  charge and nozz les  are being exper imenta l ly  e v a l u a t e s  under 
t h i s  program. A n  inst rument  f o r  f ind ing  cracks  i n  metal cases wi th  u l t r a -  
s o n i c  waves h s s  been devised ,  and s t anda rds  f o r  i n t e r p r e t i n g  i t s  s i g n a l  
e s t a b l i s h e d .  
mechanized, s c  t h a t  t h e  very  l a r g e  s u r f a c e  of a h igh  t h r u s t  motor may >e 
inspec ted  e f f i c i e n t l y .  Instruments  f o r  i n spec t ing  t h e  c r i t i c a l  p a r t  oE t h e  
p rope l l an t  charge ,  based upon microwave technology, w i l l  be  brought fr3m t h e  
l abora to ry  s t a t e  t o  breadboard development s t a t u s  dur ing  t h e  comirig y e x .  
f u t u r e  y e a r s ,  t h i s  ins t rumenta t ion  w i l l  be  extended t o  f u l l y  mechanize3 sys -  
t e m s  and t h e  s p e c i f i c a t i o n s  and s tandards  f o r  i t s  use  w i l l  be es tab l i s l ied .  

In.  t h e  cu r ren t  yea r ,  t h e  method i s  be ing  improved arid p a r t i a l l y  

In  

Current  v e h i c l e  systems use  many s o l i d  p rope l l an t  motors t o  p rov i  ie 
re t ro-propuls ion  dur ing  s t a g e  s e p a r a t i o n  and t o  cause p o s i t i v e  a c c e l e r 3 t i o n  
dur ing  t h e  i n i t i a t i o n  of l i q u i d  engine ope ra t ion .  Other s o l i d  p r o p e l l m t  
motors a r e  used i n  upper s t a g e s  of s m a l l  launch v e h i c l e s  such as Scout and 
De l t a .  This program w i l l  undertake t h e  d e f i n i t i o n  of s t anda rd  c l a s s e s  of 
s o l i d  p rope l l an t  motor systems. Small a t t i t u d e  c o n t r o l  rocke t s  such a,; t h e  
Cap P i s t o l  u n i t s  o r  t h e  Subliming So l id  w i l l  be  advanced t o  t h e  s t a t u s  of 
demonstrated readiness  f o r  a p p l i c a t i o n .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF AIbVANCED RESEARCH AND TECHNOLOGY SOLAR AND CHEMICAL POWER PROGRAM -- - 
PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The So la r  and Chemical Power program provides  r e s e a r c h  and technology 
necessary for t.he development of new and improved methods of s o l a r  and 
chemical power gene ra t ion  f o r  space a p p l i c a t i o n s ,  
r e sea rch  on a l l  elements of complete systems: ( a ) t h e  energy c o l i e c t i m  equip- 
ment such as a s o l a r  c o l l e c t o r  o r  a r e a c t a n t  supply; (b) t h e  energy c m v e r s i o n  
devices  inc luding  s o l a r  c e l l s ,  thermionic  g e n e r a t o r s ,  turbomachiiiery, f u e l  
c e l l s ,  e t c . ;  
s t o r a g e  device; and (d)bpower cond i t ion ing  and power management eyuipmlmt. 

The program iricludo,s 

( c ) the  energy s t o r a g e  u n i t  such as a b a t t e r y  o r  t h e r m a l  lznergy 

A l l  a c t  Lve space v e h i c l e s  r e q u i r e  e l e c t r i c a l  power f o r  t h e  ope raAon  
of equipment, such as ins t rumen t s ,  communication and d a t a  process ing .  For 
manned space n i s s i o n s ,  e l e c t r i c  power i s  also r e q u i r e d  f o r  a d d i t i o n a l  func t ions  
such as l i f e  support  and guidance f o r  c o n t r o l l e d  r e e n t r y .  Thus, t h i s  mu l t i -  
d i s c i p l i n e d  program makes a d i r e c t  and s i g n i f i c a n t  c o n t r i b u t i o n  t o  a broad 
c r o s s  s e c t i o n  of t h e  n a t i o n a l  space program. 

SUMMARY OF RESOURCES REQUIREMENTS: - 

1966 --- 1964 1965 

Supporting r e s e a r c h  and 
technolo g~~........................ $14,000,000 $13.745.000 $+.200.000 

Total. .  ........................... $14,000,000 $13,745,000 $l.3,200,000 
I-- 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  -- 
Marshall  Space F l i g h t  Center...... $L,429,000 
Goddard Space F l i g h t  Center....... 2,170,000 
Jet Propuls ion  Laboratory......... 2,381,000 
Ames Research Center.........,.... 105,000 
Langley Research Center 710,000 
Lewis  Research Center ............. 6,403,000 
NASA Headquarters.. ............... 630,000 
Western Opercntions Off ice . .  ....... 172,000 

........... 

$2,000,000 
2,425,000 
3,121,000 

191,000 
690,000 

4,309,000 
1,009,000 

I-- 

$1. ,000,000 
3,075,000 
3 ,106 ,000  

170,000 
740: 000 

5,000,000 
1,109,000 --- 

761-133 0-65-213 
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BASIS OF FUNJ)REQUIREMENTS : 

Supporting Research and Technology 

1964 1965 1966 -- 
Sola r  power genera t ion . .  e . . . . . . . . . . . . . $9,343,000 $8,324 .OOO $8,919,000 
Chemical pclwer genera t ion  ............. 4,657,000 5,421,000 -- 5,231,000 

To ta l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$14,000,000 $13,745,000 $14,2('0,000 -- --- 

Sola r  Power Generation 

So la r  c e l l s  a r e  t h e  most common energy conversion devices  curren1:ly used 
f o r  long du ra t ion  space missions.  However, such devices  a r e  l i m i t e d  by a 
s u s c e p t i b i l i t y  t o  damage by ion iz ing  r a d i a t i o n  ( i . e . ,  Van Al len  e l e c t r o n s  and 
pro tons ,  and s o l a r  pro tons) ,  a r e  r e l a t i v e l y  expensive,  have an upper temper- 
a t u r e  l i m i t  o f  approximately 150°C and r e q u i r e  on board e l e c t r i c a l  enf!rgy 
s t o r a g e  f o r  m h i c l e  opera t ion  out  of d i r e c t  s u n l i g h t .  During the  past t h r e e  
yea r s ,  l abo ra to ry  research  a t  t h e  Goddard Space F l i g h t  Center ,  t he  Leclris 
Research Center and the  RCA and Space Technology Labora tor ies  has  detc rmined 
t h e  e f f e c t  of r eve r s ing  t h e  p o l a r i t y  of s o l a r  c e l l s  and the  e f f e c t s  of add- 
i t i v e s ,  impur:itfies, r e s i s t i v i t y ,  and junc t ion  depth on t h e  s o l a r  cell's 
r e s i s t a n c e  t o  r a d i a t i o n  damage. The research  has shown t h a t  a c o n t r o l l e d  
i m p u r i t y ,  reversed p o l a r i t y  c e l l  w i l l  have supe r io r  r e s i s t a n c e  t o  damage by 
r a d i a t i o n .  As ii r e s u l t ,  s i g n i f i c a n t  progress  has  been made i n  inc reas ing  
the  resistancx! of t h e  s o l a r  c e l l  t o  Van Allen e l e c t r o n s ,  such t h a t  it has been 
increased  by LI fiactor of 30. 

Un t i l  rec,ently it w a s  not poss ib l e  t o  p r e d i c t  accu ra t e ly  t h e  space per -  
formance of sellar c e l l s  from measurements made a t  t h e  E a r t h ' s  surEace. The 
s o l a r  c e l l  responds d i f f e r e n t l y  t o  energy of d i f f e r e n t  wave lengths  and, as 
a consequence, t he  conversion e f f i c i e n c y  is a func t ion  of t h e  s p e c t r a l  
d i s t r i b u t i o n  c f  t h e  l i g h t  source.  Because of atmospheric absorp t ion  and 
s c a t t e r i n g ,  s u n l i g h t  at: t h e  Ea r th ' s  s u r f a c e  has  a d i f f e r e n t  energy d i s t r i b u t i o n  
than sun l igh t  i n  space.  Work under t h i s  program t o  launch s o l a r  c e l l s  t o  high 
a l t i t u d e  a top  ba l loons ,  measure t h e i r  performance above t h e  atmosphere and 
recover  t h e  c e l l s  f o r  use as s t anda rds ,  has  made it p o s s i b l e  t o  estima':e s o l a r  
c e l l  space performance more accu ra t e ly  (2 5%) from t e r r e s t r i a l  measurements. 
These measurements of s o l a r  c e l l  performance w i l l  be  cont inued i n  orde;: t o  
o b t a i n  s tandards  of new c e l l s  as they a r e  developed. 

I n  another  a p p l i c a t i o n  of s o l a r  energy, t h e  d i r e c t  conversion of hea t  
energy t o  e l e c t r i c i t y  by t h e  thermionic  process cont inues t o  show great: promise. 
The concept of t he  thermionic  conver te r  i s  s imilar  t o  t h e  concept descr ibed  
under t h e  Nuclear -Elec t r ic  Program except t h a t  t he  e l e c t r o d e  t h a t  emit2 
e l e c t r o n s  i s  hea ted  by s o l a r  energy r a t h e r  than  by nuc lear  h e a t .  
p a s t  yea r ,  a I.!iO.-watt s o l a r  thermionic  gene ra to r  f a b r i c a t e d  by t h e  Thermal 
E l e c t r i c  Engint!ering Corp. was opera ted  by t h e  J e t  Propuls ion Laboratory a t  
an e f f i c i e n c y  of 10.5 per  cen t .  

Durir.g t h e  

This genera tor  provides  t h e  h ighes t  canversion 
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e f f i c i e n c y  t h a t  has  been exper imenta l ly  demonstrated t o  da t e .  I n  conjunct ion  
wi th  a s u i t a b l e  s o l a r  c o l l e c t o r ,  a thermionic  genera tor  of t h i s  t ype ,  when 
developed, would weigh less and be less s e n s i t i v e  t o  r a d i a t i o n  damage than a 
s o l a r  c e l l  s y s t e m .  Thermionic i n v e s t i g a t i o n s  extend from b a s i c  research  on 
materials and meta l lurgy ,  through s u r f a c e  physics  and chemis t ry ,  t o  eligineeriing 
development o f  thermionic  devices  and s o l a r  c o l l e c t o r s .  

For o r b i t a l  missions wi th  c y c l i c  per iods  of s u n l i g h t  and darknes:;,  it is  
advantageous t o  keep t h e  thermionic  gene ra to r  ope ra t ing  dur ing  t h e  da::k pe r iod ,  
by supplying hea t  energy s t o r e d  dur ing  s u n l i g h t .  The h e a t  s t o r e d  by r i e l t i ng  
a subs tance  w i t h  a h igh  h e a t  of f u s i o n  can be  used t o  provide h e a t  t o  t h e  
thermionic  elements when t h e  system i s  no longer  i n  s u n l i g h t .  The ust: of 
thermal energy s t o r a g e  e l imina te s  t h e  need f o r  on board,  h igh  cyc le ,  l i f e  
b a t t e r i e s  and reduces t h e  thermal s t r e s s e s  on t h e  thermionic  generato].  by 
keeping it: ho t  a11 t h e  t i m e .  Although s i g n i f i c a n t  progress  has  been niade 
toward ident iEying  s u i t a b l e  thermal energy s t o r a g e  materials and compzitible 
con ta ine r  mater ia l s ,  thermionic  conve r t e r s  have not  y e t  been opera ted  w i t h  
i n t e g r a l  theirrna:l energy s to rage .  Such work is  r ece iv ing  emphasis dur ing  t h e  
p re sen t  year  and w i l l  be  cont inued dur ing  FY 1966. 

The des ign  and performance c h a r a c t e r i s t i c s  of power systems base6 on 
thermoelec t r ix  conversion of s o l a r  energy are a l s o  under i n v e s t i g a t i o n .  
Thermoe1ectri.c: conversion is an  ex tens ion  of thermocouple technology and i s  
based on t h e  p r i n c i p l e  t h a t  a cu r ren t  w i l l  flow between t h e  junc t ions  of two 
con tac t ing  m a t e r i a l s  when t h e  junc t ions  a r e  a t  d i f f e r e n t  temperatures .  An 
example of research  i n  t h i s  area is  a f l a t  panel  f a b r i c a t e d  by Melpar for t h e  
Goddard Space F l i g h t  Center  wi th  the rmoe lec t r i c  couples  between the  ho t  and 
co ld  su r faces .  One s u r f a c e  i s  t r e a t e d  wi th  a coa t ing  t o  produce i i  hign 
equi l ibr ium temperature  when exposed t o  s u n l i g h t ;  t h e  o t h e r  s u r f a c e  i s  given 
a h igh  emiss iv i ty  coa t ing  and ope ra t e s  a t  a much lower temperature .  T i i s  
technique shows promise f o r  space missions i n  toward t h e  sun where tem2eratures  
would exceed t h e  temperature  l i m i t a t i o n s  of s o l a r  c e l l s .  

In  r e sea rch  on dynamic systems, t h e  work on t h e  mercury Rankine c:rcle 
(Sunflower) s o l a r  dynamic system was s u c c e s s f u l l y  concluded wi th  the  completion 
of a 4300 hour l i f e  t es t .  While many problems remain t o  be  so lved ,  t h e  des ign  
and performance c h a r a c t e r i s t i c s  of t h e  system have been determined and t h e  
b a s i c  f e a s i b i l i t y  has  been demonstrated.  It is  be l i eved  t h a t  su f f  icierit 
technology nov e x i s t s  t o  permit system development i f  a mission requir tment  
ar ises .  

An a l t e r n a t e  approach t o  dynamic power conversion i s  based on a gtis 
(Brayton) cyc1.12, which i s  expected t o  have h ighe r  e f f i c i e n c y ,  fewer prcblems 

w i t h  r e spec t  t o  zero-g s t a r t - u p  and ope ra t ion ,  and longer  l i f e  as a r e s u l t  of 
reduced co r ros ion  problems. During t h e  p a s t  y e a r ,  a compressor and t u r b i n e  
were successfu:!ly opera ted  on o i l  bear ings  a t  e f f i c i e n c i e s  s l i g h t l y  abcve those  
s e l e c t e d  f o r  t h e  r e fe rence  system. Work is  i n  progress  on both axial and r a d i a l  
turbomachinery t h a t  w i l l  o p e r a t e  OR hot  gas  bear ings .  Successfu l  completion 
of tests on th.c!se u n i t s  w i l l  be  a s i g n i f i c a n t  mi les tone  i n  t h i s  work because 
t h e  turbomachinery i s  u s u a l l y  t h e  most c r i t i c a l  set of components i n  a dynamic 
system. 
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Chemical Power Generation 

Much progress  has been made as a r e s u l t  of research  on problems r e l a t i n g  
t o  b a t t e r i e s  and f u e l  c e l l s .  Data have become a v a i l a b l e  from Gulton 1ndustr i .es  
and General 13 l tx t r ic  Company t o  permit t h e  design of e l e c t r o n i c  charge c o n t r o l  
c i r c u i t r y  which senses  t h e  s i g n a l  from an added t h i r d  e l e c t r o d e  t o  r e g u l a t e  
b a t t e r y  recfiarging r a t e .  The t h i r d  e l e c t r o d e  a l s o  r e l i e v e s  t h e  problem of 
oxygen gas p re s su re  by d i s s o c i a t i n g  excess oxygen so t h a t  it can recombine 
wi th  the  e l e c t r o l y t e .  L i f e  t e s t i n g  of t h i r d  e l e c t r o d e  c e l l s  i s  s t a r t i n g ,  
and design itleas f o r  mul t ip l e  c e l l  b a t t e r i e s  a r e  being eva lua ted .  I n  another  
b a t t e r y  imprcwement program, modified c e l l u l o s e  and new p l a s t i c  m a t e r i a l s  have 
been developed as b a t t e r y  sepa ra to r s  t o  improve t h e  l i f e  of silver-cadmium 
c e l l s ;  prel iminary i n d i c a t i o n s  poin t  t o  a t  least  a doubling of l i f e  a s  a r e s u l t  
of impeding t h e  migra t ion  of s i l v e r  from cathode t o  anode. 

A breadboard model of a c a p i l l a r y ,  low temperature  H2-02 f u e l  c e l l  wi th  
pas s ive  moisture  removal has  completed more than 450 hours of o p e r a t i m  on a 
Gemini type power p r o f i l e  a t  t h e  Allis-Chalmers Company and i s  s t i l l  3n t e s t .  
The b a s i c  design of t h i s  f u e l  c e l l  has  p o t e n t i a l  advantages over presl?nt 
spacec ra f t  f u e l  c e l l  designs because i t  combines f e a t u r e s  of h igh  e f f i c i e n c y ,  
zero-g s t a r t  and r e s t a r t  c a p a b i l i t y ,  r e l a t i v e l y  low temperature and low 
p a r a s i t i c  power. Program ob jec t ives  inc lude  t h e  t e s t i n g  of f l i g h t  t y i e  
a u x i l i a r y  hardware, cons t ruc t ion  of engineer ing eva lua t ion  models i n  :he 
2 k i lowa t t  s i z e  f o r  t e s t i n g  a t  t h e  c o n t r a c t o r ' s  and NASA l a b o r a t o r i e s ,  and 
modi f ica t ion  of t he  syst.em t o  permit c o l l e c t i o n  of water .  Auxi l ia ry  c?quipment 
t o  permit f u r t h e r  lowering of  t he  s t a r t - u p  temperature i s  being developed on 
t h i s  c o n t r a c t ,  while very  high performance e l ec t rodes  s u i t a b l e  f o r  us(?  i n  t h i s  
system a r e  being developed by American Cyanamid Company. These e l ec t rodes  may 
inc rease  e f f i c i e n c y  by 10 pe r  c e n t ,  which would save chemical and tankage 
weight as we l l  as reduce t h e  s i z e  of t h e  r a d i a t o r .  

I n  a d d i t i o n  t o  t h e  work on power genera t ion ,  an important element: of t h e  
program is t h e  suppor t ing  research  on condi t ion ing ,  d i s t r i b u t i o n ,  and c o n t r o l  
of e l e c t r i c a l  power throughout t h e  spacec ra f t .  High vo l t age  a r c s ,  s h o r t  
c i r c u i t s ,  power su rges ,  switching problems, e t c .  cont inue t o  plague space 
power systems, and i n s u f f i c i e n t  emphasis on t h e s e  problems is  indicatctd.  
Continuing progress  i s  being made i n  improving t h e  r e l i a b i l i t y ,  e f f i c i e n c y ,  
and o t h e r  important performance c h a r a c t e r i s t i c s  of power conve r t e r s ,  i n v e r t e r s ,  
r e g u l a t o r s ,  and p r o t e c t i v e  devices .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADXNCED RESEARCH AND TECHNOLOGY AERONAUTICS PROGRAM 

PROGRAM OBJEGEVES AND JUSTIFICATION : 

The primary r o l e  of t h e  Aeronautics program i s  t o  conduct sc ien t : . f ic  
research  t o  improve t h e  e f f i c i e n c y ,  u t i l i t y ,  and s a f e t y  of a i r c r a f t .  
Continuing o v e r - a l l  o b j e c t i v e s  a re :  

1. To exe rc i se  unbiased t echn ica l  l eade r sh ip  i n  t h e  genera t ion  
of advanced a i r c r a f t  concepts.  

