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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENERAL STATEPENT 

The National Aeronautics and Space Adminis t ra t ion  program of reseitrch and 
development anld suppor t ing  a c t i v i t i e s  is  d i r e c t e d  toward main ta in ing  t h e  
United States i n  a p o s i t i o n  of world l e a d e r s h i p  i n  a e r o n a u t i c s  and s])ace. 
The major programs f o r  achiev ing  t h i s  o b j e c t i v e  are: 

---- MANNED SPACE FLIGHT: A program f o r  t h e  development of a capabi.lil:y f o r  
peace fu l  manned space  ope ra t ions  and t h e  u t i l i z a t i o n  of t h a t  capa l i i l i t y  
f o r  e a r t h  o r b i t  and l u n a r  miss ions .  

---- SPACE SCIENCE AND APPLICATIONS: An unmanned space  f l i g h t  program 
d i r e c t e d  toward s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  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 t h e  development of 
technology ,and s p a c e c r a f t  systems which can b e  u t i l i z e d  f o r  
meteorology, communications and geode t i c  and e a r t h  r e sources  
observation:;. 

---- ADVANCED RESEARCH AND TECHNOLOGY: 
fundamental knowledge and t h e  t echno log ica l  base f o r  f u t u r e  ateronitutics 

An e f f o r t  r equ i r ed  t o  provide t h e  

and space  programs. 

---- TRACKING AN;D DATA ACQUISITION: 
suppor t  t h e  NASA manned and unmanned f l i g h t  programs. 

The worldwide a c t i v i t y  r equ i r ed  t o  

MANNED SPACE FLIGHT --- 
The l a r g e s t  p o r t i o n  of t h e  budget r eques t ,  a l though s u b s t a n t i a l l y  less 

than i n  prev ious  f i s c a l  y e a r s ,  cont inues  t o  b e  i n  suppor t  of t h e  Maniied 
Space F l i g h t  a c t i v i t i e s .  The h i s t o r i c  f l i g h t  of Apollo 11, on J u l y  :!O, 
1969, aecompli!;hed t h e  n a t i o n a l  g o a l  of l and ing  men on t h e  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 .  Having m e t  i t s  i n i t i a l  o b j e c t i v e ,  tlie 
program continued wi th  Apollo 1 2  i n  November 1369 i n  i ts  q u e s t  t o  exliand 
man's knowledge, n o t  on ly  of t h e  moon, bu t  through a s tudy  of t h , e  moon, of 
t h e  e a r t h ,  t h e  sun, and t h e  s o l a r  system. Seven more Apollo larnding:; are 
p r e s e n t l y  scheduled, two i n  1970, two i n  1971, one i n  1972, and two :i.n 1974. 
Modification o E b a s i c  Apollo procured hardware is planned t o  pralvl.de g r e a t e r  
s c i e n t i f i c  r e t u r n  through improved experiment payloads,  l onge r  stay-i:imes, 
and inereasled mob i l i t y  wh i l e  on t h e  lunar s u r f a c e .  

The Space F l i g h t  Operations program focuses  on t h e  development of f u t u r e  
space systems for conducting manned miss ions  i n  nea r  e a r t h  o r b i t  supl 'ort ing 
a v a r i e t y  O E  experiments and o t h e r  ac t iv i t i e s  i n  space.  
Operations program miss ions  w i l l  commence w i t h  t h e  Apollo Applicatioiis  
Sa tu rn  'Workshop launch scheduled f o r  1972. This is t o  b e  t h e  pxecur!;or t o  a 
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space s t a t i o n  and w i l l  i n v e s t i g a t e  new t echno log ica l  concepts ,  c0nduc.t 
experiments,  and develop o p e r a t i o n a l  techniques a p p l i c a b l e  t o  the  S t a t i o n .  
The f l i g h t  ;program f o r  Apollo Appl ica t ions  c o n s i s t s  of t h e  fol lowing b a s i c  
missions: (1) i n i t i a l  launch of t h e  Sa turn  Workshop i n t o  o r b i t  on tlie f i r s t  
two s t a g e s  of ,a Saturn  V; (2)  a c t i v a t i o n  of t h e  Workshop and Apollo Il'elescope 
Mount (ATM) by t h e  f i r s t  f l i g h t  crew launched t o  o r b i t  i n  a modified Apollo 
Command and Serv ice  Module on a Sa turn  I B ;  (3)  rev is i t  and react ivat i , .on of 
t h e  Workshop f o r  up t o  56 days; and ( 4 )  a second r e v i s i t  a l s o  las t ing ,  as 
long as 56 day:;. 
of t h e  s t a t i o n  module and experiment d e f i n i t i o n  s t u d i e s  now underway and on 
i n i t i a l  s t a t i o n  design.  D e f i n i t i o n  and pre l iminary  des ign  of a recoirerable 
and reuseable  ,Space S h u t t l e  t o  reduce t h e  c o s t  of space a c t i v i t i e s  arid pro- 
v ide  convenient and economical t r a n s p o r t a t i o n  t o  and from ear th-orb i l .  is  
a l s o  proposed i n  t h i s  budget. 

The space s t a t i o n  e f f o r t  w i l l  concen t r a t e  on complt!tion 

I n  t h e  a r e a  of advanced missions,  s t u d i e s  t o  examine manned space f l i g h t  
program concepts and t h e  requirements  f o r  f u t u r e  systems w i l l  be continued. 
The a i m  of t h i s  e f f o r t  is  t o  provide  t h e  t e c h n i c a l  information upon which 
t o  base  f u t u r e  program dec is ions .  

SPACE SCIENCE -- AND APPLICATIONS 

The M 1 ' 3 7 1  Research and Development budget provides  f o r  t h e  exparision of 
an  a p p l i c a t i o n s  program which permi ts  t he  u t i l i z a t i o n  of space technology 
f o r  t h e  p rac t i l=a l  b e n e f i t  of man and t h e  con t inua t ion  of a space scitmce 
program des.igned t o  i n c r e a s e  human knowledge through space research .  

The 8expanded a p p l i c a t i o n s  program inc ludes  r e sea rch  on Meteorological  
phenomena and t h e i r  p r e d i c t i o n ,  u t i l i z i n g  T i ros ,  Nimbus, and Synchrorious 
Meteorological  S a t e l l i t e s  i n  a d d i t i o n  t o  Sounding Rocket probes. 

Application:; Technology Sa te l l i t es  are being used t o  demonstrate  imd tes t  
techniques i n  communications, naviga t ion ,  and a i r  t r a f f i c  con t ro l .  

The Earth Riesources Survey a c t i v i t y  w i l l  u t i l i z e  a i r c r a f t  and satc!llites 
t o  test  senso r s  and techniques f o r  i nc reas ing  our  knowledge of t h e  e l i r th ' s  
n a t u r a l  res13urces. 

Measuremlent:;, on a g loba l  b a s i s ,  of t h e  s i z e  and shape of the  e a r t h  and i t s  
feature .s  w i l l  'continue us ing  Geodetic satellites. 

I n  a d d i t i o n ,  s t u d i e s  w i l l  be  i n i t i a t e d  i n  FY 1971 t o  (1) determint! t he  
proper  p ro jec t  approach f o r  U. S .  p a r t i c i p a t i o n  i n  t h e  Global Atmosplieric 
Research Program (GAW) - a worldwide, i n t e r n a t i o n a l  program d i r ec t e t l  
toward obta in ing  d a t a  f o r  i n c r e a s i n g  our  understanding of t h e  general. cir-  
c u l a t i o n  of thl2 atmosphere and a i d i n g  i n  long-range weather p r e d i c t i o n ,  and 
(2)  s tudy and des ign  of a s p a c e c r a f t  system wi th  t h e  c a p a b i l i t y  of improving 
naviga t ion  and t r a f f i c  c o n t r o l  s e r v i c e s  t o  s h i p s  and a i r c r a f t  f xom over-ocean. 
areas. 



The s c i e n t i f i c  program encompassed w i t h i n  t h i s  a c t i v i t y  is l a r g e l y  geared 
t o  extending man's knowledge of  t h e  s o l a r  system and t h e  phys ica l  phenomena 
and in te rac t : ions  between and among t h e  components of t h i s  system, I n .  
a d d i t i o n ,  i n v e s t i g a t i o n s  r e l a t i n g  t o  our  galaxy and o t h e r  stars, g a l a x i e s  and 
nebulae are conducted. 

I n v e s t i g a t i o n s  of phenomena a s s o c i a t e d  with t h e  e a r t h  and i ts  i n t e r a c t i o n  
wi th  its environment w i l l  be  cont inued using: Geophysical Observa tor ies  
a l r eady  a l o f t ,  a series of small special  purpose e x p l o r e r s ,  a i r c r a f t ,  
ba l loons ,  arid sounding rocke t s .  So la r  s t u d i e s  w i l l  cont inue w i t h  addl i t ional  
S o l a r  Observa tor ies ,  

The exp lo ra t ion  of t h e  p l a n e t s  w i l l  be  extended wi th  t h e  launch of two 
Mars o r b i t i n g  s p a c e c r a f t  i n  1971, J u p i t e r  probes i n  1972 and 1973, a Venus/ 
Mercury f lyby fin 1973, and two combined Orbiter-Lander systems (Viking) t o  
Mars i n  1975. 

Inves tiga':ions of phenomena occurr ing  beyond t h e  s o l a r  system w i l l  cont inue  
u t i l i z i n g  A$j tronomical Observator ies  and e x p l o r e r s ,  sounding r o c k e t s ,  air-  
c r a f t  , and ground based observa t ions .  

Fund:; are  a:Lso included f o r  a d d i t i o n a l  s c i e n t i f i c  planning of Puneir 
missions and bfiological s t u d i e s  and f o r  a n a l y s i s  of d a t a  r e tu rned  frclm 
previous flfighcs . 
ADVANCED RES'EAIXH AND TECHNOLOGY 

The Advanced Research and Technology e f f o r t  is  a cont inuing  program aimed 
a t  providing t h e  e s s e n t i a l  t echno log ica l  base  f o r  s i g n i f i c a n t  f u t u r e  aero- 
space mis s ioas ,  such as Space S h u t t l e  and Space S t a t i o n .  This e f f o r t  covers  
t h e  spectrum oE a c t i v i t y  from b a s i c  r e sea rch  t o  improve our  fundamental 
s c i e n t i f i c  knowledge, through app l i ed  technology t o  improve our  pract  ical  
c a p a b i l i t y  E D r  developing advanced systems a p p l i c a b l e  t o  both space zmd 
a e r o n a u t i c a l  a c t i v i t y .  The s p e c i f i c  areas of e f f o r t  i n  t h e  program i r e  Basic  
Researci, Space Vehicle Systems, E l e c t r o n i c s  Systems, Human Fac tor  S j s t e m s ,  
Space Power and E l e c t r i c  Propuls ion  Sys tems, Nuclear Rockets,  C h e m i c a l  
Propuls ion ,and Aeronaut ical  Vehicles .  During FY 1971, s p e c i f i c a t i o n s  f o r  all .  
of t h e  nuclear  powered r o c k e t  engine components w i l l  be  completed ancl t h e  
pre l iminary  design review of t h e  engine system and components w i l l  bt: 
conducted. The ae ronau t i c s  program inc ludes  increased  emphasis on a i r c r a f t  
n o i s e  reduct ion ,  f l i g h t  tes t  of V/STOL concepts ,  and a broad range oj' 
a p p l i c a b l e  research of importance t o  t h e  n a t i o n ' s  p o s i t i o n  of leadert ihip i n  
ae ronau t i c s .  

TRACKING AN:D DATA ACQUISITION 

The o b j e c t i v e  of t h e  Tracking and Data Acquis i t ion  Program is t o  1)rovide 
t h e  ground support  requi red  by t h e  NASA space f l i g h t  programs. A s  tlte 
d i r e c t i o n  of t h e  program has  evolved from one of implementing a globill  
support  c a p a b i l i t y  t o  one p r imar i ly  of main ta in ing  and ope ra t ing  thi:; world- 
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wide capabi I . i ty ,  r e c e n t  budget r e q u e s t s  have r e f l e c t e d  t h e  o p e r a t i o n a l  na tu re  
of t h e  program. Support of t h e  Apollo missions w i l l  cont inue  during FY 1971 
a t  a reduced l e v e l .  
i nc rease  conipared t o  t h e  c u r r e n t  y e a r ' s  l e v e l  i n  p repa ra t ion  f o r  t h e  ,workload 
i n  t h e  e a r l y  t o  mid seventies. 

A c t i v i t y  i n  suppor t  o f  t h e  p l ane ta ry  prograin w i l l  

Funds i n  IT 1971 f o r  replacement and improvement of equipment and f o r  
f a c i l i t y  maintenance w i l l  remain a t  a cons t r a ined  level t o  provide t h e  on- 
going network support  r equ i r ed  f o r  prev ious ly  approved p r o j e c t s .  The major 
augmentation i n  FY 1971 is f o r  t h e  c a p a b i l i t y  r equ i r ed  t o  suppor t  the  
approved p1;tnet:ary program i n  t h e  1971 - 1975 per iod.  
and Techno1oi:y e f f o r t  w i l l  cont inue  a t  a cons t ra ined  l e v e l  b u t  w i l l  inc lude  
a small incxeaae f o r  s t u d i e s  on t h e  Tracking Data Relay S a t e l l i t e  System 
(TDRSS) and on X-band telecommunications techniques.  

The Supporting Research 

SUSTAINING IRJIVERSITY PROGRAM -- 
The Susto;.nj.ng Un ive r s i ty  Program has brought t h e  educa t iona l  comrriunity 

i n t o  t h e  spaice program through new l abora to ry  f a c i l i t i e s ,  t r a i n i n g  of h ighly  
capable  i n d i v i d u a l s  , and the  ca r ry ing  out  of m u l t i d i s c i p l i n a r y  research  which 
has made unique c o n t r i b u t i o n s  t o  space a c t i v i t i e s .  This involvement w i l l  
now be phased ou t  i n  an o r d e r l y  manner, and u n i v e r s i t y  p a r t i c i p a t i o n  w i l l  be  
p r imar i ly  devoted t o  p r o j e c t  o r i e n t e d  e f f o r t s .  

TECHNOLOGY 1J'.CII,IZATION --- 
The Technology U t i l i z a t i o n  program provides  f o r  exped i t ious  publ ic  

a v a i l a b i l i t y  of s c i e n t i f i c ,  t echno log ica l  and engineer ing  information, and 
concepts  which r e s u l t  from NASA programs. This promotes a maximum r e t u r n  
from p u b l i c  :investment i n  NASA's r e sea rch  and development t o  t h e  non- aerospac'e 
s e c t o r  of t h e  economy as w e l l  as b e n e f i t i n g  t h e  aerospace indus t ry .  To 
a s s u r e  f u l f i l l m e n t  of t h i s  o b j e c t i v e ,  t h e  program provides  f o r  e s t a b l i s h i n g  
e f f e c t i v e  rnachmisms f o r :  (a) a s s u r i n g  t h a t  a l l  new knowledge is  i d e n t i f i e d ,  
c o l l e c t e d  and eva lua ted ,  and (b) announcing and d isseminat ing  t h i s  nc'w 
knowledge t o  a s s u r e  i t s  wide a p p l i c a t i o n  and u t i l i z a t i o n .  

FINANCING - 

The FY 1971 Research and Development program p lan  d iscussed  i n  t h i s  budget. 
t o t a l s  $2,606,:LOO,OOO, a r educ t ion  of $507,665,000 below the  FY 1970 program 
of $3,1:L3,76 5,000. 

Research anti Development expendi tures  f o r  t h e  c u r r e n t  f i s c a l  year  are 
es t imated  ai: $~3,150,000,000 and a t  $2,638,000,000 f o r  FY 1971, a r educ t ion  
of $512,000,1300. 



NATIONAL AERONAUTICS AM) SPACE ADMINISTRATION 

FISCAL YEAR 1971 ESTINATES 

SLJIIMARY OF --- RESEARCH AND DEVELOZMENT BUDGET PLAN BY PROGWI BY C O G N 1 Z M T  ----. OFFICE 

BUDGET F i s c a l  Year F i s c a l  Year F isca l  Year 
1971 __---_ ACTIVITY OI'FIC:E/PROGRAM 1969 1970 - --- 

---- MANNED SE'ACE: FLIGHT.. ..... $2,177,500,000 $2,031,745,000 $1,474,200 ,E- 
l a  Apollo . ................ 2 . 025,000,000 1 . 686 . 145,000 956 , 500 , 000 
Ib&c Space f l i g h t  ope ra t ions  ., 150,000,000 343,100,000** 515,200,000 
Id  Advanced niissions ........ 2,500,000 2,500,000 2,500,000 

SPACli SC1:ISNCE AND ----- .......... 519,718,000 --- 5651 , 700,000; APPLICILTIONS.. 453,238,000 ----- 
2a Physics and astronomy.. . 128,850,000 111 , 835,000 lltl  000 , OOCl 

2c Bicxcience. ............. 37,900,000 19,670,000 1;' ,900,000 

procu cement. .......... 99,900,000 108,800,000 12~l,900,000 

2b Lunar and p l a n e t a r y  
exp1orar:ion. .......... 87,923,000 151,013,000 144' 900 , 000 

3 Space app:Lications.. .... 98,665,000 128,400,000 16 i' ,000 000 
* Launch v e h i c l e  

UNIVERS1:CY AFFAIRS ---- 
6b Sus ta i i i ing  u n i v e r s i t y  

--_. ............. p r o g r m . .  9,000,000 7 Y 000 Y 000 __- --_. 

N>VNgCED USEARCH AND ---- 
TECHNOIAG'I .............. 278,220,000 272,302,000 2611., 200,000 ----- 

4 &5 
4 
4645 
4 &.5 
4 &5 

4 
4 
5 

Basic r e sea rch . .  ........ 
Space veh.icle s y s t e m s . .  . 
E l e c t r o n i c s  systems..  ... 
Human Eac t o r  systems.. .. 
Space p o w e r  and e l e c t r i c  

propiils ion systems. ... 
Huclear rocke t s . . . . . . . . .  

Ae ronaJ t i ca l  v e h i c l e s . .  . Chemical propulsion. .... 

20,220,000 
31,349,000 
34,460,000 
19,402,000 

38,787,000 
33 , 502,000 
25,752,000 
74,748,000 

18,902,000 
30,670,000 
33,500,000 
21,9OO,OOO 

34,450,000 
36,500,000 
20 , 480,000 
75,900,000 

1 7 '  ,600,000 
3(1 , 000 ,000 
2 2  ,400 ,000 
1;',900,000 

3(1 900 ,000 
3i5,OOO ,000 
20 ,300 ,000 
8.4' ,100 , 000 

6a TRACKING AND DATA ----- 
2913 ,000 ,ooC!- ............. 279,672 , 000 278,000,000 

6c TECHNOLOGY UTILIZATION. .  .. 3,800,000 5,000,000 ' I  ,000 ,000 _ _  ---- 
TOTAL BUDGET PLAN.. ..... $3,201,430,000 $3,113,765,000 ~~2 ,60~~ ,100 ,000  __ ---__-- 

*Funds f o r  t h e  procurement of launch v e h i c l e s  are s t a t i s t i c a l l y  d i s t r i b u t e d  t.o 
unmanned f l i g h t  programs (e .g . ,  Phys ics  and Astronomy, Space Vehicll? Systems). 

**Includes a p p l i c a t i o n  of $117,473,000 which w a s  r e se rved  from apportionment i n  
1969 pursuant  t o  t h e  Revenue and Expenditure Cont ro l  A c t  of 1968 (Piib. L .  90- 
364, 8 2  S t a t .  251). 



8ATIONAL AERONAUTICS AND SPACE ADMINISTRATIOI~ 

FISCAL YEAR 1971 ESTIMATES 

KESEARCH AND DEVELOPHENT BUDGET PLAN FOR 

MNINE,D SPACE FLIGHT PROGRAMS 

Program 
Fisca l  Year F i s c a l  Year F i s c a l  Year 

1 9 7 1  ____-_ 1969 1970 

Apollo ..................... $2,025,000,000 $1,686,145,000 $956,500,000 

Space f l i .ght opera t ions .  ... 150,000,000 343,100 ,000 * S1.5 ,2 00 , 0 00 

......... 2,500,000 2,500,000 2 9 500,000- Advanced missions. _. 

Tota l . . . . . .  ............... $2,177,500,000 $2,031,745,000 $1,474,200,000 - - ------ - 

* Includes $1.:17:,473,000 of FY I969 funds appl ied  to FY 1970 budget p lan .  

HSF 1 





RESEAP,CH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE O F  MANNEE SPACE FLIGHT --- 
PROGRAM OBJECTIVES AND JUSTIFICATION -- - : 

_-̂ - 

Having, accomplished the  n a t i o n a l  goa l  of landing  man on t h e  mom and re- 
tu rn ing  him s a f e l y  t o  t h e  e a r t h ,  Apollo cont inues  t o  expand man's knowledge, 
no t  only of t h e  moon, b u t  through s tudy  of t h e  moon t o  b e t t e r  understand the  
e a r t h ,  sun, arid s o l a r  system. The moon is a most unique l abora to ry .  It i s  
the  only p l a n e t a r y  body, o t h e r  than t h e  e a r t h ,  which man can inves t . iga te  and 
study i n  d e t a i l .  
prehension of' t h e  e a r t h ,  and t h e  processes  t h a t  a f f e c t e d  t h e  development 
of our pl-anet:., 
i n d i c a t i o n  t h a t  i t  was n o t  fornied through t e a r i n g  away of a p o r t i o n  of 
t h e  e a r t h ,  bu t  r a t h e r  had i t s  own i n d i v i d u a l  development. By possess ing  
d e t a i l e d  info.rmation from two d i f f e r e n t  and appa ren t ly  independently formed 
p lane ta ry  bodies  , s c i e n t i s t s  can now develop an inc reased  unders tandirlg of 
t h e  o t h e r  p l a n e t s  i n  t h e  s o l a r  system. 

It thus  provides  a comparative b a s i s  f o r  a g r e a t e r  com- 

The moon's va lue  t o  man f u r t h e r  increases wi th  the  growing 

Apollo 11 and 1 2  have d iscovered  t h a t  t h e  moon can be  a most remarkable 
ch ron ic l e  of the e a r l y  yea r s  of t h e  s o l a r  system and a record  of events  s i n c e  
t h a t  per iod .  Nearly a l l  rocks found on t h e  e a r t h  f a l l  w i t h i n  t h e  age range 
of a few mi1:LLoii yea r s  t o  500 m i l l i o n  yea r s ,  wi th  t h e  o l d e s t  being abclut 
3.5 b i l l i o n  p a r s .  The l u n a r  d u s t  found a t  T r a n q u i l i t y  Base was datec. as being 
4 . 6  b i l l i o n  y?a'rs old.  The meaning of t h i s  very o l d  age i s  n o t  c l e a r  a t  t h i s  
t i m e  and f u r t n e r  work i s  cont inuing .  The c r y s t a l l i n e  rocks r e tu rned  Ely the  
Apollo 11 a s t r o n a u t s  were formed approximately 3.7 b i l l i o n  yea r s  ago Eiy some 
vo lcan ic  event .  A pre l imina ry  d a t i n g  of t h e  rocks from t h e  Ocean of ! ; t oms  
s i te  of Apollo 12 i n d i c a t e s  t h a t  t h e s e  may have been formed one b i l l i o n  yea r s  
a f t e r  those  i n  the  Sea of T r a n q u i l i t y .  Both t h e  Apollo 11 and 1 2  lantlings 
were made a t  sites i n  t h e  l u n a r  maria which are c h a r a c t e r i z e d  by t h e i r  f l a t -  
ness and a l a c k  of rough s u r f a c e  f e a t u r e s  such as mountains o r  major #:raters. 
Nany now b e l i e v e ,  based on t h e  a n a l y s i s  of Apollo samples, t h a t  t h e  m i l r i a  
were formed by t h e  f lood ing  and cool ing  of a v a s t  sea of lava. F'uturr! Apollo 
miss ions ,  beginning wi th  Apollo 13,  w i l l  i nc lude  h ighland  areas of thr! moon, 
which are be l i eved  t o  be o l d e r  than  t h e  maria and where rocks d a t i n g  1)ack t o  
the  very beginning of t h e  moon may be discovered. 

The moon appears t o  have preserved  t h e  h i s t o r y  of i t s  p a s t  s i n c e  it:$ very  
beginning, w h i l e  on e a r t h  cont inuing  geo log ica l  phenomena combined wPth changes 
i n  c l ima te  and t h e  b i o l o g i c a l  processes  have o b l i t e r a t e d  much of the  ' e a r th ' s  
e a r l y  h i s t o r y ,  and a l l  of t he  f i r s t  b i l l i o n  yea r s .  



Another discovery r e s u l t i n g  from t h e  a n a l y s i s  of t h e  Apollo 11 rock:; i s  
t h a t  t h e  moon, l ack ing  an atmosphere, has  been d i r e c t l y  exposed throug'i t he  
eons t o  s o l a r  r a d i a t i o n ,  and has  preserved  the  h i s t o r y  of t h a t  r a d i a t i l m  
i n  its su r face  materials. By ana lyz ing  samples of t h e  l u n a r  s u r f a c e  aiid sub- 
s u r f a c e ,  sc ien t i s t s  b e l i e v e  a record  of t h e  s u n ' s  ac t iv i ty  over hundreiis of 
m i l l i o n s  of y e a r s  can be developed, and man may be a b l e  t o  c o r r e l a t e  tiie 
onse t  of ice  zges o r  pe r iods  of n e a r  t r o p i c a l  warmth wi th  changes i n  solar 
a c t i v i t y .  The most r e c e n t  i c e  age covering the  no r the rn  United S t a t e s  w a s  
less than 15,CiOO years ago, and s i g n i f i c a n t  c l i m a t i c  changes have occurred  
i n  t h i s  millernium. From a s tudy  of l u n a r  rocks,  we may be a b l e  t o  a s s o c i a t e  
p a t t e r n s  of s o l a r  a c t i v i t y  wi th  these  major c y c l i c  changes i n  the  eartli's 
c l imate .  

The d e n s i t y  o f  t h e  s u r f a c e  material r e tu rned  from T r a n q u i l i t y  13ase is 
approximately t h e  s a m e  as t h e  d e n s i t y  p o s t u l a t e d  f o r  t he  e n t i r e  m a s s  oE 
t he  moon. T h i s  is q u i t e  d i f f e r e n t  from t h e  d e n s i t y  d i s t r i b u t i o n  on e a r t h ,  
where su r face  rocks are about fou r  t i m e s  less heavy than the  material i n  
t h e  c e n t e r .  The r e l a t i o n s h i p  of t h i s  f i n d i n g  wi th  t h e  n a t u r e  of ithe 
i n t e r n a l  struc:tu.re of t h e  moon is  under review. Other s u r p r i s i n g  d a t a  
bea r ing  crn t h e  i n t e r n a l  s t r u c t u r e  of t h e  moon inc ludes  t h e  se i smic  s i g n a l s ,  
as recorded hjr  t he  Apollo 1 2  seismometer, t h a t  r e s u l t e d  from t h e  impact 
of t h e  Lunar l iolule  a scen t  s t a g e  45 m i l e s  from the  landing  p o i n t .  The 
v i b r a t i o n  frclni t h i s  impact l a s t e d  n e a r l y  50 minutes,  and took almost 
seven minutes. t o  b u i l d  i n  i n t e n s i t y .  The i m p l i c a t i o n s  of t h i s  f i nd ing  are 
s t i l l  uncler st:uc[y, and t h e  phenomenon w i l l  be  sub jec t ed  t o  f u r t h e r  a n a l y s i s  
when t h e  t h i r d  s t a g e  of t h e  Apollo 13  launch v e h i c l e  is  impacted onto  t h e  
moon i n  fipril., 

S c i e n t i s t s  s tudying  t h e  Apol.10 s u r f a c e  samples have r epor t ed  d i scove r ing  
t h r e e  new minera ls ,  unknown on e a r t h .  Very small amounts of the  elements 
copper, s i l v e r  and gold have a l s o  been r epor t ed  as w e l l  as very  small 
rub ie s .  Although i t  is h igh ly  u n l i k e l y  t h a t  e x p l o i t a t i o n  of such va luab le  
resources  w i l l  t ake  p l a c e  i n  t h e  nea r  f u t u r e ,  t h e i r  d i scovery  t e l l s  us 
much about t he  composition and e v o l u t i o n  of t h e  l u n a r  material ., 

There has  been some s c i e n t i f i c  t h e o r i z a t i o n  t h a t  new " n a t u r a l l y  
occurr ing"  el-ements may be d iscovered  on t h e  moon. These elements,  t h e  
product of f i s s i o n ,  would possess  very  heavy atomic weights .  Another 
i n t e r e s t i n g  f:inding w a s  t h e  h igh  concen t r a t ion  of t i t an ium and o t h e r  
r e f r a c t o r y  el,r?ments, and t h e  r e l a t i v e  d e p l e t i o n  of v o l a t i l e  elements 
such as :Lead and bismuth i n  comparison t o  e a r t h  rocks .  No evidence of 
s u r f a c e  water having ever been p r e s e n t  a t  T r a n q u i l i t y  Base w a s  de t ec t ed .  
The s u r f a c e  o E  t he  moon a l s o  appears  t o  con ta in  a s i g n i f i c a n t  amount clf 
material bel?ieved t o  have come from a p a r t i c u l a r  type  of me teo r i t e  c a l l e d  
carbonaceous chondr i t e  . These m e t e o r i t e s  are extremely rare on e a r t h ,  
and are Lmpoirtant f o r  t h e i r  h igh  concen t r a t ion  of carbon. Carbon molecules 
form t h e  underlying b a s i s  f o r  a l l  l i v i n g  organisms on e a r t h ,  and the  :,tructure! 
and arrangement of carbon molecules i n  n o n t e r r e s t r i a l  material  1s of preat 
i n t e r e s t  . 
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During qua ran t ine ,  terrestrial p l a n t s  and animals were exposed t o  the  l u n a r  
samples t o  observe any e f f e c t s .  An unexpected r e s u l t  w a s  t h a t  some t e r r e s t r i . a l  
p l a n t s  t h r ived  on a n u t r i e n t  enr iched  wi th  l u n a r  s o i l  and grew much 1,arger 
than t h e i r  coun te rpa r t s  p l an ted  i n  the  c o n t r o l  n u t r i e n t .  The cause of t h i s  
s u r p r i s i n g  growth i s  being inves t iga t ed .  

These i n i t i a l  r e s u l t s  from man's f i r s t  d e t a i l e d  s tudy  of material Erom 
another  p l ane ta ry  body are h i s  f i r s t  s t e p  toward understanding the  ovl?ral l  
cha rac t e r  of t h e  moon, both p a s t  and p resen t .  

This g r e a t e r  understanding of t h e  moon can a l s o  promote a g r e a t e r  [under- 
s tanding  of t h e  e a r t h .  The moon is  inva luab le  n o t  only because i t  ha:; appareiritly 
preserved i t s  h i s t o r y  s o  w e l l ,  bu t  i n  so doing has  provided a comparative basi.s 
by which man may examine the  e a r l y  h i s t o r y  of t h e  e a r t h ,  and t h e  eartli's 
evolu t ion .  The laser r e f l e c t o r  p laced  on the  moon by the  crew of ApoLlo 11 has 
been used t o  determine t h e  relative earth-moon d i s t a n c e  t o  an accuracv of one 
foot .  
are d r i f t i n g  a p a r t ,  and have been doing so f o r  several hundred m i l l i o n  y e a r s .  
Over a per iod of yea r s ,  accu ra t e  d i s t a n c e  measurements w i l l  g ive  us p r e c i s e  
information on the  Chandler Wobble of t h e  e a r t h ' s  a x i s  which i s  thought t o  be 
r e l a t e d  t o  major ear thquakes and thus ,  poss ib ly  make such even t s  pred Lctable.  

Measurements us ing  t h i s  r e f l e c t o r  may prove t h a t  t h e  e a r t h ' s  c1,ntinent:s 

A more complete understanding of t h e  moon w i l l  be  produced by v i s i i t i ng  
d i f f e r e n t  sites, each cha rac t e r i zed  by a major s u r f a c e  f e a t u r e .  Among t h e  
candida te  sites s e l e c t e d  f o r  f u t u r e  Apollo missions are: Fra  Mauro, I:he s i t e  
f o r  t h e  Apollo 1 3  mission t h i s  Apr i l ,  which is  a h i l l y  upland area be t ieved  
t o  be m a t e r i a l  e j e c t e d  from a nearby mare as a consequence of impact;  L i t t row,  
a mare reg ion ,  ad jo in ing  the  Tarus Isfountains and a "Mascon" assoc ia te l l  wi th  
the  Sea of Se ren i ty ,  and conta in ing  domes and a wr ink le ;  Censorinus,  high- 
land s i t e  and t h e  l o c a t i o n  of a f r e s h  impact crater; Descrates, a highland 
wi th  many long grooves and furrows reminiscent  of vo lcan ic  reg ions  on e a r t h ;  
t h e  Marius H i l l s ,  a major r idge  system wi th  vo lcan ic  domes and cones; 
Copernicus, a major crater nea r ly  60 miles i n  d iameter ,  wi th  a centraL peak 
r i s i n g  t o  a he igh t  of 2,500 f e e t ,  a crater f l o o r  wi th  domes and flow (areas, 
and crater w a l l s  towering about 13,000 f e e t  above t h e  f l o o r ;  Hadlkey-Apennine, 
f e a t u r i n g  a s inuous r i l l e  reminiscent  of a stream bed on e a r t h  at: t h e  f o o t  
of t h e  20,000 f o o t  high Apennine mountain f r o n t ;  and Tycho, a l a r g e  f r e s h  
impact c r a t e r  i n  the  highlands and t h e  l o c a t i o n  of t h e  Surveyor VI1 si>ace- 
c r a f t  . 

Each of these sites is  cha rac t e r i zed  by s u r f a c e  topography t h a t  is  much 
rougher than the  re1a:ively smooth landing  areas s e l e c t e d  f o r  Apollo L 1  and 
12 .  The Apollo 1 2  f l i g h t  s u c c e s s f u l l y  proved t h e  c a p a b i l i t y  of t he  guidance 
and c o n t r o l  system of the  Lunar Module t o  land  a t  a p r e c i s e l y  targetel1 p o i n t .  
This accuracy is  e s s e n t i a l  i f  s u c c e s s f u l  landings  are t o  be made a t  tiese 
f u t u r e  si tes.  

Some of t h e  sites are a l s o  loca ted  a t  areas q u i t e  d i s t a n t  from the  l u n a r  
Equator,  t he  reg ion  t o  which t h e  i n i t i a l  Apollo landings  were r e s t r i c t e d .  
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Because of earth-moon p o s i t i o n s ,  t h e  Apollo s p a c e c r a f t  w i l l  be a b l e  1.0 land 
a t  several {of these  sites only dur ing  a one t o  two month per iod  every year .  
This w i l l  r e q u i r e  a cont inuing  p r e c i s i o n  of t he  e n t i r e  Apollo team t o  meet 
these  very (exact launch windows. 

A l u n a r  roving v e h i c l e  i s  being developed t o  assist the  a s t r o n a u t s  i n  
explor ing  t ' n e  'noon. It w i l l  be  e s p e c i a l l y  va luable  i n  exploring, t h e  la ter  
sites w h e r e  important  f e a t u r e s  are somewhat d i spersed  over  a l a r g e  ai.ea. 

The l u n a r  s u r f a c e  experiments dur ing  t h e  next  several Apollo miss:i.ons 
w i l l  complement those a l r eady  landed on t h e  moon, s o  t h a t  a network of 
geophysical  s t a t i o n s  can be e s t a b l i s h e d .  This w i l l  be  e s s e n t i a l  f o r  such 
th ings  as l ea rn ing  the  na tu re  of t h e  moon's s t r u c t u r e ,  €o r  t h e  locat:ion, 
speed, and p a t t e r n  of seismic waves t h a t  can only be der ived  thxough 
simultaneous measurements a t  seismometers i n  d i f f e r e n t  l o c a t i o n s .  Diiring 
t h e  l a s t  series of Apollo missions,  t h e  i n i t i a l  experiments may be modified 
t o  b e t t e r  record the  condi t ions  discovered on the  s u r f a c e ,  and w i l l  lie 
supplemented by a d d i t i o n a l  experiments f o r  measuring phys ica l  phenomrma 
e x i s t i n g  on t h e  moon. The r e t u r n  t o  e a r t h  of s u b s t a n t i a l  q u a n t i t i e s  of 
l u n a r  s u r f a c e  material w i l l  cont inue t o  be  a prime o b j e c t i v e  i n  a l l  lunar 
landings.  Lunar s u r f a c e  experiments w i l l  a l s o  be complemented by s e v e r a l  
sets of o r b i t a l  experiments t o  be  inc luded  i n  a s c i e n t i f i c  instrumenl: 
subsystem on the  Apollo Command and Service Module. These expei-imen1:s 
w i l l  measure the  moon's magnetic f i e l d ,  survey t h e  s u r f a c e  temperature 
and i n d i c a t e  a r e a s  wi th  pronounced thermal  anomalies; perform geode t i c  
measurements; map the  topographic  f e a t u r e s  of t h e  s u r f a c e ;  d e l i n e a t e  
subsurf ace s t r u c t u r e  and i n d i c a t e  t h e  relative abundance of c e r t a i n  
elements e x i s t i n g  on the  moon's su r f ace .  

This l a s t  series of Apollo missions w i l l  c o n t r i b u t e  g r e a t l y  t o  mail's 
understanding of t h e  moon, and thereby i n c r e a s e  h i s  knowledge of t h e  e a r t h  
and t h e  s o l a r  system. Man w i l l  have i n v e s t i g a t e d  the  form, r eg iona l  s e t t i n g ,  
and subsurfa.ce na tu re  of major l u n a r  s u r f a c e  f e a t u r e s  and the  r e l a t i o n s h i p s  
between reglons of t h e  moon. Through a chemical a n a l y s i s  of l u n a r  s m p l e s ,  
man w i l l  be a s s i s t e d  i n  h i s  i n v e s t i g a t i o n  of t h e  o r i g i n  and h i s t o r y  (of t he  
moon. On an o v e r a l l  b a s i s ,  w e  w i l l  begin t o  understand the  i n t e r n a l  
s t r u c t u r e  arid processes  of t h e  moon, i nc lud ing  seismic a c t i v i t y . ,  hea t  
flow, and genera t ion  of gases  from t h e  moon's i n t e r i o r .  By surveyin5  
and measuring t h e  l u n a r  s u r f a c e  we can provide the  b a s i s  f o r  comprehending 
t h e  o v e r a l l  s u r f a c e  s t r u c t u r e  and i n t e r r e l a t i o n s h i p  of reg ions  and major 
s u r f a c e  f e a t u r e s .  F i n a l l y ,  w e  w i l l  beg in  t o  understand t h e  i n t e r a c t t o n  of 
t h e  moon wit.h t h e  space environment inc lud ing  phenomena such as the  s o l a r  
wind, micrometeor i tes ,  and o t h e r  environmental  components. 

Seven mclre Apollo landings  are p r e s e n t l y  planned: two i n  19'70, tiwo i n  
1971, one i n  1.972, and two i n  1974. 
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SUMMARY OF RESOURCES REOUIREmNTS : 

197 L --- 1969 19  70 

Spacecraf t .  ................ $913,127,000 $778,978,000 $402,500,000 

Saturn I B . . . . . . . . . . . . . . . . . .  42,276,000 --- --- 

Total ..................... $2,025,000,000 $1,686,145,000 - $9!56,5013,000 

Saturn V. . . . . . . . . . . . . . . . . . .  535,710,000 484,439,000 2~31,000,000 
0peratl.ons.. ............... 533,887,000 422,728,000 3:!3,001) ,000 

---- 

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

John F. Kennedy Space 

Manned Spacecraf t  Center. 
Marshall  Space F l i g h t  

Center. ................. 
Goddard Spac:e F l i g h t  

Center. ................. 
Jet Propu:Lsi.on Laboratory 
Ames Resaarc:h Center. .... 
Elec t ron ic s  Research 

Center, ,, ............... 
Langley Research Center. . 
NASA Headquarters ........ 

Center, NASA ........... $382,800,000 $258,318,000 $205,000,000 
1,014,856,000 873,540,000 465,3013,000 

586,065,000 512,010,000 248,00D,000 

50,000 200,000 
100,000 664,000 

--- 50,000 

--- 10,000 --- 
--- 1,410,000 --- 

41,129,000 39,943,000 38,200,000 

BASIS OF --- FUND RE:QUIREPIENTS: 

Spacecraf t  

Command and s e r v i c e  module. 
Lunar mnodu1.e. ............... 
Spacecraf t  !;upport. ........ 
Guidance arid naviga t ion .  ... 
Science pay :Loads ........... 

Tota:L.. .................... 

$356,902,000 $282,821,000 $95,500,000 
299,240,000 231,433,000 102,900,000 
198,682,000 170,764,000 137,000,000 

42,703,000 33,866,000 24,2010,000 
15,600,000 60,094,000 - 42,900,000 

$913,127,000 $778,978,000 - $402,500,000 --- 
The t h r e e  s p a c e c r a f t  modules - t he  Command Module, t he  Service Module, and 

the  Lunar  Modiila - developed f o r  t he  Apollo program have, i n  every f l i g h t  
mission, success fu l ly  proven t h e i r  c a p a b i l i t i e s .  The Command Module has 
been manned s:Lx t i m e s ,  i nc lud ing  fou r  f l i g h t s  t o  and from the  moon. 
Astronauts  have flown the  Lunar Module fou r  t i m e s ,  and performed two landings 
on the  luna r  :;uirface. During a l l  t h e s e  f l i g h t s ,  t he  Apollo spacecraf t  has 
responded t o  the environment of space and t h e  complexity and d i f f i c u l t y  of 
t he  assigned inissions wi th  near  pe r fec t ion .  Within 1 3  months of t he  
f i r s t  manned € l i g h t  of t he  Command and Service Module, and wi th in  nine 
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months of the f i r s t  manned f l i g h t  of t h e  Lunar Module, t hese  spac:ecra.lit 
had twice c a r r i e d  man t o  and from the  s u r f a c e  of t h e  moon, i n  a remar1:able 
demonstration of success fu l  des ign ,  engineer ing ,  and r e l i a b i l i t y .  