2. To seek technologica l  advances which w i l l  permit t he  
development of improved a i r c r a f t .  

3 .  To Flrovide research  information t o  indus t ry  f o r  t h e  
design. of new a i r c r a f t .  

The scope of t h e  NASA ae ronau t i ca l  r e sea rch  program inc ludes  work i n  aero- 
dynamics, s t ruc . tures  , m a t e r i a l s ,  and a i r  b rea th ing  propuls ion ,  t h e  opera t ion-  
a l  and s a f e t y  a spec t s  a s soc ia t ed  wi th  t h e s e  d i s c i p l i n e s  and, t o  some ex ten t ,  
e l e c t r o n i c s  and human f a c t o r s .  It is  t h e  evolu t ionary  r e sea rch  :in these  
t echn ica l  d i s c i p l i n e s  t h a t  provides  t h e  fundamental knowledge needed t o  
understand the  complex problems involved i n  t h e  design and cons t ruc t ion  of 
advanced a i r c r a f t .  Understanding of t hese  problems, i n  t u r n ,  a i d s  i n  t h e  
de te rmina t ion  of t he  l i k e l y  d i r e c t i o n  of technologica l  advances i n  t h e  
f u t u r e .  For example, t h e  XV-5A fan-in-wing a i r c r a f t ,  t he  t i l t - w i n g  XC-142A 
V/STOL t r a n s p o r t ,  and the  v a r i a b l e  sweep concept f o r  t h e  F-111 o r i g i n a t e d  
s e v e r a l  year:? ago a s  promising concepts a s  a r e s u l t  of NASA research .  I n  
t h e  years  between t h e  f i r s t  i n d i c a t i o n  of t h e  va lue  of t h e  concept and t h e  
f i r s t  flight::; of t h e  v e h i c l e s ,  NASA aided i n  t h e  d e t a i l e d  formulat ion of t he  
concepts and i n  s u b s t a n t i a t i n g  t h e  o v e r - a l l  c a p a b i l i t i e s  of p r a c t i c a l  v e h i c l e s  
based on t h e s e  concepts.  

I n  a d d i t i o n ,  NASA has  conducted ex tens ive  wind tunnel  t e s t s ,  s imula tor  
programs, and f l i g h t  i n v e s t i g a t i o n s  us ing  appropr i a t e  t e s t b e d  a i r c r a i t  t o  
s u b s t a n t i a t e  p red ic t ed  performance and ope ra t iona l  c h a r a c t e r i s t i c s  of t hese  
v e h i c l e s  and t o  a i d  i n  the  s o l u t i o n  of problems of a developmental na tu re .  
I n  t h i s  reginrd, advanced t e c h n i c a l  development i n  support  of m i l i t a r y  and 
c i v i l  a i r c r a f t  procurement cont inues t o  be conducted. This  work is I’erformetl 
i n  cooperat ion wi th  Government-sponsored c o n t r a c t o r s  a t  t h e  reques t  of t h e  
cognizant  Government agencies .  

Research i n  Aeronautics i n  FY 1966 w i l l  inc lude  s t u d i e s  d i r e c t e d  toward 
improvement of subsonic  a i r c r a f t ,  f o r  example, s t u d i e s  of means of improving 
t h e  e f f i c i e n c y  o f  t r a n s p o r t  a i r c r a f t  by de lay ing  t h e  drag r i s e  due t o  
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compress ib i l i t y  ( e f f ec t s  a t  t r anson ic  speeds;  s t u d i e s  of  new m a t e r i a l s  and 
s t r u c t u r a l  design concepts requi red  t o  f a b r i c a t e  r e l i a b l e  l igh tweight  
s t r u c t u r e s  s u i t a b l e  f o r  a long l i f e  under high temperature  condi t ions  f o r  
supersonic  and hypersonic a i r c r a f t ;  s t u d i e s  of a i r  b rea th ing  propuls ion 
cyc le s  and engine components t o  inc rease  e f f i c i e n c y  and permit t he  des:.gn of 
e f f i c i e n t  l ightweight  engines  f o r  V/STOL a i r c r a f t ,  supersonic  t r a n s p o r t ,  and 
hypersonic  a i r c r a f t ;  s t u d i e s  of manned hypersonic a i r  b rea th ing  v e h i c l e s  
which have the  p o t e n t i a l  of providing hypersonic reconnaissance c a p a b i l i t i e s ,  
hypersonic t r a n s p o r t ,  and recoverable  hypersonic  a i r  b rea th ing  space boos te r s ;  
and s t u d i e s  d i r e c t e d  toward improving f l i g h t  s a f e t y  and inc reas ing  opera t ion-  
a l  f l e x i b i l i t y  of present  and proposed a i r c r a f t ,  e s p e c i a l l y  under adverse o r  
" a l l  weather" f l i g h t  condi t ions .  

Experimental research  and development a i r c r a f t  and engineer ing t e s t  p i l o t  
p rof ic iency  a i r c r a f t  considered necessary t o  c a r r y  out  and support  t h e  aero-  
n a u t i c s  e f for t :  a r e  included under t h i s  program. 

SUMMARY OF REJiXJRCES REQUIREMENTS: 

1964 

Supporting :research and 
technology ...................... $9,195,000 

X-15A research  a i r c r a f t . .  ......... 900 , 000 
Supersonic t r anspor t .  ............. 8,821,000 

Hypersonic ramjet experiment ...... 
XB-70/SST f l i g h t  research  p r o j e c t .  --- 
V/STOL a i r c r a E t . . . . . . . . . . . . . . . . . . .  2,879,000 --- 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . . .  $21,795,000 

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

Ames Research C e n t e r . , . . . . . . . . . .  $4,446,000 
F l i g h t  Research C e n t e r . . . . . . . . , .  4,630,000 
Langley Research C e n t e r . . . . . , . . .  9,481,000 
Lewis Research Cen te r . . . . . . . . . . .  1,852,000 
NASA Headquarters. ,  ............. 1,386,000 

1965 

$7,887,000 
1,425,000 

19,953,000 
2,850,000 
3,125,000 

$35,240,000 

$4,967,000 
4,037,000 
8 , 864,000 

13,566,000 
3,806 , 000 

BAS I S  OF FUN&lREQUIREMENTS : 

Supporting Research and Technology 

1964 1965 

A i r c r a f t  aerodynamics ............. $1,404,000 $1,348,000 
A i r c r a f t  I.oads and s t r u c t u r e s . .  ... 1,619,000 2,111,000 
A i r  breath:Lng propuls ion . .  ........ 1,078,000 2,225,000 
A i r c r a f t  ope ra t ing  problems.. ..... 5,094 .OOO 2.203.000 

To ta l . .  .......................... $9.195.000 $7.887.000 

1966 - 
$8,300,000 

900,000 

2 , (I00 ,000 
5 , (~00,000 
10,000.000 

16 ,C100,000 

$42 <!OO ,000 - 

$4 ,'150,000 
12,420,000 
11,105,000 
12,700,000 

1,325,000 

- 1966 

$2,000,000 
1,950,000 
1 , 725,000 

2 ,625 ,000  
$8.300.000 - 
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A i r c r a f t  Aerodynamics 

The o b j e c t i v e  of research  i n  a i r c r a f t  aerodynamics is  t o  improve t h e  
f l i g h t  effic:ieticy,  performance, s t a b i l i t y ,  and c o n t r o l  e f f e c t i v e n e s s  of a i r -  
c r a f t .  Them: c h a r a c t e r i s t i c s  s t rong ly  in f luence  range , payload , ecocomic 
f e a s i b i l i t y : ,  u t i l i t y  f l e x i b i l i t y  and s a f e t y  of opera t ion .  I n  t h e  case  of 
very h igh  speed f l i g h t ,  aerodynamic hea t ing  i s  an a d d i t i o n a l  l i m i t a t i o n  and 
i s  a t a r g e t  :€or research .  

I n  the  :;ubsonic speed range,  p a r t i c u l a r  a t t e n t i o n  w i l l  be devoted during; 
FY 1966 t o  aerodynamic means f o r  i nc reas ing  t h e  c a p a b i l i t i e s  of cu r ren t  and 
f u t u r e  comme.ccia1 and m i l i t a r y  subsonic j e t  t r a n s p o r t s .  Theore t i ca l  and 
wind tunnel  i n v e s t i g a t i o n s  w i l l  be made t o  develop new ways t o  inc rease  
c r u i s i n g  speed:; which w i l l  d i r e c t l y  inc rease  f l i g h t  e f f i c i e n c y  , and t o  reduce 
landing speeds ,  t o  permit ope ra t ion  i n t o  a i r p o r t s  which have s h o r t e r  runways. 
Research w i l l  cont inue on t h e  low speed s t a b i l i t y  and c o n t r o l  of advmced 
supersonic  ( :mise and V/STOL concepts and an i n v e s t i g a t i o n  w i l l  be i r  i t i a t e d  
of t he  take-off  and landing c h a r a c t e r i s t i c s  of proposed conf igu ra t io r  s f o r  
hypersonic  cicuise v e h i c l e s .  

I n  t h e  :;upersonic speed range,  refinement of t h e o r e t i c a l  a n a l y s i s  methods 
and computeir p:cograms f o r  p r e d i c t i n g  t h e  aerodynamic parameters used f o r  t h e  
design of supe;rsonic a i r c r a f t  w i l l  be pursued. Basic s t u d i e s  of bourdary 
l a y e r  flows on such a i r c r a f t  w i l l  r ece ive  s p e c i a l  a t t e n t i o n  wi th  a view 
toward reducing the  drag ,  flow s e p a r a t i o n ,  and i n t e r f e r e n c e  e f f e c t s .  A b e t t e r  
understandinj; of s c a l e  e f f e c t s  i n  p r e d i c t i n g  f u l l  s i z e  performance from 
small  s c a l e  wind tunnel  experimental  d a t a  w i l l  be sought.  

Ana ly t i~ca l  and experimental  research  a t  hypersonic  speeds i n  FY 1966 
w i l l  be d i r e c t e d  toward refinement of t h e  aerodynamic conf igu ra t ions  s u i t a b l e  
f o r  manned sus ta ined  hypersonic  c r u i s e  a i r c r a f t  , reusable  a i r  b rea th ing  
propel led  , f i r s t - s t a g e  boos te r s  and e a r t h - t o - o r b i t  v e h i c l e s .  Various 
combinations oE wings,  bodies ,  and a i r  i n l e t s  w i l l  be eva lua ted  i n  t e r m s  of 
l i f t  drag r a t i o ,  s t a b i l i t y ,  c o n t r o l ,  and hea t ing  r a t e s  a t  hypersonic  Mach 
numbers where t h e  high s p e c i f i c  impulse of a i r  b rea th ing  propuls ion systems 
appears attr(ac1tive.  Concurrent ly ,  f e a s i b i l i t y  s t u d i e s  w i l l  be performed t o  
h e l p  de f ine  ( c r i t i c a l  b a s i c  r e sea rch  problems. An e s s e n t i a l  t a s k  i n  t h i s  
regard i n  F!I 1966 w i l l  be an assessment i n  depth of t h e  need f o r  a pro to type  
o r  t e s t  bed Elight v e h i c l e  i n  hypersonic  c r u i s e  a i r c r a f t  development. 

The &I) funds requested w i l l  be used l a r g e l y  a t  t h e  h e s ,  F l igh t . ,  and 
Langley Rest: arch Centers  f o r  c o n t r a c t  s t u d i e s  supplementing the  in-house 
program descr ibed ,  and f o r  necessary models and ins t rumenta t ion  used i n  
t h e i r  aerodynamic f a c i l i t i e s .  The requested funds a l s o  inc lude  thosc: 
requi red  f o r  wind tunnel  and r e l a t e d  i n v e s t i g a t i o n s  i n  d i r e c t  support of t he  
Department o f  Defense i n  the development of advanced weapons systems, such 
a s  the  F-11:l and XV-5A a i r c r a f t  which w i l l  cont inue i n  FY 1966. 
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Loads and S t r u c t u r e s  

Research on a i r c r a f t  loads  and s t r u c t u r e s  is d i r e c t e d  a t  improviing the  
s t a t e  of knowledge requi red  f o r  t h e  des ign  of e f f i c i e n t  and r e l i a b l e  a i r -  
frames f o r  aclvsinced f l i g h t  v e h i c l e s .  This  inc ludes  research  r e l a t i n g  t o  t h e  
d e f i n i t i o n  of' t.he s t r u c t u r a l  environment i n  terms of  c r i t i c a l  loads and 
temperatures ,  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  and s t r u c t u r a l  response m d e r  
t h i s  environment, and t h e  development and v a l i d a t i o n  of b e t t e r  methods f o r  
design ana lyses  f o r  f u t u r e  veh ic l e s .  

S tud ie s  have been under way i n  FY 1965 t o  de f ine  more adequately the  
r e l a t i v e  import:ance of such sources  of a i r c r a f t  loads  as maneuvers, 
atmospheric t:urbulence, l anding ,  e t c .  For example, pas t  research  on 
atmospheric t:urbulence has  l e d  t o  a gene ra l ly  adequate d e f i n i t i o n  of g u s t  
loads f o r  cu r ren t  subsonic a i r c r a f t ,  bu t  f o r  t h e  s a f e  des ign  of Euture super-  
son ic  a i r c r a f t  more p r e c i s e  information is needed on t h e  c h a r a c t e r i s t i c s  of 
t he  atmosphere, p a r t i c u l a r l y  f o r  gus t s  of long wave length.  

As a i r c r a f t  speeds inc rease  s t r u c t u r a l  f a t i g u e  i s  demanding increased  
a t t e n t i o n .  Ii.01: t h e  f i r s t  t i m e  f l i g h t  speeds a r e  be ing  reached f o r  which 
t h e  e f f e c t s  of temperature must be considered i n  t h e  des ign  of a i r c r a f t  on 
a r o u t i n e  b a s i s .  I n  FY 1966 t h e  f a t i g u e  c h a r a c t e r i s t i c s  of m a t e r i a l s  w i th  
c racks  as wel l  as s i m p l e  s t r u c t u r a l  specimens embodying va r ious  types of 
c o n s t r u c t i o n ,  such as welding and r i v e t i n g ,  w i l l  be  experimental ly  s tud ied  
as po in t s  of stress concent ra t ions  and, t h e r e f o r e ,  sources  of p o t e n t i a l  
f a i l u r e  due to f a t i g u e  under high temperature ,  c y c l i c  load  condi t ions .  

Experimental and a n a l y t i c a l  s t u d i e s  are be ing  conducted of s t r u c t u r a l  
concepts  having poss ib l e  a p p l i c a t i o n  t o  hypersonic  c r u i s e  a i r c r a f t .  Such 
s t r u c t u r e s  rniisft be l i g h t  weight ,  must  wi ths tand  high temperatures  on t h e  
e x t e r i o r ,  and must provide i n s u l a t i o n  t o  p r o t e c t  t h e  low temperature ,  
i n t e r n a l l y  s t o r e d ,  l i q u i d  hydrogen f u e l .  To wi ths tand  t h e  h igh  tempcratures 
a s soc ia t ed  wi th  hypersonic f l i g h t ,  r e f r a c t o r y  materials a r e  used which a r e  
inhe ren t ly  dense and, t h e r e f o r e ,  must be employed i n  an extremely e f f i c i e n t  
manner. S t r u c t u r a l  test specimens of two promising concepts a r e  being 
cons t ruc ted  wi th  completion expected during Fy 1965. These s t r u c t u r t s  w i l l  
be i n t e n s i v e l y  t e s t e d  under real is t ic  hea t ing  and loading condi t ions  dur ing  
FY 1966 t o  eva lua te  t h e i r  s t r e n g t h  and r e l i a b i l i t y  under t h e s e  condi t ions .  

A i r  Breathing Propuls ion 

The major p a r t  of t h i s  program i n  FY 1966 w i l l  be d i r e c t e d  toward t h e  
s o l u t i o n  of problems a s soc ia t ed  wi th  t h e  Supersonic Transport  and t h c  Hyper- 
son ic  R a m j e t  Experiment P r o j e c t s .  

The remainder of t h e  research  i n  t h i s  f i e l d  during FY 1966 w i l l  be 
devoted t o  obta in ing  a b e t t e r  understanding of t h e  b a s i c  phenomena involved 
i n  t h e  complex systems requi red  f o r  f u t u r e  ae ronau t i ca l  v e h i c l e s .  
and nozz les  f o r  hypersonic propuls ion  systems w i l l  be i n v e s t i g a t e d  both 
t h e o r e t i c a l l y  and experimental ly ,  p a r t i c u l a r l y  a t  of f -des ign  condi t ions .  

I n l e t s  
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Supersonic mixing of hydrogen and a i r  and t h e  r e s u l t i n g  combustion of t h e s e  
gases  w i l l  be s tud ied .  A program t o  i n v e s t i g a t e  power p l a n t  s t r u c t u r e s  and 
thermal p r o t e c t i o n  systems a s soc ia t ed  wi th  h igh  speed propuls ion s y s t e m s  
w i l l  r ece ive  increased emphasis. F a c i l i t i e s  capable  of t r u e  s imula t i cn  of 
a l l  f l i g h t  condi t ions  of i n t e r e s t  at hypersonic  speeds and promising methods 
f o r  modifying e x i s t i n g  tunnels  t o  o b t a i n  a more real is t ic  t e s t i n g  environment 
w i l l  be i n v e s t i g a t e d .  

S p e c i f i c  m i l i t a r y  programs w i l l  cont inue t o  r ece ive  wind tunnel  1:est 
suppor t .  Research l ead ing  t o  t h e  improvement of e x i s t i n g  systems w i l l .  be 
conducted on a cont inuing b a s i s .  Typical  of t h e s e  is  t h e  t e s t i n g ,  documenta- 
t i o n ,  and p o s s i b l e  modi f ica t ion  o f  t h e  F-111 induct ion  and exhaust sy::tems, 
and t h e  stucly of t he  X-22A f u l l  scale ducted fan .  

A i r c r a f t  Operat ing Problems 

Research i n  t h i s  a r e a  i s  d i r e c t e d  toward improving f l i g h t  s a f e t y  and 
inc reas ing  ope ra t iona l  f l e x i b i l i t y  of p re sen t  and proposed a i r c r a f t .  Ob- 
j e c t i v e s  of t he  research  program are t o  o b t a i n  improvements i n  a i r c r a E t  
f l y i n g  and handl ing q u a l i t i e s ,  i n  ope ra t iona l  techniques during 3.anding and 
take-off  under a l l  weather cond i t ions ,  and i n  ins t rumenta t ion  d i r e c t l : ~  
r e l a t e d  t o  t h e  s a f e t y  of f l i g h t .  Research programs i n  t h e  f i e l d s  of 3onic 
boom and a i r c r a f t  no i se  a r e  a l s o  included.  