Command and Serv ice  Module (CSM) 

The Command and Serv ice  Modules were developed by the  North Aniericm 
Rockwell Corporation. Four unmanned CSM's were s u c c e s s f u l l y  f l i g h t  t l s s t e d  
before  t h e  crew of Apollo 7 conducted t h e  f i r s t  manned ope ra t iona l  te'st 
i n  October 1968. Since then ,  a s t r o n a u t s  have flown f i v e  a d d i t i o n a l  C'311's 
wi th  a l l  but  one journeying t o  t h e  moon. Two more CSPI's, f o r  Apollo 13 
and 1 4 ,  are p resen t ly  a t  the  Kennedy Space Center being readied  f o r  their 
f l i g h t s  t o  the  moon la ter  t h i s  year .  

Modif icat ions w i l l  be  made t o  f o u r  Command and Serv ice  Hodules t o  Drovide 
them wit.h t h e  c a p a b i l i t y  of conducting extended l u n a r  miss ions .  These 
modification.s inc lude :  i nc reas ing  the  cryogenic  s t o r a g e  c a p a b i l i t y  oE the  
hydrogen and. oxygen tanks  t o  provide f o r  a 16 day mission;  i n s t a l l i n g  a 
s c i e n t i f i c  1nst.rument subsystem t o  conduct experiments whi le  t h e  CSM is 
i n  l u n a r  o r b i t ;  adding c o n t r o l s  and d i sp lays ,  and wi r ing  harnesses  f o r  
cry0geni.c maaiagiement and the  s c i e n t i f i c  instrument  subsys t e m ;  and providing 
wi th in  the  Cornland Module, equipment and stowage p rov i s ions  f o r  the support  
of extravehic:ul.ar a c t i v i t y ,  s c i ence  experiments,  a d d i t i o n a l  crew s u p p l i e s  
and consumatlles, and s c i e n t i f i c  d a t a  t o  be r e tu rned  t o  e a r t h .  

The scient:ifiic instrument  subsystem w i l l  be loca t ed  i n  one quadrant  of the  
Serv ice  Modu1.e and w i l l  be an i n t e g r a l  p la t form upon which the  o r b i t a l  
experiments can be placed. 
It w i l l  feat:ure a py ro techn ica l ly  j e t t i s o n a b l e  door,  an instrument  deployment 
mechanism, arid an i n d i v i d u a l  d a t a  system. The design and enginelering of the  
b a s i c  s t r u c t i i r e ,  power system, and thermal c o n t r o l s  f o r  t h e  s c i e n t i f i c  
instrument  siibsystem are near ing  completion, and f a b r i c a t i o n  and assembly 
of t he  f i r s t :  f l i g h t  u n i t  w a s  r e c e n t l y  i n i t i a t e d .  

These experiments w i l l  vary wi th  each mission. 

During Fl! 1970, and FY 1971 t h e  remaining Command and Serv ice  ?lodules 
w i l l  be i n  v ; ~ 5 o u s  s t a g e s  of product ion,  and checkout o r  i n  s to rage .  
These Command and Service Modules w i l l  be used f o r  l u n a r  miss ions ,  and  i n  
the Apo:llo 1lpp:Lications program. For t h e  CSI-1's used i n  the  U P ,  the  
Apollo program is funding completion of s p a c e c r a f t  s t r u c t u r e s  and Apclllo 
Appl ica t ions  is funding development, product ion,  and i n t e g r a t i o n  of modified 
subsys terns, ,and the  checkout of these  modified s p a c e c r a f t  . Spacecraf t 
w i l l  be  placed i n  s t o r a g e  a t  va r ious  s t a g e s  dur ing  the  product ion process  
t o  a s su re  the  Inos t e f f e c t i v e  and economic product ion cyc l ing  poss ib l e  
w i t h i n  t h i s  schedule.  

Lunar Module (LM) 

The Grurmnan Aerospace Corporat ion developed t h e  Lunar Module. Five 
Lunar Module f:Lights have been conducted, t h e  f i r s t  being an unmanned. tes t  
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i n  January 1968. This s u c c e s s f u l  f l i g h t  pe rmi t t ed  t h e  f i r s t  manned f l i g h t  
i n  February of 1969, by t h e  crew of Apollo 9.  The Apollo 10 astronaut:;  i n  
May 1969, took t h e  LM t o  w i t h i n  50,000 f e e t  of t h e  s u r f a c e  of t h e  moon, 
C i t i z e n s  on e v e r y  con t inen t  and i n  n e a r l y  every  count ry  wi tnessed  t h e  
u l t ima te  demonstration of LFl's c a p a b i l i t y  i n  t h e  J u l y  and November, 19t19 
l u n a r  landings .  The next  two Lunar Modules ass igned  t o  l and  on thLe moon 
are p r e s e n t l y  a t  t h e  Kennedy Space Center where a checkout of t h e i r  sy!;tems 
is underway. 

Major modi f ica t ions  t o  f o u r  Lunar Modules are underway t o  g ive  t h e  ],PI t h e  
c a p a b i l i t y  of remaining on t h e  l u n a r  s u r f a c e  f o r  up t o  54 hours,  o r  on(! 
and one-half times t h e  p r e s e n t  c a p a b i l i t y .  These mod i f i ca t ions  w j l l  i l l -  
crease both the payload weight t o  t h e  s u r f a c e  and t h e  l u n a r  sample weiliht 
r e tu rned  t o  e a r t h ;  and expand t h e  range and hover capac i ty  of t h e  LM, 
allowing i t  t o  land a t  sites t h a t  f e a t u r e  d i f f i c u l t  t e r r a i n  and l o c a t i o n s  
remote from t h e  more e a s i l y  reachable  sites on t h e  l u n a r  equator .  

The design changes t o  t h e  Lunar Module t o  inco rpora t e  t h i s  extended 
c a p a b i l i t y  inc lude :  l a r g e r  p r o p e l l a n t  tanks  f o r  t h e  descent  engine; 
a d d i t i o n a l  oxygen and water s t o r a g e ;  a d d i t i o n a l  e lec t r ica l  power; p rov i s ions  
f o r  ca r ry ing  t h e  l u n a r  rover;  improved cab in  h a b i t a b i l i t y  and crew l i f t .  
support  f o r  t h e  i nc reased  s t ay t ime ;  and t h e  necessary  s t r u c t u r a l  modi- 
f i c a t i o n s  t o  suppor t  t h e  10 pe rcen t  i n c r e a s e  i n  t o t a l  Lunar Module weii;ht, 
and t o  accommodate t h e  r e l o c a t i o n  of components and i n s t a l l a t i o n  of new 
components. 

Modificaticlns t o  t h e  Lunar Module a scen t  and descent  engines  t o  provide 
increased  performance w i l l  a l s o  be  designed and t e s t e d  through mid-197 L 
and modified engines  w i l l  be i n s t a l l e d  i n  t h e  l a s t  f o u r  LN ' s .  Three Lunar 
Module t e s t  v e h i c l e s  w i l l  undergo s t a t i c ,  dynamic, and propuls ion  test15 

during F1 197C and FY 1971 t o  v e r i f y  t h e  Lunar Module mod i f i ca t ions .  

During, f i s c a l  y e a r  1971, f i n a l  assembly, checkout, and mod i f i ca t ion  
of t h e  las t  four  Lunar ?fodules w i l l  be i n  p rogres s .  One a d d i t i o n a l  Luiiar 
Module i s  expected t o  be d e l i v e r e d  t o  t h e  Kennedy Space Center i n  'IrY 1'370. 
A s  wi th  t h e  CSIM, t h e  production of t h e  Lunar Nodules may be rephased aiid 
the  spacec ra f t  s t o r e d ,  t o  provide f o r  t h e  most e f f e c t i v e  and economicaL 
production cyc le .  

Spacec ra f t  Support 

Funds f o r  Spacecraf t  Support provide f o r  t e s t  ope ra t ions ,  crew epuiDment, 
s p a c e s u i t s ,  l c lg i s t i c s ,  i n t e g r a t i o n ,  checkout and r e l i a b i l i t y  e f f o r t s ,  
ope ra t ion  of the Lunar Receiving Laboratory,  and in s t rumen ta t ion .  Among 
t h e  test ac t iv i t ies  conducted are: s p a c e c r a f t  development t e s t i n g ,  thlzrmal 
vacuum t e s t i n g ,  component and subsys t e m  r e l i a b i l i t y  and v e r i f i c a t i o n  
t e s t i n g ,  and e l e c t r o n i c  systems compatabi l i ty  t e s t i n g .  Tes t ing  during FY 
1970 and FY 1971 w i l l  be d i r e c t e d  toward suppor t ing  t h e  mod i f i ca t ions  
being macle t o  t h e  Command and Se rv ice  Module and Lunar Hodule. 
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Another ma.jor t a s k  dur ing  FY 1970 and FY 1971 w i l l  be t o  modify t h e  a s t r o n a u t  
Por t ab le  L i f e  Support System (PLSS) t o  g r e a t l y  i n c r e a s e  t h e  amount of t i m e  t h e  
a s t r o n a u t s  can spend on t h e  l u n a r  s u r f a c e .  The PLSS i s  a self-contaim!d ter- 
restrial environmental system t h a t  h e l p s  p r o t e c t  t h e  a s t r o n a u t  from thf! extremes 
of h e a t  and cold t h a t  e x i s t  on t h e  l u n a r  s u r f a c e ,  and provides  him w i t 1 1  oxygen 
t o  b rea the ,  and purges t h e  carbon d ioxide  t h a t  i s  exhaled. The modified PLSS 
w i l l  s u b s t a n t i a l l y  expand t h e  d i s t a n c e  t h e  a s t r o n a u t s  can t r a v e r s e  on lihe 
s u r f a c e .  I n  t h e  event  of a malfunction of t h e  PLSS whi le  a t  some d i s t # m c e  
from t h e  Lunar Module, a Secondary L i f e  Support System (SLSS) w i l l  be  ( i va i l -  
ab l e .  The SLSS w i l l  provide t h e  necessary  l i f e  suppor t  t o  enab le  t h e  , i s t ronaut  
t o  r e t u r n  t o  t h e  Lunar Module. The SLSS i s  needed f o r  t h e  inc reased  einergency 
ope ra t ion  time a s s o c i a t e d  wi th  t h e  extended s u r f a c e  traverses. The  S L ' S  w i l l  
r ep l ace  t h e  c u r r e n t  emergency s y s t e m  which has  a s h o r t  ope ra t ing  t i m e  and 
l i m i t s  l u n a r  s u r f a c e  a c t i v i t y  t o  t h e  c l o s e  v i c i n i t y  of t h e  Lunar Nodull:. 
Component and system des ign  of t h e  modified PLSS has begun, and des ign  v e r i f i -  
c a t i o n  t e s t i n g  w i l l  be completed by t h e  end of CY 1970. During FI! 197L, 
f a b r i c a t i o n  of both f l i g h t  u n i t s  and systems tes t  u n i t s  w i l l  be accomplished, 
wi th  both r e t r o f i t t i n g  of p rev ious ly  developed PLSS' and d e l i v e r y  of n1.w 
a d d i t i o n a l  systems beginning by t h e  end of t h e  f i s c a l  year .  Design of 
t he  SLSS began i n  FY 1970 and des ign  v e r i f i c a t i o n  t e s t i n g  w i l l  be  condiicted 
a t  the  e n d  of t h i s  f i s c a l  year .  F a b r i c a t i o n  of systems q u a l i f i c a t i o n  i n i t s  
and f l i g h t  u n i t s  w i l l  be underway dur ing  FY 1971. 

The present  Apollo l u n a r  s u r f a c e  s u i t  w i l l  a l s o  be modified t o  provide t h e  
a s t r o n a u t s  wi th  g r e a t e r  m o b i l i t y  a t  t h e  waist .  This w i l l  assist ithem i n  t h e i r  
a c t i v i t y  on tk,e l u n a r  s u r f a c e  by a l lowing  them g r e a t e r  ease and mob i l i t y  of 
ope ra t ion ,  p a r t i c u l a r l y  i n  s tooping  more e a s i l y .  
t hese  modifiec, s u i t s  are underway dur ing  t h e  c u r r e n t  f i s c a l  y e a r  iInd a 
thermal vacuum t e s t  w i l l  be conducted a t  t h e  Manned Spacecraf t  Center i n  
FY 1971. Procluction of t he  s u i t s  w i l l  beg in  i n  FY 1970, and w i l l  c.ontinue 
i n  FY 1971. 

Design and t e s t i n g  of 

Other areas funded by s p a c e c r a f t  suppor t  a s s o c i a t e d  wi th  crew requirements 
inc lude  surv iva l .  equipment , food, e x t r a v e h i c u l a r  a c t i v i t y  equipment: , per sona l  
hygiene systems, and b io ins t rumen ta t ion .  

Funding i n  FE' 1371 provides  f o r  t h e  ope ra t ion  of t h e  automatic checkout 
equipment: (ACE) s t a t i o n s  loca t ed  a t  c o n t r a c t o r  p l a n t s  and a t  NASA t es t  and 
launch sites and which are used f o r  t h e  s e p a r a t e  and combined checkout of 
s p a c e c r a f t  systems. Engineering changes t o  update t h e  equipment f o r  space- 
c r a f t  modi f ica t ions  and spare components t o  main ta in  the  o p e r a t i o n a l  equip- 
ment w i l l  a l s o  be funded. 

Another area of s p a c e c r a f t  suppor t  i s  t h e  development and procurement 
of s p e c i a l i z e d  f l i g h t  and miss ion  in s t rumen ta t ion .  
i nc ludes  : signal. cond i t ione r s ,  s enso r s ,  t r a n s m i t t e r s ,  antennas , ground sup- 
p o r t  equipmeni:, and r a d i a t i o n  measuring devices .  A major t a s k  i n  th i s ,  area 

Typica l  equipment 
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is  t h e  development of a l u n a r  s u r f a c e  communications u n i t  which w i l l  ope ra t e  
when t h e  astrotnauts are no longer  w i t h i n  l i n e  of s i g h t  of the  Lunar Module. 
Surface and o r * b i t a l  t e l e v i s i o n  systems are a l s o  funded by s p a c e c r a f t  
support .  

An i nc reas ing ly  important  area funded by s p a c e c r a f t  support  is  the  loperation 
of t he  Lunar Fkeceiving Laboratory a t  t h e  Manned Spacecraf t  Center i n  Houston, 
Texas. This I .aboratory,  beyond i t s  s p e c i a l  quarant ine  c a p a b i l i t i e s ,  i s  a l s o  
a unique f a c i l i t y  f o r  conducting s p e c i a l  s c i e n t i f i c  s t u d i e s  i n  the  areas of 
geology, cherrd.stry, phys ics  and biology.  A l l  l u n a r  samples are examined, 
s tud ied ,  and c:atalogued here  be fo re  being r e l eased  t o  the  s c i e n t i f i c  community 
throughout t h e  world f o r  d e t a i l e d  s tudy .  The s c i e n t i s t s  a t  t h i s  :Laboratory 
perform t.he pre l iminary  de te rmina t ions  as t o  the  n a t u r e  of the  samples ,  and 
a s su re  t h a t  t h e  p r i n c i p a l  i n v e s t i g a t o r s  receive material proper ly  a s s o c i a t e d  
wi th  t h e i r  i n v e s t i g a t i o n s .  The l abora to ry  a l s o  serves as t h e  c e n t r a l  forum 
f o r  compiling, t h e  r e s u l t s  of t h e  d e t a i l e d  s t u d i e s .  

Logist:ic funding i n  FY 1971 i s  needed f o r  t r a n s p o r t a t i o n  of s p a c e c r a f t  
between j.nsta~I.leitions, and procurement of s p a c e c r a f t  f u e l s  and p r o p e l l a n t s .  

Guidance and Navigation 

The Guidance and Navigation system u n i t s  f o r  t h e  Apollo s p a c e c r a f t  were 
designed by t h e  Massachusetts I n s t i t u t e  of Technology and w e r e  produced by 
the  A. C.  E l ec t ron ic s  Div is ion  of General Motors, wi th  major subsystems 
produced by t:tie Raytheon Company, and t h e  Kollsman Instrument  Corporat ion.  
A l l  Guidance m c l  Navigation u n i t s  f o r  both t h e  Command and Servicle Module 
and t h e  Lunar Module have been produced and de l ive red .  

F i s c a l  year  1.971 funding w i l l  be  app l i ed  t o  the  development and t e s t i n g  
of f l i g h t  programs t o  accommodate t h e  forthcoming series of Apollo missions 
with t h e i r  laridjmgs a t  d i f f i c u l t  sites involv ing  very complex t r a j e c t o r y  
and o r b i t a l  pa ths .  Pre-launch checkout of de l ive red  u n i t s ,  a n a l y s i s  of 
f l i g h t  d a t a ,  ant1 engineer ing  and t e c h n i c a l  suppor t  f o r  r e s o l u t i o n  of any 
problems, wil.:L a l s o  be suppl ied .  

Science Payloads 

Having demonstrated t h a t  man can land on the  moon and s a f e l y  returri  t o  
e a r t h ,  f u t u r e  Apollo missions w i l l  i nc reas ing ly  be d i r e c t e d  toward g r e a t l y  
expanding man's knowledge of t he  na tu re  of t h e  moon, i t s  evo lu t ion  ant1 
processes ,  arid r e l a t i n g  these  t o  man's b e t t e r  understanding of the  e a r t h  
and t h e  !;alar system. Science w i l l  be the  p r i n c i p a l  o b j e c t i v e  of t hese  
missions.  

To assist  man i n  t h i s  exp lo ra t ion ,  a l u n a r  roving v e h i c l e  is under develop-. 
ment. 
d r iven  e l e c t r i c  motors,  w i l l  permit  t h e  a s t r o n a u t s  t o  venture  from f i v e  t o  

The Innair rover ,  weighing about 400 pounds and powered by ba t t f  r y  
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f i f t e e n  k i lometers  from t h e  Lunar Module. The rover  w i l l  be capable  of a top 
speed of LO m:ile:j  p e r  hour ,  and can c a r r y  two a s t r o n a u t s  wi th  t h e i r  t o o l s  
about t h e  moon as they c o l l e c t  samples, p l ace  ins t ruments ,  and conduct ex- 
per iments .  The .rover, beyond expanding the  r ad ius  of exp lo ra t ion  f o r  t he  
a s t r o n a u t s ,  i nc reases  the  q u a l i t y  of t h e  sc i ence  t h a t  can be conducted on a 
mission by qu:Lck.Ly t r a n s p o r t i n g  t h e  crew t o  areas of g r e a t  s c i e n t i f i c  j n t e r e s t .  
Engineering and € a b r i c a t i o n  of t h e  rover  is  underway and assembly of t e s t  
and t r a i n i n g  u n i t s  w i l l  soon commence. Tes t ing  of t he  luna r  rover  w i l l  be 
conducted i n  FY 1971, and t h e  f i r s t  rovers  f o r  use on t h e  moon w i l l  be i n  
var ious  phases o €  assembly dur ing  t h e  f i s c a l  year .  

Apollo 11 ,as t ronauts  deployed t h r e e  experiments , and of t hese  t h e  pas s ive  
seismic experlrnent which was powered by s o l a r  energy has  been turned  o f f .  

The crew of Apollo 1 2  deployed t h e  f i r s t  Apollo Lunar Surface E,xperjments 
Package (ALSEP) on the  moon. The ALSEP, with  a c e n t r a l  s t a t i o n  f o r  coll.lecting 
and t r ansmi t t i ng  d a t a  back t o  e a r t h  and suppl ied  wi th  e lectr ical  power from a 
nuc lea r  f u e l  element, has  a planned o p e r a t i o n a l  l i f e  of one year .  

The remaining Apollo missions w i l l  deploy a d d i t i o n a l  ALSEP's on t he  l u n a r  
su r face .  Among the  ins t ruments  deployed w i l l  be  seismometers, i on  det t !c tors ,  
magnetometers and p a r t i c l e  d e t e c t o r s .  Continuing ope ra t ion  of previou:;ly 
placed ALSEP's w i l l  permit  es tab l i shment  of a s c i e n t i f i c  network t h a t  (:an l ead  
t o  inc reas ing  our  b a s i c  understanding of t h e  moon. The next  t h r e e  mis::ions 
w i l l  c a r ry  ALSEP's similar t o  t h a t  c a r r i e d  on Apollo 12, a l though wi th  
somewhat d i f f e r e n t  experiment groupings.  Development and product ion 0'1' 
s c i e n t i f i c  equipment f o r  t h e  fo l lowing  two missions , Apollo 16 and 1 7  , 
w i l l  be i n i t i a t e d  i n  FY 1970 fol lowing f i n a l  review of the  proposed ex.- 
per iments .  S tudies  of experiment package experiments f o r  t he  f i n a l  tw~) 
missions w i l l  be undertaken during 1971. 

Prototype l u n a r  o r b i t a l  s c i ence  experiments f o r  t he  l a s t  Apollo misi;ions 
are being developed, and product ion of t h e  f l i g h t  experiments has  begun. 
The i n i t i a l  group of l u n a r  o r b i t a l  experiments are scheduled t o  be com1;)leted 
and de l ive red  t o  t h e  North American Rockwell Corporation f o r  i n t e g r a t i o n  
i n t o  the  CSM by the  end of N 1971. 

Sa turn  V 

1969 19 70 

F l i g h t  s t a g e s . .  .............. $402,057,000 $357,116,000 $134,4OO ,000 
Vehicle support . .  ............ 133,653,000 127,323,000 - 96,600,000 .~ 

Total  ....................... $535,710,000 $484,439,000 - $231,0~')0,000 --- 
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Developed. as t h i s  count ry ' s  most powerful launch v e h i c l e ,  t h e  Sa turn  V has  
flown seven t:imes. 
Apr i l ,  1968, t h . e  Sa turn  V w a s  next  used t o  launch t h e  c r e w  of Apollo 8 on t h e i r  
h i s t o r i c  Christmas Eve journey around t h e  moon. Each nf t h e  f o u r  manned 
missions perf'ormed by the  United S t a t e s  dur ing  1969 w a s  launched on a Sa turn  
V veh ic l e .  

Following t h e  second of i t s  two unmanned f l i g h t  t e s t s  i n  

The Sa turn  P' can launch payloads weighing 145 tons  i n t o  low e a r t h  o r b i t  
and i n j e c t  s p a c e c r a f t  weighing over  53 tons  on voyages t o  t h e  moon. It 
is seven t o  e i g h t  t i m e s  as powerful as the  Sa turn  I B  and T i t a n  It1 launch 
v e h i c l e s ,  n e j t h e r  of which is  capable  of a manned l u n a r  mission.  W i t h  a 
f i r s t  s t a g e  s e a  level t h r u s t  of 7,750,000 pounds, and two h igh  performance 
l i q u i d  oxygen/ l iquid hydrogen upper s t a g e s ,  i t  is t h e  only veh ic  Le comparable 
t o  the  expected c a p a b i l i t y  of t h e  new launch v e h i c l e  r epor t ed  beLng developed 
by t h e  Soviet Union, whose p red ic t ed  f i r s t  s t a g e  t h r u s t  is 10 or more m i l l i o n  
pounds. 

F i f t e e n  Sa turn  V launch v e h i c l e s  are be ing  produced f o r  t he  Apollo program. 
Of t h e  e i g h t  v e h i c l e s  t h a t  have no t  y e t  been flown, one is pos i t l oned  on 
Pad A Launch Complex 39 a t  t h e  Kennedy Space Center  (KSC) be ing  readied f o r  
t he  A p r i l  launch of Apollo 1 3  t o  t h e  moon, and t h e  launch v e h i c l e  f o r  Apollo 
14 has  been de l ive red  t o  KSC. One is  i n  s to rage .  Five v e h i c l e s  are i n  the  
concluding phases of product ion and t e s t i n g .  One of t h e s e  has  been ass igned  
t o  the  Apollci Appl ica t ions  program t o  launch t h e  Sa turn  Workshop i n  1972.  

Fu r the r  product ion of t h e  Sa turn  V launch v e h i c l e  beyond t h e  c u r r e n t l y  
approved 15 v e h i c l e s  has been suspended. F i s c a l  y e a r  1970 and 1971 funding 
is pr imar i ly  f o r  completion of c u r r e n t  product ion and ac t iv i t i e s  i n  suppor t  
of t he  f l i g h t .  schedule .  

While the planned advent of t h e  space s h u t t l e  dur ing  t h e  l a s t  h a l f  of t h e  
decade w i l l  permit  some heavy payloads t o  be c a r r i e d  t o  e a r t h  o r b i t  by t h a t  
system, a v e h i c l e  wi th  t h e  performance of a Sa turn  V w i l l  remain t h i s  n a t i o n ' s  
only launch vehicle capable  of o r b i t i n g  such d i v e r s e  and e s s e n t i a l  payloads 
as space s t a t . i on  modules, space tugs ,  nuc lea r  propuls ion  s t a g e s ,  l u n a r  
o r b i t  st .at iori  modules, manned p l ane ta ry  miss ion  modules and landing v e h i c l e s ,  
and t h e  systems requi red  t o  e s t a b l i s h  a l u n a r  s u r f a c e  base. The Apollo 
funding f o r  Sa turn  V launch v e h i c l e  i nc ludes  conserving t h e  acqui red  s k i l l  
techniques a.c:cuunulated through e i g h t  y e a r s  of Sa turn  V development and 
product ion.  Videotapes and o t h e r  graphic  records  of manufacturiing techniques ,  
test and checkcut procedures ,  and o t h e r  a s s o c i a t e d  product ion t a s k s ,  w i l l  be  
made i n  an aLt.tempt t o  reduce t h e  c o s t  of r e i n i t i a t i n g  product ion.  This  e f f o r t  
w i l l  be  supp3.eniented by documenting t h e  d i v e r s e  product ion  t a s k s  and t h e  
e f f i c i e n t  and economical methods developed f o r  performing them. 
be used t o  preserve and s t o r e  too l ing ,  inventory  and assess the  f u t u r e  use- 
fu lness  of equipment and materials, and performing any o t h e r  necessary  
t a s k s  r e l a t e d  t o  concluding a product ion  run whi le  prepar ing  f o r  a f u t u r e  
r e i n i t i a t i o n . .  

Funding w i l l  
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F l i g h t  Stages 

The f i r s t :  s t a g e  of t h e  Sa turn  V ,  t h e  S-IC, is produced by Boeing a t  t h e  
Michoud Assernb1.y F a c i l i t y  nea r  New Orleans,  Louis iana.  
s t a g e ,  is  manufactured by t h e  North American Rockwell Corporat ion a t  Sea l  
Beach , Cal i fo rn ia .  The McDonnell-Douglas Corporat ion b u i l d s  the  t h i r d  
s t a g e ,  t h e  S-IVB, a t  i ts  Huntington Beach, C a l i f o r n i a  p l a n t .  The ins t rument  
u n i t ,  which c o n t r o l s  t he  v e h i c l e ' s  f l i g h t ,  is b u i l t  by t h e  IBM Corporat ion 
a t  Huntsvill.ct, Alabama. The f i r s t  and second s t a g e s  are p r e s e n t l y  being 
test f i r e d  at :  t:he Miss i s s ipp i  T e s t  F a c i l i t y  i n  Hancock County, Miss i s s ipp i .  
The t h i r d  st:age w a s  test f i r e d  a t  t h e  Sacramento T e s t  F a c i l i t y  i n  Ca l i fo rn ia .  
No f u r t h e r  t:est: f i r i n g s  of t h e  t h i r d  s t a g e  are planned. The F-1 and 5-2 
engines  w e r e  developed and produced by t h e  Rocketdyne Div is ion  of the North 
American Rockwell Corporat ion a t  Canoga Park , C a l i f o r n i a .  

The S-11, o r  second 

During t h e  remainder of FY 1970, one Sa turn  V launch v e h i c l e  ? w i l l  be  
de l ive red  t o  t h e  Kennedy Space Center. Three S-IC s t a g e s  and two S-I1 
s t a g e s  w i l l  have completed s t a t i c  f i r i n g  dur ing  t h e  f i s c a l  yea r  and w f i 1 1  
be placed i n  s t o r a g e .  One S-IC s t a g e  is  be ing  r e fu rb i shed  to repair 
damage r e s u l t i n g  from an F-1 engine malfunct ion t h a t  occurred dur ing  
s ta t ic  f i r i n g .  Two spa re  engines  rep laced  those  damaged by t h e  acc ident .  
Assembly and! systems i n s t a l l a t i o n  on t h e  l a s t  two S-IC and S-I1 s t ages  
w i l l  be  compl.et.ed. A L l  S-IVB stages have completed f a b r i c a t i o n .  S t a t i c  
f i r i n g  of S-l:VB s t a g e s  has  been concluded. A l l  undel ivered  S-IVB s t a g e s  
are i n  f i n a l  assembly, checkout o r  s t o r a g e .  Three instrument  u n i t s  w i l l  
be i n  assemb1.y o r  checkout. Del ivery of t h e  last  F-1 engine ,  t h i s  
coun t ry ' s  m a s t  powerful rocke t  engine,  w a s  made i n  October of 1969. 
Ninety-eight engines  were produced i n  t h e  Apollo program. Del ivery of 
t h e  l a s t  5-2 engine,  t h i s  count ry ' s  most powerful l i q u i d  hydrogen/ l iqu id  
oxygen fue led  engine w a s  made i n  January 1970. For Apollo,  152 .J-2 engines  
were b u i l t .  These d e l i v e r i e s  complete t h e  p re sen t  product ion  of rocke t  
engines  f o r  t h i s  coun t ry ' s  manned space f l i g h t  program. 

I n  FY 1971., one Saturn V launch v e h i c l e  w i l l  be  d e l i v e r e d  t o  the Kennedy 
Space Center.  A l l  undel ivered S-IC, S-11, and S-IVB s t a g e s  w i l l  be i n  
checkout o r  s t o r a g e  by t h e  end of t h e  f i s c a l  year .  Four instrument  u n i t s  
w i l l  be  i n  va r ious  phases of assembly and checkout dur ing  t h e  f i s c a l  year. 

During Fy 1971, funding f o r  t h e  f l i g h t  s t a g e s ,  engines  and ins t rument  
u n i t s  of the Sa turn  V launch v e h i c l e  w i l l  be  a l l o c a t e d  toward completing 
product ion an those  few remaining u n i t s  on which work cont inues ;  test 
and checkout of completed s t a g e s ;  s t o r a g e  and maintenance of s t a g e s ;  a n a l y s i s  
of f l i g h t  da t a ;  and providing engineer ing  and t e c h n i c a l  suppor t  € o r  so lv ing  
t e c h n i c a l  problems which may arise. The engineer ing  and t e c h n i c a l  suppor t  
by t h e  prime c o n t r a c t o r s  of t h e  f l i g h t  s t a g e s  and engines  is  expected t o  form 
the  major element of t h i s  and f u t u r e  y e a r  funding. 

RN) 1-22 



Vehicle Support 

Funding in. t h i s  area i s  f o r  s e r v i c e s  and equipment t h a t  are common t o  
more than one s t a g e  of a veh ic l e ,  and f o r  t h e  ope ra t ion  of the  el..ectrCcal 
and mechanicall support  equipment r equ i r ed  t o  test and checkout t he  s t ages ,  
instrument  u n i t ,  and a s soc ia t ed  hardware. Sa turn  V checkout is  based on 
t h e  philosophy t h a t  improved v e h i c l e  r e l i a b i l i t y  and minimum t i m e  a t  i:he 
launch s i t e  <:an be a t t a i n e d  by us ing  computer-controlled systems t o  v e r i f y  
component performance and systems ope ra t ion .  

T e s t  ope ra t ions  a t  t h e  Miss i s s ipp i  T e s t  F a c i l i t y ,  t r a n s p o r t a t i o n  of s t a g e s ,  
ope ra t ion  of t he  S l i d e l l  Louis iana Computer F a c i l i t y ,  range s a f e t y  and t r ack ing  
devices  f o r  veh ic l e s ,  p r o p e l l a n t s ,  systems i n t e g r a t i o n ,  computation sc?rvices, 
engineer ing  services, r e l i a b i l i t y ,  q u a l i t y  c o n t r o l  and in spec t ion ,  anll 
f l i g h t  eva lua t ion  programs are funded by t h i s  account.  

Operat ions 

19 7 1  ---- 1969 19 70 

Launch, f1igh.t  and recovery. .  . $478,529,000 $369,998,000 $279,81)0,009 
Techni.cal . . . . . . . . . . . . . . . . . . . . .  55,358,000 52,730,000 -- 43,200,000 

To ta l . . . ,  ................... $422,728,000 $:323 000 000 -LL 

Operations funding provides  f o r  c r e w  t r a i n i n g ,  launch, f l i g h t ,  recovery and 
programwide t e c h n i c a l  and Department of Defense support  requi red  f o r  inanned 
space f l i g h t s .  Included i n  the  Apollo p o r t i o n  of ope ra t ions  i s  fund i ig  f o r  
t he  b a s i c  c a p a b i l i t y  t o  conduct a l l  manned f l i g h t ,  r ega rd le s s  of program, 
toge the r  wi th  a c t i v i t i e s  necessary  f o r  s p e c i f i c  Apollo missions.  The 
a s soc ia t ed  ope ra t ions  p r o j e c t  included i n  Space F l i g h t  Operat ions funds only 
those e f f o r t s  unique t o  t h a t  s p e c i f i c  program. Seven a d d i t i o n a l  l una r  missions 
are planned i n  t h e  Apollo program; two i n  1970, two i n  1971, one i n  1372, and 
two i n  1974. 

Launch, F l i g h t  and Recovery 

The two p r i n c i p a l  cen te r s  f o r  launch,  f l i g h t  c o n t r o l  and recovery 
a c t i v i t i e s  are t h e  Kennedy Space Center (KSC), F l o r i d a  and the  Manned Space- 
c r a f t  Center (FISC), Texas. 

The Kennedy Space Center i s  r e spons ib l e  f o r  checkout through s y s t e n  by 
system t e s t i n g ;  a n a l y s i s  f o r  p o s s i b l e  hardware d i sc repanc ie s  during the 
p repa ra t ion  f o r  launch of both t h e  launch v e h i c l e  and s p a c e c r a f t ;  maintenance 
and ope ra t ion  of t he  launch f a c i l i t i e s ;  f i n a l  i n t e g r a t i o n  and i n t e g r a t e d  
checkout of tihe space v e h i c l e  and i t s  payload; t he  ope ra t ion  and coord ina t ion  
of suppor t ing  f a c i l i t i e s ,  ground suppor t  equipment and l o g i s t i c s  suppor t ;  
and t h e  conc1uct:ing of t h e  launch. 
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The inajoir o p e r a t i o n a l  c o s t s  of t h e  Kennedy Space Center are a s soc ia t ed  with 
the  checkout: of the  s p a c e c r a f t  and t h e  launch veh ic l e s ,  and the  launch support  
requirements .  

Launch suipport is  supp l i ed  by both NASA c o n t r a c t o r s  and the  A i r  Force 
Eas te rn  T e s t  Zmge (AFETR). The Department of Defense is  reimbursed f o r  AFETIS 
c o s t s  incurl:ed f o r  NASA support .  Included i n  launch suppor t  is the management 
and opera t ions  of launch complexes; systems engineer ing  services; t e c h n i c a l  
shop ope ra t ions ;  p r o p e l l a n t  services and p rope l l an t  sys  t e m s  l abo ra to ry  
opera t ions ;  imtl ordnance s to rage .  Also included are engineer ing  design and 
f a b r i c a t i o n  s e i ~ i c e s  f o r  t h e  e lec t r ica l  and e l e c t r o n i c  systems t h a t  support  
t he  launch cxipatbility, t h e  modi f ica t ion ,  i n s t a l l a t i o n  and s p e c i a l i z e d  
maintenance of launch f a c i l i t i e s ,  and p o s t  launch f a c i l i t y  refurbishment .  

Other opeirat:ional c o s t s  a t  KSC inc lude  those  a s soc ia t ed  with computation 
and ins t rumenta t ion  suppor t ,  involv ing  t h e  ope ra t ion  and maintenance of 
computing systems, high speed p l o t t e r s ,  magnetic t a p e  d a t a  t ransiniss ion 
equipment, and p e r i p h e r a l  computer equipment. Addi t iona l  ope ra t iona l  
support  provided under t h i s  cat’egory inc ludes  the  ope ra t ion  and inaint enance 
of te lemet ry ,  antenna,  and t r ack ing  systems t h a t  r ece ive  and process  data 
from pre-launch tests and launches of NASA space veh ic l e s .  

The Manned Spacecraf t  Center i n  Houston is  t h e  headquar te rs  f o r  a l l  crew, 
f l i g h t ,  and 1rec:overy opera t ions .  The a s t r o n a u t s  are based a t  t h i s  Center 
a long wi th  most. of t h e i r  e s s e n t i a l  t r a i n i n g  equipment. This  equipment 
inc ludes  prc1fic:iency a i r c r a f t  , s p a c e c r a f t  mockups, procedures  s imula to r ,  
docking trai  Iter, zero “Gtt s imula to r ,  s y s  t e m s  t r a i n e r ,  l u n a r  landing t ra in ing  
v e h i c l e s  andl t h e  mission s imula tors .  The Manned Spacecraf t  Center i s  a l s o  
respons ib le  for mission s imula t ion  and o t h e r  a s t r o n a u t  t r a i n i n g  equipinent 
l oca t ed  a t  t h e  Kennedy Space Center.  Also a t  MSC is t h e  Mission Control  
Center wi th  i t s  computer complex and communications l i n k s  t o  the  t r ack ing  
network and oth.er worldwide d a t a  sources .  The Center c o n t r o l s  f:Light 
ope ra t ions  from s h o r t l y  a f t e r  l i f t o f f  t o  recovery.  

In  a d d i t i o n  t o  b a s i c  expenses t o  suppor t  t h e s e  ope ra t ions ,  t h e r e  are 
requirements t h a t  are d i r e c t l y  r e l a t a b l e  t o  s p e c i f i c  missions such as 
mission planning,  inc luding  t r a j e c t o r y  a n a l y s i s ;  f a i l u r e  a n a l y s i s  and 
evaluation of’ clperat ional  performance; and t h e  funding of recovery 
ope ra t ions  which encompasses t h e  planning,  development and ope ra t iona l  
phases of rec:overy a c t i v i t y  inc luding  t h e  l o c a t i o n  and r e t r i e v a l  of the 
as t ronau t s  arid s p a c e c r a f t  fol lowing touchdown. The DOD provides  most 
of t he  recovery ope ra t ion  elements r equ i r ed  by NASA i n  t h i s  suppor t  
category.  R.eimbursement is  made f o r  a l l  DOD c o s t s  i ncu r red  based 
on t h e  number- of s h i p s ,  a i r c r a f t ,  communications f a c i l i t i e s  and t r a i n i n g  
personnel  deployed and on the  number of days these  resources  are used. 
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Technical  

Technical  ope ra t ions  provide f o r  t h e  systems engineer ing  needed f o r  t he  
i n t e g r a t e d  t echn ica l  suppor t ,  review, and a n a l y s i s  of t h e  en t i re :  Apolllo 
program; suppor t ing  development; c o n t r a c t o r  admin i s t r a t ion ,  a u d l t ,  and 
proper ty  admin i s t r a t ion  services provided by t h e  Department of Defen:;e 
on a reimbursable  b a s i s ;  and f o r  t h e  nonrecur r ing  maintenance and 
r e h a b i l i t a t i o n  of government-owned i n d u s t r i a l  p l a n t s .  I n  FY 197'1 
systems engineer ing  services provide f u n c t i o n a l  and performance stanclards 
f o r  Apollo Ideveloped hardware; t e c h n i c a l  i n t e g r a t i o n  and eva lua t ion ;  
t echn ica l  documentation; and o v e r a l l  t r a j e c t o r y  a n a l y s i s  p r imar i ly  tlirough 
t h e  p r i n c i p a l  systems engineer ing  c o n t r a c t o r s  - Bellcomm, Boeing, and General 
Electric.  Emphasis w i l l  cont inue t o  be p laced  on a n a l y s i s  of Apollo f l i g h t  
missions.  Funding f o r  suppor t ing  development w i l l  concen t r a t e  on en{;ineering 
e f f o r t s  t o  improve Planned Space F l i g h t  hardware. The n a t u r e  of thest!  e f f o r t s  
vary widely,  extending from alternative subsystems t o  new material f i t b r i ca t ion  
and t e s t i n g .  E f f o r t  i n  E"y 1971 w i l l  cont inue t o  be devoted t o  those  promising 
areas hlgh1:Lghted i n  previous work wi th  new t a s k s  focus ing  on appl ie t l  systems 
development. 

Sa turn  I B  

1971 --- - 1969 19 70 

--- --- Saturn I B . . . . . . . . . . . . . . . . . . . . . . . .  $42,276,000 --- - 
--- --- --- --- ___ Total . . . . . . . . . . . . . . . . . . . . . . . . . .  $42,276,000 

F i s c a l  Y e a r  1969 w a s  t h e  l a s t  yea r  of Apollo funding f o r  t he  Sa turn  I B  
launch vehic:Le. 
t r a n s f e r r e d  t o  Apollo Appl ica t ions  f o r  use i n  t h a t  program. Prodiictjon 
of the  Sa turn  IB has  been concluded. 

Seven unused Apollo Sa turn  I B  launch v e h i c l e s  have been 
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RESEARCH AND DeVEuIpMENT 

FISCAL YEAR 1971 ESTPUTES 

OFFICE OF WJJI) SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGRAM 

FROGRAM OBJECTJlES AND JUSTIFICATION : 

The Space l l l ight  Operations program is di rec ted  toward capi ta l iz ing  on 
t h i s  aation'n investment i n  t ra ined manpower, f a c i l i t i e s  and the technology 
developed i n  the 6emini and Apollo programs f o r  the launch, production and 
operation of manned space systems. The program incorporate6 and i n i t i a t e s  
some of the luey elements of the recornmendations of the Preoideat 's  Space 
Task Group i i a  t h e i r  September 1969 report .  Provision l a  made for def ln i t i on  
and design eCfoirt necessary for developing new systems and technology f o r  
apace operat:ionrs w i t h  emphasis upon the c r i t i ca l  f ac to r s  of (1) coiV00ntality, 
(2) r eusab i l i t y ,  and (3) economy. This program w i l l  be d i rec ted  initd.al1y 
toward development of a new space t ranspor ta t ion  capab i l i t y  and space s t a t i o n  
lsodules which u t i l i z e  t h i s  new capab i l i t y  and w i l l  provide an opportunity for 
broad in t e rna t ion r l  par t ic ipa t ion  and cooperation. 