Experimental and a n a l y t i c a l  s t u d i e s  s t a r t e d  i n  FY 1965 t o  o b t a i n  funda- 
mental  information on t h e  genera t ion  and propagat ion of no i se  from t h e  
exhaust jets and the  compressor and f a n  components of t u r b o j e t  and turbofan  
engines  w i l l  be: cont inued during FY 1966. 
small n o i s e  reduct ions  i n  each engine component can be made, giv:ing a t o t a l  
s i g n i f i c a n t  no i se  reduct ion .  Experimental engine component s t u d i e s  w i l l  be 
made i n  t h e  Noise Research F a c i l i t y  a t  t h e  Langley Research Center  t o  
e s t a b l i s h  t h e  e f f e c t s  of number of b l ades ,  b lade  loading ,  s t a g e  s e p a r a t i o n ,  
e t c . ,  on no i se  genera t ion .  
duc t s  w i l l  a1.s~) be s tud ied .  

Theore t i ca l  s t u d i e s  show t n a t  

I n l e t  no i se  suppress ion  and no i se  propagat ion i n  

The tec:hnj.ques and procedures requi red  t o  i n s u r e  s a f e  ope ra t ion  of 
commercial t:i:ansport a i r c r a f t  i n  tu rbulence  or rough a i r  are being i n v e s t i -  
gated.  The research  program covers fou r  major a c t i v i t i e s :  a n a l y s i s  wind 
tunnel  t es t s ,  f l i g h t  t e s t s ,  and p i l o t e d  s imula tor  tests. The progran i s  
designed t o  : i so la te  t h e  causes  of a i r c r a f t  upse t s  due t o  turbulence  and 
e s t a b l i s h  adequate c o r r e c t i v e  measures. F l i g h t  and l abora to ry  research  w i l l  
b e  c a r r i e d  out  on a i rbo rne  techniques,  l a s e r  and o t h e r s ,  f o r  d e t e c t i r g  
reg ions  of c: Leiar a i r  turbulence .  

The handl ing q u a l i t i e s  of  high performance execut ive  type  a i r c r a f t  a r e  
being determined i n  a f l i g h t  t e s t  program i n i t i a t e d  during FY 1965. The 
primary ob je1-t ive of t h i s  research  program is  t o  formulate  handl ing  q u a l i t i e s  
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c r i t e r i a  which, i f  met, w i l l  ensure s a f e  instrument  f l i g h t  ope ra t ions  with 
genera l  a v i a t i o n  a i r c r a f t .  Both s i n g l e  and twin engine a i r c r a f t  r ep resen ta -  
t i v e  of cu r ren t  product ion models by d i f f e r e n t  manufacturers w i l l  be used i n  
t h e  f l i g h t  program dur ing  FY 1966. 

X-15 Research A i r c r a f t  

1964 1965 - 1966 

Aerodynamic::;. ................ $130,000 $78,000 $840,000 
Loads and s t r u c t u r e s . .  ........ --- 13,000 120,000 
Operating problems. ........... 770 .OOO 1,334,000 - j40.000 

Tota l . . . . . . . . . . . . . . . . . . .  .... , $900.000 $1,425 .OOO sc,lOO,OOO 

The X-15 Research Program, conducted i n  cooperat ion wi th  the  Depzrrtment 
of Defense, :is designed t o  provide d a t a  on manned, maneuverable hypersonic  
f l i g h t .  During t h e  course of t h e  f l i g h t  t e s t  program, through ca lendar  year  
1964, more than  100 f l i g h t s  have been made, inc luding  more than  75 f l i g h t s  a t  
speeds g r e a t e r  than a Mach number of 4.  Of t hese  f l i g h t s ,  more than !IO have 
been made a t  Mach numbers above 5. 

The X-1.5 r'emains t h e  only r e sea rch  f a c i l i t y  i n  the  world capable  of 
s tudying  hypersonic f l i g h t  i n  i t s  t r u e  environment. Experimental resiilts 
t o  da t e  have given b a s i c  i n s i g h t  i n t o  problems of aerodynamics, s t ruc l :ures ,  
propuls ion and opera t ions  dur ing  hypersonic  f l i g h t .  Of major importaiice, 
t h e  X-15 r e s u l t s  have given,  and w i l l  cont inue t o  g ive ,  confidence anti 
guidance t o  ,research i n  ground based hypersonic  research  f a c i l i t i e s  enabl ing 
exp lo ra t ion  i n  depth of many hypersonic  f l i g h t  problems. These ground 
f a c i l i t y  s t u d i e s  i n  t u r n  a r e  de f in ing  probable  hypersonic  f l i g h t  v e h i c l e s  
whose p ro jec t ed  ope ra t ion  de f ines  new research  problems t o  be explored by t h e  
X-15. 

I n  t h e  l i g h t  of t h e  progress  made i n  t h i s  research  program, advantage 

As 
was taken of a r e p a i r  program i n i t i a t e d  i n  X-15-2, as a consequence 0 . 2  
damage sus t a ined  i n  an emergency landing ,  t o  i n c r e a s e  i t s  perforniance. 
r e b u i l t ,  t he  a i r c r a f t  can provide longer  sus t a ined  f l i g h t  a t  Mach 6.0 and 
can a t t a i n  Mach 8.0 f o r  s h o r t  per iods .  The longer  sus t a ined  f l i g h t  expands 
g r e a t l y  t h e  c a p a b i l i t y  i n  h o t  s t r u c t u r e s  r e sea rch ,  enabl ing  near  equi l ibr ium 
temperature  t o  b e  reached. The h igher  speed enables  s t u d i e s  of hypersonic  
propuls ion  systems i n  a t r u e  environment which cannot y e t  be accomp1i:ihed by 
any ground research  techniques;  t h i s  makes poss ib l e  t h e  Hypersonk Rainjet 
Experiment descr ibed  elsewhere.  

Pas t  success  i n  using t h e  j e t t i s o n a b l e  lower v e n t r a l  f i n  for s t r i c t u r a l  
research  a t  hypersonic speeds l ead  t o  r ebu i ld ing  t h e  damaged wing t i p  of 
X-15-2 as a removable s e c t i o n ,  thus  providing a va luab le  ex tens ion  of t h e  
earlier techniques ,  p a r t i c u l a r l y  i n s o f a r  as enabl ing  s t r u c t u r a l  research  on 
l i f t i n g  su r faces .  
be unique as b a s i c  des ign  d a t a  f o r  sus t a ined  hypersonic  f l i g h t  v e h i c l e s .  

Resul t s  from these  42" span instrumented wing t i p s  w i l l  
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I n  a d d i t i o n  t o  a cont inuing  program i n  b a s i c  hypersonic  f l i g h t  r e sea rch ,  
t h e  ope ra t iona l  success  of t h e  X-15 program has opened i ts  use  t o  space 
sc iences  a s  i3 c a r r i e r  v e h i c l e  f o r  c e r t a i n  experiments r equ i r ing  i t s  unique 
performance c a p a b i l i t i e s .  For example, research  on horizon seekers  f c  r 
s a t e l l i t e s  has  been undertaken and information on s t e l l a r  u l t r a v i o l e t  r a d i a -  
t i o n  has  been gathered us ing  t h e  X-15 as a c a r r i e r  veh ic l e .  

I n  f i v e  and one-half  yea r s  of f l i g h t  t e s t ,  from 1959 t o  December 1964, 
t h e  X-15 program not  only has  con t r ibu ted  t o  t h e  increased  confidence of 
des igners  of cu r ren t  high performance a i r c r a f t ,  such as t h e  YF-12A ant1 SR-71, 
but  has focused a t t e n t i o n  on t h e  a r e a s  which requi red  a d d i t i o n a l  r e sea rch ,  
noted above. The f u t u r e  program w i l l  be  d i r e c t e d  toward t h e s e  a r e a s ,  t o  
provide information f o r  t h e  next  l o g i c a l  s t e p  i n  ou r  f l i g h t  research  Imogram-,.. 
manned, maneuverable hypersonic  c r u i s e  f l i g h t .  

Supersonic Transport  

1966 1964 1965 - 
Aerodynamics.. .................. $1,202,000 $1,514,000 $1 ,f)00,000 
Loads and s t r u c t u r e s . . . . . . . . . . . .  308,000 157,000 700,000 
Propuls ion ...................... 1,605,000 16,177,000 13, ,300,000 
Operating problems .............. 5,706,000 2,105,000 1,000,000 

To ta l .  ........................ $8.821.000 $19.953.000 $16,1)00,000 - 
The NASA r o l e  i n  t h e  n a t i o n a l  supersonic  t r a n s p o r t  program 1s t o  provide 

the  necessary research  i n f o m a t i o n  on a t imely  b a s i s .  During t h e  p a s t  year  
t h e  NASA program on supersonic  t r a n s p o r t  conf igu ra t ions ,  f o r  example, has 
provided in fc  miat ion t h a t  shows how s u b s t a n t i a l  improvements i n  paylo iid or  
range can be achieved over what was considered poss ib l e  a year  ago.. llhe 
c o n t r a c t o r  proposals  t o  the  Federal  Aviat ion Agency i n  Phase I1 A of i t s  
program r e f l e c t  t h i s  work. Research i n  FY 1966 w i l l  be an ex tens ion  zif work 
i n  progress  l a s t  year  i n  the  a r e a s  of propuls ion ,  aerodynamic e f f i c i e n c y ,  
dynamic s tab i . l i . ty ,  no i se ,  son ic  boom, and s t r u c t u r a l  m a t e r i a l s .  

Funding f o r  FY 1966, f o r  example, inc ludes  a s u b s t a n t i a l  sum t o  cont inue 
t h e  acce le ra t ed  r e sea rch  program i n i t i a t e d  i n  FY 1965 t o  provide t h e  
technology requi red  f o r  t h e  design of advanced power p l a n t s  needed f o r  
f u t u r e  ope ra t iona l  supersonic  t r a n s p o r t s  and f o r  follow-on v e h i c l e s .  The 
work i n  t h i s  f i e l d  i n  FY 1966 w i l l  be d i r e c t e d  toward improving engine 
component pei:fonnance, r a i s i n g  t h e  p re sen t  l i m i t  on tu rb ine  i n l e t  tempera- 
t u r e s  as a means of  improving engine t h r u s t  f o r  a given engine s i z e ,  and 
reducing engine weight.  
of gas tu rb ine  engines , namely compressors , combustors , t u r b i n e s ,  m a t e r i a l s  , 
bea r ings ,  S € ? i x l $ ; ,  l u b r i c a n t s ,  and f u e l s .  This r e sea rch ,  i n  t i m e ,  w i l l  l e ad  
t o  more re l iab l le  and more e f f i c i e n t  t u r b i n e  engines  having th rus t - to -de igh t  
r a t i o s  consj.derably above those of today ' s  engines.  

The program w i l l  concent ra te  on t h e  key components 
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In the supersonic transport operating problems area, the joint NASA-FAA 
simulation program on supersonic transport air traffic control will be con- 
tinued to determine the effects of the air traffic control systems on design 
requirements f'or the aircraft and on operating techniques. The studies will 
utilize various proposed supersonic transport designs in a real time, air 
traffic control, environment and investigate priority requirements, n w  air 
traffic contrcll concepts, aircraft instrumentation, and possible navigation 
improvements. The critical nature of the fuel reserve problem and the 
potentially severe air traffic control requirements are expected to place 
heavy demands on the navigation system for precise control of flight path over 
the ground. 

Emphasis during FY 1966 will also be placed on simulator studies to aid 
in defining the aerodynamic characteristics of the supersonic transport 
necessary to meet the handling quality requirements at high speeds. Piloted 
simulator studies using fixed based and three degrees of freedom motion 
simulators wi.l.1 be made to define the handling qualities of representative 
supersonic. transport designs at or near cruising speed under normal and 
emergency flight conditions. 

In addit::.on to the ground based simulator studies of supersonic transport 
operating problems, flight tests will be conducted utilizing specially 
modified large jet transports to validate and extend simulation results, to 
define the height control requirements in flare and landing, and to evaluate 
the requiremcmts for airworthiness test procedures. These programs wi 11 
utilize aircriift: already owned by the NASA or obtained on short term lease for 
this purpose 

V/STOL Aircraft 

1966 1964 1965 - 
Aerodynamiw. ................... $509,000 $990,000 $900 ,000 
Loads and :3 tructures.. .......... 560,000 180,000 I 00,000 
Propulsion ...................... 950,000 750,000 2\00 ,000 

800 ,000 Operating 1) roblems .............. 860,000 930,000 - 
Total................ ......... Q2.879.000 $2,850,000 $2,(~00,000 - 
In FY 1966, greater attention will be given to the potential use of 

V/STOL aircraft for civil applications. 
aircraft will be extended to additional wind tunnel investigations ant1 to a 
flight evaluatilon of a configuration considered suitable for short-had 
commercial operation into relatively small unprepared areas. Special 
emphasis wil L be given t o  providing research and operational informat:.on 
required in the development of more sophisticated, larger, V/STOL short-haul 
aircraft required to satisfy increasing transportation needs in congeiited, 
highly developed areas. 

Initial studies o f  the small STOL 
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Continued high p r i o r i t y  w i l l  be  given t o  wind tunnel  and, i f  f e a s ' i b l e ,  
f l i g h t  i n v e s t i g a t i o n s  of high speed j e t  V/STOL types .  For example, s p e c i a l  
s tudy  w i l l  be made of i n t e r f e r e n c e  and engine hot -gas  r e i n g e s t i o n  prot lems,  
of p a r t i c u l a r  concern f o r  j e t  V/STOL designs.  

I n v e s t i g a t i o n  of t h e  problems of a l l  weather landing  f o r  V/STOL Eiircraf t  
w i l l  be continued. 
research  h e l i c o p t e r  a s  a t e s t  bed t o  i n v e s t i g a t e  b a s i c  p i l o t  d i sp l ay  t ,equire-  
ments during simulated zero-zero landings.  An i nc rease  i n  t h e  understanding 
of  t he  f a c t o r s  a f f e c t i n g  minimum and optimum requirements f o r  V/STOL handl ing 
q u a l i t i e s  and c o n t r o l ,  under Visual  F l i g h t  Rules as w e l l  as Instrument F l i g h t  
Rules cond i t ions ,  w i l l  a l s o  be obtained through cont inuing  f l i g h t  s t u d i e s  
wi th  two NASA v a r i a b l e - s t a b i l i t y  V/STOL a i r c r a f t  and wi th  t h e  s ix-degree-of-  
freedom s imula tor ;  r e l a t e d  information w i l l  be  obtained through NASA p a r t i c -  
i p a t i o n  i n  s p e c i f i c  m i l i t a r y  f l i g h t  eva lua t ions  (e.g. on t h e  XC-142A L i l t -  
wing, X-19A t i l t - p r o p ,  and XV-SA l i f t - f a n  v e h i c l e s ) .  

Included w i l l  be a s tudy us ing  a high performance NASA 

F l i g h t  and wind tunnel  s t u d i e s  t o  i n v e s t i g a t e  t h e  c h a r a c t e r i s t i c : ;  of 
s e v e r a l  new r o t o r  concepts having t h e  p o t e n t i a l  of g r e a t l y  improved perform- 
ance f o r  f u t u r e  h e l i c o p t e r s  w i l l  cont inue;  p a r t i c u l a r  a t t e n t i o n  w i l l  be given 
t o  the  non-a r t i cu la t ed  r o t o r ,  s tud ied  i n  f l i g h t  wi th  the  NASA XH-51N 
h e l i c o p t e r .  

Hypersonic Ramiet Experiment 

1964 1965 - 1966 
Propuls ion ....................... --- $3,125,000 $5100.000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  $3,125 .OOO= &>OO, 000 

Hypersonic l i f t i n g  v e h i c l e s  have been s tud ied  ex tens ive ly  f o r  app l i ca -  
t i o n  t o  v a r i c u s  ea r th - to -ea r th  and e a r t h - t o - o r b i t  missions.  P ropu l s i  3n for 
such veh ic l e s  could be by rocke t ,  a i r  b rea th ing  engine,  o r  a combinat ion of 
t h e  two. T h e  much b e t t e r  s p e c i f i c  impulse ( fue l  economy) of t h e  a i r  a rea th-  
i ng  engine,  haj 'ever, is an e s p e c i a l l y  a t t r a c t i v e  f e a t u r e  of t h i s  type of 
engine.  There i s  a s u b s t a n t i a l  background of fundamental knowledge a p p l i -  
cab le  t o  a i r  brea th ing  hypersonic propuls ion concepts which i n d i c a t e s  a 
t h e o r e t i c a l  c.apabi1ity f o r  p o s i t i v e ,  u se fu l  t h r u s t  t o  o r b i t a l  speeds.  The 
next  e s s e n t i a l  s t e p  is  an experimental  demonstration of t h e  f e a s i b i l i t y  of 
t hese  concept.s f o r  a p p l i c a t i o n  t o  p r a c t i c a l  f u t u r e  propuls ion systems. 

U n t i l  very  r e c e n t l y  t h e  design and cons t ruc t ion  of such an experimental  
propuls ion system would not  have been p o s s i b l e ,  because of t h e  ex i s t ence  of 
l a r g e  gaps i.n e s s e n t i a l  knowledge, such as t h e  necessary understanding of 
supersonic  comt~us t ion.  
c i e n t l y  t o  make such an undertaking f e a s i b l e  and t o  permit s e l e c t i v e  inc reases  
i n  emphasis on t h e  s tudy  of component i n t e r a c t i o n  and o v e r - a l l  engine 
func t ioning .  Also, u n t i l  very  r e c e n t l y ,  t h e  t e s t i n g  of such a propuls ion  
system was i.rnpossible due t o  t h e  t e c h n i c a l  i n a b i l i t y  t o  b u i l d  an adequate 

Now, however, t h e s e  gaps have been narrowed suf  f i- 
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ground based r e sea rch  f a c i l i t y  and t h e  lack  of a f l i g h t  v e h i c l e  capable  of 
sus t a ined  f l i g h t  a t  t h e  requi red  speeds.  The X-15-2, r e b u i l t  a f t e r  i t s  
l anding  acc iden t ,  now inco rpora t e s  modi f ica t ions  enabl ing sus t a ined  f l i g h t  
a t  speeds i n  excess of Mach number 6 ;  although these  modi f ica t ions  weie made 
s p e c i f i c a l l y  Eoic o t h e r  research  purposes,  t h i s  increased  performance jj i v e s  
NASA t h e  opportuni ty  of us ing  t h e  X-15-2 as a c a r r i e r  v e h i c l e  f o r  hypersonic  
propuls ion systems and of accomplishing t h e  r equ i r ed  r e sea rch  on these 
systems. 
both advance the technology and provide key information on which t o  base  t h e  
planning of f u t u r e  research .  
of a ramjet  i:lesearch engine f o r  t h i s  purpose. 

The development and f l i g h t  test  of such a research  engine wculd 

This  p r o j e c t  seeks  t h e  eventua l  cons t ruc t ion  

The ramjet  p r i n c i p l e  has  been s e l e c t e d  f o r  t h i s  s tudy  because i t  
promises t o  b e  p a r t i c u l a r l y  app l i cab le  t o  f u t u r e  hypersonic  t r a n s p o r t  a i r -  
c r a f t  and recoverable  launch v e h i c l e s .  Great advantages i n  reduced wtiight 
and improved f l i g h t  e f f i c i e n c y  a r e  foreseen  wi th  t h e  ramjet  a t  hyperscinic 
speeds.  

The researlch engine t o  be developed w i l l  u s e  hydrogen as a f u e l  rind w i l l  
employ supersonic  as we l l  as subsonic  burning.  It w i l l  provide information 
on ramjets  oper.ating i n  a speed range from Mach 3 upward i n t o  the  hypersonic  
range.  

During t h e  f i r s t  phase of t h e  program, which was s t a r t e d  i n  FY 15/65 and 
w i l l  cont inue during FY 1966, s e l e c t e d  c o n t r a c t o r s  a r e  performing independent 
s t u d i e s  t o  es ta lbl ish t e c h n i c a l  concepts  and accomplish pre l iminary  der*igns.  
These s t u d i e s  c o n s i s t  p r imar i ly  of ana lyses  such as engine c y c l e ,  i n l e t  aero-  
dynamics, and combustor and nozzle  aerodynamics, w i th  some small subs tan-  
t i a t i n g  l abora to ry  research .  
t r a c t o r  w i l l  propose complete p lans ,  inc luding  schedules  and resource  r e q u i r e -  
ments, f o r  t h e  cons t ruc t ion  and ground t e s t  of t h e  s e l e c t e d  propuls ion  
system. 

Based on h i s  own s e l e c t e d  concept ,  each con- 

Evaluat ion of t hese  proposals  w i l l  provide t h e  b a s i s  f o r  a decis:.on on 
t h e  cont inua t ion  of t h e  p r o j e c t  through cons t ruc t ion  and f o r  s e l e c t i o t i  of a 
s i n g l e  cont r .ac tor .  

XB-’IO/SST F l i g h t  Research P ro iec t  

1964 1965 - :.966 

Aerodynamics .................... --- --- $3,000,000 
Loads and s t ruc tures . . . . . . . . . . . .  --- --- 3,000,000 
Operating problems .............. --- --- 4,000,000 

$10,~100 .ooo --- --- Tota l . . . . . . . . . . . . .  ............ - 
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Proposed designs f o r  supersonic  t r a n s p o r t s  and hypersonic  v e h i c l e s  
c e n t e r  around veh ic l e s  whose ope ra t ing  environment (speed, a l t i t u d e ,  dura t ion)  
a r e  s ignif ic imt: ly  f a r  removed from t h a t  which can be reproduced i n  a ground 
based f a c i l i t y  and whose shee r  s i z e  in t roduces  wholly new problems. The B-70 
as a research  t o o l  provides  NASA wi th  t h e  a b i l i t y  t o  v a l i d a t e  i t s  b a s i c  aero-  
dynamic t h e o r i e s  and experimental  r e s u l t s  ob ta ined  i n  ground f a c i l i t i e s  t o  
account f o r ,  as examples, e f f e c t s  of s c a l e  on s k i n  f r i c t i o n  and hea t  t r a n s f e r ,  
e f f e c t s  of e1.astic s t r u c t u r e  deformation on aerodynamics and the  e f f e c t  of 
h e a t  soak on t h i s  deformation, e f f e c t s  of v e h i c l e  i n e r t i a  combined wi th  low 
damping (high a l t i t u d e )  on v e h i c l e  c o n t r o l  requirements ,  e f f e c t s  of v e h i c l e  
s i z e  on sonic: boom genera t ion  and propagat ion,  i n l e t  c o n t r o l  sysrem requ i r e -  
ments and marly o t h e r s .  A l l  of t h e s e  problems have been and w i l l  cont inue t o  
be t h e  sub jec t  of major research  e f f o r t s  i n  a n a l y s i s  and ground based 
f a c i l i t i e s ;  t.he B-70 program w i l l  provide v i t a l  guidance and assessment of t h e  
soundness of thiese programs , assu r ing  t h a t  major programs such as t h e  Super- 
sonic Transpcirt a r e  proceeding on a sound b a s i s .  

The program i s  being conducted i n  two d i s t i n c t  phases.  The f i r s t  phase,  
which began i n  FY 1963, cons i s t ed  of i n s t a l l a t i o n  of  ins t rumenta t ion  i n  t h e  
two XB-70A a i r c r a f t  during manufacture and t h e  a c q u i s i t i o n  of c e r t a i n  d a t a  of 
i n t e r e s t  t o  NASA during t h e  USAF f l i g h t  t e s t  program. The second phase,  
beginning i n  FY' 1966, w i l l  c o n s i s t  of con t inua t ion  and expansion of t i e  
i n i t i a l  program and t h e  i n i t i a t i o n  of r e sea rch  which could not  be accmnodated 
during t h e  US&? f l i g h t  program. 
funded only the c o s t s  a s soc ia t ed  wi th  the  ins t rumenta t ion  and d a t a  a c q u i s i -  
t i o n  required f o r  those  measurements of i n t e r e s t  t o  NASA. The major zest, 
t h a t  of opera t ing  t h e  a i r c r a f t ,  was funded by t h e  United S t a t e s  Air F3rce. 
I n  the  second phase,  NASA w i l l  fund a l l  of t h e  c o s t s  a s soc ia t ed  wi th  the 
NASA XB-70/SST F l i g h t  Research Program, inc luding  t h e  c o s t  of ope ra t ing  one 
XB-70 a i r c r a f t  . 

I n  t h e  f i r s t  phase of t h i s  program, VASA 

This  program i s  ob ta in ing  r e s u l t s  which a r e  u s e f u l  t o  t h e  Federa l  
Aviat ion Agency i n  i t s  r o l e  a s  manager of t h e  United S t a t e s  Supersoni: 
Transport  program; t h e  FAA i s  kept  informed on t h e  progress  of t h e  program 
on a cont inuing basis.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF TRACKENG AND 
DATA ACQUIS ITIm 

TRACKING AND I= 
ACQUISITION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The purpose of this Program is to provide tracking and data acquisition 
support to meet the requirements of flight projects. 
cient support is provided for all projects, and as mutually agreed, for proj- 
ects of the Department of Defense, other government agencies, universii:ies, 
private corporations, international organizations, and other countries engaged 
in mutual research endeavors. 

Responsive and effi- 

Support is provided for manned and unmanned flights; for spacecraft, 
launch vehicles, sounding rockets, and research aircraft; for Earth orbital 
and sub-orbit.al .missions, lunar and planetary missions, and space probes. 

Types of support provided include tracking to determine the position 
and trajectory of vehicles in space, acquisition of data from scientific ex- 
periments and on the engineering performance of spacecraft and launch vehicle 
systems, transmission of commands from ground stations to spacecraft, com- 
munication of information between various ground facilities and mi.ssion con- 
trol centers, and processing of the data acquired from the space vehictes. 
Without this vital support, the space research program would not be possible. 

Tracking and data acquisition support is provided by a world-wide net- 
work of ground stations (including Department of Defense stations and .in- 
strumented ships), and by general purpose facilities in launch areas. These 
stations are linked together by a network of ground communications which pro- 
vides the real-time information necessary for critical decisions. Facilities 
also are provided to process into meaningful form the large amounts of data 
which are collected from flight projects. 

Tracking and data acquisition facilities are used for support: of current 
missions. At the same time, they must be augmented to meet the requirements 
of missions in the immediate future. Concurrently, planning must proctzed for 
projects which are even further in the future, and equipment and t:echniques 
must be developed to assure a sound technological approach for the support of 
the more complex mission requirements of the next generation. 

The Research and Development Appropriation provides funds for: (a, the 
operation and maintenance of the world-wide facilities, (b) the procurement 
of equipment and modifications to adapt the facilities for new and changing 
flight project requirements, and (c) the development of advanced tracking 
and data acquisition equipment and techniques. The subsequent section,; de- 
tail plans and related funding requirements to continue the Tracking aiid Data 



Acqu i s i t i on  P1:ogramin each of t h e s e  areas dur ing  FY 1966. 

I n  FY 196.5, the  Congress au tho r i zed  $261,900,000 f o r  t h e  Tracking and 
Data Acquis i t ion  Program. 
of $274,750,000 €or  t h e  program. 
t r ack ing  and data a c q u i s i t i o n  func t ions  and related funding a u t h o r i t y  f r m  
c e r t a i n  f l i g h t  p r o j e c t s  i n  t h e  Space Science and Appl ica t ions  Program t.0 t h e  
Tracking and D a t a  Acqu i s i t i on  Program. 

A s  i n d i c a t e d  below, NASA has a l l o c a t e d  an amount 
This  i s  due t o  t h e  t r a n s f e r  of genersil 

R e s p o n s i b i l i t y  f o r  t h e  Space F l i g h t  Operat ions F a c i l i t y  (SFOF) a t  t h e  
Jet  Propuls ion Laboratory, Pasadena, C a l i f o r n i a ,  w a s  t r a n s f e r r e d  from t h e  
Lunar and Planet,ary Program. This  f a c i l i t y  provides  f o r  t h e  performance of 
c o n t r o l  func t ions  a s soc ia t ed  w i t h  miss ions  supported by t h e  Deep Space 
Network. 

Also t r a n s f e r r e d  t o  t h e  Tracking and Data Acquis i t ion  Program w a s  
r e s p o n s i b i l i t y  f o r  providing ground s t a t i o n  suppor t  f o r  t h e  Appl ica t ions  
Technology S a t e l l i t e .  
Appl ica t ions  Technology S a t e l l i t e s  Program. 

Funds f o r  t h i s  func t ion  w e r e  formerly included :.n t h e  

SUMMARY OF RESOJRCES REQUIREMENTS: 

19 64 1965 1906 

Operations.......................... $78,131,000 $102,819,000 $129,.300,000 
Equipment........................... 103,326,000 157,248,000 102,400,000 
Support ing r e sea rch  and technology. . 12,890,000 14,683,000 - 14, ,500,000 

Total..................,........... $194,347,000 $274,750,000 $246, !OO,OOO -- 
D i s t r i b u t i o n o f  Program Amount by I n s t a l l a t i o n :  

Marshal l  Space F l i g h t  Center...... $2,900,000 $2,000,000 $1,500,000 
Goddard Space F l i g h t  Center . .  ..... 132,817,000 195,201,000 173,(rCOO,OOO 
Jet Propuls ion Laboratory.,....... 42,070,000 59,799,000 53,300,000 
Wallops Station................... 5,100,000 5,450,000 5,900,000 

Langley Research Center........... 2,450,000 2,200,000 2,500,000 
NASA Headqua.rters..... ............ 7,210,000 7,900,000 7,900,000 

F l i g h t  Research Center............ 1,800,000 2,200,000 2,000,000 

BASIS OF FUNDIE; REQUIREMENTS: 

Operat ions 

19 66 -- 1964 1965 

Manned space f l i g h t  network.......,. $18,795,000 $24,258,000 $35,100,000 
S a t e l l i t e  network................... 23,464,000 27,340,000 32,300,000 
Deep Space Network.. ................ 11,833,000 19,394,000 23,700,000 
Other instrumentation............... 5,736,000 6,100,000 6,300,000 

Data p r o c e s ~ ; i n g . . . . . . . . . . . . . . . . . . . . . . .  6,277,000 7,100,000. 8,100,000 
C m u n i c a t i . o n s . .  .................... 12,026,000 18,627,000 23,800,000 

Tota l . .  ............................. $78,131,000 $102,819,000 _$129,300,000 -- 
RD 2:!-2 761-133 0 - 6 5 - 2 5  



Manned Space F l i g h t  Network 

1965 

$24,258.000 

1966 - 
$35,100,000 

The Manned Space F l i g h t  Network w a s  ready t o  suppor t  t h e  Gemini Program 
The va r ious  r equ i r ed  equipments were i n s t a l l e d  a t  t h e  s t a t i o n s  on schedule. 

and checked o u t .  
s imula t ions  w e r e  conducted t o  v e r i f y  ope ra t ing  procedures  and t o  i n t e g r a t e  
t h e  s t a t i o n s  i n t o  a cohes ive  network. Opera t iona l  r ead iness  i s  assurc!d f o r  
suppor t  of t h e  remaining Gemini launches. 

Tra in ing  of ope ra t ing  s t a f f s  w a s  completed and missj.on 

The Manned Space F l i g h t  Network f o r  suppor t  of Gemini c o n s i s t s  oli seven 
primary land : s ta t ions  a t  Cape Kennedy, F lo r ida ;  Bermuda I s l a n d s ;  Grand Canary 
I s l ands ;  Carnarvon, A u s t r a l i a ;  H a w a i i ;  Guaymas, Mexico; and Corpus C h r i s t i ,  
Texas; two s h i p s ,  t h e  Rose Knot Vic tory  and t h e  Coas t a l  Sent ry  Quebec; and 
s i x  secondarly land s t a t i o n s  a t  Kano, Niger ia ;  Madagascar; Canton I s l and ;  
Po in t  Arguel:Lo, C a l i f o r n i a ;  White Sands, New Mexico; and Eg l in  A i r  Force 
Base, F l o r i d a .  
from Zanzibar as a r e s u l t  of t h e  r evo lu t ion .  

The Madagascar s t a t i o n  r ep laces  t h e  s t a t i o n  which w a s  removed 

Bringing t h i s  world-wide network of s t a t i o n s  t o  t h e  requi red  sta1:e of 
r ead iness  f o r  t lne  Gemini Program has had, and is  cont inuing  t o  have, z i  d i r e c t  
impact upon ope ra t ions  c o s t s  due t o  r equ i r ed  t r a i n i n g  and i n c r e a s e s  i n  man- 
n ing  l e v e l s ,  l o g i s t i c s ,  and gene ra l  network support .  This  impact i s  causing 
inc reases  i n  17Y 1965, and a d d i t i o n a l  i n c r e a s e s  w i l l  be  r equ i r ed  i n  FY 1966 t o  
main ta in  t h e  c a p a b i l i t y  of t h e  network dur ing  a f u l l  year  of Gemini ope ra t ions .  

Concurrent ly  wi th  provid ing  f u l l  o p e r a t i o n a l  suppor t  f o r  the G e m m i  Pro- 

Not only  are s i g n i f i c a n t  equipment a d d i t i o n s  be ing  made t o  e x i s t i n g  
gram, t h e  Manned Space F l i g h t  Network is  being augmented f o r  t h e  Apol:.o Pro- 
gram. 
s t a t i o n s ,  b u t  s e v e r a l  new land s t a t i o n s ,  s h i p s  and instrumented a i r c r t i f t  are 
be ing  added to ,the network. 

The Manned Space F l i g h t  Network, as p r e s e n t l y  planned f o r  Apollo, w i l l  
c o n s i s t  of t e n  .)&foot antenna s t a t i o n s ,  t h r e e  85-foot antenna s t a t i o n s ,  two 
p o r t a b l e  s t a t i o n s  wi th  16-foot antennas,  f i v e  s h i p s ,  and instrumented air- 
c r a f t .  O f  t h e s e  f a c i l i t i e s ,  t h e  t h r e e  85-foot antenna s t a t i o n s ,  t h r e c  of 
t h e  30-foot antenna s t a t i o n s ,  a l l  of t h e  sh ips ,  and t h e  a i r c r a f t  w i l l  be  new. 
A l l  of t h e  f a c i l i t i e s ,  i nc lud ing  t h e  Gemini s t a t i o n s  which w i l l  be modif ied 
f o r  Apollo, a r e  scheduled t o  become o p e r a t i o n a l  dur ing  t h e  per iod  frar i  mid- 
1966 through inid- 1967. S t a f f i n g  and t r a i n i n g  of ope ra t ing  personnel  nus t 
begin n i n e  t o  twelve months i n  advance of t h e  o p e r a t i o n a l  d a t e s  t o  asrwre 
t h a t  t h e  s taf- ions w i l l  be  ready t o  suppor t  Apollo missions.  
meet t h i s  schedule,  s i g n i f i c a n t  ope ra t ions  c o s t s  f o r  t h e  Apollo Program 
must occur i n  F’Y 1966. 

I n  o rde r  t o  
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Sa te l l i t e  Network 

--- 1964 1965 1966 - 
$i!3,464,000 $27,340,000 $32,300,000 

The Sate;ilj.te Network inc ludes  13 e l e c t r o n i c  s t a t i o n s  of t h e  Space 
Tracking and Data Acquis i t ion  Network (STADAN) managed by t h e  Goddard Space 
F l i g h t  Center ,  and 12  o p t i c a l  camera t r ack ing  s t a t i o n s  operated by the 
Smithsonian A ~ t r o p h y s i c a l  Observatory (SAO). The STADAN s t a t i o n s  provide a 
t r ack ing  and data a c q u i s i t i o n  ground system which t r a c k s ,  determines t h e  
s t a t u s  of each sa te l l i t e ,  commands t h e  s a t e l l i t e  func t ions  and acqu i re s  
s t o r e d  o r  rea;,-t:ime data from t he  satell i te.  The o p t i c a l  camera t racking  
s t a t i o n s  provi.de s p e c i a l i z e d  services i n  p r e c i s i o n  o r b i t a l  de te rmina t ion  on 
c e r t a i n  satel.1lit:es of s c i e n t i f i c  i n t e r e s t  as w e l l  as backup support  t o  
STADAN during launch and e a r l y  o r b i t  t r ack ing  of a l l  satellites. 

Operaticin of t h e  STADAN s t a t i o n s  i s  accomplished through va r ious  arrange- 
ments. Stat i .ons loca ted  i n  t h e  United States and c e r t a i n  fo re ign  coun t r i e s  
are operated under commercial c o n t r a c t s .  Others are operated by fore ign  
government agencies  i n  c l o s e  l i a i s o n  wi th  NASA. 

During t h e  f i r s t - h a l f  of FY 1965, t h e  Sa te l l i t e  Network supported 31 
satel l i tes  us ing  t h e  e l e c t r o n i c  s t a t i o n s  of STADAN and 30 satel l i tes  us ing  
the  o p t i c a l  c a p a b i l i t y  of t he  SA0 network. I n  t h e  case  of STADAN, t h i s  com- 
p r i s e d  21  NASA p r o j e c t s ,  3 i n t e r n a t i o n a l  coopera t ive ,  1 i n d u s t r i a l ,  and 6 
p r o j e c t s  i n  d i rec t  support  of t h e  Department of Defense (DoD). In  the  case  
of t h e  optical .  network of SAO, t h i s  included 14 satel l i tes  i n  suppor t  of t h e  
SAO' s scient i . f ic :  inves t iga t ions ,  14 satel l i tes  t o  provide ope ra t iona l  d a t a  t o  
NASA, and 2 s , a t e l l i t e s  i n  response t o  DoD reques t s  f o r  support  on s p e c i f i c  
satell i tes.  