I n i t i a l  Space F l igh t  Operatsons w i l l  be conducted i n  the A p o l l o  Applica- 
t ions  progrcus building on the  s t rong base of f l i g h t  experience, ground 
f a c i l i t i e s ,  and t ra ined  manpower developed i n  the Apollo program. Apollo 
Applications employs a Saturn Workshop, l8unched atop the f i r s t  two SR:.ge8 of 
a Saturn V, an Apollo Telescope Mount f o r  observing the  sun, and the has ic  
space vehicle hardware developed and procured i n  A p o l l o .  This hardware is 
being modified to meet the unique requirements of the  Apollo Applications 
missions and t o  accomplish a l imited but ca re fu l ly  selected number of scient i -  
f i c ,  technological,  medical and space appl ica t ion  inves t iga t ioas .  

Apollo Applications w i l l  determine and evaluate in a series of profjressive1.y 
longer missions, reaching up t o  56 days, man's physiological respoasert and 
ap t i tudes  in space under zero-gravity conditions,  and equally Important, h i s  
post-mission re-adaptation t o  the ea r th  environment. 
o ther  physicaJ science experiments w i l l  g r ea t ly  increase man's understanding 
of the  sun anld in te rp lane tary  space. 
acce le ra te  in te rna t iona l  cooperation i n  understanding, improving, and coat ro l -  
l i ng  t h e  maaagement and use of ea r th  resources of the e n t i r e  world. 

The solar astroaromy and 

Acquisit ion of ea r th  resources data may 

Great s tresa  w i l l  be l a i d  on inves t iga t ing  and evaluating the unique 
capab i l i t i e s  of man f o r  judgment and discriminating observations,  sensor 
operation, cleita se lec t ion  and assessment, maintenance, r epa i r ,  assembly and 
set-up, instantaneous and f l ex ib l e  react ion,  manned f l i g h t  cont ro l ,  aad 
mobili ty whl.1.e conducting experiments and operations.  The Workshop mission 
w i l l  a l s o  dave1.op and demonstrate techniques for increasing systems l i f e  and 
evaluate techniques for  in-f l i g h t  test  and qua l i f i ca t ion  of advanced subsystems. 



The Apollo Applications missions are a prelude t o  the operation of ai space 
s t a t i o n  and space shu t t l e .  This canbination of a s h u t t l e  and a multi-purpose 
s t a t i o n  or base id11 be a major s t e p  i n  r ea l i z ing  the p o t e n t i a l i t i e s  o f  space 
science t o  malm iP v i s i b l e  contr ibut ion to the v i t a l i t y  and forward prop;ress 
of both t h i s  country and the world. 

The v e r s a t i l i t y  of the space s t a t i o n  and space s h u t t l e  to performmmy 
varied tasks  should lead t o  a productive and econamical u t i l i z a t i o n  of space. 
The long-term and multi-purpose nature of the s t a t i o n ,  and the  space base 
which w i l l  develop from i t ,  provides the means f o r  consolidating many 
d ive r s i f i ed  e f f o r t s  i n  space t o  obtain advantages of c m o n a l i t y .  
and appl icat ions experimentation w i l l  be strengthened with the  i n i t i a t i o n  of 
new tasks previously not achievable. 
l o g i s t i c s  support of the  space shu t t l e ,  w i l l  be a basic supportive sysl:em f o r  
much of the ioves t iga t ive  a c t i v i t y  t o  be conducted i n  e a r t h  o r b i t ,  Thnt 
introduct ion of the  reusable space s h u t t l e  w i l l  reduce the  cos t  of thiis 
a c t i v i t y ,  simplify the  operat ional  procedures, and provide conventent ,and 
economical t ranspor ta t  ion. 

Scitcntific 

The s t a t i o n  and base, with t:he 

SUMMARY OF RESOURCES REQUIRgMENTS: 

1971 --- 1969 19 70 

Apollo appl icat ions ........... $150,000,000 $300,052,000 $364,300,000 
Operations. ................... --- 24,548,000 40,9 00,000 
Space shut t  1.e and a ta t ion . .  ... (8,800,000) 18,500,000 'LlO.O,OO, 000 

Total. $150,000,000 Q343,100,000 $ 5 1 5 ~ 0 0 , 0 0 0  - 
Distribution;& Program Amount by I n s t a l l a t i o n :  

John F. E:t!nciedy Space 

Manned Spawxcraft Center.. . $54,707,000 
Marshal 1 !;price F l igh t  

Center.. .................. 93,458,000 
Jet Propci:Lslion Laboratory.. --- 
Apes Research Center.. ..... 145,000 
E1ectron:lcs Research Center --- 
Langley ]&?search Center. ... 125,000 
NASA Headquart e r s .......... 1,565,000 

Center,, USA... --- .......... 

Apollo Applications 

$9,600,000 
139,208,000 

165,897,000 
150,000 

3,407,000 
400,000 
638,000 

23,800,000 

$18,600,000 
136,900,000 

310,7'00,000 --- 
1,870,000 --- 

Iil30,OOO 
46,8;00,000 

Apollo App:Lications w i l l  be directed toward near-earth missions emphasizing 
the uti1izat:Lon and appl ica t ion  of space f o r  man's benef i t  and knowledge. 
With f l i g h t s  camencing i n  late 1972, t he  program i s  s t ructured about an 
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e a r t h  orbiting; wcbrkshop containing a solar observatory, l abora tor ies ,  work 
areas,  control. st:ations and crew l iv ing  quarters .  Following the launch of 
the Workshop, three manned missions using Apollo Caamand and Service Modules 
w i l l  v i s i t  and use the Workshop during i t s  planned e igh t  month f l i g h t  sequence. 

The program w l i l l  be a precursor of space s t a t i o n  operations t h a t  w i l l  
begin i n  the 1.ast half  of the decade. While A p o l l o  Applications w i l l  i nves t i -  
ga te  new technc3logical concepts, conduct experiments, and develop operational 
techniques app:Licable t o  the s t a t ion ,  i t s  grea te r  importance w i l l  be tal demon- 
strate during Long durat ion manned f l i g h t s  the inter-associat ion of marit and 
h i s  experiments . 
Medical SciennE 

Man f i r s t  journeyed i n t o  space near ly  nine years ago, and has s ince 
progressed through longer and more d i s t a n t  f l i g h t s .  To date,  he has success- 
f u l l y  adapted t o  t h i s  new environment. 
a b i l i t y  of main t o  r e t a i n  both h i s  hea l th  and h i s  capacity t o  perform physical 
and mental tasks  for periods up t o  14 days. Apollo has proved t h a t  he can 
readi ly  acclimate himself t o  the 1/6th grav i ty  force ex i s t ing  on t:he moon. 

The Gemini program demonstrated the 

The f i r s t  .manned Apollo Applications f l i g h t  w i l l  be a mission lastimg up 
t o  28 days, or twice the duration of ex is t ing  experience, and w i l l  invest igate  
the e f f e c t s  of prolonged weightlessness on man's heal th  and behavior and on 
h i s  a b i l i t y  t o  car ry  out h i s  various dut ies .  
are planned fax up to  56 days each, and w i l l  approach the  regular crew cycles  
ant ic ipated on the  space s t a t i o n  and space base. 

The second and th i rd  f l i g h t s  

The medical and behavioral s tud ies  of t he  f l i g h t  crews during the A p o l l o  
Applications niiesion w i l l  focus on the  e f f e c t s  of space f l i g h t  on man, and 
the sequence thxough time of these e f f ec t s .  Man, t o  date ,  has seemingly been 
able  t o  adjust: to  weightlessness and any physiological e f f e c t s  have apparently 
s tab i l ized .  1,ortger f l i g h t  t i m e s  could change these conditions. I f  undesirable 
e f f e c t s  a r e  ctoted during the  mission,  the program w i l l  then evaluate means of 
mediating the e f f e c t s ,  predict ing t h e i r  onset and sever i ty ,  and de temia ing  
the most e f f ec t ive  method of prevention or correct ion.  It is  expected t h a t  a 
physician ast:iroriaut w i l l  be a member of one f l i g h t  crew. 

Included tunong the experiment s tud ie s  tha t  w i l l  assess the e f f e c t s  of 
weightlessnerirs on man are : 
within the body; a determination of the  occurrence and degree of bone 
demineralization; a survey of changes i n  the cardiovascular system and 
functions,  including the e l e c t r i c a l  a c t i v i t y  of the  hea r t ;  an investi#;ation 
of the frequwncy of chromosome aberrat ions i n  blood c e l l s ,  and the chmges i n  
red c e l l  mass, red c e l l  survival and plasma volume; an examination of the 
e f f e c t s  of slpace on blood coagulation and c e l l u l a r  inmunity; s tud ies  on the 
e f f e c t s  of a prolonged absence of grav i ty  on the body's metabolic r a to ,  and 
a l s o  on the functioning of the inner  ear, which provides the  body with i t s  
sense or or ien ta t ion  and balance. 

an evaluation of calcium and endocrine balance 
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These medicail s tud ies  a re  expected t o  contr ibute  t o  basic medical knowledge, 
not only on the! e f f e c t s  of space on man, but by es tab l i sh ing  reference points  
through the de ta i led  and documented study of healthy human subjec ts ,  vho are 
infrequent ly  the  object  of medical research. As i n  the pas t ,  the  experiments 
and t h e i r  awaatirement systems may find appl icat ions here on ea r th  in the  
diagnosis and 1:roatment of the ill. 

Bioscience 

Several b i c ~ l l o ~ ~ i c a l  experiments w i l l  be conducted. These are:  a study of 
the e f f e c t  of zero-gravity on l i v i n g  human c e l l s  i n  a t i s s u e  cu l tu re ,  and 
three experimmtr; examining biological  rhythms Living organisms posse ss 
periodic rhythms,, influenced by unknown fac to r s ,  which govern t h e i r  l i fe  
processes, acl::Lvltties and behavior. If these rhytlnns a re  a l t e r ed ,  a condition 
may develop apmcwg: the d i f f e r e n t  functions of the organism, r e su l t i ng  i n  
metabolic confususlion tha t  may induce discomfort and i l l n e s s .  Potatoes,  
vinegar gnats,,  arid mice w i l l  be studied fo r  t he  e f f e c t  of the space 
environment on these rhythms. 

Space Physics d e l  Astronany 

Knowledge o E  the  sun with i t s  tremendous range and combination of temperatures, 
pressures ,  and mcignetic and rad ia t ive  f i e l d  s t rengths ,  provides the bas i s  f o r  
new s tudies  i n  vcarious physical d i sc ip l ines .  Man is  l imited i n  h i s  striidy of 
the  sun becauisie of the atmosphere t h a t  p ro tec ts  him from it. Our atmosiphere 
sh ie lds  terrestrial observation of the  u l t r a v i o l e t ,  extreme u l t r a v i o l e l ,  
X-ray, and moist in f ra red  rad ia t ion  from the sun. The atmosphere, with i t s  
turbulence, b:Liurs any op t i ca l  images of the  sun and clouds and atmospheric 
pol lut ion a l s o  in t e r rup t  viewing. 
the Saturn Wor’kslrop w i l l  operate as a support base f o r  a s o l a r  observatory - 
The Apollo Te:Lescope Mount (AIM). The All4 contains f i v e  experiments: a 
White Light Coronagraph t o  monitor the  brightness,  form, and polar iza t ion  of 
t he  solar corona i n  white l i g h t ;  an X-ray Spectrographic Telescope f o r  study- 
ing solar flame emissions i n  the s o f t  X-ray wavelengths; an Ul t r av io l e t  
Spectrometer Elor photoe lec t r ica l ly  recording high reso lu t ion  solar images and 
surveying spectral emissions of selected areas of the sun; a Dual X-ray 
Telescope fo r  obtaining t ime-histories of the  dynamics of the  solar atamsphere 
i n  selected X - r a y  ranges; and an Ult rav io le t  Spectrograph and Heliograph f o r  
recording higlh reso lu t ion  images in the  u l t r a v i o l e t  wavelength. 

To overcome these problems and ba r r i e r s ,  

The iafonnqation received from the  Apollo Telescope Xount w i l l  subs t rmt ia l ly  
increase  man'^ kinowledge of the  sun and bring c lose r  the day when he CALL 
understand the remarkable physical pehnanena evident there  and the  e f f c c t  of 
these phenaoPena on man’s exis tence OR ear th .  
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During the  efght  month f l i g h t  of the Workshop, the crew w i l l  conduct o the r  
a s t r o n d c a l  a n d  apace physics experiments. I n  one, nuclear emulsions a r i l 1  
measure cosmic rqys f o r  r e tu rn  t o  the ground where physical and chemical. 
cha rac t e r f s t i c s  can be observed. 
matter from outside the solar system t h a t  can be d i r e c t l y  observed. 
aeveral  sky surveys w i l l  be m a d e  by photographing selected areas of the  sky 
i n  the u l t r a v i o l e t  wavelength, and examining it  f o r  possible  X-ray sources. 
The brightness  of l i g h t  in the  night sky w i l l  be measured in an evaluation of 
the  phenomena &nom as Gegenschein and Zodiacal l i g h t .  A study of the night  
and twi l igh t  e a r t h  horizon l i g h t  and atmospheric airglow w i l l  be undertaken. 
Using a p a r t i c l e  co l lec t ion  device, the d i s t r ibu t ion ,  composition, and 
morphology of rdcraneteoroids in near-earth space w i l l  be studied. 

Cosmic rad ia t ion  is t he  only pa r t i cu la t e  
Adclitionally, 

Earth Science 

Tbe Apollo Agplicatioas Workshop w i l l  o r b i t  a t  an inc l ina t ion  of 500, and 
a t  an a l t i t u d e  of 235 naut ica l  m i l e s .  This is the  highest  i nc l ina t ion  (of any 
manned f l i g h t  conducted by the  United States .  Inc l ina t ions  of 500 are 
valuable f o r  they permit ea r th  resources survey coverage of the  e n t i r e  
contiguous Unit:ed S ta tes .  
for the Apollo Applications program. 
photographic equipment and f i lm f o r  recording resources data.  
experiment is  i i  proposed mul t i spec t ra l  radiometric scanner. 
proposed experjulemt employs an in f ra red  spectromster and a fourth cons i s t s  
of a micro-waw! radiometric experiment. The four instruments w i l l  be used 
t o  compare the! r e l a t i v e  value of da t a  i n  the d i f f e r e n t  spectral regions 
fo r  t h e i r  usefirlriess f o r  appl icat ion to  agr icu l ture ,  fo re s t ry ,  geology, 
geography, octmmgraphy, water management, etc. 

Four ea r th  resources experiments are proporecd 
The f i r s t  would u t i l i z e  mult ispectral  

A second 
Another 

Manufacturing & Engineering Technology 

The f i n a l  #set of Apollo Applications experiments is  in the  area of engineer- 
ing and manufacturing technology. 
an ana lys i s  o.E atsrosol dispers ion in zero gravi ty ;  an evaluation of various 
thermal control coat ings;  a etudy of the e f f e c t s  of crew motion on the  
dynamics of a 6piaCq vehic le ;  precis ion op t i ca l  t racking;  the  nature andl speed 
of flame in zero gravi ty ;  and an assesment  of the  use of aerodynamic and 
e l e c t r o s t a t i c  force f i e l d s  instead of gravi ty  f o r  holding tools and p a r t s  in 

Among the  experiments t o  be perfonwd are: 
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place while working. 
f e a s i b i l i t y  of manufacturing selected materials in space u t i l i z i n g  the space 
vacuum and zero g rav i ty  conditions ex i s t ing  there.  
invest igat ions i n t o  the melting of metals,  brazing techniques, camposite and 
spherical  cast in&, and c r y s t a l  growth. 
and may providx! the  bas i s  in future  years f o r  using space s t a t i o n s  as 
commercial fac1.1f.ties fo r  use i n  manufacturing e i t h e r  per fec t ly  formed products 
or unique mate rials. 

An important experiment w i l l  be the evaluat ion of the 

This w i l l  include 

Much of t h i s  work shows grea t  promise 

Mi 8 s ion Sequeags 

During the  imnmer of 1969, the Apollo Applications mission sequence was 
The pr inc ipa l  changes resul ted from the decis ion to 

Previously, the  Workshop was; to 

considerably alltrtred. 
develop a groruid-outfitted Orbi ta l  Workshop, with the  f i r s t  two s tages  of a 
Saturn V vehic;le launching it i n t o  space. 
be set up inslide the  empty tank of a spent S-IVB, a f t e r  both t h a t  stage and 
the f i r s t  s tage of a Saturn IB vehic le  had launched it  in to  o r b i t .  
the  solar obstrirviitory, ( the AIM), was t o  be launched by a Saturn IB as a 
separate  m i s s ~ t ~ n  and rendezvous and dock with the  Workshop a f t e r  reachjng 
o rb i t .  With the g rea t ly  increased performance capab i l i t y  of the  Saturn. V, 
t he  Workshop ivt l l l  be launched with a l l  the  pr inc ipa l  hardware elements, such 
a s  the Airloclc Multiple Docking Adapter, and solar observatory, integrated 
before launch. I?urther, it w i l l  be i n  a higher i nc l ina t ion  o r b i t  to provide 
improved cove:cage f o r  the  survey of ea r th  resources. 
that the Workishop w i l l  now provide its own e l e c t r i c a l  power, l i f e  suppc’rt, 
and l o g i s t i c s  sulpplies. In the  previous mode of operation, t he  Workshop w a s  
to have r e l i ed  om the  C a a m a d  and Service Module (CSn) f o r  t h i s  supporr.. Now 
the  CSM while attached t o  the Workshop becanes the rec ip ien t  ra ther  thrtn the 
provider . 

Formerly, 

A f ina l  major change is 

After an wmwnned launch fram Launch Camplex 39 a t  the Kennedy Space Center 

During the launch, the  Multiple Docking 
i n  l a t e  1972, the  Saturn Workshop w i l l  be posit ioned i n t o  a 235 nauticril m i l e  
o r b i t  with a 500 inc l ina t ion .  
Adapter, Airlock, and Apollo Telescope Mount w i l l  be protected by a payload 
shroud and w i l l  occupy the  area taken by t h e  Lunar Module and Conmuand m d  
Service Module during Apollo missions. 

Follaving the  o rb i t i ng  of the  Workshop, a Saturn IB with a modified Apollo 
Camnand and Service Module w i l l  be launched from Launch Complex 34 a t  the 
Kcnnedy Space Center sending the  f i r s t  f l i g h t  crew toward a rendezvous and 
docking with the  Workshop. 
manned mlssiouts, w i l l  cons is t  of th ree  astronauts.  

The crew of this f l i g h t ,  as in each o f  the  three 

The crew ul.11 dock the  CSM with the Multiple Docking Adapter and t r ans fe r  
to  the  Workshop through t h e  Caamand Module hatch and a hatch i n  the  Adapter. 
They w i l l  then a c t i v a t e  i t s  s y s t e m  and begin a paissioa planned to  last up to 
28 days. The. Multiple Docking Adapter w i l l  provide access to  both the  Work- 
shop and the  Airlock. The Airlock w i l l  permit the crew t o  have access t o  
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space where, wearing pressure s u i t s ,  they can perform extravehicular  ac t iv i ty .  
nis f i r s t  m i s s t o n  w i l l  emphasize medical experiments and i n i t i a t i n g  and 
verifying the opetation of the Am. 
the  Workshop s-ystcems w i l l  be sh i f t ed  to a standby condition, and readied1 f o r  
the next crew v i s i t .  

Upon canpleting t h i s  f i r s t  maMed mission, 

Approximately two months a f t e r  t he  f i r s t  crew has l e f t  the Workshop, a 
second f l i g h t  crew w i l l  be launched t o  r e v i s i t  and reuse the  Workshop. 
planned durat ion of t h e i r  mission w i l l  be up to 56 days and it w i l l  focus on 
operating the  solar observatory, and conducting the medical, e a r t h  resources, 
physics, biology, and technology experiments planned for the  Workshop. 
the Workshop w 3 l l  be placed i n  a standby condition upon the  departure oE t he  
crew. 

The 

Again, 

The th i rd  amid last astronaut  crew w i l l  r e v i s i t  and reuse the Workshop i n  
another missialcr t h a t  is also planned to last f o r  as long as 56 days. Arr iv-  
ing about one month a f t e r  t he  previous crew has returned to ea r th ,  they w i l l  
continue makiaig: solar observatibns and performing the  various s c i e n t i f i c  and 
technological experiments. With t h e i r  departure,  the Workshop w i l l  be 
deactivated apprc:c,ximately e igh t  months after i ts  launch. 

Backup hardware, including a Workshop, Multiple Docking Adapter and A i r -  
lock, w i l l  be brought t o  the point of completion of manufacturing and systems 
i n s t a l l a t i o n ,  :go t h a t  f i n a l  checkout and del ivery  can be expedi t iously 
accomplished. 
Workshop mission i f  such a fu ture  mission should be i n  the national i n t e r e s t s .  

This hardware w i l l  also be ava i lab le  to  conduct a second 

A p o l l o  Applications 

1969 1970 

Space vehicles........ ....... $52,645,000 $99,506,000 

Space station................ (8,800.000) --- Payloads and experiments. .... 97,355,000 200,546,000 

Total...................... $300,052 , 000 

Space Vehicles 

1971. 

$89,60O, 000 
274,70(:),000 -..- 

--I- 

The Apollo CoppeLand and Service Module w i l l  be modified t o  support the 
long-duration missions i t s  crew w i l l  be conducting i n  the Workshop. 
w i l l  operate i n  a quiescent mode while docked to  the  Workshop, with the  Work- 
shop supplying, it with e l e c t r i c a l  power and an oxygen/aitrogen atmosphere. 
The principal  madifications t o  the  CSM include: 
t r ans fe r  umbilical and an atmosphere interchange duct with the  Workshop; 
adding new descent ba t te ry  packs f o r  re-entry as the  CSM fue l  c e l l s  w i l l  not 
be operationad by the  t i m e  of re-entry;  adding hea ters  and control  wiring t o  

The CSM 

providing an e l e c t r i c a l  power 
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warm t h a t  portion of the spacecraf t  shadowed from the  sun; i n s t a l l i n g  addi t ional  
Reaction Control1 System propel lant  tankage with a common manifold system, thus 
providing an .alternate means f o r  re turning t o  ea r th  i n  the  event of a 
malfunction :tin ithe main engine of the Service Propulsion System; changing 
the spacecraEt caution and warning system so t h a t  it can be monitored while 
the  astronauts  ;are not on board; allowing f o r  caamunication and telemetry 
switching through the Workshop; making changes t o  the e l e c t r i c a l  power and 
propellant s torage systems; and providing, within the Capmaand Module, for  the 
900 to  1,000 pounds of suppl ies ,  equipment, and da ta  t h a t  w i l l  be car r ied  t o  
and fram the Uorkshop by each manned mission. 

FY 1971 funding w i l l  continue the engineering and manufacturing e f f o r t  
begun i n  previous years f o r  these program modifications t o  the Camnand and 
Service Module. 
with one spacecraf t  held i n  reserve as a backup. A l l  four spacec:raft are 
present ly  i n  manufacturing assembly, and during FY 1971 the f i r s t :  of these 
spacecraft  a re  scheduled t o  complete systems in tegra t ion ,  and checkout of two 
spacecraft  w i l l  begin during the f i s c a l  year. FY 1970 and PY 1971 funding 
w i l l  a l s o  be used f o r  t e s t ing  and qual i fying any modified or new components 
f o r  these four spacecraft .  

Four spacecraf t  are being modified f o r  t h i s  f i r s t  Workshop, 

Saturn IB launch vehicles  w i l l  be used i n  the Apollo Applications program 
t o  launch Command and Service Modules with i t s  astronaut  crews. A l l  Saturn 
IB vehicles  used i n  the program were t ransfer red  from the Apollo prog,cam. 

Funding in previous years covered the storage and maintenance cos t s  fo r  
the t ransferred vehicles ,  and f o r  the production of the  f i r s t  s tages  [of 
vehic les  213 and 214, (a l l  fu r the r  Saturn IB production w a s  terminated last  
year) and for cadre e f f o r t s  i n  the areas of engineering, operations,  a n d  
l o g i s t i c s  fox the Saturn IB stage.  

The FY 197'1 funding request provides f o r  continued s torage and maintenance 
e f f o r t s ,  and f a r  the cos t s  of withdrawing four  Saturn IB vehicles  from 
storage,  undertaking both modification and refurbishment of the f i r s t  several  
vehicles ,  and checkout and de l ivery  preparations of one vehicle  in  FY 1971. 

Payloads and Experiments 

Incorporated within the Orbi ta l  Workshop w i l l  be both the crew quar te rs  
The Orbi ta l  Workshop supports the and experime:nt s t a t i o n s  and work areas. 

crew and micisions by providing electrical power, communications and da ta  
acquis i t ion, ,  thermal control ,  a t t i t u d e  control ,  meteoroid shielding,  and 
water storage. The Workshop cons i s t s  of t w o  l e v e l s  with one leve l  housing 
the crew qusu:ters and medical experiments, and the  second leve l  being used 
as a work ar:ea with technology and addi t ional  medical experioaents. 
basic  power for: t he  Workshop w i l l  come f r a n  two massive so l a r  c e l l  a r rays  
whose t o t a l  w e a  w i l l  be about 1,500 square fee t .  

The 
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The Workshop is  being constructed by the  McDonnell -Douglas Corporation 
using the basic  s t r u c t u r a l  frame of an S-IVB stage.  The s tage  w i l l  haive the  
engine and pi:opcillant piping removed and t he  tanks w i l l  be sectioned t.0 
provide f1ooi:s and ce i l ings .  A hatch with a window w i l l  be i n s t a l l e d  i n  the 
Workshop to ci l l low access during pre-launch checkout and viewing during, e a r t h  
o r b i t  . 

Subsystem design, developmtnt, and fabr ica t ion  began several  year8 ago and 
Systems i n s t a l l a t i o n  began i n  FY 1970 and w i l l  w i l l  be compl.t!te!d i n  FY 1971. 

continue i n  L7t 1.971, with the Workshop being checked out during the lat ter half  
of the year p r io r  to  del ivery to the Kennedy Space Center. During FY 1970, 
thermal, dynamic: and environment t e s t i n g  of the Workshop w i l l  be conducted. 

Attached t:o t:he Warkshop w i l l  be the  Airlock Module, which provides1 
systems f o r  t he  Saturn Workshop i n  the areas of l i f e  support and thenla l  
control ,  power conditioning and d i s t r ibu t ion ,  instrumentation, and cont ro ls  
and displays.  
access t o  space and the  necessary EVA support systems. Around the Airlock, 
oxygen and nl.i:rc,gen w i l l  be stored i n  pressurized vesse ls  to provide the  
crew with a two gas atmosphere. 
23 , 000 pounds; ,, 

The Airlock w i l l  contain an extravehicular  a c t i v i t y  hatch f o r  

The gases and tanks w i l l  weigh near131 

The Airlock Module i s  also being developed by the  McDonnell-Douglas 

The s t r u c t u r a l  test article waa 
Corporation. Subsystem design, manufacturing, and t e s t i n g  have been 
conducted fox the  past  several  years. 
delivered to BISE'C fo r  t e s t i n g  i n  Hay 1969. 
f l i g h t  un i t  WLS underway i n  1969, and w i l l  be continued during both t h e  
current  fiscail. year and FY 1971. A series of systems tests i n  the  operating 
mode of the A,l.rlock Module and the Multiple Docking Adapter are scheduled 
i n  FY 1971. 

Fabricat ion a d  assembly af  the  

The Hultip11.e Docking Adapter, being developed by the  Marshall Space! F l igh t  
Center, includes:  
Module with the Workshop, a crew access hatch to the  Airlock, viewing windows, 
experiment wamk and storage areas, and the  control and d isp lay  u n i t  f o r  the 
sol ar ob se rva t:ox y . 

a docking pa r t  which connects t he  CaePand and Service 

Fabricatiam, assembly, and checkout of vibra t ion  and s t ruc tura l  t e a t  u n i t s  
were completed during F'Y 1969. Testing of these u n i t s  w i l l  be conducted 
during FY 1970. S t ruc tura l  fabr ica t ion  and assembly of the  f l i g h t  un i t  w i l l  
begin i n  FY 1970, and w i l l  be continued i n  FY 1971, as w i l l  checkout and 
t e s t i n g  of t h u i  f l i g h t  un i t .  

With the change to a Saturn V launched workshop, the  Apollo Telescope 
Mount w a s  modj.fi.ed from a free-f lying module capable of automated rendezvous 
and docking wi th ,  the  Workshop, t o  an i n t e g r a l l y  attached experimeat platform. 
This solar oblsiervatory weighs Over 21,000 pounds and w i l l  be the  heaviest  
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s i n g l e  s c i e n t i f i c  experiment unit  ye t  fluwn i n  space by t h i s  country. (It 
u t i l i z e s  threes lilS-pound control  moment gyros and three a x i s  control  to give 
i t  precise  po:lnting accuracy.) 
major experiments f o r  observing and recording solar ac t iv i ty .  
record of theise observations w i l l  be returned to  e a r t h  by the  astronauts f o r  
anal ye is by IIC i en  t i s t 0. 

The Apollo Telescope Mount contains five 
The f i lm 

Fabricat ion of s t r u c t u r a l  v ibra t ion  and thermal test units of t he  A,Dl  was 

Fabricat ion and assembly of the  prototype u n i t  w i l l  begin 
underway i n  ITY 1969, and t e s t i n g  of these u n i t s  w i l l  be conducted during 
FY 1970 and :1’9711. 
i n  FY 1970 ad fabr ica t ion  and assembly of the  f l i g h t  un i t  begianiag i n  
FY 1971, with de l ivery  i n  FY 1972. 
e x p e r b e n t  bo;gan i n  1967, and the  tes ted  f l i g h t  u n i t s  w i l l  be del ivered t o  
the  Marshall $Space F l igh t  Center i n  e a r l y  FY 1971. 

Development and production of the  AIM 

Design, dtsvelopment, production, and t e s t i n g  s f  a l l  o ther  experiments f o r  
the Workshop have been underway f o r  several  years and w i l l  continue during 
FY 1970 and :L’97:1. 
t i o n  i n t o  the  Workshop, Airlock, or Multiple Docking Adapter by the  end of 
FY 1971. 

Most of these experiments w i l l  be del ivered f o r  incorpora- 

An essent:ial element i n  achieving a successful mission is  properly coordinat 
ing and locat ing the  various experiments, so t h a t  each can function with 
minimal interference upon t h e  operation of o thers ,  and is  positioned 810  t ha t  
i t  can obta in  the maxiamn mount of data.  
payload ana lys i s ,  systems engineering, and design and development work; are 
undertaken. 

To achieve t h i s ,  e f f o r t s  iricludiag 

Other tasks  d i rec ted  toward incorporating the  experiments i n  the  Saturn 
Workshop include supplying requirements da ta ,  program and planning spec i f ica-  
t ions ,  payload in te r fac ing ,  test and checkout plans and procedures, arld ground 
and in - f l i gh t  support equipment. 

FY 1971 funding w i l l  continue t h i s  experiment in t eg ra t ion  e f f o r t  arid w i l l  
a l s o  support the design, developmcnt, and fabr ica t ion  of mission hardware, 
and associated s tudies  and analyses of experiment alternatives and experiment 
performance. I n  addi t ion,  FY 1969 funding was applied t o  in5t ia t .e  Phase B 
s tudies  f o r  t h e  Space Stat ion.  The continuing e f f o r t s  in t h i s  area are 
discussed under the  Space Shu t t l ehpace  S ta t ion  program. 

Operations 

Launch, f l ig’ht  and recovery.. .......... 
Technical.............................. 

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

$18,198,000 $32, ,100,000 
6,350,000 8, !loo, 000 

w, 000 p&’OO, 000 
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Launch, F l igh t ,  and Recovery 

This a c t i v i t y  funds only the unique pro jec t  requirements of mission:, to  be 
The basic support fo r  manned space conducted w i t h i n  Space F l igh t  Operations. 

f l i g h t  launch, f l i g h t ,  and recovery operations,  i s  funded under Apollo. 

Operations include e f f o r t s  a t  the Kennedy Space Center and the Manned 
Spacecraft Center t h a t  are d i r e c t l y  involved with prelaunch, launch, f l i g h t ,  
crew, and recovery planning a c t i v i t i e s .  Included are mission planning and 
analysis  ; pro1c:urement for  an All4 simulator;  t r a i n e r  modifications to Apollo 
Application canffgurat ions;  maintenance of Saturn IB launch capabl l i ty  ; 
modification of launch checkout equipment to  accamaodate Apollo Applications 
unique hardware; test planning and procedures for  checkout of previously 
deactivated equipment and systems a s  w e l l  a s  Apollo Applications unique 
hardware and plamning f o r  reac t iva t ion  of launch complexes fo r  Apollo 
Applications,  

FY 1971 fundti are required f o r  mission planning, simulators and t r a i n e r  
modificationo, crew t ra in ing ,  i n i t i a t i o n  of reac t iva t ion  of Saturn IB launch 
equipment and crews , including necessary e q u i p e n t  modifications t o  support 
t he  unique Api~lllo Applications missions ; and tes t  planning. 

Technic a1 

Technical operations provides f o r  integrated technical  support, review, 
and ana lys i s  Of the Apollo Applications missions. 
development o f  functional and performance standards consis tent  with mission 
objec t ives  and inission planning; technical  in tegra t ion  and eva lua t ion ,  
formulation of :test objec t ives  and t h e i r  subsequent in tegra t ion ;  misshon and 
systems spec i f ica t ions ;  t r a j ec to ry  ana lys i s ;  checkout e f fec t iveness ;  i d  

technical doc unvjntat ion. 

These services  include the 

Space Shu t t l e  and Sta t ion  

During thle l a s t  ha l f  of t h i s  decade, t h i s  country w i l l  coaraence a new epoch 
i n  manned space f l i gh t .  
i n t o  space have been both br ie f  and in te rmi t ten t ,  focused on exp lo r iq j  t h i s  
new region and t e s t i n g  h i s  a b i l i t y  to  survive. The space s h u t t l e  and space 
s t a t i o n  w i l l  fu r ther  transform t h i s  his tory.  

In t he  shor t  age of manned f l i g h t ,  man'@ journeys 

To introduce t h i s  new epoch, when man w i l l  t r u l y  exp lo i t  the envirounent 
of space, t h i s  country must develop an economical system f o r  fe r ry ing  men and 
materials t o  and from ea r th  o r b i t .  Without such a system, the perfornnance of 
space tasks  could became disproport ionately expensive. 

With the  establishment of a space s t a t i o n  and i ts  continuous operation i n  
near-earth o r b i t ,  and with the  associated operation of the s h u t t l e ,  tihe 
enviromnent of space can be applied toward a tremendously quan t i t a t ive  and 

610 2-15 



q u a l i t a t i v e  expansion i n  human knowledge--to promote a b e t t e r  understanding 
of the ea r th ,  sun, solar system, and the universe beyond; of phenomena i n  the 
biological  a o d  physical sciences ; and of t he  in t e r r e l a t ionsh ip  and i n t e r a c t  ion 
of the  many processes and phenamena tha t  e s t ab l i sh ,  cont ro l ,  and a f f e c t  the 
environment of t h i s  planet.  Many of these e f f o r t s  w i l l  hopefully f o s t e r  an 
improvement of Inuman conditions.  

The space s h u t t l e ,  with i t s  various c a p a b i l i t i e s ,  w i l l  be developed as a 
nat ional  vehicle  and can be used by o ther  government agencies and deprirtments 
t o  assist thmm in  meeting t h e i r  r e spons ib i r i t i e s  t o  the  nation. 

The space s t a t i o n  can a l so  be the  b a s i s  f o r  acce lera t ing  i n t e m a t i o n a l  
cooperation in space. The s t a t ion ,  possessing an environment where sc:ientists, 
technicians,  anld observors, who a re  not as t ronauts ,  w i l l  perform taskis and 
conduct experiments; and permit c i t i z e n s  of many countr ies  t o  pa r t i c ipa t e  i n  
the explorat ion and appl icat ion of space. 
may undertake tlhe f inancing of from one t o  several  experiments. It mlny 
contr ibute  t o  grea te r  cooperation among nat ions on ea r th  as systematii: 
s t u d i e s  and surveys of the ea r th  demonstrate that  environmental procelases 
recognize no p o l i t i c a l  boundaries. 

It is  expected t h a t  some clountries 

Space Shut t le .  

The space s h u t t l e  i s  a reusable space vehicle  system, which provides an 
economical method f o r  meeting a v a r i e t y  of launch and o r b i t a l  requirements, 
and represents  the basic space t ranspor ta t ion  system fo r  the remainde'r of 
t h i s  century. 

Once operat ional ,  the s h u t t l e  could be the only vehic le  used by the United 
As cur ren t ly  conceived, the S t a t e s  t o  t ransport  men t o  and from e a r t h  o r b i t .  

s h u t t l e  w i l l  be ab le  t o  car ry  a t  least 12 passengers to and from a space 
s t a t i o n  o r  space base. 
today's comnercial a i r l i n e r s ,  and with g rav i t a t iona l  forces  of no more than 
36's being exerted during the  launch and re -en t ry  phases, passengers without 
spec ia l  t r a in ing  can be car r ied  t o  and from space sa fe ly  and e f f i c i e n t l y .  
This w i l l  permit men from many countr ies  t o  t r ave l  i n  space and p a r t i c i p a t e  
i n  the discoveries  t o  be found, the  experiences t o  be shared, and the knowledge 
t o  be applied. 

With a cabin environment similar t o  t h a t  found i n  

The space s h u t t l e  i s  expected t o  have a payload capab i l i t y  of up t o  50,000 
pounds i n  luw e a r t h  o r b i t  (a capab i l i t y  present ly  exceeded only by the 
Saturn V) with a payload compartment 15  f e e t  i n  diameter and 60 f e e t  long 
and having a volume of 10,000 cubic f ee t .  
meet a s ingle  requirement o r  d i s t r ibu ted  among several  users .  

!Chis capab i l i t y  can be u t i l i z e d  t o  

As present ly  conceived, each space s h u t t l e  i s  composed of t w o  s tages  - the  
booster and the  o r b i t e r .  
100 missions with a minimum of maintenance. 
w i l l  be manned, although the  booster may have the capab i l i t y  of Xmking an 
automated re turn  and landing. 

Both are reusable,  and w i l l  be designed to  perform 
It is expected t h a t  both s tages  
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The s h u t t l e  has been assigned a preliminary design weight c e i l i n g  n>f 3.5 

The projected height of the s h u t t l e  system i s  between 200 to 250 
mil l ion  pounds including propel lant ,  or approximately 55% of the weight of a 
Saturn V. 
f e e t  considerably less than the 363 f e e t  height  of a Saturn V with the Apollo 
spac t l  craf t .  

The o r b i t e r  and booster w i l l  each use high-pressure l i qu id  oxygen/liquid 
hydrogen fueled rocket engines f o r  propulsion. 
designed t h r u s t  of 400,000 pounds, or near ly  t w i c e  the th rus t  of the J-2 
l i qu id  oxygeo,/liquid hydrogen engine used i n  upper s tages  of the Saturn V. 
It w i l l  be t h r o t t l a b l e  and capable of continued reuse and multiple reistarts. 
In addi t ion,  both the o r b i t e r  and booster w i l l  use a set of j e t  e n g i w s  
similar t o  those used by a i r c r a f t ,  but which w i l l  be fueled by hydrogen. 
These enginea w i l l  provide the power during the c ru i se  re turn  t o  the Landing 
area. 

Each engine w i l l  have a 

The operat ional  sequence of the space s h u t t l e  begins a t  the launch area 
where the mission payload, contained i n  modularized cargo containers ,  w i l l  be 
loaded i n t o  the  payload compartment of the o rb i t e r .  The s h u t t l e  is then 
moved t o  the launch complex for  a v e r t i c a l  launch. The booster s tage propels 
the s h u t t l e  t o  a suborbi ta l  a l t i t u d e  of 40 t o  50 m i l e s .  !l%e o r b i t e r  ,and 
booster then separate ,  and the booster maneuvers f o r  a return to earth. An 
aerodynamic 'g l iding '  character izes  the  i n i t i a l  phase of the  re turn ,  'but a t  
an a l t i t u d e  of about 10 m i l e s  the jet engines are started t o  f l y  the  lbooster 
subsonically back t o  the landing runway. 

After  booster separation, the o r b i t e r  engines i g n i t e  and burn u n t i l  the 
s tage gains the ve loc i ty  needed f o r  i n se r t ion  i n t o  a low e l l i p t i c a l  o r b i t .  
The engines are later r e s t a r t ed  to  c i r c u l a r i z e  the o r b i t  a t  100 miles. 
Restarts can a l s o  be made to execute t r ans fe r s  t o  o ther  desired orbi t6 .  

The l i f e  support and power systems of the o r b i t e r  are designed to ]provide 
it with the  capabi l i ty  to be self-sustaining f o r  up t o  seven days. 
conclusion of' i ts mission, the engines are re f i r ed  to  brake the  o r b i t e r  back 
i n t o  the  atmcmphere. Aerodynamic braking slows the o r b i t e r  u n t i l  i t  reaches 
a speed where it is, ab le  to perform a t r a n s i t i o n  t o  the c ru i se  configuration 
of an airplane.  
area fox another mission. 
to  land on runwfays approximately 10,000 f e e t  i n  length. 

A t  the  

Using the je t  engines f o r  power, it re turns  to the launch 
Both booster and o r b i t e r  s tages  w i l l  be designed 

Having landed, the booster and o r b i t e r  w i l l  be checked out ,  providied with 
new payloads, xefueled, and readied f o r  another launch two or three weeks 
later. 
a b i l i t y  t o  achieve short  turn-around times between f l i g h t s  and reduce the 
number of vehicles  required f o r  the planned missions. 

An impolrtaat element i n  the  design of the space s h u t t l e  w i l l  be the 

I n i t i a l l y ,  the s h u t t l e  w i l l  be used i n  t ransport ing f l i g h t  crews, 

Ister it  w i l l  a l s o  be used f o r  t ransport ing suppl ies  anid 
s c i e n t i s t s ,  experiments and suppl ies  to  space s t a t i o n s  and space bases i n  
ea r th  o r b i t .  
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equipment i n t o  an ea r th  parking o r b i t  f o r  t r a n s f e r  by a nuclear s tage t o  such 
d i s t a n t  destituiti.ons as lunar and planetary bases. 
logistics requitrements f o r  the s t a t i o n  and space bases are: food, water, 
BpIu)nia, medic:cil and hygiene suppl ies ,  and personnel suppl ies ;  propel lent  f o r  
the  reaction c:ont:rol systems; gases and l i qu ids  t h a t  cool and pressur ize ;  
computer tape m c l  microfilm; materials and experiment module f l u i d s  for  t h e  
s c i e n t i f i c  and appl icat ions work being performed; and rep lacment  and sipare 
camponents and subsystems for repairs .  
capacity to larmch experiment modules associated with the  operation of t he  
space s t a t i o n  riucl space bases. 