I n  FY 1966, t h e  Satell i te Network w i l l  cont inue  t o  support  many of t h e  
same satel l i tes  which w i l l  s t i l l  be  i n  o r b i t .  Severa l  of t hese  sa te l l i t es  
have exceeded t h e i r  estimated l i f e t i m e s  and t h e  o r i g i n a l l y  planned leve ls  
of support .  Adcling t o  t h e  workload w i l l  be launchings of new s a t e l l i t e s ,  in-  
c luding  i n i t i d  f l i g h t s  of t he  Orb i t ing  Astronomical Observatory and t h e  Bio- 
sa te l l i t e  pro:lec:ts, and a d d i t i o n a l  f l i g h t s  of t h e  Orb i t ing  Geophysical 
Observatory p r o j e c t .  

Increased ope ra t iona l  c o s t s  i n  FY 1966 are caused by t h e  need t o  fund 
t h e  opera t ions  c o s t s  of t h e  85-foot antenna f a c i l i t y  a t  Canberra, t h e  second 
such f a c i l i t y  at: Rosman, North Caro l ina ,  and t h e  Range and Range Kate f a c i -  
l i t i e s  a t  Alaska. A l l  of t h e s e  f a c i l i t i e s  are scheduled t o  become ope ra t iona l  
a t  t he  beginning; of FY 1966. A s m a l l ,  bu t  genera l  i nc rease  of s t a f f i n g  i s  
requi red  t o  meet :  increased  workloads i n  support  of s c i e n t i f i c  s a t e l l i t e s  a t  
most s t a t i o n s .  
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Deep Space Network 

19'64 1965 

$1 1,833,000 $19,394,000 

---- 

The Deep Sp.ace Network provides  t r ack ing  and d 

1966 

$23,700,000 

t a  a c q u i s i t i o n  supp r t  
f o r  unmanned- lunar and p l ane ta ry  space f l i g h t s .  The network provides  1:rack- 
ing  da ta  which a r e  used t o  determine, and make mid-course c o r r e c t i o n s  i:o, 
spacec ra f t  t r in jec tor ies ;  acqui res  engineer ing  te lemet ry  d a t a  concernini; per-  
formance of t h e  spacec ra f t  systems so  t h a t  appropr i a t e  c o r r e c t i o w  can be 
made t o  spacec ra f t  opera t ions  as requi red ,  t r ansmi t s  commands t o  s p a c e c r a f t  
t o  execute  the  aibove func t ions ;  and records the  s c i e n t i f i c  data which itre 
acquired from thIe spacec ra f t .  

Associated wi th  the  Deep Space Network is t h e  Space F l i g h t  Operat;.ons 
F a c i l i t y  (SFOF) which i s  loca ted  a t  t h e  Jet Propuls ion Laboratory,  Pasadena, 
Ca l i fo rn ia .  T h e  SFOF r ece ives  information t r ansmi t t ed  v i a  ground communica- 
t i o n s  from s t a t i o n s  of t he  Deep Space Network, processes  t h e  data, and d i s -  
p lays  the  r e s u l t i n g  information so t h a t  mission d i r e c t o r s  and a s soc ia t ed  pro j -  
e c t  personnel can analyze rea l - t ime mission performance, make c r i t i c a l  de- 
c i s i o n s  concerning func t ions  which must be executed by t h e  s p a c e c r a f t ,  and 
t ransmi t  i n s t r u c t i o n s  t o  the  s t a t i o n s  f o r  commands t h a t  must be s e n t  t o  t h e  
spacec ra f t .  

The SFOF was e s t a b l i s h e d  and i n i t i a l l y  operated by the  Off ice  of Space 
Science and Appl ica t ions  as p a r t  of t he  Lunar and Plane tary  Program. ::n 
recogni t ion  oE t ' he  c l o s e  r e l a t i o n s h i p  between the  Deep Space Network and the  
SFOF during a c t u a l  ope ra t ions ,  management r e s p o n s i b i l i t y  f o r  t he  SFOF, on 
December 1, 1064, was t r a n s f e r r e d  t o  t h e  Of f i ce  of Tracking and Da ta  A(:- 
q u i s i t i o n .  
loca ted  f o r  mission-independent func t ions  of t h e  SFOF i n  t h e  Lunar and 
Plane tary  Program, were moved t o  t h e  Tracking and Data Acquis i t ion  Program. 
The FY 1966 requlest inc ludes  funds f o r  cont inua t ion  of t hese  func t ions ,  

Coincident w i th  t h i s  change, a l l  FY 1965 funds, which were a l -  

During FY 1966, t he  i n i t i a l  f l i g h t s  of t h e  Lunar Orb i t e r ,  Surveyor, 
and Pioneer p:rojlects w i l l  occur.  To m e e t  t h e  f l i g h t  schedule,  the Dee11 
Space Network and the  SFOF f o r  t he  f i r s t  t i m e  must be prepared t o  suppor t  
more than one ~ n i ~ s s i o n  a t  the  same t i m e .  

A t  t he  beginning of FY 1966, t he  Deep Space Network w i l l  c o n s i s t  of two 
ope ra t iona l  85- foot  antenna f a c i l i t i e s  a t  each of t h e  t h r e e  longi tudin i l l  lo- 
c a t i o n s  requi red  t o  maintain continuous s u r v e i l l a n c e  of a lunar  or plar te tary 
mission. Two of these  f a c i l i t i e s  (Madrid, Spain and Canberra, Austra1i.a) 
w i l l  become fu1l:y ope ra t iona l  i n  t h e  second h a l f  of FY 1965 so t h a t  f L . 1  op- 
e r a t i o n a l  c o s t s  w i l l  occur f o r  t h e  f i r s t  time i n  FY 1966. Addi t iona l  opera- 
t i o n s  funds w i l l  be  requi red  i n  FY 1966 t o  provide e a r l y  ope ra t ions  personnel  
f o r  t he  pro to type  210-foot antenna f a c i l i t y  nea r ing  completion a t  Goldstone, 
Ca l i fo rn ia ,  and the spacec ra f t  checkout f a c i l i t y  which w i l l  become ope ra t iona l  
a t  Cape Kennedy. 



Other Ins t rumenta t ion  

1964 1965 1966 ---- 
$5,736,000 $6,100,000 $6,300,000 

This  ca tegory  provides  funds f o r  ope ra t ing  ins t rumenta t ion  system:; used 
f o r  support  of sounding rocke t  programs conducted by F o r t  Church i l l ,  Canada, 
and Wallops S t a t i o n ,  V i rg in i a ,  and f o r  t h e  f l i g h t  r e sea rch  programs a t  t h e  
F l i g h t  Research Center ,  Ca l i fo rn ia .  General  purpose t r ack ing ,  telemeti-y, 
d a t a  a c q u i s i t i o n ,  record ing ,  t iming, p l o t t i n g ,  and comunica t ions  systc!ms 
are used as w e l l  as s p e c i a l  purpose o p t i c a l  and sound ranging ( a c o u s t i c a l )  
equipment f o r  s p e c i f i c  missions.  

The ins t rumenta t ion  r equ i r ed  f o r  suppor t  of missions launchea frori Wal- 
lops  S t a t i o n  is operated by NASA c o n t r a c t o r s  and by o t h e r  government a4;encies 
such as t h e  Weather Bureau, t h e  Nat iona l  Bureau of Standards,  t h e  U. S, Navy, 
t h e  U. S. A i r  Force, and t h e  M i l i t a r y  Sea Transpor t a t ion  Service.  Inti-eased 
opera t ions  c o s t s  f o r  FY 1966 are due p r i m a r i l y  t o  t h e  s h i p  ope ra t ion  c o s t s  
of a s h i p  borne sounding rocke t  expedi t ion  t o  t h e  broad ocean areas of t he  
southern  hemisphere. A t  F o r t  Churchi l l ,  t h e  ins t rumenta t ion  is  cca-itractor 
opera ted  and is  funded j o i n t l y  by t h e  Department of Defense and NASA a:; a 
coopera t ive  e f f o r t ,  
r a te  as i n  t h e  c u r r e n t  year.  

A c t i v i t y  w i l l  cont inue  i n  FY 1966 a t  about  t h e  sarie 

The F l i g h t  Research Cen te r ' s  Aerodynamic T e s t  Range inc ludes  threci s i tes 
loca ted  i n  thle Nevada and Eas te rn  C a l i f o r n i a  area. The s i t e  a t  Edward:; A i r  
Force Base i s  s t a f f e d  by NASA personnel  augmented by some c o n t r a c t o r  pixson- 
nel. The Ely and Bea t ty  si tes i n  Nevada are c o n t r a c t o r  operated.  Amoitg t h e  
programs t o  b'e supported i n  FY 1966 w i l l  be  t h e  Lunar Lander Research Vehicle ,  
t h e  L i f t i n g  Reentry Research Vehicle,  and the  space sc i ences  experimenl: pro- 
gram us ing  t h e  X-1.5. 

Communications 

1964 1965 1966 ---- 
S 12.026,OOO $18,627,000 $23,800,000 

The t r ack ing  networks are dependent upon r e l i a b l e  and r ap id  commuitica- 
t i o n s  between t h e  s t a t i o n s  and t h e i r  c o n t r o l  cen te r s .  Acquis i t ion ,  cormand, 
and c o n t r o l  d a t a  must be s e n t  from t h e  c e n t e r s  t o  t h e  s t a t i o n s  anc. t he  sta- 
t i o n s  must r e l a y  t r ack ing  and te lemet ry  d a t a  back t o  t h e  c o n t r o l  centei:s f o r  
r ap id  a n a l y s i s  of s p a c e c r a f t  performance so t h a t  c o r r e c t i v e  measures ciin be 
taken quick ly  i f  problems develop aboard t h e  spacec ra f t .  

A s  s p a c e c r a f t  have become l a r g e r  and have been designed t o  perforri  many 
a d d i t i o n a l  and a l t e r n a t i v e  func t ions ,  realtime monitor ing and c o n t r o l  of t h e  
s p a c e c r a f t  by the  mission c o n t r o l  c e n t e r s  has  become an i n c r e a s i n g l y  i r iportant  
requirement.  To suppor t  t hese  advanced missions,  t h e  requirements f o r  volume 
and r e l i a b i l i t y  of communications between mission c o n t r o l  centers and network 
s t a t i o n s  have been s t e a d i l y  increas ing .  
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I n  order  tlo minimize the  a c t u a l  growth of comunica t ions  l i n e s  arid 
f a c i l i t i e s ,  t h e  ope ra t iona l  communications system has been conso1idatt:d i n t o  
a s i n g l e  system t o  support  a l l  networks. 
have been e s t a b l i s h e d  a t  major l o c a t i o n s  such as Goddard Space F l i g h t  Center;  
London; and A u s t r a l i a  t o  provide the  maximum c a p a b i l i t y  of sha r ing  cii*cuits.  
Maximum use is being made of a l t e r n a t e  voice  and d a t a  sha r ing  of c i r c i t i t s .  
However, s t i l l  f u r t h e r  i nc reases  i n  communications capac i ty  are requi red .  

Communications switching c e n t e r s  

I n  the  case  of Apollo, a d d i t i o n a l  voice-grade c i r c u i t s  and n ine  
t e l e t y p e  c i r c u i t s  t o  overseas  t r ack ing  l o c a t i o n s  w i l l  be needed over 1:he 
present  Gemini requirements.  The major po r t ion  of these  c i r c u i t s  w i l l  be in-  
s t a l l e d  during FY 1966. To f u r t h e r  support  Apollo, two wide-band d a t a  l i n k s  
mus t  be i n s t a l l e d  dur ing  FY 1966 between Cape Kennedy and Houston t o  Ibrovide 
near  r ea l - t ime  te lemetry.  
i n  FY 1966 t o  meet ship- to-shore requirements f o r  p r o j e c t  Apollo. 

I n i t i a l  communications arrangements w i l l  b(: started 

Also during FY 1966, a d d i t i o n a l  wide-band d a t a  c i r c u i t s  w i l l  bectme op- 
e r a t i o n a l  from [Goddard Space F l i g h t  Center  t o  Rosman (North Caro l ina)  t o  
support  t he  Orb i t ing  Geophysical Observatory and the  Orb i t ing  Ast.ronorliica1 
Observatory; and between Cape Kennedy and Hun t sv i l l e  i n  support  of t hc  Launch 
Information Exchange F a c i l i t y  which w i l l  ope ra t e  as a subcont ro l  centc!r t o  
t h e  Mission Control  Center a t  Houston t o  analyze and recammend ac.tionir f o r  
t h e  Saturn I B  and Sa turn  V launch veh ic l e s .  

Data Process ing  

1964 .-- 
$6,277,000 

1965 

s7.100.000 

1966 - 
$8,100,000 

Information received i n  the  form of t r ack ing  and t e l e m e t r y  from s a t e l l i t e s  
and space probes must be processed i n t o  a form t h a t  i s  u s e f u l  t o  both those 
performing the  real-time c o n t r o l  of t h e  space v e h i c l e  and those r e spons ib l e  
f o r  analyzin,g the  s c i e n t i f i c  da t a  acquired by the  spacec ra f t .  

Tracking da ta  are processed t o  provide o r b i t a l  elements whic:h arc? used 
t o  supply s t a t i o n s  wi th  p r e d i c t i o n s  on f u t u r e  passes  of t he  spacecraf :  and 
t o  provide p o s i t i o n  information that can be used by the  s c i e n t i f i c  experi-  
menters t o  determine where i n  the  t r a j e c t o r y  t h e  s c i e n t i f i c  measurements 
were made. 

Te leme t ry  data must be processed t o  s e p a r a t e  the  information from the  
var ious  s c i e n t i f i c  experiments aboard t h e  spacec ra f t ,  t o  conso l ida t e  infor- 
mation from each experiment, t o  apply the  necessary  s c a l i n g  f a c t o r s  and C a l i -  
b r a t i o n s  of t he  measuring ins t ruments ,  and t o  c o r r e l a t e  t hese  measuranents 
wi th  the  p o s i t i o n  d a t a  mentioned above. 
experimenters i s  the  primary o b j e c t i v e  of t he  s p a c e c r a f t  missions which a r e  
undertaken t o  explore  and understand space. 

Processed d a t a  presented t o  :he 
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During FY 1964, data were processed at an average of 8,000,000 data 
points per day. Based upon the first half of the year, it is expected that 
additional launches will occur during FY 1965 which will increase the data 
processing workload to an average of 70,000,000 data points per day. 

During l? 'Y 1966, the data processing workload is expected to increase 
to 200;000,000 data points per day. 
load will result primarily from the increase in observatory satellites, the 
Eccentric Geophysical Observatory (EGO), Polar Orbiting Geophysical Otserva- 
tory (POGO), and Orbiting Astronomical Observatory (OAO), plus the normal 
launching of ISxplorer type satellites whose reliability has increased over 
the years so \-hiit they continue to supply useful scientific: data for several 
years. 

This additional data processing work- 

Eq u i pmen t 

19 64 

Manned spacx! flight network.. $56,234,000 
Satellite network.. .......... 15,297,000 
Deep space network........... 12,004,000 
Other instrumentation.. ...... 4,690,000 
Communications................ 4,036,000 
Data procesding.. ............ 11,065,000 

Total...................... $103,326,000 

1965 

$114,217,000 
17,250,000 
11,520,000 
5,300,000 
4,110,000 
4,851,000 

$157,248,000 

Manned Space Flight Network 

1964 

Receiving systems............ $8,613,000 
Trinsmitting systems.. ....... 3,142,000 
Ranging systems....,......... 3,811,000 
Antenna systems.....,........ 7,915,000 
Cormnand systems..........,... 585,000 
Data handling systems........ 8,339,000 
Demodulation systems........, 7,123,000 

Ship modifications........... 4,452,000 
Aircraft modifications....... --- 
Control centen.. ............ 2,395,000 
General networ:k support...... 6,405,000 
Maintenance,, spares, and 

repairs. .................... 3,289,000 

Communications equipment. .... 165,000 

1965 

$8,388,000 

7,530,000 
2,115,000 
5,645,000 
12,675,000 
8,800,000 

444,000 

--a- 

37,700,000 
21,700,000 

5,949,000 
--.. 

3,27 1,000 

$56,234,000 9 1 14,2 17,000 

1966 --- 
:j 6 4,O 00,000 
14,700,000 
9,800,000 
5,500,000 
4,400,000 - 4,000,000 

19 56 --- 
$10,7OO, 000 
1,500,000 
2,01)0,000 
4,200,000 
6,600,000 
10,3OO,OOO 
10,100,000 
3,200,000 

4,200,000 

--- --- 
5,4OO,OOO 

- 5,800,000 
$64, OClO, 000 -- 

Original3l:y implemented as the Mercury Network, the Manned Space Flight 
Network has now been augmented for support of the Gemini Program in the areas 
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of t racking ,  te lemetry,  command, and communication. Addi t iona l  augmentation 
of t h e  network to  meet t h e  v a s t l y  increased  requirements  for suppor t  clf t h e  
Apollo Sa turn  I13 and Sa turn  V programs was i n i t i a t e d  i n  FY 1964 and i s  con- 
t i nu ing  i n  fi .Sca1 yea r s  1965 and 1966. 

Apollo mis:;ion requirements encompass ins t rumenta t ion  t o  provide: 
(1) from t h e  e a r l y  b a l l i s t i c  and e a r t h  o r b i t a l  missions,  t h e  engineer ing  
d a t a  needed f o r  t h e  e f f i c i e n t  development of t h e  lunar  landing c a p a b i l i t y ,  
and (2 )  f o r  t h e  l a te r  luna r  miss ions ,  information f o r  making t h e  complex 
mission d e c i s  ions i n  real-time and t o  provide  data f o r  subsequent a n a l y s i s  
of systems bchavior . 

The planned augmentation of t h e  Manned Space F l i g h t  Network f o r  Fpo l lo  
w i l l  r e s u l t  i.n t e n  30-foot antenna s t a t i o n s  , t h r e e  85-foot  antenna s t a t i o n s ,  
two t r a n s p o r t a b l e  s t a t i o n s  wi th  l6 - foo t  antennas,  f i v e  s h i p s ,  and e i g h t  in-  
strumented ai.irciraft. This  network conf igu ra t ion  w i l l  provide t h e  ground in-  
s t rumenta t ion  suppor t  necessary  t o  f u l f i l l  t h e  p r e s e n t l y  def ined  Apollo Pro- 
gram requirements;  however, s p e c i f i c  mission d e f i n i t i o n  and a s soc ia t ed  t rack-  
i n g  and d a t a  a c q u i s i t i o n  requirements  d e f i n i t i o n  is  a cont inuing  ' e f f o r t  and 
a d d i t i o n s  may be  necessary  i n  f u t u r e  f i s c a l  years .  

During c:iilendar year  1364, Apollo mission planning has been cont inued 
i n  g r e a t e r  d e t a i l  as the  va r ious  s p a c e c r a f t  and launch v e h i c l e  character- 
is t ics  have hc!cc)me b e t t e r  def ined.  A s  a r e s u l t ,  a d d i t i o n a l  suppor t  r equ i r e -  
ments have been i d e n t i f i e d .  For example, communications and t r ack ing  coverage 
requirements during t h e  pe r iod  immediately a f t e r  launch have been eva lua ted  
f o r  compatibil.it;y wi th  newly a v a i l a b l e  s p a c e c r a f t  and launch v e h i c l e  antenna 
p a t t e r n s .  Transpor tab le  command and te lemet ry  s t a t i o n s  must be  added a t  
Grand Bahama and Grand Turk I s l a n d s  t o  c l o s e  gaps i n  coverage and thus  pro- 
v ide  the  needed f l i g h t  c o n t r o l  c a p a b i l i t y  dur ing  t h i s  important  mission 
phase. 

A s  another  example, a review of command and d i s p l a y  requirements  f o r  
mission f l i g h t .  c o n t r o l  a t  t h e  network s t a t i o n s  has  ind ica t ed  that t h e  neter 
type d i sp lays  c u r r e n t l y  used f o r  s i m i l a r  f unc t ions  i n  suppor t  of t h e  Gemini 
Program w i l l  riot be adequate  f o r  t h e  increased  amount of d a t a  frorn t h e  Apollo 
s p a c e c r a f t  ancl launch veh ic l e s .  A t  remote s t a t i o n s  w i t h  l imi t ed  c a p a b i l i t y  
f o r  communicatica wi th  the  In t eg ra t ed  Mission Control  Center ,  i t  w i l l  2 e  

necessary  t o  prcwide d a t a  processors  and numeric p r e s e n t a t i o n  of c r i t i z a l  
c o n t r o l  parameters so t he  f l i g h t  c o n t r o l l e r s  can r a p i d l y  select  arid a s s i m i -  
la te  t h e  l a rge  amounts of d a t a  they  need t o  make the dec i s ions  on whic i  t h e  
success  of the mission depends. S imi l a r  d e t a i l e d  reviews of suppor t  capa- 
b i l i t i e s  have led  t o  i d e n t i f i c a t i o n  of o t h e r  needed a d d i t i o n s  t o  r;tand83rd 
network systems. 

Receiving, t r ansmi t t i ng ,  and ranging  systems w i l l  p rovide  t h e  capq+ 
b i l i t i e s  f o r  t ransmiss ion  and r ecep t ion  of vo ice  and te lemet ry  s i g n a l s ,  pro- 
vide d a t a  f o r  antenna d i r e c t i n g ,  and enable  measurement of t he  p o s i t i o n s  and 
v e l o c i t i e s  of t he  s p a c e c r a f t  and launch veh ic l e s .  I n  FY 1966, sensi t i . re  
maser p reampl i f i e r s  w i l l  be  incorpora ted  i n  t h e  s t a t i o n s  a t  Carnarvon, 
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Aus t ra l i a ,  and a t  Ascension I s l a n d  t o  provide  increased  r ece iv ing  s e n i s i t i v i t y  
s u f f i c i e n t  t o  f i l l  gaps i n  ins t rumenta t ion  suppor t  dur ing  the  cri.ticat t r ans -  
p o s i t i o n  maneuver of t h e  Command/Service Module (CSM) and t h e  Lunar Excursion 
Module (LEM). Addit ional  r ece iv ing  and t r a n s m i t t i n g  channels w i l l  be  added 
a t  e i g h t  land s t a t i o n s  and t h r e e  s h i p s  t o  m e e t  t he  a d d i t i o n a l  r equ i r enen t s  fox 
ins t rumenta t ion  support  f o r  t h e  SIVB s t a g e  dur ing  Apollo/Saturn V opera t ions .  

Antenna systems augmentation i n  FY 1966 w i l l  inc lude  UHF/VHF a n t m n a s  
and feed modi f ica t ions  f o r  suppor t  of t h e  SIVB s tage .  Two l6- foot  diameter  
S-band antenna systems are planned f o r  t h e  t r a n s p o r t a b l e  s t a t i o n s  t o  he used 
f o r  launch a r e a  suppor t ,  and equipment i s  needed t o  augment the  t ra ini .ng and 
engineer ing f a c i l i t y  a t  t h e  Goddard Space F l i g h t  Center.  

Command and da ta  handl ing systems c o n s i s t  of d i g i t a l  d i sp l ay  and compu- 
t a t i o n  equipment f o r  monitor ing te lemetered s p a c e c r a f t  equipment perfcmnance 
and a s t ronau t  s t a t u s  and f o r  coding and sequencing of commands. Thesc: systems 
inc lude  recoicders f o r  s t o r a g e  of t e l eme t ry  d a t a  and s t a t i o n  s t a t u s  ini’ormatiort. 
The augmentation planned f o r  FY 1966 inc ludes  p rov i s ion  of d i g i t a l  connnand 
remote teimixial equipment f o r  t h e  t r a n s p o r t a b l e  s t a t i o n s  at: Grand BahEma and 
Grand Turk Is la i ids ,  a d d i t i o n a l  consoles  and d i sp lays  needed t o  provide 
numeric display:;  f o r  use  by the  f l i g h t  c o n t r o l l e r s ,  and a d d i t i o n a l  c o r s o l e s  
and r eco rde r s  f o r  u se  i n  suppor t  of t h e  SIVB s t a g e  during the  Apollo Sa turn  V 
program. 

Demodu1ai:ion equipment e x t r a c t s  t h e  te lemetry,  communications;, anti 
t r ack ing  information from rece ived  s i g n a l s  and prepares  i t  f o r  s to rage  and 
f o r  input  t o  1-he d a t a  handl ing systems and communications te rmina l  equipment. 
The major elcment of demodulation systems augmentation i n  FY 1966 c o n s i s t s  
of t he  provis ion  of a d d i t i o n a l  Pu l se  Code Modulation (PCM) te lemet ry  d e -  
commutation systems f o r  suppor t  of t h e  SIVB s tage .  

Communic:atFons equipment c o n s i s t s  of te rmina l  equipment necessary f o r  
compa t ib i l i t y  wi th  common carrier f a c i l i t i e s .  S ince  t h e  equipment i s  
s tandard  i n  mature and r e a d i l y  a v a i l a b l e ,  i t s  procurement f o r  suppor t  of 
Apollo w a s  not: planned f o r  p r i o r  years .  
ment needed f o r  t h e  va r ious  network s t a t i o n s  i n  FY 1966. 

Funds are reques ted  f o r  the equip- 

The control.  c e n t e r  funds reques ted  w i l l  p rovide  equipment which m u s t  be  
added t o  t h e  c:xi.sting network c o n t r o l  c e n t e r s  t o  enable  Opera t iona l  c o n t r o l  
of t h e  network. dur ing  nonmission pe r iods  and s imula t ions ,  and t o  provide 
t h e  c a p a b i l i t y  t.o assess network performance dur ing  mission per iods .  Funds 
are requested in.  FY 1966 f o r  equipment t o  be  i n s t a l l e d  f o r  Apollo support  
i n  t h e  I n t e g r a t e d  Mission Cont ro l  Center  a t  t h e  Manned Spacec ra f t  Center;  
t h e  Manned Space F l i g h t  Network Cont ro l  Center  a t  t h e  Goddard Space F l i g h t  
Center;  and t h e  Space F l i g h t  Operat ions F a c i l i t y  a t  t h e  Jet Propuls ion 
Laboratory. 

Funds reques ted  f o r  gene ra l  network support  are those  necessary  t 3  m e e t  
expenses f o r  t he  systems engineer ing  e f f o r t ,  f o r  t h e  shipment of equipment 
t o  t h e  network s t a t i o n s ,  f o r  t h e  p rov i s ion  of network d e s c r i p t i v e  docunenta- 
t i o n ,  s p e c i f i c a t i o n s ,  and o p e r a t i o n a l  manuals, and f o r  t h e  p rov i s ion  oE 
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s tandard  test eq,uipment. Those reques ted  f o r  maintenance, s p a r e s ,  and r e p a i r s  
are p r imar i ly  f o r  t h e  es tab l i shment  of s p a r e  p a r t s  i n v e n t o r i e s  needed t o  pre-  
c lude  long pe r iods  of s t a t i o n  downtime dur ing  mission per iods .  

S a t e l l i t e  Network 

Tracking systems.............. 
Telemetry syst.ems... .......... 
Command and cclntrol systems.. . 

checkout equipment. ......... 
Recording arid d i s p l a y  systems. 
T e s t ,  c a l i b r a t i o n  and 

Timing sys  t c&rnst. ............... 
R e a l - t i m e  d a t a r  handl ing 

systems..................... 
Appl ica t ions  t.echnology 

s a t e l l i t e  requirements.. .... 
Control  center................ 
General network support.. . . . . .  
Maintenance, s p a r e s ,  and 

repairs . . . . . . . . .  ............ 

19 64 

$2,333,000 
3,790,000 

566,000 
1,707,000 

1,654,000 
815,000 

649,000 

452,000 
153,000 

1,681,000 

1,49 7,000 

Total....................... $15,297,000 

1965 

$2,332,000 
2,721,000 
1,081,000 

965,000 

967,000 
1,330,000 

266,000 

4,950,000 
350,000 

1,174,000 

1,414,000 

$17,250,000 

19 66 ..-- 
$2,550,000 

2,455,000 
7 81,000 
896,000 

965,000 
975,000 

538,000 

2,400,000 
550,000 

1,370,000 

1,220,000 

Lk: 14 700 000 

For t h e  past t h r e e  yea r s ,  t h e  S a t e l l i t e  Network has been enlarged and 
updated wi th  new f a c i l i t i e s  and equipment t o  m e e t  t h e  suppor t  requirements  
of t h e  second gene ra t ion  s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e  p r o j e c t s .  
The major o b j e c t i v e s  of the  equipment program are t o  provide  t h e  netwcrk 
wi th  t h e  capahi l . i ty  f o r  h igh ly  p r e c i s e  sa te l l i t e  t r a c k i n g  up t o  luna r  d i s -  
tances ,  f o r  a c q u i r i n g  and handl ing  h igh  d a t a  output  rates, and f o r  perform- 
ing  t h e  more i n t r i c a t e  command and c o n t r o l  func t ions  r equ i r ed  by the  xcore 
advanced satel.lj.tes, p a r t i c u l a r l y  those  of t h e  l a r g e  observa tory  c l a s s .  

The majc i r  i t e m  i n  t h e  t r a c k i n g  systems ca tegory  i n  FY 1966 w i l l  be f o r  
These modifica- t h e  mod i f i ca t ion  of e x i s t i n g  Range and Range Rate Systems. 

t i o n s  are due to: 
exper ience  on t h e  f i r s t  Orb i t ing  Geophysical Observatory has ind ica t ed  i s  re -  
qu i red ,  and (€)) reassignment of t h e  f requencies  on which t h e  system ope ra t e s ,  
d i r e c t e d  by t h e  i n t e r n a t i o n a l  Ext raord inary  Adminis t ra t ive  Radio Conference 
of 1963. The changes w i l l  r e q u i r e  mod i f i ca t ion  of t h e  t r a n s m i t t e r s ,  an tennas ,  
and receivers ,  of t h e  e x i s t i n g  Range and Range Rate Systems. 

( a )  i nco rpora t ion  of g r e a t e r  ga in  c a p a b i l i t y  which ope ra t ing  

Forthcoming sa te l l i t es  of the  observa tory  and Explorer  c l a s s  w i l l  have 
o r b i t s  w i t h  g r e a t e r  e c c e n t r i c i t y  and t h e r e f o r e  w i l l  r e q u i r e  longer ,  ccnt inuous 
per iods  of t r a c k i n g  and d a t a  a c q u i s i t i o n  by t h e  viewing s t a t i o n s .  Add i t iona l ly ,  
t hese  satelli.1:es w i l l  t r ansmi t  i nc reased  q u a n t i t i e s  of d a t a  t o  adequate ly  
sample t h e  more numerous and complex experiments. It i s  planned t o  suppor t  
t hese  requirenients wi th  a network of high performance te lemet ry  d a t a  l i n k s .  
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Implementation of t h e  h igh  performance l i n k s  w a s  i n i t i a t e d  w i t h  FY 1963 funds 
and i s  phased t o  m e e t  t he  o p e r a t i o n a l  requirements of t h e  f l i g h t  projec: ts  as 
they occur. FY 1966 funds w i l l  p rovide  s u f f i c i e n t  d a t a  l i n k s  t o  m e e t  t.he 
p r e s e n t l y  known requirements through ca lendar  year  1967. 

Also inc.1udl.d i n  the  FY 1966 r eques t  are funds f o r  an a i r  t ranspo1, table  
te lemet ry  s t a t i o n .  Transpor tab le  s t a t i o n s  are employed t o  provide s u p r o r t  
f o r  unant ic ipa ted  requirements o r  when t o t a l  requirements do n o t  j u s t i f y  
es tab l i shment  of a permanent s t a t i o n .  

The modenii:zation program f o r  command and c o n t r o l  equipment w i l l  cont inue  
i n  t h e  next. f i .aca1 year .  
t o  m e e t  t he  wo:ck.load a n t i c i p a t e d  during ca lendar  year  1967. 

FY 1966 funding w i l l  provide su f f i . c i en t  :omand l i n k s  

I n  FY 1966, a d d i t i o n a l  record ing  u n i t s  are r equ i r ed  t o  complement t h e  
increased  d a t a  l i n k  c a p a b i l i t y .  Also, a d d i t i o n a l  magnetic t ape  eva lua to r s  
and d i s p l a y  unitr; w i l l  be purchased t o  monitor s t a t i o n  te lemet ry  performance. 

C a l i b r a t i o n  equipment f o r  main ta in ing  the  accuracy of network s t a t i o n s  
and major equipment subsystems w i l l  be r equ i r ed  i n  FY 1966. Along w i t h  t h e  
c a l i b r a t i o n  func t ion ,  test and monitor ing are  cont inuing  programs. P r i o r  t o  
acceptance and i n s t a l l a t i o n  of new o r  replacement equipment i n  the  network, 
i t  i s  necessary t o  thoroughly e v a l u a t e  t h e  u n i t s  f o r  f i e l d  use.  Spec ia l i zed  
s p a c e c r a f t  checkout equipment i s  r equ i r ed  f o r  te lemetry,  communications, and 
command subsystems t o  v e r i f y  performance a t  t h e  Eastern and Western T e s t  
Ranges of t h e  Ilepartment of Defense t o  ensure  compa t ib i l i t y  between t h e  
spacec ra f t  and t h e  ground systems. 

Continuously a v a i l a b l e ,  accu ra t e  t iming s i g n a l s  a t  each s t a t i o n  a r e  of 
c r i t i c a l  import:artce f o r  experiment a n a l y s i s  and o r b i t  determinat ion.  I n  
FY 1966, improved and more r e l i a b l e  t r a n s i s t o r i z e d  t i m e  s t anda rds  w i l l  b e  
procured f o r  f ive s i tes  as p a r t  of a program t o  improve t i m e  s t anda rds  
throughout the  network. 

With t h e  augmentation of t h e  network w i t h  equipment t o  r e c e i v e  p u l s e  
code modulation te lemet ry  from s p a c e c r a f t ,  a program i s  being i n i t i a t e d  i n  
FY 1966 t o  out f ’ i t  s e l e c t e d  s t a t i o n s  w i t h  gene ra l  purpose o n - s i t e  d a t a  
handl ing equipment. 
compiling and format t ingfor  real-time t ransmiss ion  t o  t h e  c e n t r a l  c:ontr>l 
f a c i l i t y  as we l l  as t o  the  s p a c e c r a f t  i t s e l f .  

These gene ra l  purpose u n i t s  w i l l  be  capable  of d a t i  

During FY 1965, t he  func t ion  of provid ing  ground s t a t i o n  suppor t  f > r  
t h e  Applicat ions Technology S a t e l l i t e  p r o j e c t  w a s  t r a n s f e r r e d  from the  .4p- 
p l i c a t i o n s  Technology S a t e l l i t e s  Program t o  t h e  Tracking and Data Acquisi-  
t i o n  Program. Related funding a u t h o r i t y  a l s o  w a s  t r a n s f e r r e d .  The pur:)ose 
of t h i s  t r a n s f e r  i s  t o  a s s u r e  maximum coord ina t ion  and i n t e g r a t i o n  of equip- 
ment and f a c i l i t i e s  requi red  f o r  suppor t  o f  t h e  Appl ica t ions  Technology 
S a t e l l i t e  p r o j e c t  w i t h  o t h e r  NASA 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 es .  
FY 1966 funds a r e  requi red  t o  cont inue  e f f o r t s  i n i t i a t e d  wi th  p r i o r  yea: 
funds. These e f f o r t s  inc lude  procurement of t h e  t r a n s p o r t a b l e  comniunications 
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s t a t i o n  and t h e  t e lemet ry  and command s t a t i o n s ,  augmentation of t h e  sec:ond 
85-foot  antenna f a c i l i t y  a t  Rosman, North Caro l ina ,  and mod i f i ca t ion  0.1: the  
S a t e l l i t e  Network f a c i l i t y  a t  Mojave, C a l i f o r n i a ,  t o  support  t h e  Appl ica t ions  
Technology S a t e l l i t e  p r o j e c t .  

FY 1966 funds a r e  r equ i r ed  t o  cont inue  implementation of a mult i -purpose 
c o n t r o l  c e n t e r  a t  Goddard Space F l i g h t  Center  t o  handle t h e  numerous sc:ien- 
t i f i c  s a t e l l i t e  p ro jec t s .  It w i l l  con ta in  equipment t o  provide  real-t:.me 
c o n t r o l  of s p a c e c r a f t  and w i l l  e l i m i n a t e  t h e  need f o r  s e p a r a t e  c o n t r o l  cen- 
ters now being used. 

General network support  i s  a cont inuing  e f f o r t .  Minor s t a t i o n  augmenta- 
t i o n s  such as antenna hards tands ,  improved i n t r a - s i t e  cab l ing  f o r  powei- d i s -  
t r i b u t i o n ,  and inc reases  i n  t h e  s t a t i o n  a i r  cond i t ion ing  and hea t ing  equip- 
ment t o  accomrn3date new equipments are necessary  i n  FY 1966. 