Sane of the  ant ic ipated 

The space s h u t t l e  w i l l  also have the 

A shu t t l e ,  €lying missions i n  a polar o r b i t ,  can complement the  s c i e n t i f i c  
and applicatioiis  experiments conducted by inves t iga tors  on the  space s t a t i o n  
o r  base. The o r b i t a l  i nc l ina t ion  of the s t a t i o n  o r  base is not  planned t o  
be greater than li5 degrees and w i l l  not encompass the polar  and near pollar 
reg ionof  the  ear th .  A s h u t t l e ,  launched i n t o  a polar  o r b i t ,  w i l l  be able  
to cover every point on the ear th .  

This is espaciially important in the development of inetrments pertaining 
to surveys of the ea r th ' s  resources which a re  important t o  an understanding 
of the  ecologPcall and climatological process i n  the  polar  regions and t h e i r  
e f f e c t  on the temperate and t rop ica l  areas. In the  study of space physics, andl 
pa r t i cu la r ly  Ithe environmental perturbations produced by rad ia t ion  of various 
kinds and sou~t~ces, the polar region is again important as the loca l  of 
important phentrrPctna in the  atamsphere, ionosphere and magnetic field. 

The space :dhuittle w i l l  be capable of carrying from one t o  several  ailtomated 
satellites awi posi t ioning them in t h e i r  selected ea r th  o r b i t s .  
can be used fo r  satell i te r e t r i e v a l  and maintenance. S a t e l l i t e s  t ha t  have 
malfunctioned o r  ind ica te  a degradation in performance can be returned t o  
ea r th  for failure ana lys i s ,  repa i r ,  and fu ture  reuse. The s h u t t l e  can also 
be used t o  review satell i te performance, monitoring t h e i r  o r i en ta t ion ,  systems 
operation, and instrument development. Another appl icat ion i s  i t s  use i n  
the  developaeintal f l i g h t  t e s t ing  and ca l ib ra t ion  of various sensors and 
s c i e n t i f i c  experiments i n  space, thus demonstrating t h e i r  performance 1efore  
camnitting than  to operation. 

The s h u t t l e  

The space s h u t t l e  can ~ e r v e  as an o r b i t a l  s taging platform f o r  automated 
planetary probes and spacecraft .  It would launch the  planetary spacecraf t ,  
and possibly i ts  attached propulsion s tage,  i n t o  the o r b i t  around the earth 
from which the sipacecraf t i s  inser ted i n t o  a t rans-planetary t ra jec tory .  
When spacecraf t  s ize  and weight permit, the  propulsion s tage would be 
in t eg ra l ly  attac'hed t o  the spacecraf t  on ea r th ,  and car r ied  as a uni t  l~y the 
s h u t t l e  . 

Future manned space explorat ion t o  the moon and to  the neighboring planets  
w i l l  be made using nuclear propulsion stages. 
hydrogen fue l ,  w i l l  be reusable and capable of making t en  round-trips between 

These s tages ,  using l iqu id  
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e a r t h  o r b i t  and lunar o r b i t .  
refueled with approximately 250,000 pounds of l i qu id  hydrogen. 
s h u t t l e  w i l l  b e  used to t ranspor t  t h i s  l i qu id  hydrogen t o  ea r th  o r b i t .  

For each t r i p ,  however, the  s tage must be 
The space 

Final ly ,  t h e  space s h u t t l e  w i l l  be designed so t ha t  it can be maintrrined 
i n  a state of launch readiness for lengthy periods,  and y e t  be launched within 
two hours notice.  In the event of an emergency i n  space, it could car ry  
engineering or r epa i r  s p e c i a l i s t s  t o  overcame the  problem, or rescue alii 
endangered crew. 

The many expected uses f o r  the space s h u t t l e  i l l u s t r a t e  i t s  versa t i l l i ty ,  
and i t s  unique a b i l i t y  t o  solve most of the l o g i s t i c s  and t ransport  problems 
associated with an e f f e c t i v e  u t i l i z a t i o n  of the  space envirooment. 
expected high annual requirement, both i n  missions and i n  l o g i s t i c a l  wntight, 
requires  the development of a space t ransportat ion system t h a t  has a l o w  
operational cost .  The space s h u t t l e ,  through reuse,  minimum post -miss:lion 
maintenance and refurbishment, and a i r c r a f t  type checkout operations,  could 
reduce the cos t  pe r  pound of payload i n  o r b i t  by a f ac to r  of ten. 

The 

The NASA comenced de ta i l ed  s tud ie s  of the s h u t t l e  i n  1969 with study 
contract  awards t o  General Dynamics, Lockheed, North American-Rockwell, and 
HcDoMell -Douglas. These cont rac ts ,  which have been completed, were fo r  
preparing and analyzing conceptual designs fo r  a reusable space l o g i s t i c s  
system t h a t  would reduce present payload launch c o s t s  by an order of 
magnitude. From the r e s u l t s  of these contractor  e f f o r t s  and o the r  NASA and 
Department of Defense s tudies ,  a preliminary space s h u t t l e  configuration has 
been establ ished with the desired payload and performance cha rac t e r i s t t c s ,  
and a preliminary evaluation of various systems and technology requirements 
has begun. 

During FY 1970, the  NASA plans to  award two sets of d e f i n i t i o n  cont rac ts  
fo r  the  space shu t t l e .  One set of competitive cont rac ts  w i l l  be awarded f o r  
a study of t h e  basic s h u t t l e  vehicle ,  including the  aerodynamics, integrated 
thermal protect ion system and s t ruc tu re ,  avionics,  and aux i l i a ry  propulsion. 
These s tudies  w i l l  emphasize the r eusab i l i t y ,  main ta inabi l i ty ,  and low cos t  
operational fieatlures of the  shut t le  and produce a proposed preliminary 
design of the space shu t t l e .  Additionally, the  contractors  w i l l  asses?, the 
mass propert ies ,  performance and weight s e n s i t i v i t y ,  dynamics and cont ro l ,  
and development r i s k s  inherent i n  the configuration. F ina l ly ,  they wiI .1  
perform: system analyses, including safe ty ,  mission p r o f i l e s ,  launch opera- 
t ions ,  and payload in tegra t ion  and l o g i s t i c s  ; design analyses, including 
s t ruc tu res  and m a t e r i a l s ;  and a cos t  and schedule assessment of the sprice 
s h u t t l e  program. A major element of the work i n  these cont rac ts  is expected 
t o  be the thoiusainds of hours of wind tunnel t e s t i n g  undertaken t o  ve r i fy  the 
soundness of t h e  proposed preliminary designs. 

A second scat of competitive cont rac ts  w i l l  be f o r  d e f i n i t i o n  studie#i f o r  
the  high performance l i qu id  oxygedl iquid  hydrogen engine to  be used on t he  
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shu t t l e .  
system and component configuration including the  sequence of operation, 
performance limits, and design margins, and def ine the  requirements for engine 
test stand f a c i l i t i e s .  The contractors  w i l l  also iden t i fy  and assess areas 
where economies can be achieved i n  the production and maintenance of the  
engines. In addi t ion,  they w i l l  conduct l imited t e s t i n g  of c r i t i c a l  components 
t o  demonstrate the capabi l i ty  of t he  components and subsystems t o  meet the 
requirements. 

The contractors  w i l l  undertake a design d e f i n i t i o n  of the  engine 

Present ly ,  sleveral contractors  using o ther  government and corporate Eunds 
a re  conducting, t e s t  f i r i n g s  of smaller sized engines tha t  contain sane of the 
e s sen t i a l  fea tures  of the s h u t t l e  engine ; consequently, much of the  tec'hnology 
required is uaidler development 

Within the  trehdcle system, there  a re  several  important technology areas  
where additionuil work w i l l  be conducted t o  develop and apply technology f o r  
s h u t t l e  use. These include: analyzing t h e  aerodynamic configuratton of a 
vehicle  t ha t  mist: engage in control led f l i g h t  through the o r b i t a l  , hypersonic , 
supersonic, trmsionic, and subsonic f l i g h t  reglmes, and be landable on a 
contemporary runway; a thermal protect ion system using materials incorporating 
nonmetallic and meta l l ic  rad ia t ive  heat  sh ie ld  concepts t h a t  can wLthstand 
temperatures that: are expected to reach 2,0000p, and a l s o  provide r eusab i l i t y  
without refurbishment ; dynamics and a e r o l a s t i c i t y  of the vehicle including 
dynamic loads imcl response, fue l  slosh,  shock loads a t  l i f t o f f ,  staging, and 
landing; and wtthin the  f l i g h t  dynamics and a e r o l a s t i c  environment the f l u t t e r ,  
buf fe t ,  ground loads and divergence, coupled dynamics, POGO, winds, gus ts ,  
and control  loads. Other important technology s tud ie s  are: t o  produce 
e f f i c i e n t  s t ruc tu ra l  design employing materials with regard f o r  vehicle1 
weight , heat arid dynamic loads,  and r e a s a b i l i t y  requirements; t o  impro\le 
mater ia l s  such 813: temperature bearings, l ub r i can t s  and seals, and cryogenic 
insu la t ion ;  and to  explore methods f o r  fabr ica t ing  la rge  q u a n t i t i e s  of high 
temperature wztalts. 
major task  will  be t o  produce e f f i c i e n t  in tegra t ion  of these systems. 

Much of the e l ec t ron ic s  technology i s  ava i lab le  but a 

This research is one par t  of a p a r a l l e l  e f f o r t .  The results of t h i e  e f f o r t  
aod of the  inPonnation developed f r m  the contractor  design s tudies  w i l l  be 
promptly coordiniited between the  various contractors  to  most e f f e c t i v e l y  and 
e f f i c i e n t l y  progress toward the  development of a technica l ly  and econaniically 
va l id  design of the space shut t le .  

The NASA's Office of Advanced Research and Technology w i l l  undertake! i n  
FY 1970 and 1 '971 much of t h i s  supporting technology for the space shu t t l e .  
It is  expected tha t  much of the  technology developed and demonstrated :in the 
space s h u t t l e  w i l l  be used by m i l i t a r y  and camnercial a i r c r a f t  i n  fu ture  
dec ade s . 

The FY 1971 funding f o r  the space s h u t t l e  is f o r  continuing de f in i t i on  
e f f o r t s  and f o r  i n i t i a t i n g  a de ta i led  design of elements of the s h u t t l e ,  



espec ia l ly  the  engine and the  prototype development of selected c r i t i c a l  
camponents. 
capab i l i t y  through faci l i t ies  modifications a t  selected sites where ex i s t ing  
engine test st:rmds are located. 
component and a1t:itude t e s t i n g  may be required. 

Cn:her funding may be applied to develop a necessary test 

In addi t ion,  modifications i n  support of 

Space S ta t ion  

An essentiatl. element in the continued explorat ion and u t i l i z a t i o n  of space 
i n  fu ture  decaicleai is the space s t a t ion .  Without t h e  s t a t i o n  many of o u r  
endeavors i n  sipace w i l l  be r e s t r i c t e d  and t h e i r  appl icat ion to  a l l  men 
1 hi ted . 

The space n1:at:ion and the space base which w i l l  develop from it  w i l l  be 
the  cen t r a l  cni:rier through which man can increasingly progress toward a 
f u l l e r  underst:cinding of h i s  world and the  universe. 
a l s o  provide t:he support f o r  aggregating m y  of the necessary tasks  t o  be 
undertaken i n  itpace, and f o r  consolidating and in te r -assoc ia t ing  the many 
s c i e n t i f i c  ani1 technological d i sc ip l ines  whose r e s u l t s  provide the  means for  
t h i s  progress in knowledge. 

!l%e s t a t i o n  and base w i l l  

The space s t a t i o n  w i l l  have an i n i t i a l  crew coaplement of 6 t o  12 people, 
The Lubsequenr: base could be a multi-purpose f a c i l i t y  i n  e a r t h  o r b i t  housing 
a crew of 50 to  1.00 men. The s t a t i o n  w i l l  pr imari ly  serve a s  t he  supparting 
platform fo r  t i  very d ive r s i f i ed  group of s c i e n t i f i c ,  appl ica t ions ,  and 
technology experiments encompassing near ly  a l l  s c i e n t i f i c  d i sc ip l ines .  The 
experiments for  the space s t a t i o n  and space base w i l l  be conducted i n  various 
modes--saae i n  modules attached to the  s t a t i o n  or base and with an envjron- 
ment of zero ~ i r a v i t y  o r  a r t i f i c i a l  gravi ty ,  and soam f ree  f ly ing  i n  vaxying 
o r b i t s ,  inclirriations, and a l t i t u d e s .  

The followjtng pr inc ipa l  experiment groupings, bui lding @n those done on 

These manned exper-nts w i l l  
the Workshop, arc! being considered for the  space s t a t i o n  and f o r  possible  
later use i n  tu~soc ia t ion  with a space base. 
complement and extend the information ava i lab le  frola automated satell i tes 
observing spec::tfic phenaapena. 
sources in tht4 sky, espec ia l ly  areas and objec ts  where the X-ray rad ia t ion  
exceeds a l l  other  forms of radiat ion.  The reso lu t ion  power of the telescope 
i n  t h e  s t e l l a r  aetronany module w i l l  s i gn i f i can t ly  increase our knowledge of 
as t ronanical  ob jttcts and p e w i t  t h e  observation of f a i n t  ob jec t s  not ok~servablr! 
from the  ground. High reso lu t ion  s tudies  of the s t ruc tu re  of the  sun, and 
the  various formn of solar a c t i v i t y  w i l l  be conducted using a s o l a r  astronany 
module. The ul t i raviolet  stellar survey w i l l  map the e n t i r e  sky f o r  u l t r a -  
v i o l e t  rad ia t ion  which i s  not observable f r a n  the  ground. 
stellar survey w i l l  l oca t e  gasmsa and X-ray sources in the  sky and the  i n f r a -  
red stellar s r imty  w i l l  search the sky i n  wavelengths not recordable orii the 
ground. 

The X-ray telescope w i l l  examine X-ray 

A high energ,y 
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Within thts science of physics, using s c i e n t i f i c  a i r locks  8nd s u b s a t e l l i t e s ,  
data on the ctiavironorcnt i n  the near-space regions of the ea r th  w i l l  be ob- 
tained. Airglow, Gegenschein and Zodiacal l i g h t ,  the chemical composition 
of the atmosp13ete, urd solar l i g h t  s ca t t e r ing  are among the phenomena tha t  
w i l l  be exam$imed. 
st8nding of plarma physics and environmental per turbat ions w i l l  be developed. 
A cosmic ray ]physics module w i l l  gather cosmic rays over large energy regions 
8nd determine t h e i r  cha rac t e r i s t i c s .  

From ionospheric s tud ies  and mapping, 8 grea ter  under- 

Bioscience experiments w i l l  include s tudies  on the  ro l e  of grav i ty  on the 
physiology, bdochemistry, and behavior of small ver tebra tes ,  invertebrates ,  
and lower and. higher order p lan ts  through t h e i r  e n t i r e  l i f e  cycle, 
a l l i e d  group of experiments, biomedical and behavioral research on the 
e f f e c t s  of very long-duration f l i g h t  on man w i l l  be conducted. 
psychological and behavioral changes w i l l  be monitored, and a de ta i led  
study of any phywiological and functional changes w i l l  be performed. 

In an 

Any 

In addi t ian,  ea r th  surveys w i l l  be undertaken using the space s t a t i o n  
t o  test a varj.et:y of sensor devices f o r  po ten t ia l  appl ica t ion  to the 
operat ional  ai;lrst:ems of the future .  
with hard vac:wnxi and zero gravi ty  conditions,  materials manufacturing and 
processing wil.1 be examined. Thin-film e l ec t ron ic  devices,  g l a s s  cas t ing ,  
precis ion spbterical cast ing,  c r y s t a l  growth, high s t rength  composite 
cas t ings ,  andl var iab le  dens i ty  cast ings such as foams are among the  candidate 
area8 for study. 
could result lin use of the station or base for ccmnercial production olf 
special ized suiterials t h a t  cannot be duplicated on ear th .  

The use of the space environment, 

Demonstration of the  u t i l i t y  of space f o r  t h i s  purpose 

F l igh t  crews using the s t a t i o n  and base w i l l  be f e r r i e d  to and from o r b i t  
by the space cBhtittle. 
support of t he  n ta t ion  and base and w i l l  be ab le  to  ca r ry  IMDY of the  
experiment modules 

The space s h u t t l e  w i l l  a l s o  provide the log i s t i , c s  

Conceptual, s tud ie s  underway on t he  experiment modules emphasize coramonalityr 
so t h a t  four  or f ive  basic module types w i l l  be able  to  support the wide 
va r i e ty  of eicperiments. 
thermal contirol,, a t t i t u d e  cont ro l ,  a d  l i f e  support are the pr incipal  
element8 when3 carrrronality appears achievable. 

Basic s t r u c t u r a l  design and the  systems f o r  power, 

The space s t a t i o n  is being designed as a long l i f e  maintainable syrltem 

The s t a t i o n  and base w i l l  be qu i t e  autonaacvs, 
f o r  men workitilrg and l i v i n g  i n  space. I n i t i a l l y ,  it i s  expected t o  operate  i n  
a zero gravilty condition. 
having on-board conmaad and control  cen ters  and l i f e  support systems t h a t  a r e  
capable of regenerating the envirorrment, and operating f o r  extended periods. 
The PPajor source of power w i l l  be a nuclear reac tor  subsystem. A da ta  re lay  
satellite w i l l 1  provide continuous conmanications coverage with the ground. 
Living qua r t e r s  w i l l  be a t t r a c t i v e  and comfortable, and housekeeping functionfi 
w i l l  be high'ly ;automated. 
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The technoI.og,y required t o  achieve these systems cha rac t e r i s t i c s  and 
fea tures  w i l l  s i gn i f i can t ly  increase the  capabi l i ty  of the  country and much 
of t h i s  new tc:ch.nology can be appl ied by government and industry .in develop- 
ing o r  improving products and services on ear th .  An example of t h i s  i s  the  
l i f e  support system f o r  the s t a t i o n  and base. The space s t a t i o n  and base 
w i l l  be EL condinled environmental system with l imited resources wh.ich are 
de1icatel.y bal.anLced. This is  not  d i s s imi l a r  t o  how man is now viewing h i s  
ear th .  The at.mospheric regeneration subsystem on the  s t a t i o n  musit perform 
the  following functions: atmospheric supply and pressure cont ro l ,  carbon 
dioxide removal and reduction, oxygen reclamation, and contaminant control .  
Another subsystem must provide f o r  the generation of oxygen, hydrogen, and 
nitrogen. A t h i r d  must supply water and provide f o r  waste management includ- 
ing col lect ior i ,  t ranspor t ,  reclamation, s t e r i l i z a t i o n  and s torage.  The f i n a l  
subsystem is f o r  temperature and humidity cont ro l .  
being developed f o r  these subsystems may f ind  appl ica t ion  here on earth 
especia1l.y i n  the  cont ro l  of l i f e  c r i t i c a l  resources and management of sources 
of severe pol.l.ut.ion. 

Some of t he  technology 



Space Shut t le  and Sta t ion  

1969 1970 

Experiment def ini t ion. .  .......... --- $6,000,000 
Shut t le  engiatc! d e f i n i t i o n  and 

design. ......................... --- 5,000,000 
Shuttle airfrcime definition...... --- 7,500 , 000 

Shutt  le/stat d.on preliminary 
S ta t ion  definlttion.. ............. ($8,800,000) --- 

design verific:ation..  .......... --- --- 
Total. . . . . .  .................... fi 8,800,000) w o o  , 000 

Experiment De f iai t ion 

1971 
--I 

$12,000,000 

48,500 , 000 
22,500,000 
6,000,000 

21,000,000 

p o  , 000,000 

The e a r l y  cmdi accurate de f in i t i on  of the experiments and supporting 
systems in thit! Space Shut t le /S ta t ion  program is v i t a l  to  eventual mission 
success and t.tte achievement of program object ives .  
space s t a t i o n  opkeration w i l l  be the  conduct of manned observations and 
experimentation. These w i l l  impose major requirements on the  space s t a t i o n  
and experimeait: nlodule design and operation, and d i c t a t e  an e a r l y  de f in i t i on  
e f f o r t .  

The major portion of the 

Before an experiment can be coaamitted to  a f l i g h t  program, i t  must be 
determined as baing f eas ib l e  f o r  missions planned in the  program and be 
assessed f o r  its1 spec i f i c  contr ibut ion to the  program object ives .  
i t  must have well-defined funding and schedule project ions and spec i f ica t ions  
f o r  power, tcarperature, volume, and any o ther  mission cons t ra in ts .  Assurance 
i s  needed not. only on the experiment's appropriateness, but on i t s  a b i l i t y  
t o  be readi ly  incorporated i n  the program and managed e f f ec t ive ly .  
de f in i t i on  funding provides the e a r l y  impetus f o r  acquiring the  technical  
and sc ien t i f ic :  e f f o r t  needed i n  ident i fy ing  and ver i fying,  through ground 
experimentation and ana lys i s ,  those worthwhile experiments f o r  conduct by 
man i n  space t o  assure an e f f ec t ive  use of the  space s t a t i o n  and the space 
environment. 

Add i t iona l ly ,  

Experiment 

I n  Fp 1970 and 1971, funding w i l l  be pr imari ly  used to c l a r i f y  and define 
candidate experiments and t o  determine t h e  experiment groupings and t h e i r  
equipment that: w i l l  most e f f e c t i v e l y  use the space s t a t ion .  E f f i c i en t  
program planning, d i c t a t e s  t h a t  t h i s  d e f i n i t i o n  work begin, along with the 
preliminary design s tudies .  

Shut t le  Engine Defini t ion and Design 

Special  engine s tud ie s  conducted by NASA and D O ,  both in-house and by 
contractors ,  together with the  results of independent contractor  e f f o r t s ,  
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ind ica te  t h a t  the s ta te -of - the-ar t  i n  engine technology and engineerinf!; has 
advanced to  t h e  point where the d e f i n i t i o n  of engines t h a t  could be used fo r  
the  s h u t t l e  CipB be undertaken. 

The FY 1970 and 1971 funding w i l l  provide f o r  engine de f in i t i oo  conlxacts. 
The cont rac ts  a r e  of 11 months durat ion and are planned f o r  award in thie next 
few months. !Plhe s tud ie s  w i l l  provide preliminary engine designs and spec i f i -  
cat ions,  def ine detailed engine requirements, and provide program plant, f o r  
fu ture  development. 
t h a t  w i l l  suppmt the  preliminary design a c t i v i t i e s  and they w i l l  cos r~ l~ ina te  
t h e i r  e f f o r t s  with the  airframe study e f f o r t s  and iden t i fy  the  f a c i l i t i e s  
required €or the later pro jec t  phases. 

The contractors  w i l l  a l s o  conduct component t e s t i n g  

FY 1971 funding w i l l  a l s o  provide f o r  the start  of de t a i l ed  design of t he  
most promising engine candidates r e su l t i ng  from the  engine d e f i n i t i o n  s tudies .  
Design of t he  cangines w i l l  begin i n  the las t  quar te r  of FY 1971. 
e x i s t s  t o  agrc?ss:Lvely pursue engine design as an e a r l i e r  phasing is required 
to  provide the necessary information f o r  in tegra t ing  the engine sys t ems ,  i n t o  
the  airframe d1es:Lgn. Design cont rac ts  are planned to obtain de ta i led  clngine 
design, nranuftactaring and test plans,  de t a i l ed  schedules, and the in i tda t ion  
of long lead I t h e  items required f o r  component development. 

A need 

Shu t t l e  Airframe Defini t ion 

A series ole special  s tud ies  by NASA and DOD has produced several  candidate 
s h u t t l e  conf igrircitions and permitted detexmination of systems cha rac t e r i s t i c s .  
These resu l t s : ,  together with o ther  related studies ,  ind ica te  t h a t  the 
technology required to proceed with the d e f i n i t i o n  phase of the space e b u t t l e  
airframe is av,nil!able. A s  with the  s h u t t l e  engine a c t i v i t i e s ,  the  d e f i n i t i o n  
e f f o r t  w i l l  be conducted through competitive cont rac ts  and w i l l  be of 1 1  
months duration. 
pa r t  of FY 1970. 

Defini t ion s tudies  are scheduled t o  begin in the l a t t e r  

FY 1971 furrdirig supports continuation of the  s tud ie s  i n i t i a t e d  i n  FY' 1970. 
The de f in i t i on  s tud ie s  w i l l  focus on spec i f i c  point designs and supporting 
technology inc:lucling : System ana lys is ,  (system sa fe ty  ana lys i s  , missictln 
analysis, system in tegra t ion ,  launch operation ana lys i s ,  system f l i g h t  
characterist ici3,  payload in tegra t ion ,  aborts)  ; Design ana lys i s ;  subsystem 
de f in i t i on  (pi:opulsion, integrated avionics,  mechanical landing, dockina, 
e tc . )  ; configuration preliminary design; configuration preliminary veri  f i c a -  
t i o n  (stnicturial  test program) ; and program managearent plan. 

S t a t ion  Def in i t ion  

NASA is cui:rerrtly involved i n  the  d e f i n i t i o n  of a space s t a t ion .  The 
object ive of 1: lr ie  e f f o r t  is  to obtain the  technical  and program information 
needed fox sel.c!ct:ing a s ing le  design approach of a space s t a t i o n  fram the 
a1 t e rna te  appmaches avai lable .  
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The d e f i n i t i o n  e f f o r t  is being conducted i n  two p a r a l l e l  s tud ies  with 
industry--one managed by the  M a n n e d  Spacecraft Center and the  o ther  by the 
Marshall Space F l igh t  Center. 
prelimlnary s y s t e m s  design and appropriate development and operat ion pllans. 
Additional space s t a t i o n  supporting a c t i v i t y  includes a number of small. 
c a p e t i t i v e  clontracts f o r  s tud ie s  and technological inves t iga t ions  relrited 
to space s t a t i o n  def in i t ion .  

The e f f o r t  is focused on space s t a t i o n  

The first phase of the  d e f i n i t i o n  s tud ie s  is acheduled f o r  copapletirm a t  
the beginning of FY 1971. Funds are required i n  FI 1971 t o  exercise up to 
s i x  one-month extensions of d e f i n i t i o n  s tudies  with each contractor.  lthis 
w i l l  allow addi t iona l  work which can be a benef ic ia l  extension of on-going 
d e f i n i t i o n  e f f o r t s .  
from those cointr,acts and w i l l ,  wi thin i t s  general scope, include additjtonal 
comparative ana lys i s  and detailed s tud ie s  aimed a t  re f in ing  technical  iind 
program aspec ts . 

This work w i l l  be based i n  p a r t  upon information derived 

A t  the  present time!, a number of in-house and contracted s tud ie s  are! 
underway i n  various d i sc ip l ina ry  areas to  a sce r t a in  how groupings of experi-  
ments, which Eonn payload packages, can be integrated in to  t h e  space s t a t i o n  
e i t h e r  i n  i t s  i n i t i a l  f l i g h t  configuration, or in to  separately launched 
experiment modules. 
modules which have long lead time requirements a d  whose operations w i l l  
impact the  s t ta t ion  design and operating mode w i l l  be undertaken. 
t h a t  can support such experiment packages as astronanical instruments, space 
physics equipment, materials ana lys i s  and manufacturing equipment, w i l l  be 
exmined. Thls d e f i n i t i o n  must take place e a r l y  i n  the  program cycle. 

In FY 1971, de f in i t i on  s tud ie s  of candidate experiment 

Modules 

Shat t le /S ta t ion  Preliminary Design Ver i f ica t ion  

The d e f i n i t l o n  s tud ie s  of the  s h u t t l e  airframe and space s t a t i o n  wil.l 
i d e n t i f y  systems, concepts and techniques c r i t i c a l  t o  t h e i r  f i n a l  desipp. 
However, befojtle f i n a l  design c r i t e r i a  are establ ished,  addi t ional  trade-off 
analyses are required to ve r i fy  contractor  sys t e m  se lec t ion .  
preliminary en,gineering designs w i l l  be i n i t i a t e d  and advanced prototype 
t e s t ing  conducted on selected long-lead systems to  assure t h e i r  timely 
ava i l ab i l i t y .  
on c r i t i c a l  sy6tcsms such as power, environmental control and l i f e  support, 
design confineation can be expedited by an e a r l y  i n i t i a t i o n  of t h i s  prc,ltotype 
t e s t ing .  
e f f o r t  of the  !Office of Advanced Research and Technology to  the  ac tua l  
v e r i f i c a t i o n  o f  spec i f i c  technical  approaches proposed by the  d e f i n i t i o n  
contractors.  

In addi t ion,  

Although a considerable amount of research has  been acccmplishacl 

This a c t i v i t y  i s  a necessary bridge from the  applied research 

FY 1971 fuidiiag supports t he  above a c t i v i t i e s  and as the s tud ie s  progress, 
those o ther  a m a s  that w i l l  be iden t i f i ed  a s  requir ing addi t iona l  ve r i f i ca t ion  
p r i o r  to init:Lat:Lon of de ta i led  design. 
and s t a t i o n  t h a t  a r e  po ten t i a l  candidates f o r  t h i s  e f f o r t  are: 

Systems cagmon to  both the  s h u t t l e  
i n t eg ra t ion  
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of the e l ec t ron ic s  systems, a t t i t u d e  control  systems, and thermal protect ion 
systems. 
"Breadboard" fabr ica t ions  representat ive of integrated e l ec t ron ic s  systems w i l l  
be tested a n d  dynamic simulations conducted t o  v e r i f y  t h a t  the  design conceptla 
being produced w i l l  permit the  i n i t i a t i o n  of de ta i led  design. 
t e s t ing  of a t t i t u d e  control  system components and systemdc0ncept.s wiX.1 supply 
data  on the  fuse of l i qu id  oxygenhiquid hydrogen propel lents ,  thrustex and 
system response, consistency of performance and th rus t e r  impulse capabi l i ty .  

Wind tunnel tests of preferred s h u t t l e  designs w i l l  be performed. 

Similar ly ,  

Proof-of-concept t e s t t n g  of the thermal pro tec t ion  systems w i l l  be 
conducted on sulbsections t o  provide ve r i f i ca t ion  of materials se lec t ion ,  
fabr ica t ion  inad i n s t a l l a t i o n  techniques, c h a r a c t e r i s t i c  weight, and i rupect ion 
and refutbislment needs. It is planned tha t  these tests w i l l  be conducted 
only with the more promising concepts. 

These testa rand s tudies  w i l l  g r ea t ly  increase the assurance t h a t  thle l a t e r  
de t a i l ed  design e f f o r t  w i l l  be successful,  and r e s u l t  i n  a more e f f i c l , en t  
and econaeaicd development program f o r  the s h u t t l e  and s t a t ion .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIIUTES 

OFFICE 01" i4AlliJEI) SPACE FLIGHT 

PKOGRAM OBJEC'CIVES ANI) JUSTIFICATION - : 

ADVANCED I___-- MISSIIJNS PROGRhM --- 

--__-- 

The o b j e c t  ives of t h e  Advanced FZissions programs i n c l u d e  examining 
advanced manncxl space f l i g h t  program concepts and developing t h e  requi re- 
ments f o r  f u t u r e  systems. 
t h e  research  ant1 technology e f f o r t  requi red  t o  suppor t  t h e s e  s y s  terns and 
technica.1 information upon which t o  base f u t u r e  program d e c i s i o n s .  

The s t u d i e s  conducted provide both guidance f o r  

SUIQIARY (JF __- RE SOURCES -- EUiQUIi2EPIEdJTS: 

1969- 1970 

Advanced miss ions s t u d i e s . .  ....... $2,500,000 $2,500,000 

I .  Lota l . . . . . . . . . . . . . . . .  ........... 2- $2 500,000 $2,500,000 

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

John F. Lennedy Space Center ,  

Nanned Spacecraf t  Center . . .  ..... $465,000 $1,000,000 
X a r s h a l l  Space F l i g h t  Center . . . .  810 , 000 800 , 003 

125 ,000 --- Langley Research Center . . . . . . . . .  
dASA headquarters  ............... 1,100,000 700,000 

--- --- ~~ASA.. ........................ 

Advanced Flissions S t u d i e s  

Advanced s tudies . . . . . . . . . .  ........ $2,500,000 _$_2,500,000 

Tota l . .  ......................... $2,500,000 $2,500,000 
---I_ 

- - 

1971 

--2- $2.,500 000 

-- $ 2  500,000 

___I_-- 

- 

!,;loo, 000 
1,000,000 
1 ,OOd ,000 

400 , 030 
--- 

$2,500,000 
I 

-- $2 L 500,000 
I 

Advanced s t u d i e s  enable  t h i s  country t o  e f f i c i e n t l y  d i r e c t  f u t u r e  ,nanned 
space f l i g h t  program planning. 
t o  perform ccmceptual designs and provide comparative t e c h n i c a l  d a t a  t o  
supplement in-house a c t i v i t i e s .  
t o  s tudy the  elements of t h e  i n t e g r a t e d  program endorsed 'by t h e  P r e s i d e n t ' s  
Space Task Group.  S t u d i e s  dur ing  t h i s  f i s c a l  year  inc lude :  requirements  
assoc ia ted  wj . th  f u t u r e  manned missions,  focus ing  on applying hardware t o  be 
developed fc ' r  t h e  Space S t a t i o n ,  Space Iiase, and f u t u r e  l u n a r  mi:;:;ions; 
p r e s c r i b i n g  t . h E  d e s i r e d  character is t ics  of n u c l e a r  s t a g e s  and chemical s t a g e s  

The s t u d i e s  u s e  t h e  c a p a b i l i t i e s  of i , i dus t ry  

During FY 1970, emphasis is being r e o r i e n t e d  
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f o r  use i n  t ramspor t ing  men and payloads t o  and from synchronous o r b i t ,  l u n a r  
o r b i t ,  t h e  lunar  s u r f a c e ,  t h e  p l a n e t s ,  and between va r ious  low e a r t h  o r b i t s ;  
examining methods f o r  conducting manned e x p l o r a t i o n  of t he  moon a:Eter comple- 
t i o n  of Apollcl; e v a l u a t i n g  t h e  e f f e c t  of i n t roduc ing  v a r i o u s  degrees oE s e l f -  
suppor t  i n  conducting f u t u r e  manned space  f l i g h t  miss ions ;  and reviewing 
c r i t i ca l  a spec t s  of proposed f u t u r e  miss ions ,  t o  promote t h e i r  o p e r a t i o n a l  
s a f e t y  . 

Funding i n .  FY 1971 w i l l  cont inue  t o  concen t r a t e  on t h e  f u t u r e  a c t i v i t i e s  
included i n  t h e  i n t e g r a t e d  program: 

(a )  Escape and r e scue  systems s t u d i e s  w i l l  be conducted t o  estihlisln 
t h , e  b e s t  methods and techniques f o r  performing escape and itescu,e 
missions from low e a r t h  and synchronous o r b i t  space s t a t i o n s  and 
bases ,  from l u n a r  o r b i t ,  and from t h e  l u n a r  s u r f a c e .  

(b) I n t e g r a t e d  miss ion  management and ope ra t ions  p lanning  s t u d i e s  w i l l  
be performed t o  develop a concept t h a t  suppor t s  a l l  missioiis,  and 
develop i t s  evo lu t ion  through t h e  next  decade. 

(c )  Space tlase s t u d i e s  w i l l  be  d i r e c t e d  toward t h e  suppor t  requirements 
f o r  major space o p e r a t i o n s ,  i nc lud ing  t h e  e r e c t i o n  of l a r g e  s t r u c -  
t u r e s  i.n e a r t h  o r b i t ,  geosynchronous miss ions ,  l u n a r  miss ions  and 
pc1ssibI.e p l a n e t a r y  miss ions .  Also t o  be i n v e s t i g a t e d  is t h e  p r a c t i -  
c a l i t y  of us ing  t h e  space  base  f o r  suppor t  of a r e f u e l i n g  s t a t i o n ,  
as a personnel  and cargo  s t a g i n g  p la t form,  and as a hardware assembly 
area. Examination of t h e  performance and o p e r a t i o n a l  c h a r a c t e r i s t i c s  
of a r euseab le  v e h i c l e ,  such as a space  tug  f o r  manuevering men, 
equipmmt and modules i n  space  w i l l  be  conducted. 

(d)  Advanced l u n a r  s t u d i e s  w i l l  be  undertaken t o  determine t h e  cha rac t e r -  
i s t ics  of a l u n a r  o r b i t  s t a t i o n  and a l u n a r  s u r f a c e  base  a:; t h e  
i n t e g r a l  p a r t  of an advanced l u n a r  e x p l o r a t i o n  and exp lo i t . i t i on  
program. An assessment of t h e  compatabi l i ty  of t h e  proposed miss ion  
mode w i t h  t h e  o b j e c t i v e s  of t h i s  f u t u r e  l u n a r  program w i l l  inc lude :  
personnel and equipment t r a n s f e r  mechanisms between t h e  l u n a r  s u r f a c e ,  
l u n a r  o r b i t ,  and e a r t h  o r b i t ;  crew s i z i n g s  f o r  o r b i t a l  ope ra t ions ;  
t h e  commonality of a l u n a r  o r b i t  s t a t i o n  wi th  e a r t h  o r b i t  space 
s t a t i o n  modules; t h e  mod i f i ca t ion  of space  s t a t i o n  systems f o r  u s e  
i n  a l u n a r  s u r f a c e  base ;  and t h e  des ign  and o p e r a t i o n a l  cha rac t e r -  
i s t ics  of a r euseab le  l u n a r  l and ing  v e h i c l e .  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Program - 

FISCAL YEAR 1971 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE AND APPLICATIONS PROGRAMS 

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

P h y s i c s  and astronomy..  ........ $128,850,000 $111,835,000 

Lunar and p:Lanetary 
e x p l o r a t i o n .  ................. 87,923,000 151,013,000 

B i o s c i e n c e . . . . . . . . . . . . . . . . . . . . .  37,900,000 19,670,000 

Space applic-,at:ions. ............ 98,665,000 128,400,000 

Launch v e h i c l e  procurement. .  ... 99,900,000 108,800,000 

T o t a l .  ....................... $453,238,000 $519,718,000 

1'isc:al Year 
1971 -- 

$116,000,000 

X44,900,000 

12,900,000 

W67,000,000 

124 900,000 

$565,700,000 

-I 

-- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

PHYSICS AND ASTRONOMY I?ROGRAM -. OFFICE OF SPACE, -- SCIENCE AND APPLICATIONS 

PROGRAM OBJECTIVES AND JUSTIFICATION: --- 
The Fhysic:s and Astronomy program, when viewed i n  t h e  framework of broad 

s c i e n t i f i c  arid t echno log ica l  e f f o r t s ,  has  t h e  fol lowing o b j e c t i v e s :  to 
understand t h e  o r i g i n  and cont inuing  evo lu t ion  of t h e  e a r t h ,  our  s o l a r  system, 
t h e  stars, g a l a x i e s ,  and t h e  universe  . W e  are exp lo r ing  our  space environ- 
ment i n  o rde r  t o  understand its n a t u r e  and t h e  phys ica l  p rocesses  t h a t  shape 
it. I n  doing; so, w e  are i n c r e a s i n g  ou r  knowledge of t h e  fundamental l a w s  
and principles of na tu re .  

To a t . t a in  t h S s  goal ,  a v a r i e t y  of techniques are used t o  ga the r  informa- 
t i o n .  These inc lude  t h e o r e t i c a l  and l a b o r a t o r y  r e sea rch ;  a i r c r a f t ,  ba l loon  
and sounding r o c k e t  f l i g h t s ;  as w e l l  as observa t ions  us ing  small and l a rge  
automated s p a c e c r a f t  and manned systems. The la t te r  ca tegory  covers  inanned 
e a r t h  o r b i t a J  f l i g h t s  (AAP) as w e l l  as observa t ions  conducted from the  l u n a r  
s u r f a c e  under t h e  Apollo program. 
are d i s t r i b u t e d  a l l  over t h e  US and t h e  f r e e  world. Groups are Located a t  
most of t h e  NASA centers, a t  several o t h e r  Government l a b o r a t o r i e s ,  and a t  
many u n i v e r s i t i e s  and i n d u s t r i a l  l a b o r a t o r i e s .  
arranged through t h e  science min i s t ry  of each of t h e  p a r t i c i p a t i n g  coun t r i e s .  

Research groups p a r t i c i p a t i n g  i n  this e f f o r t  

Foreign p a r t i c i p a t i o n  is 

The technology developed and d a t a  gathered i n  t h i s  Program are made 
a v a i l a b l e  t o  t h e  s c i e n t i f i c  and t e c h n i c a l  community in order  t o  c o n t r i b u t e  t o  
f u t u r e  s c i e n t i f i c  research  , educat ion,  and t h e  advancement of t h e  technology 
of our  c:ount:ry,. 

SUMMARY --- OF EUCSOURCES REQUIREMENTS : 

1969 19 70 -. 19 7 1  .- 
Sup por t i n g  res ear ch and techno logy / 

advanced s t u d i e s . .  ............... 
Airborne n?search  .................. 
Data a n a l y s i s . .  .................... 
Sounding i:oc€:ets.. ................. 
S o l a r  obs tmmtor i e s . .  .............. 
Astrotomic:al obse rva to r i e s . .  ....... 
Geophysici l  obse rva to r i e s . .  ........ 
Exploiters ............................ 

$22,497,000 
1,000,000 
3,412,000 

19,234,000 
13,812,000 
36,392,000 
13,072,000 
19,431,000 

$17,500,000 
1,600,000 
3,000,000 

18,500,000 
14,700,000 
31,600,000 
6,000,000 

18,935,000 

$17,500,000 
3,000,000 
3,000,000 

18,500,000 
16,100,000 
27,100,000 

-. 25,600,000 .- 
5,200,000 

Tota l .  ............................. $128,850,000 $111,835,000 -. $11.6,000,000 -. 
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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 :  -- 
1971 -. 1969 1970 

Kennedy Space Center..  .......... $60,000 
Manned Slpac:ecraf t Center.. ...... 666,000 
Marshall. Space F l i g h t  Center.. .. 777,000 
Goddard Space F l i g h t  Center.. ... 99,422,000 
Jet Propuls8ion Laboratory. ...... 537,000 
Wall.ops Staltion.. ............... 838,000 
Ames Research Center. ........... 2,017,000 
Elec:tron.j.cs Research Center.. ... 47,000 
Langley ELesearch Center..  ....... 886,000 
NASA €leadquarters. .............. 23,600,000 

--- 
$490,000 

1,214,000 
83,700,000 

920,000 
734,000 

3,094,000 
40,000 

773,000 
20,870,000 

--_ 
$450,000 

1,500,000 
86,800,000 

650,000 
860,000 

4,9 10 ,000 

740,000 
20,090,000 

BASIS OF FUK'D REQUIREMENTS: --- 
?&porting Research and Technology/Advanced S tud ie s  

Space physics. .  ................... $10,300,000 $7,300,000 $7,300,000 
Astronomy......................... 12,197,000 10,200,000 -. 10,200,000, 

Total . .  ......................... $22,497,000 $17,500,000 $17,500,000. 
-: 

The Supporting Research and Technology/Advanced S tud ie s  programs enhance 
t h e  o v e r a l l  s , c i e n t i f i c  and t echno log ica l  r e t u r n  from NASA f l i g h t  projlects and 
h e l p  a s s u r e  continued exce l l ence  and v i a b i l i t y  of t h e  f u t u r e  r e sea rch  program 
i n  space science.  The o b j e c t i v e s  can b e  s t a t e d  i n  t h e  fol lowing threle broad 
ca t egor i e s :  (1) enhancement of t h e  va lue  of c u r r e n t  space missions b*y a f u l l  
supplement of simultaneous ground-based and ba l loon  obse rva t ions ;  (2) develop- 
ment of t h e o r i e s  t o  e x p l a i n  observed phenomena and p r e d i c t  new ones; and (3) 
opt imizat ion of t h e  r e t u r n  expected from f u t u r e  missions by problem de f in i -  
t i o n ,  development of  advanced experiments and concepts ,  and t h e  c a r e f u l  
d e f i n i t i o n  of' proposed new missions.  

These funds provide p a r t i a l  support  f o r  t h e  Goddard I n s t i t u t e  f o r  Space 
S tud ie s ,  t h e  Space Science Board, and t h e  Research Associate  Program. About 
250 r e sea rch  t a s k s  are c a r r i e d  out  by u n i v e r s i t i e s ,  nonpro f i t  and i n d u s t r i a l  
research i n s t i t u t i o n s ,  NASA centers, and o t h e r  Government agencies  . The 
fol1owin.g s p e c i f i c  areas of r e sea rch  are being supported: 

Space Physics 

The work is l a r g e l y  devoted t o  support  of  r e s e a r c h  r e l a t e d  t o  physics  of 
t h e  e a r t h ' s  environment. It inc ludes  s tudy of t h e  sun-earth environmlental 
f a c t o r s  as w e l l  as e x t r a  s o l a r  f a c t o r s  such as cosmic rays.  I n  general ,  
t hese  t a s k s  may b e  categorized i n  t h e  t r a d i t i o n a l  d i s c i p l i n e s  of p a r t i c l e s  
and f i e l d s ,  lonospheres,  and i n t e r p l a n e t a r y  d u s t  . 
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P a r t i c l e s  and f i e l d s  t a s k s  inc lude  r e sea rch  i n  magnetodynamic:; and plasma 
phys ics ,  s t u d i e s  of t h e  s o l a r  wind and magnetosphere, and magnetometer and 
plasma d e t e c t o r  development. Research i n  cosmic rays  and t h e  ratl iati ton b e l t  
are c a r r i e d  clut under t h i s  area. S p e c i a l  e f f o r t s  are being made t o  dlevelop 
d e t e c t o r s  f a r  t h e  s tudy  of u l t r a h i g h  energy cosmic rays.  Advanced s t u d i e s  are 
being performed of  combined sa te l l i t e  V systems and of a s p a c e c r a f t  t o  
assess c:ondit.ions i n  i n t e r p l a n e t a r y  space.  

Tasks included i n  t h e  ionospheres  area cover  ionosphe r i c  theory ,  plasma 
phys ics ,  rad i .0  propagat ion,  e lec t romagnet ic  waves, ionosphe r i c  e.Lectrlon 
conten t ,  e1ec:tron d e n s i t y  and e l e c t r o n  temperature ,  i o n  m a s s  spec t rometers ,  
plasma and ltingmuir probe observa t ions ,  antenna impedance, s o l a r  t e r r e s t r i a l  
r e l a t i o n s ,  arid ionospher ic  and magnetic s torms and d i s tu rbances .  

Under the category of  i n t e r p l a n e t a r y  d u s t  are inc luded  t h e  s tudy  of 
meteor i t e s  arid micrometeori tes ,  micrometeori te  s imula t ion ,  development of 
ins t rumenta t ion ,  t h e o r e t i c a l  s t u d i e s ,  i n t e r p l a n e t a r y  gas and dus t ,  n o c t i l u c e n t  
c louds ,  cometary phys ics ,  and phys ica l  and chemical ana lyses  of d u s t  particles. 
Also inc:ludecl i n  t h i s  area are problems r e l a t i n g  t o  chemical releases, Zero-G 
physical  phenomena, a i rg low,  and zod iaca l  l i g h t  observa t ions .  

Astronomy 

Research supported i n  t h i s  area involves  t h e  s tudy  of t h e  sun and o the r  
stars and o b j e c t s  o u t s i d e  t h e  s o l a r  system. Research t a s k s  inc lude  s t u d i e s  
of t h e  sun arid t h e  s o l a r  spectrum, in f luence  of  t h e  sun  on i n t e r p l a n e t a r y  and 
p l ane ta ry  en.vironments , ins t rument  development, and l abora to ry  and th,eoretica:L 
s t u d i e s  of b a s i c  phys i ca l  p rocesses  p e c u l i a r  t o  t h e  sun. 
s o l a r  r a d i o  a.nd radar  astronomy. 

Also inc luded  are 

Research t.asks r e l a t e d  t o  o b j e c t s  o u t s i d e  of t h e  s o l a r  system inc lude  
observa t ion  by ground-based and balloon-borne t e l e scopes ,  r ada r  and r ,adio 
astronomy, arid ins t rument  development. Theore t i ca l  s t u d i e s  of stars, g a l a x i e s ,  
i n t e r s t e l l a r  and i n t e r g a l a c t i c  matter, and advanced development work on 
experimental  t e s t s  of t h e  v a l i d i t y  o f  E i n s t e i n ' s  Theory of  Rela t . iv i ty  are 
a l s o  supported i n  t h i s  area. 

Advanced s t u d i e s  are being performed of  systems t h a t  w i l l  l e a d  t o  t h e  
development cbf l a r g e  space astronomy f a c i l i t i e s ,  such as, a 120 inch  o p t i c a l  
t e l e scope ,  1.arg.e X-ray and gamma ray o b s e r v a t o r i e s ,  and low frequency r a d i o  
as trononiy an.t.entnas . 

Airborne Research 

19 71 
-* 

1969 19 70 

Airborne research .  ............... $1,000,000 $1,600,000 $ 3 , ~ 0 ~ , ~ 0 ~  

$1,000,000 $1,600,000 $3 000,000 A: 



Research wi th  instrumented a i r c r a f t  has  been an  i n t e g r a l  p a r t  of t he  NASA 
program s i n c e  1965. This Airborne program has helped br idge  t h e  gap hetween 
ground-based experiments and those  which r e q u i r e  t h e  h ighe r  costs; and com- 
p l e x i t i e s  of rocke ts  and space  veh ic l e s .  I n  t h e  p a s t ,  t h i s  program has 
supported a u r o r a l  and a i rg low re sea rch ,  observa t ions  of t h e  s o l a r  corllna 
dur ing  t o t a l  e c l i p s e s ,  and i n f r a r e d  astronomy. 

Funding inc ludes  t h a t  planned f o r  t h e  a c q u i s i t i o n  of a C-141 a i rp1, ine and 
f o r  t h e  con t inua t ion  of t h e  development of a 36 inch  i n f r a r e d  teltescope. 
The C-141 a i r p l a n e  and 36 inch  t e l e scope  w i l l  provide us wi th  a unique.? and 
c o s t  effective a i rbo rne  astronomical  observatory.  It w i l l  be  used t o  explore  
an  e s s e n t i a l l y  unobserved p a r t  of o u r  universe  i n  t h a t  po r t ion  of the  i n f r a r e d  
spectrum t h a t  is blocked from our  view due t o  water vapor i n  t h e  lower 
atmosphere. 

Data Analysis  

1971 -. 1969 19 70 

Space physics . .  .................. $3,162,000 $2,650,000 $ ~ s ' ~ ~ ~ ~ o ~ ~  
Astronomy.~...................... 250,000 350,000 -. 400,000 

Total . . .  ........................ $3,412,000 $3sG00,000 $3,~00,000 

The operaiticw of t h e  Nat ional  Space Science Data Center  (NSSDC) and 
c o r r e l a t i v e  s t u d i e s  u t i l i z i n g  space d a t a  are supported under t h i s  p r o j e c t  
Following t h e  s u c c e s s f u l  launch of a s p a c e c r a f t ,  t h e  i n v e s t i g a t o r s  are funded 
t o  perform t;he primary a n a l y s i s  of t h e  da ta .  
d a t a  t apes  have been produced, t h e  i n v e s t i g a t o r s  make them a v a i l a b l e  t o  o t h e r  
i n t e r e s t e d  s c i e n t i s t s  by p l ac ing  reduced d a t a  records  i n  t h e  NSSDC. 

A s  soon as d e f i n i t i v e  rleduced 

The NSSDC:, l oca t ed  a t  t h e  Goddard Space F l i g h t  Center,  w a s  es tab l i . shed  t o  
serve as a c e n t r a l  r e p o s i t o r y  and c lear inghouse  of reduced s c i e n t i f i c  d a t a  
r e s u l t i n g  from space i n v e s t i g a t i o n s .  The amount of d a t a  t o  be  haandled has  
increased  s t ea t l i l y  each year .  
t h e  original.:Ly planned bui ldup i n  NSSDC c a p a b i l i t i e s ,  i t  is considered 
adequate f o r  suppor t ing  t h e  most e s s e n t i a l  act ivi t ies .  

Although t h e  proposed budget w i l l  not  p e r m i t  

I n  genera:L, f l i g h t  p r o j e c t s  suppor t  t h e  primary a n a l y s i s  of data by 
p r i n c i p a l  i n v e s t i g a t o r s .  I f  requi red ,  f u r t h e r  suppor t  of primary a n a l y s i s  of 
d a t a  acquired from major long-lived experiments has  been provided by t h i s  
p r o j e c t .  The primary purpose of t h e  Data Analysis  p r o j e c t  is t o  support  
c o r r e l a t i v e  s t u d i e s  from several s e p a r a t e  i n v e s t i g a t i o n s ,  as w e l l  as new 
approaches 1:o t h e  a n a l y s i s  of  a v a i l a b l e  da ta .  A l l  p roposa ls  f o r  research are 
compet i t ive ly  eva lua ted  and support  is provided f o r  those  e f f o r t s  t h a t  are 
expected t o  c o n t r i b u t e  most t o  t h e  t o t a l  advancement of knowledge. 



Sounding Rockets 

1971 -. 1969 1970 

Space physlcs. .  .................. $9,200,000 $8,200,000 $8 ~ ~ 0 0 , ~ ~ ~  
10,034,000 10,300,000 10,500,000 Astronomy........................ -. 

Total.......................... $19,234,000 $18,508,000 $18,~500,000 
-! 

Sounding rocke t s  provide a f l e x i b l e ,  t imely,  and cos t - e f f ec t ive  means of 
providing space f l i g h t  oppor tun i t i e s  and, as such, c o n s t i t u t e  an inva luable  
component of a balanced program i n  space research.  

A f l ex ib l e :  s t a b l e  of r e l a t i v e l y  inexpensive veh ic l e s  is  u t i l i z e d  t o  carry 
a wide v a r i e t y  of s c i e n t i f i c  instruments  developed f o r  s t u d i e s  i n  the  d i s c i -  
p l i n e s  of aeronomy, e n e r g e t i c  particles and f i e l d s ,  ionospheres and r ad io  
physics ,  g a l a c t i c  and r a d i o  astronomy, and s o l a r  physics.  

Sounding rocke t s  provide t imely and r e l a t i v e l y  low c o s t  f l i g h t  oppor tun i t i e s  
fo r :  (1) conducting test f l i g h t s  of ins t rumenta t ion  being developed €or 
s p a c e c r a f t ;  ( 2 )  providing unique oppor tun i t i e s  t o  s tudy  s c i e n t i f i c  phtimomena; 
and (3) cooperat ive p r o j e c t s  wi th  s c i e n t i f i c  groups i n  fo re ign  countr  tes. 

Sounding rocke t s  are c u r r e n t l y  being u t i l i z e d  t o  conduct measiiremeiiits of 
t h e  wide v a r i e t y  of c o n s t i t u e n t s  i n  t h e  e a r t h ' s  upper atmosphere,, t h e t r  
v a r i a t i o n  wi th  a l t i t u d e ,  longi tude ,  l a t i t u d e ,  time-of-year, e tc . , ,  and t h e i r  
r e a c t i o n  t o  incoming r a d i a t i o n  and e n e r g e t i c  p a r t i c l e s .  The na tu re  and 
behavior  of t he  e a r t h ' s  e l e c t r i c  and magnetic f i e l d s  is being s tud ied  by a 
v a r i e t y  of instruments  and i o n i z i n g  chemical clouds r e l eased  a t  high ,alt i tude:e . 

Recoverable rocke t  payloads cont inue t o  provide t h e  unique means o E 
c o l l e c t i n g  s a m p l e s  of micrometeori tes ,  i n t e r p l a n e t a r y  dus t ,  n o c t i l u c e n t  cloud 
particles, and upper atmosphere trace gases  f o r  s tudy  and ana lys i s .  'The s tudy 
of cosmic rad . ia t ion  and e n e r g e t i c  p a r t i c l e  i n f l u x  and t h e i r  r e l a t i o n s h i p  t o  
such phenomena as au ro ra  and a i rg low are being continued a t  a reduced l e v e l  
due t o  budget c o n s t r a i n t s .  Our knowledge and understanding of t h e  na tu re ,  
c h a r a c t e r i s  ti cs , and dynamics of heterogeneous l a y e r s  of t he  ionosphe re is 
being enhanced wi th  rocket-borne measurements of e l e c t r o n  and ion  concentra- 
t i o n s ,  a l t i t u d e  d i s t r i b u t i o n s ,  and mass s p e c t r a  from a v a r i e t y  of launch sites 
around t h e  world. S tudies  of t he  atmospheres, emissions and dynamics of t he  
p l a n e t s ,  sun, and stars cont inue t o  be made over  a complete range of wave- 
lengths  of t h e  energy spectrum. P a r t i c u l a r  e f f o r t  has concentrated on t he  
s tudy  of s t e l l a r  X-ray and u l t r a v i o l e t  sources ,  a c t i v e  areas of t he  sun and 
its corona, and t h e  atmospheric c o n s t i t u e n t s  of t he  i n n e r  planets;. Major 
advances i n  cur  a b i l i t y  t o  conduct t h e s e  s t u d i e s  have r e s u l t e d  from increased  
u t i l i z a t i o n  of ou r  r e c e n t l y  developed stellar and s o l a r  po in t ing  c o n t r o l s  
t h a t  a r e  ab le  t o  hold s c i e n t i f i c  ins t ruments  po in t ing  at t h e i r  celest ta l  
t a r g e t  within approximately 2 1.0 arc second, a l lowing d i sc r imina t ion  of very 
l o c a l i z e d  reg ions  of i n t e r e s t  f o r  study. 



The program has made major c o n t r i b u t i o n s  through test  f l i g h t s  of 
ins t ruments  being developed f o r  t h e  O r b i t i n g  So la r  Observatory and t h e  Apollo 
Telescope Mcnint: (ATM), as w e l l  as providing t h e  i n - f l i g h t  c a l i b r a t i o n  of 
ins t ruments  i n  o r b i t  on board t h e  Orb i t ing  Observa tor ies  and Explorer space- 
c r a f t .  Spec:I.al. no te  should be  made t h a t  a series of approximately 30 
rocke t s  w i l l .  b e  launched from Wallops I s l and  dur ing  a t o t a l  s o l a r  e c l i p s e  on 
March 7 1970 c:arrying s c i e n t i f i c  ins t ruments  designed t o  conduct conple- 
mentary expei5nients t o  s tudy t h e  sun ,  i t s  r a d i a t i o n ,  and i t s  e f f e c t  on t h e  
e a r t h ' s  ionosphere and atmosphere dur ing  t h e  e c l i p s e .  

Responsibj.lj.ty f o r  f l i g h t  support  a c t i v i t i e s  has  been ass igned  t o  t h e  
Goddard Spacx: F l i g h t  Center ,  which a l s o  has  r e s i d e n t  experimental  s c i e n t i f i c  
groups i n  a].:. d i s c i p l i n e s .  NASA Headquarters has  r e s p o n s i b i l i t y  f o r  experi-  
ments developed by s c i e n t i s t s  a t  u n i v e r s i t i e s ,  i n  i n d u s t r y ,  at o t h e r  agencies ,  
and i n  o t h e r  coun t r i e s .  The Ames Research Center  has  r e s p o n s i b i l i t y  f o r  h igh  
accuracy s o l ~ r  po in t ing  c o n t r o l  systems. Respons ib i l i t y  f o r  f l i g h t  suppor t  
a c t i v i t i e s  for c e r t a i n  s p e c i a l  p r o j e c t s  is  a s s igned  t o  Wallops S t a t i o n .  

Over 80 I 'hysics and Astronomy sounding r o c k e t s ,  p r imar i ly  of t he  Nike 
C a j  un/Apache/Tcimahawk, Aerobee, and J a v e l i n  types w e r e  launched during 
Calendar Y e a r  1.969 from sites i n  t h e  United S t a t e s  Canada B r a z i l ,  Ind ia ,  
Sweden, and Noxway . 

NASA plarts t:o cont inue  t h e  sounding rocke t  f l i g h t  program i n  FII 1971 a t  th.e 
c u r r e n t  1eve:t. 
program e f f o r t  . Forty t o  f i f t y  s c i e n t i f i c  teams w i l l  be  supported by t h i s  

So la r  Observa tor ies  

19 7 1  - 1969 1970 

Orb i t ing  S o l a r  Observatory (OSO) : 
Spacecraf t  ., ..................... $6,815,000 $8,570,000 $E;,220,00Ci 
Expc:riments;. .................... 6,997,000 6,130,000 i ,  880, OOCl 

-I 

Delta (Launch Vehicle  Procurement 
1 - 1  ) Program) ......................... ($2,400,000) ($1,300,000) (, 

To t a l  1: ir icluding Launch 
Vehj.c:les) ................... ($16,212,000) ($16,000,000) ($168,100 -. ,OOC!) -. 

The 0rbit:i.n~; So la r  Observatory (OSO) program is an  obse rva t iona l  and 
s c i e n t i f i c  program designed t o  o b t a i n  new knowledge of t h e  sun,  t he  e a r t h ' s  
atmosphere, and t h e  stars over  a broad range of e lec t romagnet ic  spectrum n o t  
a v a i l a b l e  t o  ground-based obse rva to r i e s .  OS0 ob ta ins  s c i e n t i f i c  infclrmation 
of changes on t:he sun which may be very slow, wi th  pe r iods  of t he  o rde r  of 11 
o r  22 y e a r s ,  t h e  per iods  of t h e  s o l a r  cyc le ,  o r  changes on t h e  o r d e r  of a 
month arid of changes on t h e  o rde r  of seconds,  as i n  the  case of shor t - l ived ,  



unpredictab:Le a c t i v i t i e s ,  such as solar f l a r e s .  
provided a new obse rva t iona l  model of  s o l a r  f l a r e s ,  wi th  p recu r s ive  
a c t i v i t y  i n  the u l t r a v i o l e t  and X-ray s p e c t r a l  regions.  
a "quiet" siui :is l o s i n g  v a l i d i t y ,  as t h e  OS0 d a t a  shows. 

Opera t iona l  OSOl's have 

Also, t h e  concept of 

The O S 0  i s  ia s p e c i a l i z e d  sp in - s t ab i l i zed  space  observ ing  platform, ,  The 
s p a c e c r a f t  c o n s i s t s  of  a sa i l ,  upon which is mounted s o l a r  po in t ing  and 
scanning experiment ins t ruments  and which, dur ing  t h e  d a y l i g h t  p o r t i o n  of t he  
o r b i t ,  point:; cont inuously a t  t h e  sun, and a r o t a t i n g  wheel which hoiises 
s o l a r  terret; t r i a l  and celestial  scanning experiment instruments .  

S ix  OSO's have been launched and opera ted  s u c c e s s f u l l y  between 1902 and 
1969. 
va luab le  observa t ions  i n  suppor t  o f  o u r  s o l a r  phys ics  r e sea rch  objec1.ives. 
Four additiona:L approved missions are scheduled f o r  launch through tlie mid- 
1970's to picsv:Lde t h e  increased  spectral, temporal,  and s p a t i a l  resoll.ution 
necessary t o  f u r t h e r  advance ou r  understanding of t h e  sun. 
of seven exper.iments w a s  r e c e n t l y  s e l e c t e d  f o r  one of  t h e s e  missions from a 
t o t a l  of 30 proposals submit ted by t h r e e  f o r e i g n  c o u n t r i e s ,  e i g h t  unii.versitic!s, 
two U.S. Gov~erilment agencies ,  and t h r e e  commercial i n s t i t u t i o n s .  

'ho o E  t h e s e ,  OSO-V and OSO-VI, are cont inuing  t o  ope ra t e  and perform 

A f l i g h t  payload 

The FY 1!371 funds w i l l  provide fo r :  (1) t h e  cont inued ope ra t ion  of OSO-V 
and V I  and f o r  a n a l y s i s  and p u b l i c a t i o n  of a s s o c i a t e d  da ta ;  (2) t he  (levelop- 
ment, t e s t i n g ,  launch, and i n i t i a l  ope ra t ion  of  t h e  OSO-H mission;  arid (3) 
t h e  OSO-I, .J, and K s c i e n t i f i c  instrument  and s p a c e c r a f t  development and test 
t o  be continued. The next  fou r  OS0 missions w i l l  p rovide  major c o n t ~ i b u t i o n s  
to  t h e  imdeicstanding of t h e  phys ics  of p a r t i c u l a r  r eg ions  of the  sun,, 
w i l l  concent r a t e  on t h e  s o l a r  corona and OSO-I w i l l  emphasize t h e  in i .e r face  
be tween t h e   corona and t h e  chromosphere. 

OSO-H 

Astronomical Observa tor ies  

1971 .. - 1969 1970 

0rb i t : ing  A s  ticonomical Observatory 
(OAO) : 
Spacecraf t . .  .................... $28,027,000 $21,280,000 $1!:',71O,OOO .................... 7,390 ,000 Experiment:;. 8,365,000 10,320,000 -. __ 

S u b t o t a l  OAO. ................. $36,392,000 $31,600,000 $2;;',100 ,OO(E 

Centaur (:Laumich Vehicle  Procurement 
Program:) ........................ ($8,800,000) ($5,600,000) ($:I-, -. 500,000) .- 

T o t a l  ( i nc lud ing  Launch 
Veh.Lclss). .................. ($45,192,000) ($37,200,000) ($2t\,600,000) - - - 

The Orb i t ing  Astronomical Observatory-I1 (OAO-11) is now prclvidiitg d e t a i l e d  
information requi red  by astronomers i n  t h e i r  s ea rch  f o r  understanding of t h e  
universe .  Only by e s t a b l i s h i n g  a n  observa tory  f o r  i n v e s t i g a t i n g  the  u l t r a -  
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v i o l e t  region. of t h e  spectrum o u t s i d e  t h e  e a r t h ' s  atmosphere are scie~ntists 
a b l e  t o  study t h e s e  emissions f o r  extended per iods  of t i m e .  As i n  any 
exp lo ra t ion ,  OAO is now accomplishing a sky-mapping ope ra t ion  as a f i r s t  
ob jec t ive .  A t  t h e  same t i m e ,  s p e c t r a l  energy d i s t r i b u t i o n  d a t a  on se Lected 
c e l e s t i a l  o b j e c t s  i n  t h e  u l t r a v i o l e t  range are being gathered.  

During thE f i r s t  y e a r ' s  observa t ions ,  t h e  Smithsonian Celescope hac; taken 
almost 6,000 u l t r a v i o l e t  p i c t u r e s  of t h e  celest ia l  sphere.  Important r e s u l t s  
of these  observa t ions  are: (1) many g i a n t  stars are f a i n t e r  i n  t h e  u l t r a -  
v i o l e t  than  p red ic t ed ,  (2 )  t h e  e a r t h ' s  hydrogen corona is more ex tens ive  than 
apprec ia ted  and (3)  t h e  Orion nebu los i ty  w a s  observed i n  d e t a i l .  The 
Wisconsin experiment has  made observa t ions  of 762 celestial  o b j e c t s  and ob- 
t a ined  data t h a t  i n d i c a t e :  (1) young stars are h o t t e r  than  e s t ima ted ,  (2)  
most nearby g a l a x i e s  are gene ra l ly  b r i g h t e r  i n  t h e  u l t r a v i o l e t  than  previous ly  
theor ized ,  ( 2 )  dark  nebulae are b r i g h t  i n  t h e  u l t r a v i o l e t  apparent ly  ( h e  t o  
t h e  c h a r a c t e r i s t i c s  of t h e  i n t e r s t e l l a r  p a r t i c l e s  f o r  which OAO has obta ined  
a g r e a t  dea l  of f a s c i n a t i n g  d a t a  and ( 4 )  pre l iminary  de te rmina t ion  of abun- 
dance of ozone i n  t h e  Martian atmosphere. 

The next  two OAO missions w i l l  b u i l d  on t h e  OAO-I1 r e s u l t s  by providing 
moderate rescdut ion  spectrometer  da t a  of stars down t o  t h e  t e n t h  magnitude 
and c a r r y  out h igh  r e s o l u t i o n  u l t r a v i o l e t  s p e c t r a l  a n a l y s i s  of f a i n t e r  
celestial1 o b j e c t s ,  r e s p e c t i v e l y ,  

The success fu l  OAO-I1 mission has  demonstrated a major advance i n  the s t a t e  
of t h e  a r t  e s s e n t i a l  t o  r e a l i z i n g  t h e  p o t e n t i a l  o f  space astronomy, Zhe OAO 
p r o j e c t  requi  red t h e  development of spaceborne hardware and ope ra t ions1  
c a p a b i l i t y  which meet t h e  most advanced s c i e n t i f i c  and t e c h n i c a l  requirements 
of t h e  space program. The OAO s p a c e c r a f t  is designed t o  p o i n t  i n  any d i r e c t i o n  
with an accuracy of one-tenth second of arc, and t o  hold t h a t  a t c i t u d e  f o r  
extended per iods  of t i m e .  With t h i s  o p e r a t i o n a l  c a p a b i l i t y ,  asti:onomcrs can 
o b t a i n  observa t ions  of ce les t ia l  o b j e c t s  and phenomena i n  those  ircgior~s of 
t h e  e1ec:tromagnetic spectrum t h a t  are i n a c c e s s i b l e  t o  ground-based 
ins t rumenta t ion .  

The t h i r d  0P.O (OAO-B), t o  be launched i n  1970, w i l l  c a r ry  the  Goddard 
Space Fl.ight Center  (GSFC) 36-inch t e l e scope  t o  o b t a i n  abso lu te  spec t  ro- 
photometry data. on stars, nebulae,  and t h e  b r i g h t e r  ga l ax ie s .  This mission 
w i l l  be t h e  f i r s t  t o  inc lude  t h e  I n e r t i a l  Reference Unit (IRU) developed by 
t h e  Massachusetts I n s t i t u t e  of Technology (MIT) . 

The f:'ourt.h C)AO (OAO-C), scheduled f o r  launch i n  1971, w i l l  c a r r y  a major 
experiment f o r  Pr ince ton  Univers i ty  and a s m a l l  piggyback experiment f o r  the  
Univers i ty  C:oll.ege London. The Pr ince ton  Experiment Package (PE?) is a 36- 
inch Caasegrainian r e f l e c t i n g  t e l e scope  wi th  a concave g r a t i n g  spectrometer. 
S tud ie s  w i l l .  be  made of s p e c t r a  of i n t e r s t e l l a r  gas and of compo:;:i.tion and 
physical. cha1:ac:terist ics of i n t e r s t e l l a r  gas and dus t ,  as w e l l  a:: s t a r s .  
The London experiment c o n s i s t s  of t h r e e  t e l e scopes  wi th  pa rabo lo ida l  
r e f l e c t o r s ,  photon d e t e c t o r s ,  and gas counters  t o  s tudy X-ray emissions and 
t o  searc:h f o r  i n t e r s t e l l a r  absorp t ion .  



Although l t n e  OAO observa tory  is, t o  a l a r g e  ex ten t ,  automated, t h e  
s u c c e s s f u l  operiation of t h e  mission r equ i r e s  c l o s e l y  i n t e g r a t e d  s u p p o ~ t  
from ground E a c i l i t i e s  t o  m e e t  t h e  o b j e c t i v e s  of  t h e  s c i e n t i f i c  i n v e s t i g a t o r s .  

Extensive ground f a c i l i t i e s  i n  t h e  United S t a t e s  and i n  fou r  o t h e r  c o u n t r i e s  
(Ecuador, Ch i l e ,  Aus t r a l i a ,  and Malagasy) are provided f o r  c o n t r o l  of t h e  
mission i n  o r b i t ,  and t o  receive te lemet ry  f o r  t ransmiss ion  t o  t h e  OAO 
Control  Center a t  GSFC. 

Development of t h e  OAO s p a c e c r a f t  w a s  i n i t i a t e d  i n  1960. Funding I i r io r  
t o  FY 1970 provfded f o r  t h e  complete design,  f a b r i c a t i o n ,  i n t e g r a t i o n ,  and 
test of t h e  observatory f o r  t h e  OAO-I and I1 missions,  and f o r  t he  prt!launch, 
launch, and post-launch suppor t  o f  t h e s e  missions.  During t h i s  periotl ,  an 
IRU w a s  developed a t  MIT t o  augment t h e  star trackers i n  t h e  s t a b i l i z z i t i o n  
and c o n t r o l  subsystem of OAO-B and OAO-C. I n  a d d i t i o n ,  t h e  OAO-B spac:ecraft  
w a s  f a b r i c a t e d  and de l ive red  t o  GSFC f o r  acceptance test. 

Major requirements f o r  FY 1970 funds include:  OAO-I1 ope ra t ion  ant1 d a t a  
process ing;  i n t e g r a t i o n  of equipment and test of t h e  OAO-B s p a c e c r a f t ; ,  
acceptance t e s t  and c a l i b r a t i o n  of  t he  Goddard Experiment Package; prc!launch 
support  of t h e  OAO-B mission;  and equipment development and q u a l i  f ica1:ion 
f o r  t h e  OAO-C mission,  i nc lud ing  t h e  PEP. 

I n  FY 1971, t h e  funding w i l l  p rovide  f o r  cont inued a n a l y s i s  arid pul~ l ica t io ix  
of d a t a  from OAO-11; launch suppor t ,  ope ra t ion ,  and d a t a  process ing  f o r  t h e  
OAO-B mission; completion of subsystems i n t e g r a t i o n  and test f o r  t he  OAO-C 
s p a c e c r a f t ;  acceptance test and c a l i b r a t i o n  of t h e  OAO-C experiment 
ins t ruments ;  and assembly and test of t h e  OAO-C observatory system i n  pre- 
p a r a t i o n  f o r  a la te  1971 launch. 

Geophysical Observa tor ies  

1969 19 70 1971 

Orb i t ing  Geophysical Observatory 
(OGO) : 
Spacecraf t .  .................... $6,411,000 $730,000 g 100,000 .................... 5,100,000 Experiments 6,661,000 5,270,000 -3 

Thor-Agena (Launch Vehicle  
Procurement Program)........... ($233,000) (---) (=) 

T o t a l  ( i nc lud ing  Launch 
Vehic les ) .  ................. ($13,305,000) ($6,000,000) ($5,200,00~) -. -. 

The Orb i t ing  Geophysical Observatory ( O G O )  p r o j e c t  has  as a primary objec- 
t ive  t h e  accomplishment of a series of  coordinated s c i e n t i f i c  s t u d i e s  of t h e  
e a r t h ' s  environment and t h e  e f f e c t  o f  s o l a r  a c t i v i t y  on t h a t  env:Lronmimt. 
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S i x  OGO miss ions ,  each  inc lud ing  20 o r  more experiments,  have been 
launched a t  t h e  rate of one each year  s t a r t i n g  i n  1964, The l a s t  mission i n  
t h i s  p r o j e c t  (OGO-VI) w a s  launched i n  June 1969 and has  s u c c e s s f u l l y  
accomplished i t s  i n i t i a l  o b j e c t i v e s .  These s i x  missions have a l te rna t lcd  
between h igh  a l t i t u d e ,  low- inc l ina t ion  o r b i t s  f o r  magnetospheric and inter- 
p l ane ta ry  s t u d i e s ,  and low a l t i t u d e ,  n e a r l y  p o l a r  o r b i t s  f o r  g l o b a l  s t u d i e s  
of atmospheric and r e l a t e d  phenomena, and have provided good coverage Erom 
s o l a r  minimum through s o l a r  maximum. 

The s c i e n t i f i c  accomplishments o f  t h e  OGO p r o j e c t  have had a s i g n i f i c a n t  
impact on our  understanding of t h e  e a r t h ' s  space  environment. 
t h e  r e s u l t s  disseminated i n  over 300 papers and publ i shed  r e p o r t s  have in- 
d i c a t e d  t h e  complex, dynamic n a t u r e  of t h i s  environment, The knowledgi: ob- 
t a ined  provides  a f i rm  b a s i s  f o r  t h e  next  phase of e a r t h  environment strudies: 
t h a t  of s p e c i f i c  r e sea rch  l ead ing  t o  an understanding of t h e  phys ics  oE 
observed phenomenalis t i c  processes .  

I n  p a r t i c u l a r ,  

The development of a l a r g e ,  complex l a b o r a t o r y  system l i k e  OGO f o r  ';pace 
s t u d i e s  and t h e  proven long  l i f e  of t h e s e  systems under s t renuous  cond i t ions ,  
is a major t e c h n i c a l  and eng inee r ing  achievement. This exper ience  has 
bene f i t ed  o t h e r  space programs and has  provided a technology base f o r  1:he 
development of advanced space l a b o r a t o r y  concepts.  

I n  November 1969, r o u t i n e  d a t a  a c q u i s i t i o n  f o r  OGO-I and I11 w a s  di!;con- 
t i nued  and t h e s e  o b s e r v a t o r i e s  were placed i n  a standby mode. Operation of 
OGO-I1 and IV w a s  t e rmina ted  i n  November 1967 and October 1969, respec1:ively. 

The OGO-V and VI missions cont inue  t o  perform w e l l  and are providinl:, from 
a s t a b i l i z e d  platform, d a t a  f o r  approximately 40 i n v e s t i g a t i o n s .  I n  1069, 
through a series of s p e c i a l  ope ra t ions ,  experiment i n s t rumen ta t ion  aboiird 
OGO-V w a s  used s u c c e s s f u l l y  t o  o b t a i n ,  f o r  t h e  f i r s t  t i m e ,  a v i r t u a l l y  
complete sky survey of hydrogen Lyman-alpha r a d i a t i o n  emi t ted  by our  giilaxy. 
Also, as p a r t  of t h e  1969 Airborne Aurora l  Expedition, OGO-VI d a t a  a c q i i i s i t i o n  
i n  t h e  no r the rn  polar  r eg ions  w a s  coord ina ted  wi th  f l i g h t s  of t h e  CV-900 
a i r p l a n e  and % w i t h  t h e  geos t a t iona ry  sa te l l i t e ,  Appl ica t ions  Technology 
Sa te l l i t e -V .  We plan  t o  cont inue  t o  e x p l o i t  t h e  n a t i o n a l  investment i i i  OGO 
f l i g h t  systems and t h e  d a t a  bank acqu i red  through extended ope ra t ions .  This 
w i l l  be  accomplished through s e l e c t i v e  i n v e s t i g a t i o n s  which make use o li 
i n s t rumen ta t ion  i n  o r b i t  o r  a v a i l a b l e  da ta .  

Management of t h e  OGO p r o j e c t  is t h e  r e s p o n s i b i l i t y  of GSFC. 1)evelopment 
of t h e  s p a c e c r a f t  system and 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  o b s e r v a t o r i e s  
w a s  accomplished under c o n t r a c t  t o  TRW Systems, Ca l i fo rn ia .  

Funds i n  FY 1 9 7 1  w i l l  p rovide  f o r  o p e r a t i o n a l  suppor t  of OGO-V and VI, 
s p e c i a l  ope ra t ion  of earlier OGO's as a p p r o p r i a t e ,  and c o n t i n u a t i o n  of d a t a  
a n a l y s i s .  



Explorers  

L971 -. 1969 19 70 

Space physic.s.. ................... $12,018,000 $10,715,000 $12,4320,000 
Astronomy......................... 7,413,000 8,220,000 12,:780,000 

S u b t o t a l  E,xplorers..  ............ $19,431,000 $18,935,000 $25,iIjOO,OOO 

Scout (Launch Vehicle Procurement 

Delta (Launch Vehicle  Procurement 
Program). ....................... ($2,300,000) ($4,400,000) ($3,'JOO,OOO> 

Program). ....................... ($2,700,000) ($6,400,000) ( ~ ~ ~ 0 0 , 0 0 0 )  

T o t a l  ( i nc lud ing  Launch 
Vehic les ) .  .................... ($24,431,000) ($29,735,000) ~~$35,700,000) 

The Explorer  program u t i l i z e s  classes of r e l a t i v e l y  s m a l l  spacecraf  it 
c o n s i s t e n t  wi th  Scout and' Delta launch v e h i c l e  c a p a b i l i t i e s  f o r  coord ina ted  
r e sea rch  on t h e  environment of t h e  e a r t h ,  ear th-sun r e l a t i o n s h i p s , ,  t h e  n a t u r e  
of t h e  i n t e r p l a n e t a r y  medium, and as t ronomica l  observa t ions .  These s p a c e c r a f t  
are designed and configured e s p e c i a l l y  f o r  t h e  requirements of t h e  p a r t i c u l a r  
mission. The program a l s o  provides  f o r  coopera t ive  satel l i te  p r o j e c t s  wi th  
o t h e r  Government agencies  and wi th  fo re ign  governments. 

During 1969 t h r e e  Explorer  missions were launched, i nc lud ing  two coopera- 
t ive  s a t e l l i t e s .  The I n t e r n a t i o n a l  Satel l i te  f o r  Ionospher ic  Studies-[  
(ISIS-I),  t h e  f o u r t h  coopera t ive  mission wi th  Canada, launched i n  January 1969, 
cont inues  t h e  ionospher ic  s t u d i e s  begun i n  1962 wi th  Alouet te  I. The 
seventh I n t e r p l a n e t a r y  Monitoring P la t form (Explorer  41) w a s  launched Ln June 
1969. This  s p a c e c r a f t  supported t h e  Apollo 12 mission by monitor ing etnergetic 
p a r t i c l e  r a d i a t i o n s  from t h e  sun,  and is expected t o  perform a similar s e r v i c e  
du r ing  manned missions i n  1970. 
s u c c e s s f u l l y  launched i n  November 1969, f o r  s t u d i e s  of t rapped  r a d i a t i o n s ,  
aurorae ,  and s o l a r  p a r t i c l e s .  

The f i r s t  German satell i te,  AZUR,, w a s  

F i s c a l  Year 1971 funds w i l l  be  used t o  suppor t  missions t h a t  w L 1 1  bc. 
launched over t h e  nex t  several years .  These Explorer  s p a c e c r a f t  w i l l  be 
used t o  ob ta in  d a t a  f o r  i n v e s t i g a t i o n s  i n  X-ray and r a d i o  astronomy, 
a tmospheric  and ionospher ic  phys ics ,  t h e  r a d i a t i o n  b e l t s  and magnetospheric 
boundary, and i n t e r p l a n e t a r y  space. 
development of t h e  s p a c e c r a f t  and ins t ruments ,  t h e  p re - f l i gh t  t e s t i n g ,  launch, 
and t h e  a n a l y s i s  of d a t a  from o p e r a t i n g  satellites. 

Act ivi t ies  t o  be funded w i l l  i nc lude  t h e  

The f i r s t  Radio Astronomy Explorer  (RAE-I) discovered a v a r i e t y  of 
phenomena. 
r a d i o  b u r s t s  i n  t h e  0.2 t o  10 MIIz frequency range, and measured both s teady  
and sporad ic  r a d i o  emissions from t h e  e a r t h ' s  r a d i a t i o n  b e l t s .  
being prepared t o  cont inue  t h e  obse rva t ion  of e x t r a t e r r e s t r i a l  soiirces.  

It observed e x t r a t e r r e s t r i a l  sources  and thousands of s o l a r  

RAE-B is 

BID 4-11 



It w i l l  be  placed i n t o  a f a r  e a r t h  o r  l una r  o r b i t  t o  minimize t h e  i n t e r -  
f e rence  from! t h e  r a d i o  background of t h e  e a r t h .  

X-ray astronomy c o n s t i t u t e s  one of  t h e  most promising areas of scimce. 
With a l i m i t e d  Sounding Rocket program w e  have discovered numerous soiirces,  
proved t h a t  t h e  i n t e n s i t y  of t h e s e  sources  v a r i e s  wi th  t i m e ,  and t h a t  t h e  
X-ray e m i s s i c a  from a t  least one p u l s a r  is modulated j u s t  l i k e  t h e  ra1,lio and 
o p t i c a l  s i g n a l s .  Two Small Astronomy S a t e l l i t e s  (SAS-A and C)  are being 
prepared t o  fo l low up on t h e s e  d i scove r i e s .  
coopera t ive  program wi th  t h e  United Kingdom (UK) and t h e  Netherlands in t h i s  
area. 
and a s o l a r  u l t r a v i o l e t  monitor (Solrad-C) t h a t  w i l l  be  launched undeir a 
coopera t ive  agreement by t h e  Naval Research Laboratory.  