I n  a simi1a:r manner, maintenance, s p a r e s ,  and repairs i s  a cont inuing  
program. Funds .in t h i s  ca tegory  provide f o r  spares, mod i f i ca t ions  , and 
repairs t o  netwo:rk equipment 

Deep Space Network 

1966 --- 1964 1965 

T r a n s m i t t e r s , .  ,,. ............. 
Receivers...,................ 
S t a t i o n  moni1:oring and 

Antennas.... ,,.,,.............. 
Tracking d a t a  handl ing  

systems.. .................... 
Recording and d i s p l a y  

systems.. .................... 
Timing sys  tenis ................ 
Control  center , ,  .............. 
General network support . .  .... 
Maintenance, spa res ,  and 

repairs... ................. 

con tr  o 1 equipment .......... 
$409,000 

4,815,000 

1,328,000 
1,495,000 

342,000 

489,000 
225,000 

1,276,000 
--- 

1,625,000 

$78,000 
2,146,000 

2,338,000 
1,830,000 

690,000 

223,000 
320,000 
838,000 
948,000 

2,109,000 

--- 
$le 5,000 

3,8€15,000 
914,000 

--- 
49 0,000 

1,758,000 
782,000 

1,806,000 

j 9 ,  800,000 --- Total. . . . . . . . . . . . . . . . . . . . . .  $12,004,000 $11,520,000 

Use of the! 1,-band frequency f o r  suppor t  of l u n a r  and p l a n e t a r y  miss ions  
w i l l  be discon.t:inued a f t e r  t h e  last  Ranger f l i g h t s  which are scheduled f o r  
t h e  f i r s t  s i x  months of ca lendar  year  1965, Conversion t o  f u l l  S-band capa- 
b i l i t y  w i l l  be ac:complished a t  t h a t  t i m e .  The Pioneer ,  Surveyor, and Lunar 
O r b i t e r  programs a l l  employ S-band systems and are scheduled t o  be supported 
by t h e  Deep Space  Network beginning i n  FY 1966. The Mariner 1964 ope ra t ion  
is  being supported by t h r e e  Deep Space Network s t a t i o n s  p rev ious ly  converted 
t o  an i n t e r i m  S-band conf igu ra t ion .  
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Procurement of equipment f o r  S-band t r a n s m i t t e r s  has been funded i n  
p r i o r  years  arid no funds f o r  t h i s  purpose are r equ i r ed  i n  FY 1966. S imi la r -  
l y ,  S-band r e c e i v e r  procurement r e q u i r e s  no funding except  f o r  minor modifica- 
t i o n s  a t  each of t h e  s i x  main s t a t i o n s  and t h e  purchase of an a d d i t i o n a l  
"su i tcase"  ts lenietry r ece ive r .  

The majcii: i t e m  of FY 1966 Deep Space Network equipment c o s t  is f o r  
s t a t i o n  monit:orj.ng and c o n t r o l  equipment. This  equipment i s  necessary  t o  
provide t h e  r equ i r ed  r e l i a b i l i t y ,  f l e x i b i l i t y ,  and ope ra t iona l  r ead iness  
t o  support  mu1.ti.ple lunar  and p l a n e t a r y  missions.  The p resen t  schedule  in-  
d i c a t e s  a d i s t i r i c t  p o s s i b i l i t y  t h a t  Pioneer ,  Lunar O r b i t e r ,  and Surveyor 
w i l l  a l l  be i n  f l i g h t  a t  t h e  same t i m e ,  and w i l l  r e q u i r e  simultaneous cov- 
e rage  by t h e  riet.work t o  m e e t  mission requirements.  

This  new equipment w i l l  provide cont inous,  semi-automatic monitor ing of 
t h e  perf0rmanc.e of each s t a t i o n ,  enabl ing  immediate i d e n t i f i c a t i o n  of com- 
ponents which a r e  approaching marginal  performance wi th  r e s p e c t  t o  p r e -  
determined limits. S t a t u s  of s t a t i o n  ope ra t ions  w i l l  be r epor t ed  i n  r ial-  
t i m e  t o  t h e  network d i r e c t o r  a t  t h e  Space F l i g h t  Operat ions F a c i l i t y  (SFOF) 
s o  t h a t  he can make necessary  dec i s ions  and i n i t i a t e  c o r r e c t i v e  a c t i o n s  
promptly. Fu r the r ,  s t a t i o n s  may be d i r e c t e d  t o  qu ick ly  swi tch  coverag2 from 
one spacec ra f t  t o  another  wi thout  l o s s  of s i g n i f i c a n t  da ta .  

I n  a two-phase program which w a s  i n i t i a t e d  i n  FY 1964, s t a t i o n  monitor- 
ing  consoles ,  o n - s i t e  d a t a  processors ,  and a s s o c i a t e d  equipment are being in- 
s t a l l e d  a t  a l l  s t a t i o n s .  FY 1966 funds are requ i r ed  t o  complete ctquip;>ing 
t h e  s t a t i o n s  a t  Goldstone, Woomera, Canberra, and Madrid wi th  a f u l l  cdpa- 
b i l i t y  f o r  network suppor t  of m u l t i p l e  f l i g h t  opera t ions .  The o t h e r  s i - a t i o n s  
of t h e  network w i l l  be  p a r t i a l l y  equipped t h i s  year  bu t  funding r equ i r ed  f o r  
completion w i l l  be de fe r r ed  u n t i l  FY 1967 s i n c e  t h e  support  by these  s z a t i o n s  
w i l l  n o t  be necessary  u n t i l  ca lendar  year  1967. 

An antenna po in t ing  system w i l l  be  i n s t a l l e d  a t  Johannesburg, Wooriera, 
and Canberra t o  meet t h e  more s t r i n g e n t  requirements of t h e  Lunar 0rbii:er 
and Surveyor p r o j e c t s .  Prev ious ly  eva lua ted  a t  Goldstone, t h i s  system pro- 
v ides  f o r  au tomat ic  antenna p o s i t i o n i n g  from ap-e-computed tape.  

Antenna s t r u c t u r a l  mod i f i ca t ions  are r equ i r ed  t o  complete convers:.on t o  
s tandard  S-band conf igura t ion .  These c o n s i s t  of a d d i t i o n a l  e l e c t r o n i c  com- 
ponent housings,  improved bear ings ,  and new s t r u c t u r a l  members for increased  
s t r e n g t h  and s t i f f n e s s .  A s p a r e  Cassegrain cone, which is  a major antenna 
subsystem con ta in ing  t h e  low n o i s e  maser and t r a n s m i t t e r ,  w i l l  be  procured 
and maintained a t  Goldstone as a network emergency standby. 

The timin,g ,system a t  each Deep Space Network s t a t i o n  w i l l  be  replziced 
by a more r e l i a b l e  and a c c u r a t e  c lock  t o  func t ion  as the  master Greenwj.ch 
Mean T ime  (GKC) c lock  a t  t h e  si te.  I n  add i t ion ,  frequency synchronizei.  
u n i t s  w i l l  be  provided t o  each of t h e  s t a t i o n s .  These improvements w i l l  
make p o s s i b l e  the more a c c u r a t e  t r a c k i n g  d a t a  r equ i r ed  by later Surveyctr 
and Lunar Orbi te:t f l i g h t s .  
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The Space Fl~ight Operations Facility (SFOF) was used in support of 
Ranger VII, and also in support of the 1964 Mariner operation. Some changes 
in control center equipment are necessary as a result of these operational 
experiences. Ipurther, for the planned combined Pioneer, Lunar Orbiter, and 
Surveyor operations, additional equipments will be required which were not 
previously ant:i.cj.pated. Display consoles and communications end- instruments 
are required to provide for the simultaneous support of multiple missions. 
In addition, expansion of the data handling system is necessary to accommodate 
the simultaneous support requirement. 

Funds requested for general network support include those necessary to 
meet interface! requirements of the Surveyor, Lunar Orbiter, and Pioneer 
mission-unique equipment. Among these are such miscellaneous items as 
cables, junction boxes, and line amplifiers. In addition, a secondary 
standards 1aborat:ory will be established at each of the four overseas sites 
for purposes of maintaining adequate calibration of test equipment to assure 
readiness of the equipments for support of scheduled operations. The cali- 
bration standards at the secondary laboratories will be checked periodically 
against the primary standards maintained at Goldstone. 

Maintenance, spares, and repairs are required for all technical systems 
and facilities at: the Deep Space Network stations, as well as the :SFOF, in 
order to maintctin the equipment in a proper operational status. 

Other Instrumentation 

1.964 1965 1966 ---- 
.$4,69 C).OOO $5,300,000 $5,500,000 

A wide variety of fixed and mobile equipment is used to provide in- 
strumentation support at Wallops Station and points off the main station, 
and at the Fli.g;ht: Research Center. This equipment is under a continuous 
preventive maintenance program to assure the necessary reliability for 
mission support:. In addition, an improvement program is undertaken where- 
by individual subassemblies or components of major systems are modified or 
replaced to imprcwe the range, speed, accuracy, and flexibility of the systems. 
The requirement: for these improvements is generated by the large number and 
types of rockets in the current and planned flight schedules of Wallops Sta- 
tion and by the high performance characteristics of the flight projects sup- 
ported by the €'light Research Center. 

The major effort at the Flight Research Center during FY 1966 will be 
to continue the program initiated in FY 1964 to update the telemetry system 
by modifying the Pulse Code Modulation (PCM) ground equipment to handle 
several data formats through the use of programs stored in the core memory. 
In addition, pre-detection recording will be utilized to allow for increased 
data recovery hy the application of various demodulation schemes. These con- 
versions are necessitated by the requirement for higher performance telemetry 
systems to meet: the data output requirements of the advanced test programs 
which must be supported. 
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A t  Wallop:; !Station, a cons ide rab le  q u a n t i t y  of non-recoverable f l i g h t  
hardware i s  requi red  i n  support  of t h e  missions.  
small  meteoro logica l  rocke t s  launched i n  a s s o c i a t i o n  wi th  o t h e r  primarq 
f l i g h t s  t o  obtil in l a s t  minute wind p r o f i l e s  used f o r  launch azimuth anc 
e l e v a t i o n  angle  c o r r e c t i o n s ,  bu t  a l s o  t h e  r ada r  beacons, t ransponders ,  
antennas,  and cormnand-destruct r e c e i v e r s  i n s t a l l e d  i n  launch v e h i c l e s .  

These inc lude  n o t  on ly  t h e  

Communications 

1965 

$4,110,000 

1966 - 
$4,400,000 

The major p r o j e c t  i n  the  communications equipment program has been t h e  
conversion from manual t o  automatic ,  s o l i d  s ta te  switches a t  t h e  Goddard 
Communications Center  and secondary l o c a t i o n s  (London, England, and Can- 
be r ra ,  A u s t r a l i a )  which are  the  f o c a l  p o i n t s  f o r  incoming communications. 
This  conversion,  which w a s  s t a r t e d  i n  FY 1964, w i l l  provide f a s t e r  and nore 
r e l i a b l e  t ransni iss ion a t  a lower u n i t  c o s t  f o r  t h e  incoming d a t a  than was 
previous ly  poss ib l e .  In  a d d i t i o n  t o  removing t h e  manual phase of che opera- 
t i o n ,  t hese  swi.tc:hing u n i t s  are capable  of handl ing upcoming f l i g h c  p r o j e c t  
requirements f c i r  h igh  speed, l a r g e  volume d a t a  t ransmiss ion  from overseas  
loca t ions .  Funds requested i n  FY 1966 w i l l  provide f o r  a swi tch ing  u n i t  a t  
H a w a i i  and f o r  a d d i t i o n s  t o  t h e  e x i s t i n g  switching c e n t e r  a t  Goddard. 

I n  conjunct ion wi th  t h e  conversion program, c e r t a i n  d a t a  te rmina l  equip- 
ments are requi red  p r imar i ly  f o r  Apollo suppor t  t o  permit  h igh  speed d a t a  t o  
be t r ansmi t t ed  between s t a t i o n s ,  secondary swi tch ing  c e n t e r s ,  and t h e  GDddard 
Communications Center .  Included i n  t h e  FY 1966 r eques t  are funds f o r  tne pur- 
chase of s i g n a l  s imula tors ,  h igh  speed data modulation/demodulatiori devices ,  
e r r o r  de t ec t ion  and c o r r e c t i o n  u n i t s ,  d a t a  q u a l i t y  monitors ,  and d i s t o r t i o n  
measuring sets. 

The funds requested i n  FY1966 a l s o  w i l l  p rovide  f o r  needed improvements 
i n  t e l e t y p e  and vo ice  equipment, Examples of such improvements are: 
(1) t h e  p re sen t  w i r e l i n e  between Carnarvon and Geraldton,  A u s t r a l i a ,  which 
b a r e l y  meets minimum r e l i a b i l i t y  requirements ,  must be expanded t o  meet 
Apollo requirements;  (2 )  vo ice  d i g i t i z i n g  equipment i s  necessary  f o r  in -  
s t a l l a t i o n  on four  r ad io  c i r c u i t s  t o  improve t h e  i n t e l l i g i b i l i t y  of' voii:e 
communications; and ( 3 )  t he  vo ice  network i s  be ing  updated t o  provide select ive 
s igna l ing ,  c i r c u i t  superv is ion ,  and assurance  information t o  overseas  s :a t ions .  

Data Process ing  

1964 1965 19 66 
---___. 

$11,065,000 $4,85 1,000 $4,000,000 

With FY 1!364 and FY 1965 funding, t h e  procurement of major equipments 
requi red  f o r  process ing  l a r g e  amounts of d a t a  and f o r  t h e  conversicn f r ( m  
an analog t o  a d i , g i t a l  system w i l l  be  e s s e n t i a l l y  completed. While the  
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purchase of some p e r i p h e r a l  equipment a s s o c i a t e d  wi th  t h e  computers w i l l  be  
necessary  i n  l?Y 1966, t he  major p o r t i o n  of t h e  FY 1966 program c o n s i s t s  of 
t h e  mod i f i ca t ion  and expansion of e x i s t i n g  systems t o  m e e t  t h e  inc reas ing  
d a t a  process  jmg workload. 

The o p e r a t i o n a l  d a t a  process ing  equipment w i l l  cont inuous ly  r e q u i r e  
minor redes ign ,  modi f ica t ions ,  and improvements as w e l l  as normal maintenance 
and r e p a i r .  I k i d s  requested i n  FY 1966 w i l l  a l low such modi f ica t ions  and 
improvements, inc luding  a maintenance test labora tory ,  s tandard ized  d i s p l a y  
devices ,  and eva lua to r s  and ana lyze r s  t o  decrease  downtime of p re sen t  equipment. 

S igna l  recovery equipment i s  r equ i r ed  f o r  t h e  process ing  of d a t a  which 
would o therwise  be l o s t  through weak signals. Much of t h i s  d a t a  is obta ined  
when t h e  s p a c e c r a f t  i s  i n  t h e  apogee phase of i t s  o r b i t  and i s s c i e n t i f i c a l l y  
very  important:. With r e c e n t l y  developed signal recovery equipment, t h e  
r e t r i e v a l  process  involv ing  the  reprocess ing  and r e f i n i n g  of d a t a  i s  con- 
s i d e r a b l y  shortened.  Funds reques ted  i n  FY 1966 w i l l  p rovide  e i g h t  Pu l se  
Frequency Modulaltion (PFM) and Pu l se  Code Modulation (PCM) signal recovery 
u n i t s  i n  t h i s  program. 

Spec ia l  purpose d a t a  process ing  and d i s p l a y  equipment is  necessary  f o r  
unusual  o r  unique d a t a  from i n d i v i d u a l  f l i g h t  p r o j e c t s .  
ments vary cons iderably  between f l i g h t  p r o j e c t s  such as Orb i t ing  Astromomical 
Observatory (OACl), Orb i t ing  S o l a r  Observatory (OSO), I n t e r p l a n e t a r y  Molnitor- 
i ng  Probe ( I M P ) ,  and Nimbus, r e s u l t i n g  i n  the  need f o r  s p e c i a l  d a t a  an3 
v ideo  processclrs i n  bo th  FY 1965 and FY 1966. 

The d a t a  r equ i r e -  

The eva lua t ion  of analog t e l eme t ry  t apes  i s  necessary  t o  sort: ou t  im- 
p roper ly  recorded tapes  and t o  monitor ground s t a t i o n  record ing  perfonnance. 
With the  inc reas ing  number of t apes  t o  be eva lua ted ,  p re sen t  equipment and 
f a c i l i t i e s  a r e  inadequate.  Equipment procurement for  t ape  eva lua t ion  vh ich  
w a s  begun i n  F Y  1965 w i l l  cont inue  through FY 1966. 

Inc reases  i n  p ro jec t ed  d a t a  process ing  volumes make h igh  d e n s i t y  : ; torage 
and record ing  e s s e n t i a l  f o r  both economy and a c c e s s i b i l i t y  t o  t h e  d a t a ,  
requested i n  FY 1966 w i l l  provide t h e  necessary  s to rage ,  recording;, mut t i -  
p lex ing ,  and format t ing  equipment. 

Funds 

Support ing Research and Technology 

1906 --- 1964 1965 

New systems.................. $2,610,000 $1,375,000 $3 1 , 5OO,OOO 
I n t e g r a t e d  sys t ems  ana lys i s ,  

Antenna subsystems.. ......... 2,211,000 2,534,000 2,07(i, 000 
Receiver and t r a n s m i t t e r  

3,301,000 2,42O,OOO subsystems............ ..... 2,412,000 
Data handl ing and c o n t r o l  

subsys ................ 1,608,000 2,004,000 2,52'.1,000 
Data proces:sin,g and d i s p l a y  

development, and t e s t  2,446,000 2,9 12,000 3,02~c,000 ...... 

subs ys  t em:;. ............... 778,000 1,060,000 1,240,000 
Spacecraf t  :; u6sys tems.. ...... 825,000 1,49 7,000 1,695~,000 

$14,50(5 000 --- Total...................... $12,890,000 $14,683,000 
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Supporting Research and Technology is the activity whereby the OEfice of 
Tracking and Data Acquisition develops a technology of advanced systems, com- 
ponents and techniques which are then used to implement the various networks 
to meet the requirements of new flight projects, both manned and unmanned. 
Comp1ementar.y spacecraft subsystems are developed as well as new equipment 
for ground instrumentation support. Operation of development sites i:; con- 
ducted so that the performance and reliability characteristics of new com- 
ponents and subsystems are proven before the equipment is committed to the 
network. Supporting Research and Technology effort is also directed ;it re- 
duction of rising operations costs by investigating techniques which lead 
toward eventual station automat ion. 

New Systems 

In FY 1966:, one major project will be completed and two new develop- 
ments initiated,, The Airborne Range and Orbit Determination ( M O D )  s)istem 
which was initiated in FY 1963 will be concluded with the purchase of one 
flight test arid evaluation unit to demonstrate full system capability. 

One new system development to be initiated during FY 1966 is an acquisi- 
tion aid. 
ferometer syst.em and the use of over-the-horizon radar system techniques. 
One of these techniques will be selected for full investigation early in 
FY 1966. 
out of normal tracking and communications occurs. It is imperative to re- 
acquire the spacecraft's signal immediately after this period. 
ment, when developed, will be capable of rapidly providing pointing data for 
the major tracking antenna once the spacecraft comes out of the blackoit. 

Among; the technical approaches to be investigated are an inter- 

During a spacecraft's reentry into the Earth's atmosphere, a black- 

This equip- 

Previous re-entering vehicles were of the Earth orbiting type. Acj a 
result, they had relatively low velocities which produced short blackout 
periods and they had followed simple orbital paths so that their generail 
locations after blackout could be anticipated accurately. This acquis.;tion 
aid equipment is needed for future spacecraft such as Apollo which h a w  long 
blackout periods because of their much higher reentry velocities and which 
have a capabilit,y to maneuver such that their position cannot be extrapolated. 