I n  a d d i t i o n ,  NASA plans  $1 

Other astronomy Explorer  missions inc lude  a gamma ray satel.litli:, SAS-B, 

I n v e s t i g a t i o n s  of t h e  upper atmosphere and ionosphere cont inue  to  l)e most 
f r u i t f u l .  
d i s t r i b u t i o n  of e l e c t r o n s  and va r ious  ions  i n  a g r a v i t a t i o n a l  and maglietic 
f i e l d .  One consequence is  a helium bulge nea r  t h e  equator  where t h e  ions are 
magnet ical ly  confined,  and an escape of hydrogen and helium from the  1)olar 
ionosphere w h e r e  t h e  magnetic f i e l d  is  open. The i n t e r n a t i o n a l  c:ooperative 
program cont inues t o  p l ay  a major r o l e  i n  t h i s  research .  The thi .rd 1I:alian 
sa te l l i t e ,  San Marco-C, is planned f o r  t h e  s tudy  of a tmospheric  clensii':y 
v a r i a t i o n s .  The f o u r t h  UK sa te l l i t e  (UK-4) and ISIS-B w i l l  s tudy  the  pro- 
p e r t i e s  of t h e  upper ionosphere,  and a second German sa t e l l i t e  is jus!: being 
s t a r t e d  f o r  both ionospher ic  and atmospheric  s t u d i e s .  

A t h e o r e t i c a l  model has  been developed t h a t  exp la ins  t:he s]>at ia l  

Because atmospheric  d rag  causes  r a p i d  decay of s a t e l l i t e  o r b i t s ,  ail 

a l t i t u d e  regime of  t h e  g r e a t e s t  in te res t  has  n o t  been explored on a g:l.obal 
bas i s .  I n v e s t i g a t i o n s  wi th  sounding rockets  have shown t h a t  most of 1:he 
incoming s o l a r  r a d i a t i o n  is  absorbed below 150 m i l e s  ; t h i s  region, coni:rols,  
t h e r e f o r e ,  t ' h e  behavior of much of  t h e  upper atmosphere and ionosphert!. 
Atmospheric Explorer s p a c e c r a f t  w i l l  be  b u i l t  wi th  on-board propu.lsio11 t o  
overcome t h e  atmospheric drag. De ta i l ed  des ign  s t u d i e s  and i n i t i a l  dt:velopmerit 
of t h e  s p a c e c r a f t  and s c i e n t i f i c  payload are underway. 
load ass igned  t o  t h e s e  missions w i l l  he lp  us  ga in  an  understanding of t h e  
g loba l  processes  i n  t h e  thermosphere t h a t  c o n t r o l  parameters i n  t h e  ullper 
atmosphere. 

The s c i e n t i f i c :  pay- 

The radiait  ions p r e s e n t  i n  t h e  o u t e r  magnetosphere have been i d e n t i j  i ed .  
Of p a r t i c u l a r  i n t e r e s t ,  are low energy pro tons  (less than 50 keV) that  are 
found i n  t h e  m t e r  r a d i a t i o n  b e l t  du r ing  geomagnetic storms. The Small 
S c i e n t i f i c  Sa te l l i t e -A  (SSS-A) c o n s t i t u t e s  ou r  primary a t tempt  t o  understand 
t h e  behavior  of t h e  low energy pro tons  and t o  f i n d  t h e  mechanism t h a t  
produces them. These observa t ions  w i l l  be  supplemented wi th  d a t a  t o  Ire taken 
i n  a d i fEe ren t  p a r t  of t h e  magnetosphere under our  coopera t ive  progranl wi th  
t h e  A i r  Force Cambridge Research Labora tor ies  (AFCRL-A) . Electric f i e l d s  i n  
t h e  o u t e r  r a d i a t i o n  b e l t s  w i l l  b e  s t u d i e d  wi th  a release of barium ions  t o  be 
performed as ;>art of ou r  coopera t ive  program wi th  Germany. 



The 1nterpl .anetary Monitoring P la t form (IMP-H, I, and J) missions w i l l  
cont inue ,  during, t h e  d e c l i n i n g  p a r t  of t h e  s o l a r  cyc le ,  t h e  i n v e s t i g a t i o n s  
of t h e  magnetospheric boundary, t h e  geomagnetic t a i l ,  and i n t e r p l a n e t a r y  
space.  S tudies  w i l l  b e  conducted wi th  more d i v e r s e  and g r e a t l y  improved 
instruments .  T h e  l a t t e r  of t h e s e  missions a l s o  w i l l  provide t h e  nea r  iearth 
re ference  d a t a  t h a t  w i l l  be  r equ i r ed  t o  i n t e r p r e t  many OF t h e  measuremsnts t o  
be performed wi th  P ioneers  F and G. I n  a d d i t i o n ,  t h e  IMP s a t e l l i t e s  w i l l  
cont inue t o  provide r a d i a t i o n  monitor ing i n  suppor t  of manned missions.  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF SPACE ;SCIENCE AND APPLICATIONS --- LUNAR AND PLANETARY 
EXPLORATION PROGRAM - 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The o b j e c t i v e  of t h e  Lunar and P lane ta ry  Explora t ion  program is t h e  
s c i e n t i f i c  exp lo ra t ion  of our  s o l a r  system u t i l i z i n g  manned and automat:ed 
spacec ra f t  , supported by e a r t h  based observa t ions  and l abora to ry  research .  
Its achievement is  t h e  a c q u i s i t i o n  of new and more d e t a i l e d  da t a  and kiiowledge 
of t h e  o r i g i n ,  h i s t o r y  and dynamics of o u r  s o l a r  system wi th  p a r t i c u l a r  
emphasis on understanding t h e  evo lu t ion  of o u r  e a r t h  and t h e  processes  t h a t  
c o n t r o l  i ts environment. The c u r r e n t  program has  two major t h r u s t s :  I:he 
f u r t h e r  manned exp lo ra t ion  of t h e  moon, and automated i n v e s t i g a t i o n  of t h e  
p l ane t s  and i n t e r p l a n e t a r y  medium. 

Earlier un.nian.ned programs have a l r e a d y  cons iderably  advanced our  kmwledge 
of t h e  moon a.rd provided a weal th  of da ta .  The Ranger p r o j e c t  provided t h e  
f i r s t  c loseup de. ta i1  of t h e  moon's s u r f a c e  through v id i con  p i c t u r e s  t rans-  
mi t ted  t o  e a r t h .  The subsequent Lunar O r b i t e r  p r o j e c t  provided l a r g e  scale, 
d e t a i l e d  phot.ographs of t h e  moon t h a t  were requi red  f o r  t h e  s e l e c t i o n  and 
c e r t i f i c a t i o n  of sites f o r  t h e  Apollo manned l u n a r  landing  missions and 
improved coverage of t h e  moon by exposing new areas of t h e  moon's near  and 
f a r  s i d e  s u r f a c e  t o  view. The Surveyor p r o j e c t ,  by demonstrating t h e  s o f t  
l anding  c:apab:ilj.ty of a complex s p a c e c r a f t ,  increased  confidence i n  t h e  
a b i l i t y  of ApollLo t o  land  on t h e  l u n a r  sur face .  
took hundreds of high  r e s o l u t i o n  photographs of t h e  luna r  t e r r a i n ,  ins t ruments  
measured t h e  .Lunar s u r f a c e  bea r ing  s t r e n g t h ,  and rudimentary chemical a n a l y s i s  
w a s  performed on l u n a r  s u r f a c e  materials. 

I n  a d d i t i o n  Surveyor cameras 

Manned ex], Loiration began wi th  t h e  Apollo program. 
t h i s  program f inance t h e  b a s i c  s c i e n t i f i c  research  and planning e s s e n t i a l  
t o  t he  des ign  o:E experiments and missions of t h e  Apollo Manned Space IN'light 
program. It a l s o  suppor t s  t h e  subsequent d a t a  a n a l y s i s  e f f o r t s ,  t h e  ],ea1 
payoff of each mission.  

Funds provided under 

The p l ane ta ry  and i n t e r p l a n e t a r y  programs have experienced a high tlegree 
of success  beginning wi th  t h e  Mariner I1 f lyby  of Venus i n  1962 amd cctntinuing 
with t h e  most r ecen t  s u c c e s s f u l  launchings of Mariner V I  and V I 1  t h i s  p a s t  
summer. The Mariner I1 mission provided new d a t a  on t h e  magnetic: and atmos- 
phe r i c  c h a r a c t e r i s t i c s  of Venus. Mariner I V ,  i n  1965, provided t.he f:i.rst 
c loseup p i c t u r e s  of Mar's c r a t e r e d  s u r f a c e  and showed t h a t  i ts  at.mosplieric 
d e n s i t y  was v e r y  low compared t o  t h e  ea r th .  Mariner V,  launched i n  Jiine 
1967, made more p r e c i s e  measurements of Venus' ionosphere,  magnetosphere 
and atmosphere. Pioneer  I X  i n  November of 1968 marked t h e  las t  i n  t h e  pre-  
l iminary series of missions t o  measure t h e  i n t e r p l a n e t a r y  medium,. Th4i:se 



e a r l y  f l i g h t s  provided much i n s i g h t  i n t o  understanding how s o l a r  d i s tu rbances  
are propagated through space,  t h e  e f f e c t  of t h e s e  d i s tu rbances  on t e r r e s t r i a l  
phenomena, and t h e  r e l a t i o n s h i p  between s o l a r  a c t i v i t y  and solar and cosmic 
rays.  

SUMMARY OF RESOURCES REQUIREMENTS : --- 
1969 19 70 1.971 

Suppor t:Lng i c e s  earch and technology / 
advanced :i tudies  ................ 

Plane ta ry  at; tronomy. .............. 
Data analysis..................... 
Pioneer....,...................... 
Mariner Mar:; 1969. ................ 
Mariner Mar:; 1!271................. 
Mariner Mercury 1973.. ............ 
Viking............................ 

$18,571,000 
3,700,000 
2,337,000 
4,700,000 

26,130,000 
20,058,000 

12,427,000 

$17,980,000 $17,400,000 
3,800,000 4,800,000 

20,800,000 32,900,000 

60,342,000 29 ,,600,000 

2,600,000 3 ,,900,000 

4,491,000 200,000 

1,000,000 21,, 100,000 
40,000,000 35 )) 000,000 

Total..  ......................... $87,923,000 $151,013,000 $144 :,,900,000 

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

Kennedy Space Center............ $3,000 -- 
Manned Spacecraf t  Center. ....... 246,000 $1,096,000 
Marshall  Space F l i g h t  Center.... 6 15 ,000 115,000 
Goddard Space F l i g h t  Center.. , . .  3,554,000 4,632,000 
Jet  Propulsion Laboratory....... 56,412,000 86,221,000 
Ames  Research Center............ 5,158,000 19,774,000 
E lec t ron ic s  Research Center..... 25,000 25,000 
Langley Research Center......... 10,487,000 22,343,000 
NASA Headquarters............... 11,423,000 16,807,000 

!/;loo ,000 
680,000 
250,000 

3,,550,000 
69,475,000 
29 ,, 320,000 

25,100,000 
16,425,000 

--- 

BASIS OF --- FUND REQUIREMENTS: 

- S 3 p o r t i n g  Research and Technology /Advanced S tud ie s  

Lunar science.. ................... $5,602,000 $6,580,000 $6,000,000 
Planetary s c . i e n c e . . . . . . . . . . . . . . . . .  5,269,000 4,200,000 4,200,000 
Plane ta ry a clvanced t e clinical  

devel.opmerit.. ................... 6,000,000 6,000,000 6,000,000 
Planetary ac,vanced s t u d i e s . .  1,700,000 ...... 1 I 200,000 1,200,000 - 

Total ............................ $18,571,000 $17,980,000 -. $17,400,000 - 
Supporting Research and Technology and Advanced S tud ie s  programs ar,e t h e  

r e sea rch  ac t i .v i t . i es  which provide support  t o  t h e  f l i g h t  missions by providing 
t h e  base  f o r  de f in ing  t h e  s c i e n t i f i c  o b j e c t i v e s  of f u t u r e  missions,  and 
e s t a b l i s h i n g  t h e  s c i e n t i f i c  and engineer ing c a p a b i l i t i e s  e s s e n t i a l  t o  t he  per- 
formance of t h e s e  missions.  
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The ac t iv i t i e s  of t h e  Lunar Science program are devoted t o  inc reas ing  
our  s c i e n t i f i c  knowledge of t h e  moon by cont inuing  l abora to ry  i n v e s t i g s  t i o n s ,  
and t h e o r e t i c a l  s t u d i e s ,  and by, drawing on b a s i c  d a t a  der ived  from grcmnd 
based research  and Ranger, Surveyor, and O r b i t e r  missions,  and previous 
A p o l l o  missions.  
growing capab L l i  ty  f o r  u s e f u l  s c i e n t i f i c  accomplishments i n  o r b i t  and cln t h e  
l u n a r  su r face .  I n i t i a l  s u r f a c e  exp lo ra t ion ,  i n  mare areas i n  t h e  e q u a t o r i a l  
b e l t ,  has  provided b a s i c  new d a t a  of  g r e a t  s c i e n t i f i c  va lue  on the  s u r i a c e  
rock composition (rock a n a l y s i s ) ,  subsur face  s t r u c t u r e  (pass ive  seismic: 
measurements), and environmental  f a c t o r s  such as s o l a r  r a d i a t i o n  e f f ec t  s and 
magnetic f ieLd s t r eng th .  Continuing these  experiments and expanding the  d a t a  
base  is v i t a l  i f  t h e  Nation is t o  t a k e  f u l l  advantage of t h e  Apollo ca l l ab i l i t y  
t o  explore  t h e  moon, and e x p l o i t  t h e  d i s c o v e r i e s  made i n  the  earlier ptlases 
of l u n a r  explora t ion .  Success t o  d a t e  is  j u s t  a beginning,  as w e  a w a i t .  new 
d i scove r i e s  r e l a t e d  t o  environmental  f a c t o r s ,  rocks and h i s t o r y  at late!r 
landing sites a t  h igh  l a t i t u d e s  and i n  o l d e r  highland areas t h a t  w i l l  ile 
a t t a i n a b l e  wi th  increased  EVA t i m e  and new equipment. 

Apollo lunar  missions have demonstrated d rama t i ca l ly  a 

The FY 1971 lunar  s c i ence  e f f o r t  w i l l  include:  cont inued productiori  of 
geologic  maps of landing  sites; p l o t t i n g  traverse r o u t e s ;  s e l e c t i o n  of 
f u t u r e  landing sites; and t h e  i n v e s t i g a t i o n  of instrument  concepts f o r  remote 
phys ica l  and chemical a n a l y s i s .  FY 1971 w i l l  a l s o  see t h e  Lunar Slcienc:e 
I n s t i t u t e  f u l l y  ope ra t iona l  a t  t h e  Manned Spacecraf t  Center  i n  Houston,, Texas. 

The P lane ta ry  Atmospheres program funds r e sea rch  i n  atmospheric: pheiiomena 
inc luding  t h a t  of t h e  e a r t h  and t h e  p l a n e t s ,  and t h e  gaseous phenomena 
a s soc ia t ed  wi th  comets. 
of experiments,  and t h e  development and modi f ica t ion  of instruments  f o r  use 
i n  t h e  exp lo ra t ion  of t h e  o u t e r  p l ane t s .  
ins t rumenta t ion  f o r  t h e  exp lo ra t ion  of t h e  lower atmosphere of Venus w i l l  
a l s o  be s t r e s s e d .  

I n  FY 1971, r e sea rch  w i l l  b e  conducted i n t o  tlie design 

Direct measurement experiments and 

A t h i r d  a r e a  f inanced under P lane ta ry  Supporting Research and Technology is 
t h e  Planetology program which suppor ts  research  i n  t h e  i n c r e a s i n g l y  important  
f i e l d  of p l ane ta ry  geology. A s  t h e  p l ane ta ry  program progresses  from e a r t h  
based obse rva t iona l  d a t a  t o  f lyby  and o r b i t e r  da t a ,  and i n  1975 t o  d a t a l  from 
l ande r s ,  planetology r e sea rch  w i l l  p lay  a more important  r o l e  i n  cletennining 
t h e  n a t u r e  and p r o p e r t i e s  of t h e  p l ane t s .  I n  FY 1969 and 1970 researcli 
toward t h e  development of s c i e n t i f i c  ins t ruments  f o r  p r o j e c t  Viking wal; one 
of t h e  major goa ls  of t h e  Planetology program. I n  FY 1971 t h e  emphasi:; w i l l  
be  on the  development of i n s t rumen ta t ion  f o r  geochemical and geophysic 11 
s t u d i e s  of Mars t o  be  used on f u t u r e  l a n d e r  missions.  

I n  the  area. of engineer ing  technology, t h e  Advanced Technical  Ilevelopment 
(ATD) program suppor ts  t h e  development of new and improved design of space- 
c r a f t  hardware t o :  (1) extend t h e  nominal l i f e t i m e  of t h e  systems f o r  long 
du ra t ion  missions such a s  a J u p i t e r  f l yby ,  wi th  approximately 1 112 yea r s  of 
spacec ra f t  t r a n s i t ,  and t h e  Grand Tour missions which may be up t o  1 2  !years 
i n  du ra t ion ;  (2) develop power sources  which use  nuc lear  energy arid a l low a 
s p a c e c r a f t  t o  ope ra t e  f o r  extended per iods  without  dependence on s o l a r  
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energy; ( 3 )  clevelop instruments  and subsystems which w i l l  s u r v i v e  i n  h o s t i l e  
environmcnts; (L) develop t h e  a b i l i t y  t o  communicate up t o  t h r e e  b i l l i o n  
m i l e s ;  and (5) p e r f e c t  t h e  techniques  and subsystems f o r  swingby t r a j e c t o r i e s  
which r e q u i r c  g r e a t  p r e c i s i o n  i n  s p a c e c r a f t  c o n t r o l  and t r ack ing .  In FY 
1971, researc.11 i n  t h e  ATD program w i l l  cont inue  work i n  t h e s e  are ,as ,  w i th  
somewhat more emphasis on t h e  c r i t i c a l  technologies  f o r  Venus probes and 
buoyant Venus s t a t i o n s  aid advanced Mars exp lo ra t ion .  

I n  t h e  Ylonetary Advanced S tud ie s  program surveys of p o t e n t i a l  f u t u r e  
s c i e n t i f i c  missions are made, and an  up t o  d a t e  ca ta logue  of miss ion  
o p p o r t u n i t i e s ,  t h e i r  gene ra l  s y s  t e m  requirements and t h e i r  va lue  i n  f u l f i l l i n g ,  
e s t a b l i s h e d  goa;.s and o b j e c t i v e s  of NASA are defined. A l t e r n a t e  mission 
approaches,  :hc:Luding t h e  u t i l i z a t i o n  of e x i s t i n g  sys  t e m s  are eva lua ted ,  
r e source  requirements determined, and advanced technology requirements 
examined, In F!! 1969 and 1970, s t u d i e s  were continued on: (1) m u l t i p l e  
p l a n e t  Grand 'I'our and o t h e r  o u t e r  p l a n e t  f l ybys ;  (2)  s u r f a c e  sample r e t u r n  
from Mar:;; ( 3 )  buoyant s t a t i o n s  and atmospheric probes of Venus; ( 4 )  J u p i t e r  
o r b i t e r s ;  (5) comet f lybys ;  and (6) a s t e r o i d  b e l t  surveys.  I n  FY 1971 i t  is 
planned t o  con t inue  t h e  i n v e s t i g a t i o n  of t h e  more promising missions and t o  
i n i t i a t e  add.i t iona1 s t u d i e s  such as: (1) o r b i t e r s  of Sa tu rn  and othex o u t e r  
p l a n e t s ;  (2)  atmospheric probes of J u p i t e r ;  ( 3 )  comet rendezvous; and ( 4 )  Mars 
rove r s .  

P l ane ta ry  Astronomy 

1.971 - 1969 19 70 

P lane ta ry  a s  t con0 my. . . . . . . . . . . . . $3  , 700 ,000 $ 3  , 800 , 00 0 $4,100 9 000 

Total............................ $3,700,000 $3,800,000 $4 ~ ~ 0 0 , 0 0 0  A: 

One approach t o  t h e  s c i e n t i f i c  e x p l o r a t i o n  of t h e  s o l a r  system is 1:o observe 
t h e  p l a n e t s  (and a s s o c i a t e d  bodies  from t h e  v i c i n i t y  of t h e  e a r t h .  A1i:hough 
astronomers have s t u d i e d  t h e  p l a n e t s  f o r  w e l l  over 100 years, a very :Large 
amount of in format ion  can s t i l l  b e  obta ined  from obse rva t ions  macle from t h e  
v i c i n i t y  of t h e  e a r t h .  New in s t rumen ta t ion  and observing techniques c:ombined 
with t h e  use of a i r p l a n e s ,  ba l loons ,  rocke t s ,  and e a r t h  o r b i t i n g  sa te  Llites 
as observing p la t forms  i n  a d d i t i o n  t o  ground based o b s e r v a t o r i e s  have 
inc reased  the  p o s s i b i l i t i e s  of a s t ronomica l  obse rva t ions  f a r  beyond tliose 
considered f e a s i b l e  a few y e a r s  ago. 

The a p p l i c a t i o n  of r a d a r  obse rva t ions  i n  p l a n e t a r y  s t u d i e s  i l l - ~ s t r ~ i t e s  t h e  
g r e a t  p o t e n t i a l  va lue  of us ing  new obse rva t ion  techniques.  Radar observations;  
of t h e  p l a n e t s  have, w i t h i n  t h e  l a s t  e i g h t  yea r s ,  r e s u l t e d  i n  t h e  detarmina- 
t i o n  of a c c u r a t e  r o t a t i o n  pe r iods  f o r  t h e  p l a n e t s  Venus and Mercury. They 
have a l s o  determined p r e c i s e  d i s t a n c e  va lues  f o r  t h e  nea re r  p l a n e t s  a ;  w e l l  
as g iv ing  informat ion  on t h e  s i z e  of Mars and Venus. Topographic v a r i a t i o n s  
on t h e  s u r f a c e  of Mars have a l s o  been obta ined  f o r  l i m i t e d  reg ions  of t h a t  
p l ane t .  I d i t t i  improvements t o  one o r  more of t h e  l a r g e s t  e x i s t i n g  r a d i r  
systems, i t  w i l l  be p o s s i b l e  t o  map t h e  en t i re  c loud  covered s u r f a c e  iof Venus 
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a t  suf  f ic ieni :  r e s o l u t i o n s  t o  observe i n  d e t a i l  f e a t u r e s  such as imountains, 
craters, etc:,, And i t  is important  t o  realize t h a t  a lmost  a l l  of t h e  infor -  
mation determined thus  f a r  from rada r  observa t ions  could no t  be  'determined 
from any of t h e  p r e s e n t l y  planned p l ane ta ry  spacec ra f t .  

I n  t h e  case of r ada r  observa t ions  and many o the r  types  of obse rva t ions ,  
t h e  d a t a  obi:ainable from t h e  v i c i n i t y  of  t h e  e a r t h  complements t h e  s c i e n t i f i c  
r e t u r n  from t h e  p r e s e n t l y  planned p l ane ta ry  f l i g h t  program. I n  f a c t ,  a 
combination of t h e  two methods is requi red  t o  achieve  program o b j e c t i v e s  i n  
t h e  most economical way. Ear th  based observa t ions  are extremely cos t  
e f f e c t i v e  compared t o  p l ane ta ry  missions,  and r e q u i r e  r e l a t i v e l y  s h o r t  t u r n  
around t ime : ;  f o r  ins t rumenta t ion  changes. They are a l s o  r epea tab le ,  when 
necessary ,  over  long per iods  of t i m e .  

To assist wi th  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  observa t ions ,  
simultaneou:; programs i n  l abora to ry  and t h e o r e t i c a l  s t u d i e s  are a l s o  supported.  
Ex i s t ing  in:; tr i imentation such as t e l e scopes ,  r a d i o  and r ada r  systems,, spec t ro-  
graphs,  e tc . ,  are used as much as poss ib l e .  However, when new ins t ruments  
such as l a r g e  itelescopes o r  r e l a t i v e l y  smaller i t e m s  such as photometers,  are 
r equ i r ed  t o  ob ta in  da t a ,  t h e  development and cons t ruc t ion  of such ins,truments; 
are a l s o  supported through t h i s  program. The inc rease  of one milliorL d o l l a r s  
i n  funding Ln FY 1971 is t o  start  on t h e  cons t ruc t ion  of one much nee!ded 
m a  j o r  i n s  t r u  m e n t  . 

Data Analysis 

1971 

Lunar d a t a  a n a l y s i s  . . . . . . . . . . . . . $2 ,,ooo ,000 
Plane tary  d a t a  ana lys i s . . , . . .  e . . .  450,000 600,000 1,! 900,000 

-. 1969 19 70 

$1,887,000 $2,000,000 

Total......................,.... $2,337,000 $2,600,000 $3 900,000 
:I) 

The primary purpose of l una r  and i n t e r p l a n e t a r y  missions is t.o conduct 
experimental  i n v e s t i g a t i o n s  which w i l l  advance our  knowledge and1 understanding. 
Data are obta ined  by s c i e n t i f i c  ins t ruments  aboard t h e  s p a c e c r a f t  ant1 are 
t r ansmi t t ed  t o  e a r t h  f o r  a n a l y s i s  by t h e  s c i e n t i s t s  conducting tihe experimen tis. 
The i n i t i a l  d a t a  r educ t ion  and a n a l y s i s  is funded by t h e  f l i g h t  p r o j e c t  as a 
p a r t  of is p r o j e c t  r e s p o n s i b i l i t i e s .  Usual ly ,  t h e  t i m e  requi red  t o  iceduce 
and thoroughly ana lyze  t h e  d a t a  e x t r a c t i n g  t h e  f u l l  s c i e n t i f i c  va lue  and 
then  publ ish t h e  r e s u l t s  is  longer  than  t h e  per iod  of suppor t  provided by t h e  
p r o j e c t .  
t h e  Mariner V ,  V I  and V I 1  p l ane ta ry  miss ions ,  t h e  Pioneer  missions t o  i n t e r -  
p l ane ta ry  space and missions p e r t i n e n t  t o  s c i e n t i f i c  exp lo ra t ion  of ithe 
e a r t h ' s  upper atmosphere. 

T h e  Data Analysis  p r o j e c t  w i l l  provide f o r  reduct ion  of dal;a from 

I n  a d d i t l o n ,  a n a l y s i s  of lunar d a t a  from several f l i g h t  programs cont inues ,  
wi th  a t t e n t i o n  cen te r ing  on Surveyor (near ing  complet ion) ,  Orb i t e r ,  (and now 
t h e  Apollo program. I n i t i a l  emphasis has  been given t o  photo a n a l y s i s  of 
O r b i t e r  data. bea r ing  on s e l e c t i o n  of s a f e  Apollo landing  sites, and lorbit 
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a n a l y s i s  ( g r a v i t y  anomalies) bea r ing  on Apollo landing  t r a j e c t o r i e s .  A t t e n t i o n  
w i l l  continu'e t o  be  given t o  t h e s e  ana lyses  but  t h e  major e f f o r t  w i l l  be 
d i r e c t e d  t o  s c i e n t i f i c  problems i n  t h e s e  and o t h e r  areas of t h e  moon. For 
t h e s e  s t u d i e s  the O r b i t e r  d a t a  are supplemented by a weal th  of new hil;h 
r e s o l u t i o n  Apollo photography, much of i t  i n  c o l o r ,  of s e l e c t e d  p a r t s  of t h e  
luna r  e q u a t o r i a l  zone. This in format ion  w i l l  t hen  be  c o r r e l a t e d  wi th  t h a t  
ob ta ined  from t h e  luna r  samples and geologic  e x p l o r a t i o n  of t h e  Apollo 
landing  sites by t h e  a s t r o n a u t s .  This a n a l y s i s  of Apollo s c i e n t i f i c  ciata, 
o t h e r  than  t h a t  done i n i t i a l l y  by t h e  p r i n c i p a l  i n v e s t i g a t o r s ,  wil.1 bl: a 
s i g n i f i c a n t  p a r t  of t h e  FY 1971 Data Analysis program. 

P ioneer  

1969 

Spacec ra f t  and support............. $2,860,000 
Experiments...... .................. 1,840,000 

Subt.ota1, Pioneer.. .............. $4,700,000 

D e 1 t a ( Launch Veh i c le  P roc  u r  emen t 

Centaur (Lz.unch Vehicle 
Program), ........................ ($1,152,000) 

Procurement Program). ............ (1,265,000) 

Subt.ota1, launch veh ic l e s . .  . . . ($2,417,000) 

T o t a l  (i.ric1.uding launch 
vehicl .es).  ..................... ($7,117,000) 

L9 71  - '1970 

$13,287,000 $25,266,000 
7,513,000 -. 7,634,000 

$20,800,000 $32,900,000 

(---I (---' 1 

($4,600,000) ($15,900,000:1 -I 

($4,600,000) ($15,900,000) -. 

($25,400 - 000) ($48,800,000) -: 

The objec:t;ives of t h e  Pioneer p r o j e c t  are: t o  o b t a i n  s c i e n t i f i c  i n f o r -  
mation a t  wi.tle1.y sepa ra t ed  p o i n t s  i n  i n t e r p l a n e t a r y  space; t o  supply i n t e r -  
p l ane ta ry  ernrir'onmental d a t a  on a con t inu ing  b a s i s ;  and t o  conduct, dur ing  
t h e  197;! and 1973 Jov ian  o p p o r t u n i t i e s ,  exp lo ra to ry  i n v e s t i g a t i o n s  of t h e  
in te rp lane ta i ry  medium, t h e  n a t u r e  of t h e  a s t e r o i d  b e l t  and t h e  environmental  
and atmospheric: c h a r a c t e r i s  tics of t h e  p l a n e t  J u p i t e r .  

The p r o j e c t  i s  r e spons ib l e  f o r  t h r e e  series of miss ions ,  P ioneers  V I - I X ,  
P ioneers  F and G and Hel ios  A and B. The f i r s t  series of s p a c e c r a f t  weighed 
about 140 poiinds each and were launched i n  1965, 1966, 1967 and 1968, by t h e  
Thrust-Augmt:nted Improved Delta. A f i f t h  spacecraf t , .  P ioneer  E, was lost 
dur ing  :Launch i n  1969 when t h e  launch v e h i c l e  f a i l e d .  The four  P ioneers  now 
i n  solair or1):i.t are a l l  func t ion ing  and Pioneer V I  has  opera ted  longer  i n  
i n t e r p l a n e t a r y  space than  any o t h e r  s p a c e c r a f t .  These i n t e r p l a n e t a r y  ou tpos t s  
are e s s e n t i i L  elements of our  network of deep space  "weather s ta t ions ; . "  
ins t ruments  Ion t h e s e  P ioneers  are designed t o  measure t h e  s o l a r  wind flow, 
magnetics f i e l d s ,  t h e  e l e c t r o n  d e n s i t y  i n  space ,  and t o  observe t h e  energy 
s p e c t r a ,  f l u x e s ,  and d i r e c t i o n  of s o l a r  and g a l a c t i c  cosmic rays .  The oppor-- 
t u n i t y  to o b t a i n  such measurements a t  widely sepa ra t ed  p o s i t i o n s  :in deep space 
is providing unique and va luab le  s c i e n t i f i c  in format ion  about t h e  sun and its 
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i n f luence  on t h e  s o l a r  system. The combination of t hese  measurements IIrom 
t h e  fou r  widely separa ted  s t a t i o n s  enables  us  t o  d e t e c t  and estimate tlie 
pa ths  of s o l a r  storms. Such informat ion  he lps  f o r e c a s t e r s  t o  provide 
advance warning of r a d i a t i o n  dangers t o  s p a c e c r a f t  and of v a r i a t i o n s  i n  the  
p r o t e c t i v e  magnetic envelope of t h e  e a r t h  which a f f e c t s  t h e  long range r a d i o  
communication of t h e  world. 

The development of P ioneers  F and G w a s  i n i t i a t e d  i n  FY 1969. Thesl? space- 
c r a f t  are t o  be launched i n t o  t r a j e c t o r i e s  pe rmi t t i ng  the  explorat- ion I)f 
i n t e r p l a n e t a r y  space between one and f i v e  Astronomical Units  (AU) from the  sun 
inc luding  t h e  a s t e r o i d  b e l t  and J u p i t e r .  
to-Sun d i s t a n c e ,  92,000,000 miles . )  With t h i s  t r a j e c t o r y ,  w e  should be a b l e  
t o  s tudy t h e  poss ib ly  hazardous reg ion  of t h e  a s t e r o i d  b e l t ,  t o  measurll? t he  
g rad ien t  of t h e  sun ' s  i n f luence  on i n t e r p l a n e t a r y  space and t h e  p e n e t r a t i o n  of 
g a l a c t i c  cosmic r a d i a t i o n  i n t o  t h e  s o l a r  system. While the  s p a c e c r a f t  passes 
i n  t h e  v i c i n i t y  of J u p i t e r ,  ins t ruments  w i l l  measure the  p r o p e r t i e s  of charged 
p a r t i c l e s ,  magnetic f i e l d s ,  and e lec t romagnet ic  emissions a s s o c i a t e d  wi th  t h e  
p lane t .  Data from t h e s e  measurements w i l l  be used t o  s tudy  the  composition 
and dynamics of t h e  atmosphere surrounding t h e  p l a n e t  and i t s  i n t e r a c t  ion 
wi th  t h e  i n t e r p l a n e t a r y  medium. It w i l l  a l s o  be used t o  ana lyze  the  tiiermal 
balance of J u p i t e r  and t h e  source  of energy which t h e  p l a n e t  seems t o  lhave. 
These missions w i l l  r e q u i r e  new f e a t u r e s  on t h e  Pioneer  spacecraft:  t o  
compensate for t h e  l e s s e n i n g  of s o l a r  r a d i a t i o n  as a power source  and the 
more demanding communications and thermal  condi t ions .  For example, Radio- 
i so tope  Thermcielectric Generators  (RTG's) , r a t h e r  than  t h e  more convent iona l  
s o l a r  cel.ls, w i l l  be  u t i l i z e d  t o  provide electrical  power t o  t h e  s p a c e c r a f t .  
New experiment. ins t rumenta t ion  w i l l  a l s o  be requi red  t o  make measiiremeiits 
i n  t h e  a s t e r o i d  b e l t  and nea r  J u p i t e r .  

(One AU is equal  t o  t h e  mean Earth- 

I n  FY 1969 ,, NASA a l s o  i n i t i a t e d  i t s  l a r g e s t  i n t e r n a t i o n a l  coopera t ive  
p r o j e c t  as p a r t  of t h e  P ioneer  program. The o b j e c t i v e  of t h i s  p r o j e c t ,  c a l l e d  
Hel ios ,  is t o  i n v e s t i g a t e  t h e  p r o p e r t i e s  of and processes  i n  in te rp lan te ta ry  
space i n  t h e  d i r e c t i o n  of and c l o s e  t o  t h e  sun (about 0.3 AU) by developing, 
launching;, and ope ra t ing  a n  automated spacec ra f t .  The s p a c e c r a f t  w i l l  be 
developed i n  \ les t  Germany wi th  about  one-third of t h e  s c i e n t i f i c  experiments 
suppl ied  by NASA. 

FY 1971 funds w i l l  b e  used f o r  des ign  and development work on ,the Pioneer  
F and G s p a c e c r a f t  and i t s  s e l e c t e d  experiments. Opera t iona l  support  f o r  t h e  
four  active E'ioneer s p a c e c r a f t  and f o r  d a t a  a n a l y s i s  w i l l  cont inue.  Develop- 
ment of U.S. experiments f o r  Hel ios  w i l l  cont inue.  
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Mariner 

19 7 1  - 1969 19 70 

Mariner Nars IL969.. ................ $26,130,000 $4,491,000 :I 200,000 

Mariner Meiczu'ry 1973.. ............. --- 1,000,000 ,L 21 100,000 
Marine-r Na:rs 11971. ................. 20,058,000 60,342,000 29,~600,000 

A t l a s  Centaur (Launch Vehicles 
Procurement Program). ............ ($11,039,000) ($9,800,000) ($4,300,000) 

T o t a l  ( i nc lud ing  launch 
ve'hicles) ...................... ($57,227,000) ($75,633,000) ($551! 200,000) 

Over t h e  past s i x  y e a r s ,  t h e  Mariner s p a c e c r a f t  has  evolved from tkle 450 
pound Mariner I1 used fo r  man's f i r s t  s u c c e s s f u l  mission t o  ano the r  p l a n e t  
t o  t h e  2,200 pound ( inc lud ing  900 pounds of p r o p e l l a n t )  Mariner 1 9 7 1  i:o be 
used f o r  our  f i r s t  o r b i t i n g  miss ion  of another  p l a n e t .  The Mariner sl'ace- 
c r a f t  r e p r e s e n t s  a major t o o l  i n  t h e  p l a n e t a r y  program f o r  remote. obs(!rvations,  
from an  a t t i t u d e  c o n t r o l l e d  s p a c e c r a f t ,  of t h e  o t h e r  p l a n e t s  i n  t h e  s o l a r  
system. 

The Mariner 11, f lyby  of Venus i n  1962, provided t h e  f i r s t  d i r e c t  1':empera- 
t u r e  and magnetic f i e l d  measurements from near  t h e  p l ane t .  This w a s  liollowed 
by t h e  Mariner I V  f l i g h t  p a s t  Mars on J u l y  14, 1965 which conducted i i i i t i a l  
closeup s c i e n t i f i c  obse rva t ions  of Mars and its environment. Pic:ture:; of t h e  
p l a n e t  showed a craterel s u r f a c e  s i m i l a r  t o  t h a t  of t h e  moon. ValuabLe 
information cn  t h e  p l a n e t ' s  atmosphere and ionosphere w a s  a l s o  ac:quirc?d. 
October 19, 1967, Mariner V f lew p a s t  Venus some 2,600 m i l e s  from t h e  p l a n e t ' s  
s u r f a c e  and made measurements t o  de te rmine  t h e  p r o p e r t i e s  of t h e  Venuljian 
atmosphere and t h e  i n t e r a c t i o n  between t h e  p l a n e t  and i n t e r p l a n e t a r y  inedium, 
improving and s i g n i f i c a n t l y  augmenting t h e  d a t a  acquired f i v e  yea r s  e a r l i e r  
by Mariner 11. 
Mariner V. Pccording t o  Mariner V ,  Venus is  a hot p l a n e t  wi th  a t h i c k  lower 
atmosphere--mos t l y  carbon d ioxide .  The heavy atmosphere is surroundell by a 
sphere  of hyc.rogen analogous t o  t h a t  of e a r t h .  

On 

S c i e n t i s t s  are s t i l l  ana lyz ing  d a t a  te lemetered  back lby 

On J u l y  31. a.nd August 5, 1969, Mariner V I  and V I 1  passed w i t h i n  2,000 m i l e s  
of t h e  Martian s u r f a c e  completing t h e  most ambitious and s u c c e s s f u l  p l ane ta ry  
reconnai.ssanc.e eve r  attempted. The s c i e n t i f i c  d a t a  r e tu rned  g r e a t l y  exceeded 
t h e  minimum requirements of t h e  miss ion  inc lud ing  more than  200 p i c t u r e s  of 
t h e  p l a n e t  taken  by t h e  s p a c e c r a f t  on t h e i r  approach t r a j e c t o r i e s .  Mariner 
V I I ,  which flew over t h e  south p o l a r  cap reg ion ,  found t h e  p o l a r  cap t o  be 
composed of carbon d iox ide  and h e a v i l y  c r a t e r e d  i n  t h e  same fashLon as t he  
land su r faces .  The p o s s i b i l i t y  of l i f e  on Mars remains one of the  major un- 
answered sci.ent:if i c  ques t ions  , and t h e  combined spec t roscop ic  anld imaging dati3 
from Mariner VI11 provided i n t e r e s t i n g  and l i k e l y  reg ions  f o r  f u t u r e  missions 
t o  concentrai:e t h e i r  e f f o r t s  i n  p u r s u i t  of t h i s  ques t ion .  



The s c i e n t i f  Lc i n v e s t i g a t i o n  of Mars us ing  o r b i t i n g  s p a c e c r a f t   will^. begin 
i n  1971, The Mars 1971 spacec ra f t ,  which w i l l  use  many of t h e  proven sub- 
systems of t h e  :Yariner I V  and Mariner 1969 explora tory  f lyby miss ions , ,  w i l l  
begin d e t a i l e d  s t u d i e s  of t h e  atmosphere and environment of t h e  planei.  and 
provide a closeup look a t  l a r g e  areas of t h e  su r face .  This  1971 missii.on w i l l  
provide broald topographic  and thermal  coverage, record  seasonal  var ia i . ions  
i n  t h e  atmosphere and on t h e  s u r f a c e ,  and major o t h e r  long  t e r m  dynam:i.c 
observa t ions .  

Although some of t h e  s c i e n t i f i c  ins t ruments  f o r  t h e  Mariner-Ma.rs 1971 
missions w i l l  b e  improved ve r s ions  of t hose  c a r r i e d  on t h e  e a r l i e r  Mariner- 
Mars 1969 f lyby ,  t h e  s c i e n t i f i c  d a t a  r e t u r n  w i l l  be increased  s i g n i f i c a n t l y .  
This i nc rease  i n  d a t a  r e t u r n  r e s u l t s  from t h e  s p a c e c r a f t  be ing  i n  0rb:i.t about 
t h e  p l ane t  a l lowing  mul t ip l e  measurements and observa t ions  over i t  period of 
s e v e r a l  months. From o r b i t ,  i t  w i l l  observe approximately 70% of the  p l a n e t ' s  
s u r f a c e  inc luding  t h e  wave of darkening, c loud movements and any o t h e r  dynamic: 
and seasona l  changes i n  t h e  p l a n e t  atmosphere and on t h e  p l a n e t ' s  sur face .  
I n  add i t ion ,  t h e  l o w  p o i n t  of t h e  o r b i t  w i l l  be  about  1,200 m i l e s  as compared 
with the  nominal 1,800 m i l e  c l o s e s t  approach d i s t a n c e  of t h e  Mariner-l,fars 
1969 flyby. This c l o s e r  d i s t a n c e  t o  t h e  s u r f a c e  w i l l  a l low h ighe r  r e s o l u t i o n  
measurements from a l l  ins t ruments ,  and w i l l  i n c r e a s e  t h e  va lue  o f  t h e  occul ta -  
t i o n  and c e l e s t i a l  mechanics experiments.  

The h r ine r -Mars  1971 o r b i t e r  des ign  is  based on e x i s t i n g  Mariner 1:ech- 
nology which r e s u l t e d  i n  s u c c e s s f u l  p l ane ta ry  i n v e s t i g a t i o n s  of Venus dur ing  
1962 and 1967, and of Mars dur ing  1365, and w a s  used t o  develop t h e  spacecraf t :  
which w i l l  be launched t o  Mars i n  e a r l y  1969. The a c t u a l  hardware t o  be used 
f o r  t h e  1971 o r b i t a l  missions w i l l  make ex tens ive  use  of s p a r e  hardware and 
test equipment from t h e  Mariner-Mars 1969 p r o j e c t .  

A s i n g l e  modified Mariner s p a c e c r a f t  w i l l  be used t o  s tudy  both Venus and 
Nercury i n  1973. Although t h e  similarities between Mars, Venus and Ear th  
make the s tudy of t h e s e  p l a n e t s  important  t o  our  knowledge of e a r t h  and i ts  
p lace  i n  the  s o l a r  system, t h e  knowledge of  o t h e r  p l ane ta ry  bodies  can a l s o  
make a s i g n i f i c a n t  con t r ibu t ion .  During t h e  1973 oppor tuni ty ,  us ing  the 
same rocket  requi red  to go t o  Venus, a s p a c e c r a f t  can b e  a c c e l e r a t e d  by Venus" 
g rav i ty  and o r b i t a l  v e l o c i t y  s o  t h a t  i t  can a l s o  swing by Mercury and begin 
t h e  expI.oratJ:on of t h i s ,  t h e  c l o s e s t  p l a n e t  t o  t h e  sun. The Mariner space- 
c r a f t ,  which w i l l  b e  launched by an Atlas/Centaur ,  w i l l  r e t u r n  both u l t r a -  
v i o l e t  and v f s u a l  t e l e v i s i o n  p i c t u r e s ,  atmosphere and ionosphere d a t a ,  as 
w e l l  as thermal maps from both Venus and Mercury. In  a d d i t i o n ,  it  w i l l  
monitor t h e  space environment i n  t h e  unexplored reg ions  between Venus and 
Mercury. 

The 0ff ic .e  of Space Science and Appl ica t ions ,  NASA Headquarters ,  i s  
r e spons ib l e  fox o v e r a l l  management of t h e  Mariner program. The 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 has  been ass igned  t o  t h e  Jet  Propuls ion  Laboratory,  
which w i l l  perform t h e  systems i n t e g r a t i o n  func t ion  of t h e  prime c o n t r a c t o r  
f o r  t h e  Mariner's under development; subcon t rac t ing  w i l l  be  f o r  complete sub- 
sys  t e m s ,  Tltt: L e w i s  Research Center  is re spons ib l e  f o r  t h e  launch veh ic l e s .  
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The funds reques ted  f o r  FY 1971 w i l l  suppor t  pos t  launch operation:;  f o r  
t h e  Mariner Mars 1969 s p a c e c r a f t  and cont inued  a n a l y s i s  of s c i e n t i f i c  and 
engineer ing  da ta .  FY 1971 funds reques ted  f o r  Mariner Plars 1971 w i l l  be used 
f o r  s p a c e c r a f t  s y s t e m s  t e s t i n g ,  launch ope ra t ions  and t h e  i n i t i a l .  porkion of 
mission ope ra t ions .  FY 1971 funds w i l l  a l s o  b e  used t o  prepare  fiunct ional 
s p e c i f i c a t i o n s  f o r  t h e  Mariner Mercury 1973 s p a c e c r a f t  i n  o r d e r  t.o p e r m i t  
i n i t i a l  f l i g h t  hardware procurement ac t iv i t ies .  A systems c o n t r a c t o r  w i l l  be  
s e l e c t e d  du r ing  t h e  year .  

Viking: 

1971 .- 1969 1970 

O r b i t e r  - s p a c e c r a f t  and 

Lander - s p a c e c r a f t  and 
experiments.. ................... $2,300,000 $17,000,000 $10,000,000 

..................... 25,000,000 experiments 10,127,000 23,000,000 .-. 

Tota l .  .......................... $12 . 427,000 $40,000,000 $35,000,000 
seer: 

The e x p l o r a t i o n  of Mars i n i t i a t e d  i n  1965 by t h e  Mariner series of space- 
c r a f t  w i l l  be extended t o  s u r f a c e  e x p l o r a t i o n  wi th  a Viking landing  i n  1975, 
rescheduled from t h e  prev ious ly  planned 1973 oppor tuni ty .  While theslz p r i o r  
missions were t o  s tudy  t h e  p l a n e t  from o r b i t a l  o r  f lyby  d i s t a n c e s ,  thl? 1975 
mission w i l l  be t h e  f i r s t  oppor tun i ty  t o  o b t a i n  d a t a  from d i r e c t  nieasiirements 
i n  t h e  Mars atmosphere and on i t s  su r face .  

The o b j e c t i v e s  e s t a b l i s h e d  f o r  t h e  Viking p r o j e c t  are t o  s i g n i f i c a n t l y  
advance our knowledge of t h e  p l a n e t  Plars by means of obse rva t ions  froin Martian 
o r b i t  and d i r e c t  measurements i n  t h e  atmosphere and on t h e  s u r f a c e  dur ing  t h e  
1975 oppor tuni ty .  P a r t i c u l a r  emphasis w i l l  be  placed on ob ta in ing  b i o l o g i c a l  ,, 
chemical and environmental f a c t o r s  relevant t o  t h e  existence of l i f e  $in t h e  
p l a n e t  a t  t h i s  t i m e ,  a t  some t i m e  i n  t h e  p a s t ,  o r  t h e  p o s s i b i l i t y  of Life 
e x i s t i n g  a t  a f u t u r e  da t e .  

The lander t o  be used f o r  t h i s  mission w i l l  be  a s o f t  l ande r  s i m i L l r  t o  
t hose  used i n  t h e  Surveyor program. Technology developed f o r  Suirveyoic and t h e  
Apollo Lunar Module w i l l  b e  d i r e c t l y  a p p l i c a b l e  t o  t h e  Viking l ande r .  This 
l a n d e r  w i l l  b e  mated w i t h  a modified Mariner 1971 o r b i t e r ,  which w i l l  have t h e  
c a p a b i l i t y  c c  i n s e r t  t h e  lander  i n t o  o r b i t  p r i o r  t o  landing. This w i l l  per -  
m i t  o r b i t a l  e n t r y  f o r  t h e  l a n d e r  which has  t h e  advantage of sma1:Ler s i i r face  
d i s p e r s i o n s ,  lower e n t r y  v e l o c i t i e s  and b e t t e r  c o n t r o l  of e n t r y  ang1i.s. The 
launch v e h i c l e  t o  b e  used w i l l  b e  a T i t a d c e n t a u r .  

The Off ice  of Space Science and App l i ca t ions ,  NASA Ileadquarteics, i c 3  

r e spons ib l e  f o r  o v e r a l l  management of t h e  Viking p r o j e c t .  The rt :sponsibil i ty 
fo r  p r o j e c t  management is  ass igned  t o  t h e  Langley Research Centeic (Latic). 
LaRC w i l l  a l s o  be  r e spons ib l e  f o r  t h e  l ande r  system. The Jet Propuls ion  
Laboratcry,  k.hich has had r e s p o n s i b i l i t y  f o r  all Mariner p r o j e c t s ,  w i l l  be 
r e spons ib l e  f o r  t h e  Mariner c l a s s  o r b i t e r .  FY 1970 funds are being used t o  
i n i t i a t e  pre l iminary  des ign  a c t i v i t i e s  on t h e  o r b i t e r  and l a n d e r  subsystems. 
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In FY 1971. funds w i l l  b e  used to  continue the development of c r i t i c a l  long 
lead i t e m s ,  such a s  the landing radar system, the landing propulsion 6,ystem 
and many of the science instruments. 
w i l l  further provide for s c i e n t i f i c  invest igation support. 

Design e f f o r t  w i l l  continue. Funds 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF SFACCE -0 SCIENCE AND APPLICATIONS BIOSCIENCE .PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: --- 
The Bioscience program has t h r e e  p r i n c i p a l  o b j e c t i v e s :  (1) t h e  ati:ainment 

of a thorougli understanding of t h e  e f f e c t s  of t h e  space  f l i g h t  eriviroiiment on 
terrestrial  organisms; (2 )  t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  l i f e  and 1 i f e  re- 
l a t e d  molecules,  wi th  t h e  primary emphasis d i r e c t e d  i n i t i a l l y  t o  t h e  iioon 
and n e a r e s t  p l a n e t s ;  and (3 )  prevent ion  of t h e  u n i n t e n t i o n a l  t r a n s f e r  of 
terrestrial organisms t o  t h e  p l a n e t s ,  s o  t h a t  s t u d i e s  of e x t r a t e I r e s t i ' i a 1  
l i f e  w i l l  n o t  be  complicated or voided. 

The f i r s t  ob,jective has t h r e e  areas of e f f o r t :  ( a )  t o  s tudy  t h e  e j . fec ts  
of space env.iroiimenta1 f a c t o r s  on l i v i n g  e a r t h  organisms, e s p e c i a l l y ,  weight- 
l e s s n e s s  and EfEective d i s s o c i a t i o n  from f a c t o r s  r e l a t e d  t o  t h e  e a r t h " s  
r o t a t i o n ;  (b:) t o  e x p l o i t  t h e  unique space environment t o  ana lyze  orgariism- 
environment i:~.-lationships, e s p e c i a l l y  t h e  r o l e  environment p lays  i n  
e s t a b l i s h i n g  and main ta in ing  normal o r g a n i z a t i o n  i n  l i v i n g  systems .; and (c)  
t o  study t h e  ~ ~ h y s i o l o g i c a l ,  behaviora l ,  and g e n e t i c  responses and adap ta t ions  
of l i v i n g  oq:anj.srns t o  t h e  space environment. 

The b i o l o g i c a l  e f f e c t s  of t h e  space f l i g h t  environment are be ing  s t u d i e d  
i n  t h e  Biosat:ell.ite p r o j e c t .  During f l i g h t s  of B i o s a t e l l i t e  I and I1 the  
engineer ing  clesign and i n t e g r a t e d  o p e r a t i o n  of t h e  s p a c e c r a f t  s y s  tems were 
thoroughl-y checked ou t .  The B i o s a t e l l i t e  I1 experiment r e s u l t s  showed t h a t  
t h e r e  w a s  an i n t e r a c t i o n  between r a d i a t i o n  and weight lessness  and o t h e r  
f a c t o r s  cmcoumtered i n  space f l i g h t .  This i n t e r a c t i o n  v a r i e d  between 
g r e a t l y  i .ncreasing t h e  e f f e c t s  of radiation-induced damage, t o  decreas ing  
t h e  effec: t  s i g n i f i c a n t l y  depending upon t h e  type  of organism s tud ied .  The 
p l a n t  experirr..ents s tudy ing  t h e  b i o l o g i c a l  e f f e c t s  of we igh t l e s sness  shlDwed 
a c l o s e  c,orrespondence t o  r e s u l t s  ob ta ined  by r o t a t i o n  on t h e  hor:izont.ial 
c l i n o s t a t  . Pclst-f l i g h t  l a b o r a t o r y  c o n t r o l  s t u d i e s ,  i n  a d d i t i o n  t o  tho:;e 
performed b e f c r e  and d u r i n g  f l i g h t ,  have been conducted t o  c l a r i f y  que.i;tionable: 
r e s u l t s  such as t h e  c o n t r i b u t i o n  of v i b r a t i o n .  The c o n t r i b u t i n g  b i o l o g i c  
mechanisms a r e  s t i l l  being s tud ied .  

The B i o s a t e l l i t e  I11 mission had a 14 pound p i g - t a i l e d  monkey as a n  
experiment s u b j e c t .  During t h e  mission, t h e  e f f e c t s  of weight lessness  upon 
t h e  central  nervous system, t h e  ca rd iovascu la r  system, and t h e  metabo1:i.c 
func t ion  were s tud ied .  P a r t i c u l a r l y  s i g n i f i c a n t  d a t a  were recorded from 
a l l  i n s t rumen ta t ion  channels du r ing  t h e  8-1/2 days of f l i g h t .  
da t a  s t i l l  remain t o  b e  analyzed, b u t  t h e  f i n d i n g s  t o  d a t e  r e v e a l  many of 
t h e  phys io logica  1 e f f e c t s  of we igh t l e s sness ,  and i n d i c a t e  t h e  g r e a t  v a l u e  
of carefu.Lly ties:Lgned animal experiments i n  c o l l e c t i o n  of biomedical da ta 
r e l e v a n t  t o  space  f l i g h t .  

Much of t h e  
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The s p e c i f i c  aims of t h e  second o b j e c t i v e  - t h e  search  f o r  e x t r a t e s x e s t r i a l  
l i f e  include:  
a p o s s i b l e  environment f o r  l i f e ;  (b) de te rmina t ion  of whether o r  no t  l i f e  
e x i s t s ,  o r  has e x i s t e d ;  ( c )  i f  l i f e  i n  some form e x i s t s ,  determinatioxt of i ts  
c h a r a c t e r i s t i c s ;  and (d) i f  no l i f e  e x i s t s ,  i n v e s t i g a t i o n  of t h e  pattcbrn of 
chemical evo lu t ion  i n  o r d e r  t o  e v a l u a t e  t h e  p r o b a b i l i t y  of i ts f u t u r e  
occurrence elthter spontaneously o r  by contamination, and t h e  reason  f o r  i t s  
present  nonexistence.  

(a) phys ica l  and chemical eva lua t ion  of p l ane ta ry  surf i lces  as 

The development of pro to type  in s t rumen ta t ion  f o r  exobio logica l  s tucdes  
on t h e  M a r t i a n  s u r f a c e  i s  needed as a precursor  t o  f l i g h t  ins t rument  clevelop- 
ment f o r  f u t u r e  Mars landers .  The l i f e  d e t e c t i o n  and organic  a n a l y t i c a l  
techniques developed i n  var ious  l a b o r a t o r i e s  must now be converted i n t o  
f l i g h t  instriiinents which i n  t u r n  must b e  t e s t e d  and i n t e g r a t e d  i n t o  the pay- 
load r equ i r ed  t o  achieve  t h e  s c i e n t i f i c  o b j e c t i v e s  of t he  exobiology Firogram. 
The development of t h i s  ins t rumenta t ion  is one of t h e  most important  i t e m s  
i n  t h e  Bioscience Support ing Research and Technology (SR&T) p r o j e c t  and is  
extremely cr:i t i c a l  t o  t h e  p u r s u i t  of p l ane ta ry  explora t ion .  

The t h i r d  o b j e c t i v e  of t h e  Bioscience program (Plane tary  Quarantine) is 
shown as a s e p a r a t e  l i n e  i t e m  because of i ts d i r e c t  r e l a t i o n s h i p  t o  t h e  
p l ane ta ry  fl ight:  program. Continuing e f f o r t s  are being made, before  i n i t i a t i o n  
of space f l i g h t s  des t ined  t o  land on t h e  p l a n e t s ,  t o  a s s u r e  adequate  techno1og.y 
development in t h e  s o l u t i o n  of t h e  complex problems r e l a t e d  t o  the  p l ane ta ry  
quarant ine  const:raints.  This  i t e m  i s  i n  d i r e c t  support  of a l l  f u t u r e  p l ane ta ry  
missions intended t o  probe t h e  atmospheres o r  land on the  p l ane t s .  

SUMMARY OF RKSOllRCES -- REQUIREMENTS : 

1969 

Support ing research  and technology/ 

P lane tary  q liar an t  i n e  ............... advanced studies................. $8,900,000 
1,300,000 

27,700,000 

Tota l  ............................. $37,900,000 

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 :  -- 
--_ 

- - 
--- -_ Manned Spacecraf t  Center. .  ....... 

Marshall  Space F l i g h t  Center. .  . $135,000 
Goddard Space F l i g h t  Center...... 86,000 
Jet Propuls ion  Laboratory... . . . . .  2,003,000 
Wallops Station.................. 80,000 
Ames  Research Center............. 27,129,000 

NASA Headquarters................ 8,277,000 
Langley Research Center.......... 190,000 

19 70 1971 

$11,170,000 $9,400,000 

6,000,000 1 ,, 500,000 
2,500,000 2,000,000 

$12 ,BOO ,000 

$300,000 
372,000 

50,000 
1,614,000 

30,000 
8,450,000 

127,000 
8,727,000 

-_ $~i00,000 
~i00,000 
LOO, 000 

1, too ,000 

too, 000 
7,4',45,000 

25,000 
3, 330,000 

RD 6-2 



BASIS 01: FUNI) FZOUIREMENTS : 

Supporting Research and TechnologylAdvanced S tud ie s  -- 

1971 - 1969 1970 

Advanc:ed pi-of;rams and technology.. . $322,000 $2,400,000 $ 2 , 0 ~ 0 , 0 0 0  
Exobiology,........................ 3,000,000 3,500,000 3,000,000 
Environment:a1 biology. ............. 1,890,000 1,500,000 1,400,000 
Behavioral biology... . . . . . . . . . . . . . .  1,241,000 1,450,000 1,400,000 
Physic:al ~ j .o loGy.  .................. 1,696,000 1,570,000 1,200,030 ............... $00 ,000 751,000 750,000 - Eio-commuui ca t ions . .  

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . .  $8,900,000 $11,170,000 $9,1s00,000 

Advanced Programs and Technology 

Emphasis i n  t h e  area of Advanced Programs and Technology is heavilir 
o r i e n t e d  toward d e f i n i n g  t h e  s c i e n t i f i c  requirements f o r  f u t u r e  1)ioloI;ical 
space f l i g h t  i n v e s t i g a t i o n s .  This a c t i v i t y ,  of n e c e s s i t y ,  begins  w i t 1 1  de te r -  
mining t h e  s c i e n t i f i c  c h a r a c t e r  of t h e  experiments t o  be flown and thl? 

space f l i g h t  s i t u a t i o n  under which t h e  i n v e s t i g a t i o n s  w i l l  be coriductc:d. 
Among t h e s e  s i t u a t i o n s  are  t h e  op t ions  between manned and unmanned f l  Lght; 
automated o r  man-tended experiments;  and e a r t h  o r b i t a l ,  l u n a r  o r h i t a l  o r  
h e l i o c e n t r i c  f l i g h t .  T i m e  pe r iods  of exper imenta t ion  vary from a few days 
i n  e a r t h  o r b i t  i n  Uioexplorer t y p e  Spacec ra f t ,  t o  s e v e r a l  weeks or  moiiths 
i n  e a r t h  and h e l i o c e n t r i c  o r b i t s  i n  Bioexplorers and Biopioneers. Foi' 
manned missions t h e  t i m e  ranges from 28 days i n  t h e  i n i t i a l  mission o:t' t h e  
Ayollo Appl ica t ions  program (AAP) through s e v e r a l  y e a r s  (poss ib ly  inc:l.uding 
success ive  gleneratioils of animals) i n  a space s t a t i o n .  

The class1.s (of b i o l o g i c a l  specimens under cons ide ra t ion  f a l l  i n t o  l.he 
following broad ca t egor i e s :  p r i m a t e s ;  microorganisms; ce l l s  and tissire 
c u l t u r e s  ; serni-rnicroscopic animals and p l a n t s ;  small v e r t e b r a t e  animal s ; 
p l a n t s ;  and . i nve r t eb ra t e  an imals ,  S ince  s e v e r a l  yea r s  are r equ i r ed  t c l  b r ing  
an inves tiga1:Ix's hypothes is  t o  f l i g h t  i n  t h e  space environment, i t  is ,  
necessary t o  ~es1rablish experiment f e a s i b i l i t y  e a r l y  t o  a s s u r e  read:ineE,s t o  
meet t h e  VarilDu:; launcli o p p o r t u n i t i e s  . 

For manned f l i g h t  systems :it i s  c u r r e n t l y  considered d e s i r a b l e  t o  
main ta in  a c Iean  s e p a r a t i o n  between t h e  l i f e  suppor t  systems f o r  man-inhabited 
po r t ions  of 1:he s p a c e c r a f t  and t h e  b iosc i ence  experiments. I n  certain 
experiments 1.1: i s  a l s o  necessary  t o  keep t h e  experimental  specimens phys ica l ly  
i s o l a t e d  f r o n  c o n t a c t  w i t h  man, Therefore,  a modular approach f o r  e m i r o n -  
ment contrrol ,and maintenance is requ i r ed .  I n  e f f i c i e n t  u t i l i z a t i o n  of man 
i n  a space s t a t i o n  l a b o r a t o r y ,  i t  is  a l s o  necessary t o  d e f i n e  and develop 
new equipment. arid techniques which are workable i n  t h i s  environment:. 
Logis t i c s  requirements f o r  t r a n s p o r t i n g  test specimens, expendable s u p p l i e s ,  
arid experiment r o t a t i o n  as well as t h e  r e t u r n  of specimens t o  earth m u s t  be 
worked out .  These s t u d i e s  and developments r e q u i r e  c l o s e  coord ins t  ion w i t h  
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space s ta t i ton des ign  and ope ra t ion  planning t o  ensure  compat ib i l i ty .  
are now being i n i t i a t e d  on such areas as optimum groupings of experiments,  
and s p a c e c r a f t  i n t e r f a c e  requirements.  These w i l l  be  cont inuing  e f f o r t s  
u n t i l  a satisfactorily opera t ing  manned space l abora to ry  has  been achieved. 

S tudies  

Future  automated s p a c e c r a f t  missions are requ i r ed  t o  s a t i s f y  requirements 
of s h o r t  term experiments w i th  s imple measurement requirements and fclr those  
experiments to be flown i n  h e l i o c e n t r i c  o r b i t  o r  o the r  deep space t r a j e c t o r y .  
The Bioexp1o;cei: and Biopioneer systems would s a t i s f y  these  requirements . 
Stud ies  have been completed which i n d i c a t e  t h e  f e a s i b i l i t y  of s a t i s f y i n g  
many of t h e  needs f o r  automated systems wi th  the  Scout launch c a p a b i l i t y .  
Addi t iona l  s tudy and pre l iminary  des ign  a c t i v i t i e s  f o r  such systlems a r e  
included i n  {:he FY 1970 and FY 1971 Bioscience Advanced Mission Study 
ca tegory  . 

Exobiology 

An i n t e g r a l  and perhaps i n e v i t a b l e  event  i n  t h e  o r i g i n  and evolu t i lm of 
t he  universe  was t h e  o r i g i n  of l i f e .  An understanding of t h e  c o n t r o l l i n g  
f a c t o r s  i n  t h e  o r i g i n  of l i f e  and de termina t ion  of t h e  uniqueness of Life on 
t h e  e a r t h  a r e  t h e  primary ob jec t ives  of t h e  Exobiology p r o j e c t .  The r e sea rch  
areas considered b a s i c  t o  t h e  p r o j e c t  area are: 

(1) Chemical Evolut ion - s tudy  of t h e  chemical events  on t h e  prim:i.tive 
e a r t h  or on any p r i m i t i v e  p l a n e t  w i th  a similar h i s t o r y  which precede([ and 
l e d  t o  t h e  o r i g i n  of l i f e .  There are two approaches t o  chemical evolit t ion: 
(a) by t h e  a p p l i c a t i o n  of energy (e lectr ical  d ischarge ,  u l t r a  v i o l e t  
r a d i a t i o n ,  hleat, etc.) t o  t h e  s imple components (methane, ammonia, water )  of 
t h e  p r i m i t i v e  atmosphere, and (b) o rgan ic  geochemistry which inc ludes  a n a l y s i s  
of anc ien t  rock:; and sediments of t h e  e a r t h ,  moon and o t h e r  p l a n e t s ,  f o r  
f o s s i l s  (both chemical and b i o l o g i c a l ) ,  p rovid ing  a record of the  everi ts 
t ak ing  place a t  t h e  t i m e  of t h e  o r i g i n  of l i f e .  Extraterrestrial  a n a l y s i s  
can be done &: s i t u  o r  on r e tu rned  samples. 

(2) Bio log ica l  Adaptat ion - a s tudy  of t h e  response of terrestrial 
organisms (p r imar i ly  microorganisms) t o  extremes of environment ( temperature ,  
r a d i a t i o n ,  p re s su re ,  atmospheric composition, water a v a i l a b i l i t y ,  etc. ) l i k e l y  
t o  be charact:erj .st ic of e x t r a t e r r e s t r i a l  environments. Two b a s i c  problems 
are being exp:Lored - s u r v i v a l  and growth. A r e  terrestrial organisms 
a c c i d e n t l y  laaided on an e x t r a t e r r e s t r i a l  s u r f a c e  l i k e l y  t o  su rv ive  and be 
de t ec t ed  inadve r t en t ly  by our  l i f e  d e t e c t i o n  experiments and are t e r r e s t r i a l  
organisms l i k . e l y  t o  grow and des t roy  indigenous l i f e  forms? What are the 
l i m i t s  of' environmental  extremes which carbon-based l i f e  can t o l e r a t e ,  s o  
t h a t  w e  may e s t i m a t e  t h e  l i k e l i h o o d  of l i f e  on any given p l ane t?  Are there  
o t h e r  chemis t r i e s  which could produce a " l iv ing"  system capable  of t o l e r a t i n g  
q u i t e  d i f f e r e n t  environments than we o r d i n a r i l y  cons ide r?  

(3)  L i f e  Cletection - t h e  development of techniques which w i l l  a l low us t o  
determine t h e  presence or absence of p a s t ,  p re sen t ,  o r  p o t e n t i a l  l i f e  (else- 
where i n  t h e  universe .  The emphasis is  on automated systems performinj; 
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r e l evan t  envi ronmental measurements and chemical ana lyses  e a r l y  i n  thl? 
program. These evolve t o  more complex payloads making more in t eg ra t e l l  and 
s o p h i s t i c a t e d  measurements and u l t i m a t e l y  t o  unmanned and even manned 
l a b o r a t o r i e s .  The most l i k e l y  techniques seek  t h e  more b a s i c  att:ribul:es of 
t e r r e s t r i a l  l i f e  - organ ic  ciiemical, metabolic,  and growth ana lyses ,  <is 
w e l l  as imaging systems f o r  v i s u a l  d e t e c t i o n  and morphology. Ult.imati?ly, 
d a t a  on a l l  of t h e s e  b a s i c  a t t r i b u t e s  w i l l  be  acqui red  hopefu l ly  on a s i n g l e  
sample .  The development of p ro to type  in s t rumen ta t ion  f o r  t h e  abovle s1:udies , 
is included nere. 

( 4 )  Fl ig , i t  Experiments and Return Sample Analyses - l una r  samples are 
a v a i l a b l e  f o r  a ,nalyses  i n  FY 1970 and FY 1371. They are being s tudie t l  f o r  
evidence of J i o l o g i c a l l y  s i g n i f i c a n t  o rgan ic  matter and f o r  evidence of a l l  
l i v i n g  o r  f o s s i l  b i o t a .  Pre l iminary  s t u d i e s  of Apollo 11 samples  are 
sugges t ive  oE t h e  presence of  o rgan ic  matter, bu t  t h e  da t a  from contariinated 
s a m p l e s  a r e  tlif E icu l t  t o  i n t e r p r e t .  

Environment a 1 B i o  logy 

Living orlpn:;snis, from mic rob ia l  forms t o  man, are extremely responsive 
t o  t h e i r  environment. L i f e  forms have s u c c e s s f u l l y  adapted t h e i r  l i f e  forms 
and l i f e  cyc:-es t o  an inconce ivable  v a r i e t y  of b i o l o g i c  environments. The 
space  envirorunent provides  s t i l l  ano the r  v a r i e t y  of unique environmental  
f a c t o r s  to w1i:icli l i v i n g  earth systems are being exposed. 

Earth-based s t u d i e s  d e a l  wi th  t h e  known space f l i g h t  f a c t o r s  t :at nay  
e x e r t  e f f e c t s  i n  b i o l o g i c a l  systems. Information i s  be ing  accumulated on the  
e f f e c t s  of ac.c:eI.eration, v i b r a t i o n ,  magnetism, r a d i a t i o n  and simulated 
weigii t lessness,  i n d i v i d u a l l y  and i n  combination. Emphasis is placed on a 
thorough i n v e s t i  gatiori of g e n e t i c ,  c e l l u l a r ,  biochemical and phys i o l o g i c  
comp0nent.s of l i  f e .  

Experience t o  d a t e ,  i n  p l a n t s  and animals ( B i o s a t e l l i t e s )  and humans, 
i n d i c a t e s  that. space f l i g l i t  induces a v a r i e t y  of changes i n  l i f e  processes .  
The s p e c i f i c  c-auses of t h e s e  t r a n s i e n t  o r  permanent a l t e r a t i o n s ,  and tlie 
mechanisnis by which they are brought about are unknown and must be v e r i f i e d  
exper imenta l l ) .  W e  must recognize  and understand f a c t o r s  which dfirect ly  o r  
i n d i r e c t l y  in f luence  c e l l u l a r  func t ion ,  e i t h e r  a t  t h e  molecular l e v e l  (of 
i n t e r a c t i o n ,  c r  i n  t h e  process of some more i n t e g r a t e d  func t ion  such c e l l  
development . 

Many e f f e c t s  of a phys io log ic  n a t u r e  were observed when p l a n t  specir?s were 
exposed t o  l u n a r  materials. Flost of t h e s e  were b e n e f i c i a l  as shown by more 
vigorous growth and q u a l i t y  i n  p l a n t s  exposed t o  lunar  material. Thus, a 
new area of b i o l o g i c  r e sea rch  i s  be ing  developed t o  determine what: facl:ors 
i n  t h e  l u n a r  m a t e r i a l  a r e  compatible wi th  l i f e  and how i t  is  a f f e c t e d .  

Ear th  l i f e  with which w e  are  f a m i l i a r  gene ra l ly  r e q u i r e s  s u f f i c i e n t  
q u a n t i t i e s  of water, warmth, atmosphere, minera l  and o rgan ic  n u t r i e n t ,  and 
energy. Looking beyond our  f a m i l i a r  h a b i t a t  and i n t o  t h e  world of exti'emes 



t akes  us i n t o  an area of b i o l o g i c  except ions.  
t h a t  e x i s t s  under extreme ranges of t h e  phys ica l  and chemical envi.ronmtmts 
pe rmi t t i ng  growth, reproduct ion  and o t h e r  phys io logic  processes  of e a r t h  
organisms is under s tudy  t o  determine a b s o l u t e  l i m i t a t i o n s  of l i f e  by $the 
environment and t h e  mechanisms by which normal levels of metabolic: func:tion 
are maintained wi th in  t h e s e  l i m i t s .  

This  minor i ty  of l i v i n g  systems 

Behavioral  Biology 

The r o l e  of behav io ra l  b io logy  i n  space b iosc ience  is twofold: (1:I t o  
explore  t h e  w a y s  i n  which t h e  extreme condi t ions  of space f l i g h t  a f f ec i .  t he  
behavior of organisms, and (2) t o  use  t h e  unique f e a t u r e s  of t h e  space 
environment t o  advance t h e  a n a l y s i s  of behavior .  In a d d i t i o n  t o  weight l e s s n e s s ,  
which r e p r e s e n t s  t h e  p r i n c i p a l  unique f a c t o r  i n  space ,  irriportant e f f e c i  s upon 
behavior inc lude  d r a s t i c  reduct ions  i n  f a m i l i a r  modes of sensory s t i m u l a t i o n ,  
t h e  removal 0-c  a l t e r a t i o n  of o rd ina ry  day-night cyc le s  and, p a r t i c u l a r 1  y 
f o r  h ighe r  foitns, a r a t h e r  s eve re  kind of s o c i a l  i s o l a t i o n .  

A major a r e a  of endeavor is  t h e  border  r eg ion  between percept ion  ancl 
c o n t r o l  oE movement. 
an  extremely 11 rornising t o p i c  f o r  c u r r e n t  research  i n  behaviora l  biology.  
The va r ious  frxd-back and feed-forward mechanisms involved i n  manipulatory 
behavior have become s u s c e p t i b l e  t o  l abora to ry  experimentat ion.  I f  t h e r e  
is any deterio:cai:ion i n  t h e  performance of high l e v e l  motor s k i l l s  it is 
important t o  :Learn about  t h i s  from t h e  s t andpo in t s  of a s t r o n a u t  s a f e t y  and 
a deeper undei::; tanding of mechanisms i n  sensorimotor  coord ina t ion .  

The o r i g i n  and maintenance of eye-hand coord ina t ion  is 

Or ien ta t ion  i n  space  is engaging t h e  a t t e n t i o n  of  i n v e s t i g a t o r s  i n t e r e s t e d  
i n  understanding and c o n t r o l l i n g  those  func t ions  which are e s s e n t i a l  t o  
ex t r aveh icu la r  ac : t iv i ty  and those  o t h e r  maneuvers i n  space which r e q u i r e  
complex behavior .  Both ground based and i n - f l i g h t  s t u d i e s  on t h e  sensa t ion  
of g r a v i t y ,  such as t h e  de te rmina t ion  of t h re sho lds  f o r  angular  and l i n e a r  
a c c e l e r a t i o n  and responsiveness  of t h e  o t o l i t h s ,  s emic i r cu la r  c a n a l s ,  and 
o the r  grav i - receptors  t o  both t r a n s i e n t  and prolonged s t i m u l a t i o n  wi.11 
c o n t r i b u t e  t o  1:hi.s under s tanding. 

Absence of t h e  day-night cyc le  and o t h e r  p e r i o d i c  a s p e c t s  of t he  e a r t h  
environment make space a n  i d e a l  l abo ra to ry  f o r  l e a r n i n g  about  t h e  o r i g i n  
and n a t u r e  of c:ircadian rhythms. I n t e r e s t  i n  t h i s  s u b j e c t  extends t o  a 
concern f o r  behaviora l  and o t h e r  b i o l o g i c a l  events ,  observed by man, wi th  
a p e r i o d i c i t y  of approximately twenty-four hours ,  exemplif ied by the  c y c l e  
of s leep and wakefulness. S tud ie s  of  va r ious  s t a g e s  of s l e e p ,  p a r t i c u h r l y  
those  dea l ing  wi th  neurophys io logica l  and biochemical changes dur ing  t h a t  
s t a g e  a s s o c i a t e d  wi th  r a p i d  eye movement promises new knowledge equal ly  
r e l e v a n t  t.o man i n  space and h i s  normal environment. The’ r e l a t i o n s h i p s  
between t h e  requirements f o r  s l e e p ,  t h e  process  of f a t i g u e ,  and the  e f f l sc t s  
of g rav i ty  remein almost t o t a l l y  unexplored. 



Phys ica l  Biology 

Broad expeirimental and t h e o r e t i c a l  r e sea rch  provides a s t r o n g  background 
of knowledge f o r  planning and development of experiments f o r  spacle f l i g h t .  
This inc ludes  comparative physiology, b io ins t rumen ta t ion  and b iophys ic s ,  
and molecular b io logy ,  i nc lud ing  t h e o r e t i c a l  biology. 

l3iorliytiimic:it:y and o s c i l l a t o r y  phenomena i n  phys io log ica l  a c t i v i t y  has 
long been rec:ogc.ized. 

A l l  l i v i n g  organisms denionstrate some degree of b i o l o g i c a l  p e r i o d i c i t y .  
These p e r s i s t e n t  rhythms can be accounted f o r  by e i t h e r  t h e  hypothes is  t h a t  
they are timed by an autonomous, endogenous o s c i l l a t o r  system, o r  t h e  
hypothes is  t h a t  t h e s e  are depcndent f o r  t h e i r  t iming on an exogenous r iythmic 
inpu t .  ?'he u I . t i m a t e  goa l s  fo r  s tudy ing  t h e s e  phenomena are t h e  uriders tanding 
of b a s i c  l i f e  processes  arid the monitoring and eva lua t ing  t h e  phys ica l  
condi t ion  and well-being of animal and man dur ing  space f l i g h t  mission;. 

C r u c i a l  t o  conducting s u c c e s s f u l  b i o l o g i c a l  experiments i n  space is t h e  
need f o r  advanced in s t rumen ta t ion  and methods f o r  measuring and arialyz ing 
behav io ra l  and phys io log ica l  r e a c t i o n s .  Recent advances i n  s o l i d  stat12 

technology and tlieory have c r e a t e d  a unique oppor tuni ty  t o  develop new and 
e s p e c i a l l y  min ia tu r i zed  methods f o r  ob ta in ing  b i o l o g i c a l  in format ion .  Accor- 
d ing ly ,  b a s i c  research  and pre l iminary  development of experiments are 
sponsored f o r  t h e  a c q u i s i t i o n  of devices  and techniques unique f o r  t h e  s p e c i a l  
problems a r i s i n g  ou t  of space f l i g h t  a c t i v i t i e s ,  These devices  arid meI:hods 
a r e  sougiit on t h e  b a s i s  of t h e i r  p o t e n t i a l  and/or immediate use t o  the  
Bioscience program. 

Coincident wi th  b i o l o g i c a l  exper imenta t ion  i n  space environments ani1 with 
t h e  searcii f o r  eKtraterrestria1 l i f e  i s  t h e  need f o r  an understanding o f  
t h e  form and func t ion  of c c l l s ,  t h e i r  r e l a t i o n s h i p  t o  one another ,  and of 
t h e i r  c o n s t i t u e n t s .  This a l s o  inc ludes  an  understanding of t h e  evolut:i.onary 
r e l a t i o n s h i p  of c e l l s  and t h e i r  p a r t s ,  and of c e l l u l a r  phenomena. Botli 
experimental  snd t l i e o r e t i c a l  s t u d i e s  are supported i n  o r d e r  t o  develop an 
i n s i g h t  i n t o  the kind of response l i v i n g  organisms w i l l  have during spiice 
f l i g h t  and a l s o  €o r  t h e  kind of  l i f e  and/or l i f e - r e l a t e d  chemistry and 
physiology tli<it might be found and should be sought on o t h e r  p l a n e t s .  

Earth o r b i t a l  s a t e l l i t e s  w i t h  space monitoring and p o s i t i o n  loca t inp ,  systems 
p resen t  a unique oppor tuni ty  t o  s tudy  and monitor t h e  e a r t h ' s  ecology and 
e s p e c i a l l y  t h e  e a r t h ' s  w i l d l i f e .  S tud ie s  are being i n i t i a t e d  t o  d e t e r n  i n e  
t h e  f e a s i i j i l i t g  of us ing  o r  developing va r ious  systems f o r  monitoring t h e  
behavior a n d  p l iy~ io logy  of w i l d l i f e  and t h e  i n t e r r e l a t i o n s h i p  of t h e  t c  t a l  
bioecology of e a r t h .  C r u c i a l  t o  t h e s e  s t u d i e s  are ground-based research 
e f f o r t s  i n  o p t i c a l  b io - t e l eme t r i c  and phys io log ica l  i n s t rumen ta t ion  and i n  
microminia tur i  x i t i o n  of b io- ins  t rumenta t ion  as w e l l  as i n  animal behavi o r  i n  
mig ra t ion ,  nav iga t ion  and o r i e l i t a t i o n  of l i v i n g  forms, i n  sensory systems; 
and i n  t h e  demlopment of t h e o r e t i c a l  models and concepts t o  i n t e r p r e t  and 
use  d a t a  as they are genera ted .  



Bio-Communications 

The Eio-Communications p r o j e c t  w a s  e s t a b l i s h e d  t o  improve communication 
and understanding among s c i e n t i s t s  engaged i n  a c t i v i t i e s  r e l a t e d  t o  space 
biology. As t h e  body o f  s c i e n t i f i c  knowledge expands i n  s i z e  a:; w e l l  as 
scope, i t  bec:omes i n c r e a s i n g l y  d i f f i c u l t  f o r  a s c i e n t i s t  t o  keep a b r e a s t  
of knowledge i n  h i s  own f i e l d ,  and p e r t i n e n t  advances o u t s i d e  h i s  f i e l d ,  
The goal is  t o  make t h e  s c i e n t i s t  more aware of advances i n  h i s  own 
s p e c i a l t y ,  and open t h e  door f o r  a g r e a t e r  exchange of i d e a s  and d isseminat ion  
of in format ion  between and among s c i e n t i f i c  d i s c i p l i n e s .  

The Eio-Communications p r o j e c t  provides:  

(1) P a r t i a l  suppor t  of t h e  Space Science Board of t h e  National 
Academy of Sc iences  and i t s  subcommittees, 

(2)  Tra in ing  of s c i e n t i s t s  through r e sea rch  a s s o c i a t e s  and 
summer i n s t i t u t e s ,  

(3 )  CIDnsultation t o  a d m i n i s t r a t i v e  program sc i en t i s t s ,  

( 4 )  Cross-d isc ip l inary  communication between p h y s i c a l  and 
b i o l o g i c a l  s c i e n c e s ,  

(5) Research l i t e r a t u r e ,  r e p o r t  ana lyses ,  c u r r e n t  s t a t u s  
r e p o r t s ,  and 

(6) Conferences, symposia, and informal  meetings. 

P l ane ta ry  Quarantine 

1971 
--, 

1969 19 70 

P lane ta ry  quarant ine . .  . , , , . . . . . . $1,300,000 $2,500,000 moo ,000 

Tota l . .  . , . ,. . . . . . . . . . . . . . . . . . . $1,300,000 $2,500,000 $2 ~~~,~~~ A: 

The a b s o l u t e  p r e r e q u i s i t e  i n  t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  l i f e  is  t h a t  
a l l  p o s s i b l e  rieasures b e  t aken  t o  prevent  t h e  t r a n s f e r  of any b i o l o g i c a l  
o r  o rgan ic  eai-tll forms t o  t h e  p l a n e t s  and t o  main ta in  them f r e e  of such 
terrestrial  contamination u n t i l  tile ques t ion  of e x i s t e n c e  of p l ane ta ry  l i f e  
is answered. Th.e knowledge of environmental  f a c t o r s  gained by both Venus 
f lybys  i n  196;’ has permi t ted  a reassessment of t h e  p o s s i b i l i t y  of con- 
tamina t ing  t h a t  p l ane t .  Flybys of Mars are a s s i s t i n g  i n  t h e  desil:n of more 
e f f e c t i v e  p l ane ta ry  qua ran t ine  measures. Missions pre l iminary  t o  l a t e r  
landing  probes t o  d a t e  have n e i t h e r  confirmed nor denied t h e  p o s s i b i l i t y  of 
t h e  e x i s t e n c e  of l i f e  i n  t h e  o u t e r  atmosphere of Venus and on Mars. 