A second new system development is concerned with spacecraft- to-spacecraft 
communications. As the investigation of space continues, missions sucli as 
Voyager, or lunar and Mars orbiters will be flown which will, in turn, launch 
probes or 1ander:s to examine the surface of the body. Direct communication 
between Earth and the secondary vehicle is not practical, in view of tkle 
distances involved, and the parent spacecraft must act as a relay between 
the two. In F'I 11966, a system development will be undertaken to provide for 
communications between two unmanned spacecraft . 

Ihtegrated Systems Analysis, Development, and Test 

Included in this category is the integration into working systems of 
the components, techniques, and subsystems which are developed under the 
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var ious  d i s c i p l i n e s  of t he  suppor t ing  r e sea rch  and technology progran. Over- 
a l l  problems t h a t  are unique t o  a network r a t h e r  than a s p e c i f i c  d i s c i p l i n e  
a r e  a l s o  incl.udc!d i n  t h i s  e f f o r t .  

One o b j e c t i v e  of t h i s  area of e f f o r t  is  the  continued development of 
techniques needed f o r  f u t u r e  t r ack ing  c a p a b i l i t y .  As t he  exp lo ra t ion  of 
deep space exparids s m a l l  i naccurac i e s  r e s u l t  i n  l a r g e  abso lu te  e r r o r s  a t  
p l ane ta ry  d i s t ances .  For va r ious  i n - f l i g h t  maneuvers of s i n g l e  s p a c e c r a f t ,  
and f o r  rendezvous a s s i s t a n c e  of m u l t i p l e  s p a c e c r a f t ,  t h e s e e r r o r s  must be 
reduced. 

Another o b j e c t i v e  i s  improvement of communications wi th  spacec ra f t  i n  
deep space. Present  c a p a b i l i t i e s  l i m i t  t he  rate of information t ransmiss ion  
t o  e i g h t  b i t s  p e r  second a t  a Mars d i s t a n c e  and, a t  g r e a t e r  d i s t a n c e s ,  t he  
rate is exponent. ially reduced. The requirement f o r  improved systems i s  
imperative.  I n  FY 1966, s t u d i e s  w i l l  be undertaken t o  eva lua te  the  r e l a t i v e  
m e r i t s  and c o s t s  of improvements i n  s e v e r a l  areas such as transmirtter power, 
r ece ive r  s e n s i t i v i t y ,  e t c . ,  which c o n t r i b u t e  t o  the  improvement of t he  space 
instrument.  

Broad i n v e s t i g a t i o n s  are underway t o  analyze and develop c o r r e c t i v e  pro- 
cedures f o r  t he  growing problem of r a d i o  frequency i n t e r f e r e n c e  ( W I )  a t  
t r ack ing  and a c q u i s i t i o n  sites. As t h e  number of spacec ra f t  emi t t i ng  s ig-  
n a l s  i nc reases ,  t he  d i f f i c u l t y  of r ece iv ing  only  t h e  s i g n a l s  from the  lproper 
spacec ra f t  increases .  This  s i t u a t i o n  is f u r t h e r  compounded by t h e  g ro>dng  
amount and complexity of s t a t i o n  equipment of extremely h igh  power whi-h 
a l s o  emits extraneous s i g n a l s  which can i n t e r f e r e  wi th  r ecep t ion  of th13 
des i r ed  signal. The presence of t h i s  RFI is e s p e c i a l l y  severe  aboard in- 
s t rumenta t ion  s h i p s  where even g r e a t e r  concent ra t ion  of equipment exislts. 
I n  FY 1966, t h e  na tu re  and magnitude of t h e  r a d i o  frequency i n t e r f e r e n c e  
problem a t  the  var ious  network f a c i l i t i e s  w i l l  be examined and c o r r e c t i v e  
procedures i n s t i t u t e d .  

Antenna Subsystems 

The antenna subsystems ca tegory  cont inues t o  be one of t h e  most c r i t i c a l  
areas f o r  development. The des ign  and cons t ruc t ion  of a prototype. 210-foot 
diameter antenna, funded from the  FY 1963 Construct ion of Fac i l i t i es  appro- 
p r i a t i o n , w i l l  b e  completed i n  ca lendar  year  1966. A t  p re sen t ,  an anteiina of 
t h i s  diameter appears t o  be as l a r g e  as is economical and p r a c t i c a l  t o  b u i l d  
from a mechanical s tandpoin t .  However, f u t u r e  missions w i l l  undoubted1.y re- 
q u i r e  s t i l l  h igher  ga in  antenna systems. 

In  FY 1966, antenna des ign  concepts,  inc luding  feeds,  s t r u c t u r e s ,  
pedes t a l s ,  se rvo  d r ives ,  and i n t e r f a c e  problems wi th  t h e  b a s i c  foundat ion 
i t s e l f  w i l l  cont inue t o  be i n v e s t i g a t e d  under t h i s  p r o j e c t .  A l l  of t hese  
techniques w i l l  be app l i cab le  t o  t h e  r e a l i z a t i o n  of higher-gain ground 
antenna systems when requi red .  
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Receiver and Transmi t te r  Subsystems 

This  ca tegory  of e f f o r t  inc ludes  development and tes t  of pro to type  
hardware whose performance c h a r a c t e r i s t i c s  r e f l e c t  t h e  requirements dctermined 
by the  i n t e g r a t e d  sys t ems  a n a l y s i s  f o r  more accu ra t e  and r e l i a b l e  t r ack ing  
and da ta  a c q u i s i t i o n  support .  

To a f f o r d  a maximum of f l e x i b i l i t y  t o  the  s p a c e c r a f t  des igner  where 
weight,  s i z e ,  and power are of prime importance, a major e f f o r t  i s  be ing  
made t o  improve  ground r ece iv ing  and t r a n s m i t t i n g  subsystems. This  i s  ac- 
complished by i n v e s t i g a t i n g  modulation techniques which b e t t e r  u t i l i z e  
t r a n s m i t t e r  power, developing components which produce more t r a n s m i t t e r  
power, exploi.:ixig r e s u l t s  of advanced e f f o r t s  which reduce n o i s e  generated 
wi th in  r ece ive r  and p reampl i f i e r s ,  and improving demodulation techniques 
which p e r m i t  b e t t e r  recovery of weak s i g n a l s  from noise .  

A second o b j e c t i v e  i s  t h e  r e a l i z a t i o n  of frequency sources  which are  
s u f f i c i e n t l y  s t a b l e  and r e l i a b l e  under o p e r a t i o n a l  cond i t ions  t o  meet t h e  
support  requirements of prolonged space f l i g h t s .  Because of t he  i n f i n i t e s i -  
m a l  power received from p lane ta ry -d i s  tance t ransmiss ions ,  ground equipnent  
w i th  very narrow bandwidths i s  requi red .  This  minimizes accompanying 
n o i s e  and permits recovery of t he  weak s i g n a l s .  However, t h e  narrow band- 
widths p l ace  s t r i n g e n t  s t a b i l i t y  requirements  on s p a c e c r a f t  frequency 
sources  so  t h a t  t h e  s i g n a l  w i l l  remain w i t h i n  t h e  passband c a p a b i l i t y  Df the  
r ece ive r s .  

Data Handling and Control  Subsystems 

The func t ions  of te lemet ry ,  t r ack ing  and command of spacecraf:t a l l  re- 
q u i r e  the  genera t ion  and handl ing of da t a .  Two aspec t s  of d a t a  handl ing are 
considered under t h i s  category:  t he  development of techniques and equ.lpment 
t o  handle  the  da t a  more a c c u r a t e l y  and more r a p i d l y ,  and d a t a  compress:.on. 

An e f f o r t  s t a r t e d  i n  FY 1965 w i l l  cont inue  on a h igh ly  e f f i c i e n t ,  bu t  
more complex te lemetry system u t i l i z i n g  feedback c o n t r o l  t o  adapt  s p a c e c r a f t  
and ground systems cond i t ions  t o  changing d a t a  needs as they occur ,  A;.so, 
f u r t h e r  develo?ment of the  c o n t r o l  c e n t e r  conceF t us ing  c e n t r a l i z e d  conipu- 
t a t i o n s  w i l l  w n t i n u e  wi th  emphasis on economies i n  ope ra t ions  and recclrding 
and s t o r a g e  f o  c support  of f u t u r e  spacec ra f t .  Development of "quick loclk" 
c a p a b i l i t i e s  f o r  t he  s t a t i o n s  w i l l  a l s o  cont inue.  

Data compression i s  be ing  s tud ied  t o  determine t h e  optimum method t o  
r e a l i z e  the  advantages of t h i s  technique. These advantages included r e -  
duced bandwidt:h wi th  a t t e n d a n t  g r e a t e r  range and decreased d a t a  q u a n t i t i e s  
and accompanyi.ng r educ t ion  i n  c o s t  and time of processing.  

Data Process ing  and Display Subsystems 

The volume of d a t a  r e q u i r i n g  process ing  cont inues  t o  inc rease .  Data 
processing f a c i l i t i e s  w i l l  handle  70,000,000 d a t a  p o i n t s  pe r  day during 
FY 1965 and t h i s  i s  p ro jec t ed  t o  increase t o  200,000,000 d a t a  po in r s  p e r  day 
i n  FY 1966. 
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I n  FY 1.966, e f f o r t  w i l l  be d i r e c t e d  toward bu i ld ing  up the  e x i s t i n g  
te lemet ry  d a t a  r educ t ion  c a p a b i l i t y  t o  match the  inc reas ing  requirements.  
I n  order  t o  I-educe, e f f i c i e n t l y  and r e l i a b l y ,  t h e  tremendous amount of d a t a  
from t h e s e  high d a t a - r a t e  s p a c e c r a f t ,  i t  has become necessary  t o  develop 
s e v e r a l  general. purpose process ing  and reduct ion  l i n e s  capable  oE handl ing 
a v a r i e t y  of p r o j e c t s .  

I n  FY lS166, development and eva lua t ion  of pro to type  hardware f o r  i m -  
provement t o  these  l i n e s  w i l l  cont inue.  I n  add i t ion ,  techniques w i l l  con- 
t i n u e  t o  be developed f o r  recover ing  te lemet ry  s i g n a l s  when cond i t ions  of 
extreme rang,€: reduce t h e  s i g n a l  l e v e l  from a spacec ra f t .  N e w  daca reduct ion  
techniques will .  be  i n v e s t i g a t e d  inc luding  a s tudy  of t r ade -o f f s  between 
var ious  co1icept.s of deep space network ope ra t ions  and d a t a  systerns design 
c h a r a c t e r i s t i . c s  . 

Spacecraf t  Subsystems 

The forthcoming deep space and extended-stay-missions r e q u i r e  high, 
long l i v e d  performance. Therefore ,  t h e  i n t e g r a l  a s soc ia t ed  po r t ion  of t h e  
t r ack ing  and da ta  a c q u i s i t i o n  system which i s  on t h e  s p a c e c r a f t  must a l s o  
have t h e  same q u a l i t y  and r e l i a b l e  performance. The numerous, independent 
mission functiclns performed on the  s p a c e c r a f t  i n  support  of t r ack ing ,  d a t a  
a c q u i s i t i o n ,  ccmmand and communication d i s c i p l i n e s  are i n v e s t i g a t e d  and 
developed unaer t h i s  ca tegory  of e f f o r t .  

I n  FY 1966, e f f o r t s  w i l l  be continued t o  develop second g e n e r a t i m  
s p a c e c r a f t  t ransponders ,  one having a f r a c t i o n  of t h e  weight of t h e  c i r r e n t  
system now requ i r ed  f o r  Ea r th  sa te l l i t es  wi th  h igh ly  e c c e n t r i c  o r b i t s ,  and 
t h e  o t h e r  t o  meet t h e  system performance requirements f o r  p l ane ta ry  missions.  
E f f o r t s  w i l l  a l s o  be continued on t h e  development of a family of s t a n i a r d  
on-board transmitters,  r e c e i v e r s ,  d a t a  handl ing modules, and memory u i i t s .  
Associated i n v e s t i g a t i o n s  w i l l  be  aimed a t  e f f e c t i n g  economies t h r o u g i  on- 
board d a t a  ccmpaction and pre-process ing  e s p e c i a l l y  f o r  s p a c e c r a f t  pr3-  
ducing a large volume of da ta .  Development of a s tandard  and r e i i a b l z  
s p a c e c r a f t  command subsystem f o r  Voyager and subsequent s p a c e c r a f t  w i l l  
cont inue.  Evaluat ion of launch v e h i c l e  te lemet ry  equipment w i l l  cont inue,  
inc luding  techniques f o r  on-board d a t a  s to rage ,  p r i n c i p a l l y  i n  suppor t  of t h e  
Sa turn  program. 
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RESEARCH ANT) DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ASSIfZANT ADMINISTRATOR 
FOR TECHNOLOGY-UTI LIZATION 

PROGRAM OBJECTIBS AND JUSTIFICATION: 

TECHNOLOGY UTILIZATION PRCGRAM 

The primary objective of the Technology Utilization Program is to pro- 

The NASA program 
vide for the widest practical and appropriate dissemination to industr) of 
information coi1cerning NASA activities and their results. 
offers U. S. i3dustry unique opportunities to improve existing industrial 
techniques and to develop new products and methods. It is the purpose of 
Technology Utilization to assist in identifying quickly these many opportuni- 
ties and to insure their expeditious dissemination for the benefit of American 
industry, and ultimately the individual U. S. citizen. Technology Uti'iza- 
tion also includes projects to study and evaluate those factors which will 
improve our understanding of the implications of the space program. 

SUMMARY OF RESOURCES REQUIREMENTS: 

1964 1965 

Identification: Technology 

Evaluation of innovations..... 580,000 7 00,000 
Reg iona 1 in format ion di s semi - 
Analysis of technology transfer; 

searches and surveys.. ...... $1,090,000 $1 , 300,000 

nation projects.. ........... 950,000 1,850,000 

research and development 
management ; the long range 
implications of the space 
program.. ..................... 880,000 900,000 

Total.... ..................... $3.500.000 $4.750.000 

Distributicxof Propram Amount by Installation: 

NASA Headquarters. .......... $3,500,000 $4,750,000 

BASIS OF FUND-REQUIREMENTS: 

One of the important elements of the technology utilization 

1066 -- 

$1,400,000 
700,000 

1,900,000 

1,c~oo,ooo 

- %loo, 000 

$5,000,000 

progmm is 
the identification and reporting of new technology resulting from NASA activi- 
ties. This is accomplished primarily by NASA personnel but in certain circum- 
stances by specialists from research institutes, universities and industry. 
The identification and reporting of new technology also includes a state-of- 
the-art survey effort. This effort is organized around broad scientiEic 
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areas and disciplines. Surveys are now underway in a number of fields includ- 
ing inorganic coatings, tape recording and data processing, microelectronics, 
antennas, and membrane phenomena. To evaluate reported innovations for origi- 
nality and poten.tia1 value to industrial users, the technology utilization 
program utilizes the services of a number of industrial research institutions. 
Cmercially ori.ented reports of these developments are then prepared and 
published in i i  number of formats. 
tion efforts trill be pursued at about the same levels as FY 1965. 

In FY 1966 the identification and evalua- 

In addit:ion to the normal method of dissemination via libraries and 
mailing lists, seven pilot projects in regional information dissemination 
are being supported. These dissemination centers, in most instances, are 
operated by universities. Center personnel review, interpret and conlrert 
new technology 'to the industrial needs of participating organizations. Using 
the latest NASA capabilities (printed index journals, microfiche, computer 
tapes and programs, etc.) these centers provide pertinent technological 
information on a selective basis to industrial users. The Midwest Research 
Institute (MRI) pilot project was initiated in early FY 1962. MRI has 
employed a broad approach to dissemination serving more than 1000 firms. 
From this experience, MRI is now developing more intensive working re-ation- 
ships with selected firms using back-up cornputer support from the Aerospace 
Research Applications Center (ARAC) at Indiana University, The Aerosvace 
Research Applications Center is now nearing the end of its second yea.: of 
operation. This center charges companies a membership fee for the senices 
the center offers. The three primary services are the Retrospective search 
Service, the Selective Dissemination Service, and the Industrial Appllcations 
Service. All but two of the original 29 member cwpanies have renewe3 their 
memberships and the center has considerably expanded its enrollment in the 
second year. Emring M 1964, five centers in addition to MRI and ARAC were 
established. Ihese are at Wayne State University (Detroit), the University 
of Pittsburgh, University of Maryland, the North Carolina Science and 
Technology Research Center and Southeastern State College (Duranr , Oklahoma). 
All seven centers are pilot programs designed to implement those elements 
appropriate t o  the industrial needs of their respective areas. In addition 
to these seven centers, it is planned that several new pilot programs will 
be started with FY 1966 funds. 

Beginning in fiscal years 1962 and 1963, a number of universities 
received grants for research in the management of research and development. 
At the Univemity of California (Berkeley) an attempt is underway to estab- 
lish a compri.:er simulation of the process of scientific inquiry incltlding 
literature search, information retrieval and analogous reasoning. At the 
Massachusetts 'Institute of Technology studies on complex problem sollhg, 
interpersonal conflict, multiple task assignments and decision makinj; have 
been initiated. Other studies underway include research in contract~ng 
systems and procedures, project management, cost estimation and budgeting. 

The impact of the space program upon the national economy partixlarly 
with respect to its effect upon the different geographic, industrial and civil- 
ian sectors of the economy; upon national economic growth; and cpon the alloca- 
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tion of scient:ific and engineering manpower has been studied within the 
Technology Utilization Program. A study recently started at  the University 
of California (IAX Angeles) is attempting to analyze the shifting geographic 
patterns of primary first-tier and second-tier contracting. 
funded at Washington University (St. Louis) attempts to anaiyze the national 
impact of alternative assumptions concerning the level and composition of 
governmental spending streams with particular emphasis being laid upon the 
nature of the expenditures. 

Another study 

NASA expcmditures have had a major impact on the economy of the Cape 
Kennedy area, especially on the functioning and development of local eovern- 
mental units, school boards, planning boards, and utility services. I'his 
impact is being studied in both an empirical and a qualitative sense t o  learn 
the types anti mingnitude of the problems created by the space center btild-up. 
In another ca~e, NASA expenditures have stimulated rapid growth of a major 
scientific laboratory in Boulder, Colorado. Many changes in the econ<rmic 
base of the cmnunity, population, and local attitudes have resulted. A 
study now underjray at the University of Colorado will analyze these changes 
in considerable depth throughout the comunity. 

It is to be emphasized that the Technology Utilization Program a!: its 
present stage is still very much an experimental program. 
therefore, call for careful review of every phase of the present Technology 
Utilization Program in order t o  determine the effectiveness of t h e  current 
approaches which are being pursued. Future plans also call for feasi'iility 
studies of the numerous additional ideas generated by the Program, id?as 
which offer promising new avenues whereby new science and technology aanat- 
ing from the space program can be more readily transferred to the non-space 
community . 

Future plans, 
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