Flajor launching n a t i o n s  subscr ibed  t o  t h e  o b j e c t i v e  t h a t  t h e r e  m u s t  no t  
be more than  one chance i n  a thousand of contaminating a p l a n e t  dur ing  t h e  
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period of b i o l o g i c a l  explora t ion .  This  level  of s a f e t y  has  r equ i r ed  new 
technology development of decontaminating procedures dur ing  manufacture and 
s t e r i l i z a t i o n  of space v e h i c l e s  by dry h e a t  and o t h e r  methods before  launch 
and t h e  p r o t e c t i o n  of t h e  steri le v e h i c l e  from recontaminat ion durin); and 
a f t e r  launch. 
w e l l  as procedures f o r  t r a j e c t o r y  c o n t r o l ,  assembly, t e s t i n g  and checkout 
dur ing  t h e  p r e f l i g h t  per iod.  Research r e s u l t s  now a s s u r e  t h a t  we caxl o b t a i n  
r e l i a b  l e  mi!; s i on  liar dware performance t o g e t h e r  w i th  pos i t  ive s t e r i  li ;:a t ion.  
I n v e s t i g a t i o n s  i n  FY 1971 are d i r e c t e d  toward f u r t h e r  s impl i fy ing  the 
s t e r i l i z a t i o n  requirements  and implementing e f f e c t i v e  o p e r a t i o n a l  prccedures.  

These requirements impact t h e  des ign  of t h e  spacecraf t :  as 

I n  t h e  o p e r a t i o n a l  area a l l  l una r  f l i g h t s  have been monitored t o  provide 
an  inventory  of t h e  microorganisms landed on t h e  moon. 
been extended t o  Apollo i n  o rde r  t h a t  any l i f e  d e t e c t i o n  r e s u l t s  on t h e  
re turned  luni3r s a m p l e s  may be more quick ly  i n t e r p r e t e d  t o  prevent  prcllonged 
unnecessary quarant ine  of r e tu rned  a s t r o n a u t s  and i n v e s t i g a t o r s  making later 
l i f e  d e t e c t i o n  ana lyses  of t h e  luna r  samples. 

These ope ra t jons  have: 

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

1971 
-I 

1969 19 70 

Spacec ra f t . .  ...................... $21,166,000 $4,700,000 $1,200,000 
Experi.ments.. ..................... 6,334,000 1,100,000 300,000 
Operations... . . .  .................. --- 200,000 200,000 -, 

T o t a l  Spacecraf t  Operations.. ... $27,700,000 $ 6 , 0 0 0 , 0 ~ ~  $ ~ , 5 0 ~ ~ 0 0 ~  

Thor-Delta (Launch Vehicle  Procure- 
ment program) ................... ($1,200,000) (---I -, (--- 1 

T o t a l  ( i nc lud ing  launch 
vehicles)..................... ($28,900,000) ($6,000,000) ($1,500,000) 

The B i o s a t e l l i t e  has  been t h e  only  automated s p a c e c r a f t  devoted t o  
b i o l o g i c a l  r lesearch. Management r e s p o n s i b l i t y  f o r  t h e  B i o s a t e l l i t e  p r o j e c t  
has been ass igned  t o  t h e  Ames Research Center.  Spacecraf t  develclpment: and 
f a b r i c a t i o n  i s  under c o n t r a c t  t o  t h e  General Electric Company, Re-enty and 
Envi ronmenta .L Systems D i v i s  i on  , l oca t ed  a t  Ph i l ade lph ia ,  P ennsy l v  a n i  a ,, 

Thi r t een  experiments were o r b i t e d  on B i o s a t e l l i t e  I1 f o r  two days us ing  
s p e c i a l l y  se:lected p l a n t  cel ls ,  animals  and s imple forms of l i f e  t o  s tudy 
t h e  e f f e c t s  o E  t h e  space environment upon biochemical processes  i n  c e l l s ,  
t h e i r  developinent and growth, the t ransmiss ion  of h e r e d i t a r y  charac te r  i s t i c s  
and t h e  struci:ure of l i v i n g  t i s s u e s .  P o s i t i v e  e f f e c t s  of t h e  space environ- 
ment (weightll t~ssness and/or  r a d i a t i o n )  were observed on c e l l  d i v i s i o n  and 
d i f f e r e n t i a t i o n ,  growth and development, chromosome a b e r r a t i o n s  and mechanics, 
mutat ions,  bj.ochemica1 processes  and popula t ion  dynamics. A d e f i n i t e  
i n t e r a c t i o n  between weight lessness  and r a d i a t i o n  w a s  no t i ced ;  i n  some cases 
t h i s  r e s u l t e d  i n  a n  enhancement of development, i n  some cases t h e r e  was an 
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impairment. The g r e a t e s t  e f f e c t s  of t h i s  environment of space  were observed 
in :  (1) young and a c t i v e l y  d i v i d i n g  cel ls  and t i s s u e s ;  (2) r a p i d l y  d i v i d i n g  
cells with ii high metabol ic  rate; cells such as sperm and egg a f t e r  meiosis .  
Mature cells w e r e  least a f f e c t e d .  
a t  n a t i o n a l  and i n t e r n a t i o n a l  s c i e n t i f i c  meetings and i n  a number of s c i e n t i f i c  
j ou rna l s .  

The d e t a i l e d  r e s u l t s  have been presented  

On June >!ti, 1969, t he  f i r s t  of t h e  two planned pr imate  missions,  B i o s a t e l l i t e  
111, w a s  flcwn. The second of t hese  two miss ions ,  B i o s a t e l l i t e  F, was cance l l ed  
on J u l y  11, 1.969, as a r e s u l t  of an  amendment t o  t h e  FY 1970 Budget which 
seduced B i o s a t e l l i t e  funds t h a t  year  by $12.0 mi l l i on .  

The s p e c i f i c  goa l s  of t he  B i o s a t e l l i t e  I11 f l i g h t  were t o  s tudy c y c l e s  of 
s l e e p  and wak.efulness; states of a t t e n t i o n ,  i nc lud ing  l e v e l s  of a l e r t n e s s  
accompanying t h e  performance of two t a sks ;  continuous measurement of lblood 
pressure ;  pre- and p o s t - f l i g h t  s t u d i e s  of whole body metabolism t o  reveal 
changes i n  f l u i d  d i s t r i b u t i o n  i n  body t i s s u e s  and blood; t o  estimate %urinary 
exc re t ion  of calcium, creatine, and c r e a t i n i n e ;  t o  e v a l u a t e  changes i n  bone 
d e n s i t y  a t t r i b u t a b l e  t o  calcium loss; and t o  s tudy  e f f e c t s  of prolonged 
weight lessness  on the  reproduct ive  system. 

From a prel iminary examination of t h e  data from t h e  B i o s a t e l l i t e  I ' H  
f l i g h t ,  it is apparent  t h a t  t h e r e  w a s  a d i s tu rbance  i n  the  normal 24 Iiour 
sleep-wakefu.lne:;s cycle .  Also, f o r  t h e  f i r s t  t i m e ,  t h e  occurrence of r a p i d  
eye movement ,sleep ( a s soc ia t ed  wi th  dreaming i n  man's normal s l e e p  on e a r t h )  
w a s  confirmed. There was a pronounced loss of body f l u i d ,  which i n  tlie 
opinion of t h e  experimenters w a s  a consequence of weight lessness .  The) 
d e t a i l e d  ana:Lyslis of nervous and card iovascular  system da ta  w i l l  cont inue  f o r  
s e v e r a l  month:;. 
however, i n i t i a l .  estimates by t h e  experimenter po in t  t o  a cons iderable  loss 
of calcium from t h e  bones of t he  monkey. 

Data on the  animal 's  metabolism is s t i l l  undergoing a n a l y s i s  ;, 

Funding f o r  FY 1970 provides  f o r  t he  o r b i t a l  ope ra t ions  and recovery of 
B i o s a t e l l i t e  HI., t h e  reduct ion  and a n a l y s i s  of da t a  by the  spacec ra f t  
con t r ac to r  andl t ,he experimenters ,  and t h e  submission of t h e i r  w r i t t e n  r epor t s .  

Also i t  wi3 .1  provide f o r  s p a c e c r a f t  c o n t r a c t  t e rmina t ion  a c t i v i t i e s  
( inventory l o c a t i o n ,  i d e n t i f i c a t i o n  and d i s p o s i t i o n ) ,  subcon t rac t  clai,ms, 
sc rap  d i s p o s i t i o n ,  r e p o r t s  and a d m i n i s t r a t i v e  processes .  

Funding f o r  FY 1971 w i l l  provide f o r  t h e  cont inued a n a l y s i s  of B i o s a t e l l i t e  
I11 d a t a  by t h e  experimenters and any claim r e s u l t i n g  from t h e  spacecrti if t  
c o n t r a c t  c lose-out  and te rmina t ion  t h a t  could not  be s e t t l e d  i n  EII 197811. 

No funds w i l l  be  requi red  f o r  B i o s a t e l l i t e  subsequent t o  FY 1971. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

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

PROGRAM OBJECTIVES AND JUSTIFICATION : --- 

The o b j e c t i v e s  of t h e  Space Appl ica t ions  programs are t o :  (1) expimd 
t h e  knowledge of atmospheric and space phenomena; ( 2 )  conduct a broad 
program of research  and t e c h n i c a l  development o r i e n t e d  toward t h e  a p p l i c a t i o n  
of space techniques f o r  t h e  b e n e f i t  of mankind; (3) develop and t:est vro- 
cedures ,  ins t ruments ,  subsystems, s p a c e c r a f t ,  and i n t e r p r e t i v e  techniclues 
f o r  t h e  va r ious  a p p l i c a t i o n s ;  (4) f u l f i l l  NASA's r e s p o n s i b f l i t i e s  undm 
t h e  Communications S a t e l l i t e  A c t  of 1962; (5) develop and implement for 
t h e  Environmental Science Se rv ices  Adminis t ra t ion (ESSA), Department of 
Commerce, the ope ra t iona l  meteoro logica l  s a t e l l i t e  system; (6) cooper,zte 
w i th  the  user  government agencies ,  such as t h e  Departments of Agr i cu l tu re ,  
Commerce, I n t e r i o r ,  and Navy, through t h e  Ear th  Resources Survey Program 
Review Committee t o  achieve p r a c t i c a l  b e n e f i t s  t o  mankind i n  e a r t h  resources ;  
and (7) cooperate  t o  t h e  e x t e n t  p o s s i b l e  wi th  fo re ign  c o u n t r i e s  :in thlz 
gene ra l  advancement of space  a p p l i c a t i o n s .  

Within the :  Space Appl ica t ions  program o b j e c t i v e s ,  a number of c u r r e n t  
goa ls  have been. e s t a b l i s h e d  which should be  achieved i n  t h e  nea r  term. 
One o r  more goa.ls have been e s t a b l i s h e d  i n  each major d i s c i p l i n a r y  a rea .  

I n  Commun.ica.tions t h e  endeavors are t o :  (1) s tudy  t h e  f a c t o r s  which 
a f f e c t  e f f i c i e n t  space  use  of t h e  frequency spectrum, such as ex tens ion  of 
u se  i n t o  t h e  m i l l i m e t e r  wave reg ion  and u l t i m a t e l y  t o  o p t i c a l  wavelengths;  
(2)  s tudy  f a c t o r s  i n f luenc ing  a l l o c a t i o n  of p o s i t i o n s  i n  t h e  geosynchronous 
o r b i t  s o  as t o  minimize mutual i n t e r f e r e n c e  between terrestrial  and space 
communicatioris systems sha r ing  t h e  same f requenc ie s ;  (3) develop and test 
improved tec:linology f o r  accu ra t e  s t a b i l i z a t i o n  and po in t ing  of t ' h e  l a r g e  
space  e r e c t a b l e  antennas which w i l l  be  requi red  on s p a c e c r a f t  ; (4) develop 
e f f i c i e n t  sat:el . l i te techniques f o r  c o l l e c t i n g  d a t a  from many remote, un- 
a t tended  p la t forms  ; ( 5 )  s tudy  t h e  requirements ,  t e c h n i c a l  approaches,  and 
c o s t  f a c t o r s  irivolved i n  t h e  p o t e n t i a l  u se  of sa te l l i tes  f o r  t e l e v i s l o n  
t ransmiss ion  t o  low-cost ground t e rmina l s  for community TV and d i r e c t  
TV t o  home r e c e i v e r s ;  and (6) coopera te  wi th  Alaska and I n d i a  on t h e l r  
p o t e n t i a l  TV experimentat ion by u t i l i z i n g  ATS-I and ATS-F satel l i tes .  

I n  t h e  area of Ear th  Resources Survey from space  t h r e e  goa l s  have been 
e s t a b l i s h e d  : (1) t o  e s t a b l i s h  t h e  re la t ive r o l e s  of a i r c r a f t  and Spacecraf t  
f o r  opewatioiia:t remote sens ing  of t h e  e a r t h ' s  r e sources ;  (2)  t o  provjde  
s y s t e m a t i c a l l y  and s imultaneously acqui red  d a t a  from a number of sen.; = o r s  
on a s i n g l e  experimental  s p a c e c r a f t  which w i l l  permit  t h e  u s e r  s c i e n t i s t s  
t o  determine t h e  u t i l i t y  of e a r t h  resources  d a t a  obta ined  from space:,  and (311 t o  
develop e f f i c i e n t  techniques f o r  d a t a  process ing ,  a n a l y s i s ,  s t o r a g e ,  and 
disseminat ion.  

RD 7-1 



I n  Geodesy t h e  a i m  is t o  c o n t r i b u t e  t o  t h e  Na t iona l  Geodetic Satel:!Lite 
(1) t h e  a c c u r a t e  de te rmina t ion  of t h e  shape of t h e  e a r t h  and Program i n :  

anomalies i n  its g r a v i t a t i o n a l  f i e l d ;  (2) exp lo r ing  t h e  u t i l i t y  of geodet ic  
satell i te technology and techniques t o  t h e  s o l i d  e a r t h  s c i e n c e s  and ocean- 
ography; and (3) determining and understanding t h e  wobble of t h e  e a r t h ’ s  
a x i s  of r o t a t i o n .  

I n  Meteorology t h e  goa l s  are: (1) t o  use  i n f r a r e d  and microwave sounding 
techniques f o r  g loba l  measurement of t h e  vertical s t r u c t u r e  of t h e  atiinos- 
phere v i a  s a t e l l i t e s ,  and ( 2 )  t o  develop,  based on our s u c c e s s f u l  expleri- 
mentat ion wi th  t h e  Appl ica t ions  Technology S a t e l l i t e s  (ATS), a first 
gene ra t ion  pro to type  o p e r a t i o n a l  Synchronous Meteorological  S a t e l l i t e  (SMS) 
t o  permit  cont inuous viewing of t h e  g loba l  atmosphere and weather cond i t ions .  
Achievement of t h e  f i r s t  goa l  w i l l  s t a r t  t o  provide  t h e  three-dimensional 
meteorol.ogic.al d a t a  which are needed f o r  t h e  f u l l e r  understanding of 
meteorol.ogic.al p rocesses  which can u l t i m a t e l y  lead  t o  long-term :Eorec,asting 
based on atmospheric models s imulated numerical ly  by computers. 
of t h e  second goal  w i l l  permit t h e  cont inuous monitor ing of cloud p a t t e r n s  
a s soc ia t ed  wi th  short- term seve re  atmosphertc d i s tu rbances  such as 
thunderstornu and tornadoes;  monitor ing t h e  t r o p i c s  t o  d e t e c t  hu r r i cane  
development; arid e s t i m a t i o n  of wind v e l o c i t i e s  by short- term t r ack ing  of 
s m a l l  scale c louds .  

Achilevement 

In  Navigation t h e  goa l s  are t o  understand:  (1) t h e  va r ious  needs f o r  
b e t t e r  nav iga t ion ,  communications, t r a f f i c  c o n t r o l ,  a i r c r a f t  and s h i p  
p o s i t i o n  det:cmiination, and c o l l i s i o n  avoidance; (2) t h e  t e c h n i c a l  requi re -  
ments necessisqr t o  achieve  t h e  va r ious  needs; and (3) t h e  va r ious  sa te l l i t e  
des igns  and c o s t  f a c t o r s  which would b e s t  m e e t  t h e  requirements  of t h e  
m a r i t i m e  and a v i a t i o n  community. 

SUMMARY --- OF MISOURCES REQUIREMENTS : 

1969 

Support ing r e sea rch  and 
technology/advanced s tud ie s . . .  $19,600,000 

Nimbus.......................... 31,800,000 
Synchxono1i:s ineteorological  

satellite..................... --- 
Meteorologfcinl soundings. ....... 3,000 ,000 
Cooperat ive i ~ p p l i c a t i o n s  

satel l i te . . . . . . . . . . . . . . . . . . . . .  100,000 
Global atmospheric r e sea rch  

program ( s t u d i e s )  ............. --- 

TIROS /TOS improvements .......... 5 , 800,000~ 

3971 - ---. 1970 

$24,900,000 $25,900,000 
3,700,000 3,  i!00,000 

27,300,000 28,000,000 

2,700,000 15,600,000 
3,000,000 3,300,000 

100,000 1..00 ,000 

1,000,000 
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1'371 --__. - 1969 1970 

Applicat ions technology 

Geodetic satellites.. ........... 2,465,000 1,700,000 3,500,000 
satellit.es.. .................. $24,700,000 $39,000,000 :$31,1130,000 

Naviga t iord t ra f f  i c  c o n t r o l  
3,000,000 --- sa t e l1 i t : e s  s t u d i e s .  ........... 

Ear th  resources  survey..  ........ (11,200,000) (26,000,000) (52,500,000) 
Aircraft:  program.. ............ 8,900,000 11,000,000 I1 ,000,000 

satellAtc!. .................. 2,300,000 15,000,000 4 1  ,5,00,000 
Earth resources  technology 

Tota l . .  ......................... $98,665,000 

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

Kennedy Space Center..  .......... $58,000 

Marshall  !Space F l i g h t  Center. .  .. 
Jet Propuls ion Laboratory. .  ..... 2,029,000 

Ames Research Center . . . . , . . . . . . .  100,000 
E lec t ron ic s  Research Center. .  ... 2,124,000 

NASA Headquarters..  ............. 9,131,000 

Manned Spacecraf t  Center. . . . . . . .  9,949,000 
447,000 

Goddard Space F l igh t  Center. .  ... 72,193,000 

Wallops S ta t ion . . . . . . . . . . . . . . . . .  529,000 

Langley Research Center......... 980,000 
Lewis  Research Center . . . . . . . . . . .  1,125,000 

BASIS OF FUND REQUIREMENTS: 

$128,400,000 

$12,530,000 
150,000 

91,622,000 
1,858,000 

644,000 
175,000 

1,825,000 
4,170,000 
1,095,000 

14,331,000 

- S x p o r t i n g  Research and Technology/Advanced Studies  

Applicat ions technology ......... $974,000 $9 25,000 
Communications,................. 3,113,000 2,985,000 

1,230,000 

Navigation.. . . . . . . . . . . . . . . . . . . . .  1,173,000 1,285,000 
I n t e r d i s c i p l i n a r y  app l i ca t ions . .  950,000 4,041,000 

E a r t h  resources . .  ............... 7,060,000 9,022,000 
Geodesy...... ................... 1,530,000 
Meteorology ..................... 4,800,000 5,412,000 

$16 7 , C!OO, 000 - --- 

T o t : a l . . . . . . . . . . . . . . . . . . . . . . . . .  $19,600,000 $24,900,000 

--- 
$12,5100,009 

2 00 ,000 
131,400,000 

1,!l00,000 
:1'00, 000 
:100 ,000 

4,:100,000 
1,'1'00,000 

15,000,090 

$i950,000 
3,950,000 
9,r300,000 
1,250,000 
5,400,000 
1,300,000 

-2 4 050,000 

$25,900,000 -. 

Nearly every technique and space system i n  Space Applicat ions must 
be preceded by Supporting Research and Technology (SR6rT) e f f o r t .  This 
e f f o r t  incl.udas suppor t ing  a c t i v i t i e s  i n  a l l  d i s c i p l i n e s  (Applicat ions 
Technology,, Ccmmunications, Earth Resources, Geodesy, Meteorology, and 
Navigat ion/ 'Traff ic  Cont ro l ) ,  and a number of i n t e r d i s c i p l i n a r y  a c t i v i t i e s .  
The SR&T emphasizes a c t i v i t y  i n  four  major areas: (1) t h e o r e t i c a l  and 
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appl ied  reseairch, (2) sensor  and ins t rumenta t ion  development, (3:) space- 
c r a f t  techno1.ogy , and (4) da ta  process ing  and management. 

The l a r g e s t  area is t h e o r e t i c a l  and app l i ed  r e sea rch .  Here, t h e  
main act ivi ty  is i n  examining the  f e a s i b i l i t y  of a p p l i c a t i o n s  of space,  
through s t u d i e s  such as i n v e s t i g a t i o n s  of ERS s i g n a t u r e s  and development 
of invers ion  techniques of r a d i a t i o n  measurements i n  meteorology. I n  
sensors  and ins t rumenta t ion  development, e f f o r t  is on p o t e n t i a l  Euture 
spacec ra f t  r e m o t e  s enso r s ,  such as microwave radiometer  and m u l t f s p e c t r a l  
scanners .  ITL spacec ra f t  technology, work cont inues  on subsystems f o r  
support  funct : isns ,  such as advanced t ape  r eco rde r s  and phased a r r a y  
antennas.  1 x 1  data processing and management, e f f o r t  cont inues  i n  improving 
techniques f o r  processing and analyzing space  acquired d a t a  and t h e i r  
integrat : ion wit.h d a t a  obtained from o t h e r  sources .  Such e f f o r t s  i nc lude  
s t u d i e s  i n  n iu l t i spec t r a l  c o r r e l a t i o n  of images and indexing and s t o r a g e  
of s enso r s  arid a s soc ia t ed  da ta .  

The p l an  is t o  cont inue these  e f f o r t s  i n  each of t h e  d i s c i p l i n e  areas 
as l i s t e d  be!:low: 

I n  Applicxitions Technology, e f f o r t  cont inues  i n  c o n t r o l  systems 
d i r e c t e d  a t  s t a b i l i z a t i o n  of spacec ra f t  i n t o  o r b i t ;  s p a c e c r a f t  equipment 
developments t o  improve ampl i f i ca t ion  and antenna system c a p a b i l i t i e s ;  ; 
and i n c r e a s i n g  t h e  r e l i a b i l i t y  and u s e f u l  l i f e t i m e  of sa te l l i te  components. 

I n  Commun:tctitions, e f f o r t  c o n s i s t s  of system comparison and t r a d e - o f f  
s t u d i e s  t o  tlattmnine t h e  merits of advanced concepts  ; techniques appJ i c a b l e  
t o  small, ttmnjhal m u l t i p l e  access communications; eva lua t ion  and 
development of components and subsystems requi red  f o r  h igh  power comiuni- 
c a t i o n s  ; propagat ion s t u d i e s  and component development i n  t h e  f requericy 
region 10 t o  100 GHz where f requencies  are more a v a i l a b l e  f o r  space  
communications; s t u d i e s  i n  t h e  d a t a  r e l a y  satel l i te  systems a rea  and i n  
antenna beam widths;  and frequency a n a l y s i s  and p r e d i c t i o n  methods needed 
f o r  developing sha r ing  c r i t e r i a .  I n  FY 1971 a d d i t i o n a l  emphasis w i l l l .  be  
pu t  on t h e  s tudy of r a d i o  i n t e r f e r e n c e  and propagat ion.  
t h e  investigat:Lon of methods f o r  improving use  of t h e  r a d i o  spectrum and 
s tudying  frequency sha r ing  c r i t e r i a  as r e l a t e d  t o  g r e a t e r  d e n s i t y  of 
satell i tes and e a r t h  t e rmina l s ,  and t o  exp lo re  t h e  use of frequency hands 
a t  h igher  rep ions  of t h e  spectrum. E f f o r t s  on informat ion  networks w i l l  
be also recetve a d d i t i o n a l  emphasis. 

This i n v o l v t s  

The Ear th  Resources program is unique both  i n  t h e  wide v a r i e t y  of 
p o t e n t i a l  user:; i n t e r e s t e d  i n  t h e  informat ion  t h a t  w i l l  be  t h e  outcome 
of t h e  spacec ra f t  program and i n  the  vast q u a n t i t i e s  of daea t o  be handled, 
even dur ing  the  experimental  phases of t h e  program. The s tudy ,  resei i rch,  
and technology development program f o r  FY 1971 w i l l  be  more s p e c i f i c i i l l y  
focused on prepar ing  f o r  t he  advent of s p a c e c r a f t  dedica ted  t o  t.he Eiirth 
Resources ob j e c t i v e s  . Theore t i ca l ,  l abo ra to ry ,  ground and a i r c r a f t  ! ; tudies  
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and f i e l d  i n v e s t i g a t i o n s  w i l l  be  extended i n  coopera t ion  wi th  t h c  a u s e r  
agencies  such as t h e  Departments of Agr i cu l tu re ,  I n t e r i o r ,  Commerce and 
Navy, t o  f u r t h e r  d e f i n e  the  requirements of t h e  u s e r s  f o r  s p a c e c r a f t  
d a t a  c o l l e c t i o n ,  processing and d i s t r i b u t i o n  and t h e  c a p a b i l i t y  of space- 
c r a f t  sensors  to  meet these  requirements.  S p a t i a l ,  s p e c t r a l  and t i m e -  
varying c h a r a c t e r i s t i c s  of t he  d a t a  must be considered.  The c u r r e n t  
experience i n  t h e  d i s c i p l i n e  f i e l d s  of a g r i c u l t u r e ,  f o r e s t r y ,  geography, 
car tography,  geology, hydrology, and oceanography is planned t o  l b e  extended 
t o  inc lude  t r a n s p o r t a t i o n ,  census,  ear thquake monitor ing,  and p o l l u t i o n  
c o n t r o l .  An important  a spec t  of t h e  program is the  mutual ly  suppor t ing  
r o l e s  of' a i r c ra l f t  and s p a c e c r a f t  as remote sens ing  p la t forms .  S tud ie s  
w i l l  be  direc:te!d a t  q u a l i t a t i v e  and q u a n t i t a t i v e  ana lyses  of t h e  capa- 
b i l i t i e s  of !:he s e v e r a l  methods a v a i l a b l e  f o r  remote sens ing  of t he  
environment, supported by experience i n  the  ERS aircraft  f l i g h t  program, 
t o  assist i n  planning the  r e l a t i v e  r o l e s  of t hese  methods i n  programs of 
t he  f u t u r e .  St:udies, sof tware  development and d a t a  management sys t ems  
development wi1.l  be  d i r e c t e d  toward meeting t h e  d i f f i c u l t  problems of 
s t r u c t u r i n g  s p a c e c r a f t  d a t a  i n t o  t h a t  most u s e f u l  f o r  experimental  a n a l y s i s  
and eventual. a p p l i c a t i o n  t o  n a t i o n a l  problems. 
and inves t iga t j -on  program, t o  which the  ERS aircraft  f l i g h t  program 
provides  e s s e n t i a l  suppor t ,  w i l l  be extended i n  t h e  d i r e c t i o n  of development 
of broader  :wn:;or ins t rumenta t ion  c a p a b i l i t y  and an i n t e g r a t e d  a i r c r a f t  
and s p a c e c r a f t  d a t a  management system and f a c i l i t y .  A program f o r  
developing c e n t e r s  w i th  s p e c i a l  competences i n  process ing  and analyzjng 
d a t a  automat Lcally both analog and d i g i t a l  techniques w i l l  be extendcsd. 
In  a d d i t i o n ,  advanced s t u d i e s  w i l l  be continued t o  improve t h e  under-. 
s tanding  of t o t a l  Ear th  Resources Survey systems and t h e  b e n e f i t s  whj.ch 
can be a n t i c i p a t e d  therefrom. 

The experimental  a n a l y s i s  

I n  Geodesy, emphasis is placed on conducting: (1) conceptual s tu t l i e s ,  
f e a s i b i  Lity ana lys i s  and conf igu ra t ion  d e f i n i t i o n  of geode t i c  spacec ra f t  , 
(2) a n a l y s i s  oE geodet ic  requirements by va r ious  d i s c i p l i n e s  i n  term!; of 
spacec ra f t  mission,  (3) a n a l y s i s  of f e a s i b i l i t y  and e f f e c t i v e n e s s  of 
geode t i ca l ly  optimized ground based spacec ra f t  observa t ion  systems, imd 
(4) research  i n t o  geode t i c  e f f e c t i v e n e s s  and f e a s i b i l i t y  of advanced 
observa t ions  systems and techniques,  t o  provide more p r e c i s e  andl den: i i f ied 
measurement of geodet ic  d a t a ,  and t o  c a l i b r a t e  geode t i c  observa t ion  
methods intlended f o r  e x t r a t e r r e s t r i a l  use.  

I n  Meteorol'ogy , e f f o r t  is concentrated on: (I) t h e  development and 
eva lua t ion  of components f o r  p o t e n t i a l  meteoro logica l  s a t e l l i t e  s y s t e m  
a p p l i c a t i o n ;  (2)  i n v e s t i g a t i o n  of s c i e n t i f i c  techniques and too1.s f o r  t he  
sys temat ic  observa t ion ,  a n a l y s i s  and subsequent i n t e r p r e t a t i o n  of meteo- 
r o l o g i c a l  atmospheric phenomena; and (3) op t imiza t ion  system analysis;. 

I n  N a v i g a t i o d T r a f f i c  Control ,  s t u d i e s  and experiment development w i l l  
be conducted on d a t a  and voice  t ransmiss ion  and p o s i t i o n  de te rmtna t ion  
techniques via  s a t e l l i t e  t o  s h i p s ,  a i r c r a f t ,  and o t h e r  mobile p l a t fo rms ;  
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f u t u r e  nav iga t ion  and t r a f f i c  c o n t r o l  s a t e l l i t e  concepts ;  s ea rch  and 
rescue  and c o l l i s i o n  prevent ion  techniques ;  and t h e  c o l l e c t i o n  arid re-- 
t r ieval  of d a t a  from f ixed  and moving p la t forms  such as ba l loons ,  buoys, 
and animals.  

The purpose of t h e  I n t e r d i s c i p l i n a r y  Appl ica t ions  is  t o  conduc:t s t i id ies  
and research  r e l a t i n g  t o  several of t h e  a p p l i c a t i o n s  d i s c i p l i n e s , ,  i n  
a d d i t i o n  t o  t h e  development and suppor t  of m u l t i d i s c i p l i n a r y  cent:ers such 
as t h e  Univers i ty  of Wisconsin and t h e  Goddard I n s t i t u t e  of Space Scilences. 
Also included w i t h i n  t h i s  program is t h e  conduct of s e l e c t e d  advanced 
missions s t u d i e s  which w i l l  d e f i n e  t h e  requirements  of f u t u r e  space 
a p p l i c a t i o n s  f l i g h t  miss ions .  

TIROS/TOS Improvements 

1969 

TIROS-M spa.cecraf t  ............ $4,300,000 
TOS improvements. ............. 1,500,000 

T o t a l  Spacecraf t  and Support $5,800,000 

Delta (Lau.nch Vehicle  
Proc:urerrient Program). ....... ($1,400,000) 

T o t a l  (i.ncl.uding launch 
vehicl.c!s) ................. ($7 . 200,000) 

19 70 

$1,900,000 
1,800,000 

$3 , 700,000 

($200,000) 

($3,900,000) 

$3,2130,000 

($3 200 000) 4.; 

The objec.t:ives of t h i s  p r o j e c t  are to :  (1) provide  r e sea rch  and develop- 
ment toward advanced o p e r a t i o n a l  meteoro logica l  s a t e l l i t e  systems,  
p a r t i c u l a r l y  i n  suppor t  of the. TOS program and f u t u r e  s a t e l l i t e  systems of 
t h e  National Opera t iona l  Meteorological  S a t e l l i t e  System (NOMSS) , ( 2 )  
provide maxj.rnuni i n t e r i m  ope ra t iona l  d a t a  f o r  use i n  weather a n a l y s i s  and 
fo recas t ing , ,  (3) measure emit ted i n f r a r e d  and r e f l e c t e d  s o l a r  radLat ion 
i n  s e l e c t e d  rrpectral  r eg ions ,  (4)  observe cloud p a t t e r n s  and cloud ccwer, 
(5) measure the earth-atmosphere h e a t  ba lance ,  and (6)  develop sys t en i  
concepts and b a s i c  conf igu ra t ions  which w i l l  maximize success  and m i r  imize 
c o s t s  when subsequent ly  used i n  o p e r a t i o n a l  systems. 

Ten TIROS :research and development s p a c e c r a f t ,  of which n ine  were funded 
by NASA and one, TIROS-X, by ESSA, have been s u c c e s s f u l l y  launched s i n c e  
Apr i l  1060, provid ing  cloud cover  and o t h e r  meteoro logica l  d a t a  f o r  
research  and o p e r a t i o n a l  use.  TIROS-IX , as a r e sea rch  and development 
Satel l i te  i n  a wheel conf igu ra t ion ,  w a s  e s s e n t i a l l y  t h e  pro to type  space- 
c ra f t  f o r  t h e  'IIROS Opera t iona l  S a t e l l i t e  (TOS) system. 

The deveLopment of t he  TOS system has  been one of t h e  main o b j e c t j v e s  
of t h e  NASA meteoro logica l  sa te l l i t e  program. This  system has repre: ented 
a s ign iE ican t  improvement over i t s  predecessor ,  t h e  R&D TIROS spacec iaaf t .  
Nine TOS s p a c e c r a f t  (ESSA-I through ESSA-IX) have been s u c c e s s f u l l y  launched. 
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TIROS-M, whic:h is t h e  o p e r a t i o n a l  pro to type  of t h e  second-generation 
ope ra t iona l  siitallite series, t h e  Improved TIROS Opera t iona l  S a t e l l i t e  
(ITOS), is scheduled f o r  launch from t h e  Western T e s t  Range dur ing  
January 1970. The mission of t h e  ITOS series of s p a c e c r a f t  is t o  expand 
t h e  o p e r a t i o n a l  c a p a b i l i t y  of t h e  b a s i c  TOS system f o r  use  i n  day-to-day, 
realtime weather ana lyses .  The mission w i l l  use  a three-axis  s t a b i l i z e d ,  
ear th-or ien ted  sa te l l i t e  i n  a c i r c u l a r .  near-polar ,  sun-synchronous o r b i t  
t o  o b t a i n  meteoro logica l  obse rva t ions  of t h e  e a r t h  ' s  cloud cover.  Complete 
g loba l  coveralge w i l l  be  provided on a d a i l y  b a s i s .  Daytime coverage w i l l  
be  furn ished  by a system of t e l e v i s i o n  cameras comprised of two Automatic 
P i c t u r e  Transrnisision (APT) cameras and two Advanced Vidicon Camera Sub- 
systems (AVC!;:). 
by which about fiOO worldwide r ece iv ing  s t a t i o n s  w i l l  b e  a b l e  t o  obtairl 
l o c a l  cloud cover information.  
d a t a  c a p a b i l i t y  whereby t h e  ESSA Command and Data Acquis i t ion  (CDA) 
s t a t i o n s  a t  (:oose Creek, Alaska,  and Wallops I s l a n d ,  V i rg in i a ,  w i l l  a c q u i r e  
g loba l  c Loud cover d a t a  f o r  c e n t r a l  a n a l y s i s  a t  t h e  Nat iona l  Environmental 
S a t e l l i t e  Ceii tei:, S u i t l a n d ,  Maryland. Also c a r r i e d  by t h e  ITOS-series 
spacecraEt  as p a r t  of t h e  primary senso r  complement are two i n f r a r e d  
scanning rad:lom,meter (SR) subsystems , which w i l l  o b t a i n  n ight t ime cloud cover  
p i c t u r e s  f o r  'both d i r e c t  readout  t o  t h e  APT s t a t i o n s  and s t o r e d  d a t a  Iilay- 
back t o  the CDA s t a t i o n s .  

The APT cameras w i l l  p rovide  t h e  d i r e c t  readout  c a p a b i l i t y  

The AVCS senso r s  w i l l  p rovide  t h e  s tozed  

The secondary senso r  subsystem is designed t o  ga the r  e a r t h  heat-balance 
d a t a  and t o  l d e n t i f y  pro ton  f l u x  levels a t  s p a c e c r a f t  a l t i t u d e .  The sub- 
system c o n s i s t s  of a s o l a r  pro ton  monitor (SPM) and a f l a t  p l a t e  radiometer  
(FPR) 

Under the  TIROS/TOS Improvements program i n i t i a t e d  i n  FY 1965, e f f o r t  
w i l l  be  continued i n  the  development of advanced senso r s  and subsysteriis 
such as high r e s o l u t i o n  radiometers  and a t t i t u d e  de te rmina t ion  system:; 
which w i l l  be  incorpora ted  i n t o  f u t u r e  o p e r a t i o n a l  s p a c e c r a f t .  I n  FY 1971, 
t he  e f f o r t  i n i t i a t e d  i n  FY 1970 t o  d e f i n e  a th i rd-genera t ion ,  polar-oi~-bitfng 
o p e r a t i o n a l  s a t e l l i t e  system will be cont inued.  Cont inuat ion of t h i s  
work is necessary i n  FY 1971 i n  o rde r  t o  permit  t h e  proper  t i m e  phasiilg 
of system developments forming t h e  technology base  f o r  g loba l  coveragit i n  
t h e  post-ITOS time-frame. 

The Of f i ce  of Space Science and Appl ica t ions  is re spons ib l e  f o r  thct 
o v e r a l l  management of t h i s  e f f o r t ,  and p r o j e c t  management r e s p o n s i b i l i t i e s  
are f u l f i l l e d  by t h e  Goddard Space F l i g h t  Center.  The major spacecral i t  
c o n t r a c t o r  i s  t h e  Astro E l e c t r o n i c s  Div is ion  of Radio Corporat ion of 
America. 

FY 1970 funds are being u t i l i z e d  t o  complete t h e  TIROS-M spacecrafi: 
and senso r s ,  s p a c e c r a f t  i n t e g r a t i o n ,  test, and launch work, i n i t j t a l  d a t a  
a c q u i s i t i o n ,  and f o r  continued development of s enso r s  under TOS Improvements. 
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FY 1971 funds are requi red  f o r  TIROS-M's post-launch suppor t  and d a t a  
a c q u i s i t i o n  and 'handling e f f o r t s ,  f o r  continued senso r  and subsyst:ems 
development f o r  'TOS Improvements, and f o r  in-depth s t u d i e s  f o r  fut:ure 
o p e r a t i o n a l  s a t e l l i t e  systems. 

Nimbus 

Spacecraf t  .................... 
Experiments ................... 
Ground ope ra t ions  and suppor t .  

Total  ........................ 
TAT - kgenal and Delta 

(Launch Vehicle  Procurement 
Program) .................. 

T o t a l  ( inc luding  launch 
v e h i c l e s )  ................ 

1969 

$22,826,000 
7,489,000 
1,485,000 

$31,800,000 

($5,743,000) 

($37,543,000) 

1970 19 '7 1 
--,___. 

$17,100,000 $:15,501) ,000 
7,900,000 :L1,30O ,000 
2,30O,OOO 1,200,000 

$27,300,000 $:28,003,000 

($2 , 801,000) ( $ l , 5 0  0,000) 

The object:Lves of t h i s  p r o j e c t  are t o  develop a s i g n i f i c a n t l y  improved 
me teo ro log ic i t  s a t e l l i t e  t o  provide  d a t a  on atmospheric parameters  for  
use  by t h e  sc .Lent i f ic  community; t o  c a r r y  ou t  f l i g h t  tests t o  prove the 
app1icab:Llity of t h e  in s t rumen ta t ion ;  t o  f u l f i l l  s p e c i a l  d a t a  requirenients 
of t h e  atmosphe~ric sc i ences  r e sea rch  community which can be  provided 
uniquely by t h i s  i n s t rumen ta t ion  func t ion ing  as a space  meteorologfcal 
observa tory ;  and t o  provide  t h e  b a s i s  f o r  f u r t h e r  s i g n i f i c a n t  technologica l  
advances i n  ineteorological  satell i tes f o r  o p e r a t i o n a l  as w e l l  as s c i e r i t i f i c  
uses .  These ob jec t ives  w i l l  b e  extended i n  t h e  Nimbus E and F missioris 
t o  develop a n  a p p l i c a t i o n s  observa tory  i n  p o l a r  o r b i t  a t  low t o  medium 
a l t i t u d e  t h a t  w i l l  f l i g h t  test  technology and experiments f o r  meteorology 
and o t h e r  a p p l i c a t i o n s  d i s c i p l i n e s .  

This  p r o j e c t  i nc ludes  development, launch,  and ope ra t ion  of a seric?s 
of meteoro logica l  sa te l l i tes  e x h i b i t i n g  evolu t ionary  advances i n  
ope ra t ing  c h a r a c t e r i s t i c s ,  and t e s t i n g  i n  o r b i t  of s o p h i s t i c a t e d  experiments 
f o r  atmospheric r e sea rch  and o p e r a t i o n a l  demonstrat ion.  
serves as a f l e x i b l e  space  observa tory  on which a v a r i e t y  of advanced 
concepts  f o r  measuring atmospheric  parameters can be  t e s t e d .  The 
sa te l l i t e  c o n s i s t s  of t h r e e  major subsystems: power, s t a b i l i z a t i o n ,  and 
a sensory r i n g  which can accomodate a number of s enso r s .  

The satellit12 

The f irst  two s p a c e c r a f t  i n  t he  planned series of seven Nimbus 
sa te l l i t es  were Nimbus I, launched on August 28, 1964, and Nimbus 11, 
launched on Flay 15, 1966. Nimbus B ,  a t h i r d  s p a c e c r a f t  launched May 18, 1968, 
was lost: due t o  a launch v e h i c l e  f a i l u r e .  I n  June 1968, NASA approved 
launch of a replacement s p a c e c r a f t  which l a r g e l y  used f l i g h t  spaces  o r  
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updated pro to type  subsystems and experiments.  This  mission,  i d e n t i c a l  t o  
t h e  Nimbus B conf igu ra t ion ,  w a s  des igna ted  B-2 p r i o r  t o  launch. ' I t  was 
success fu l ly  launched Apr i l  1 4 ,  1969, whereupon it  w a s  des igna ted  Nimbus 111. 
This replacement w a s  necessary i n  order  no t  t o  de lay  t h e  f l i g h t  test of 
t h a t  group of s e l e c t e d  experiments and technologica l  advances V i t i P 1  t o  
t he  meteoro lag ica l  research  and development program and requi red  €or  long 
range weather fo recas t ing .  Nimbus I11 success fu l ly  f l i g h t  t e s t e d  
experiments t o  determine the  v e r t i c a l  temperature  s t r u c t u r e  of t h e  atmosphere, 
remote sensors  t.o measure r a d i a t i o n  r e f l e c t e d  and emit ted by t h e  (earth and 
i ts  atmosphere, an improved cloud cover imaging system, and a worldwide 
d a t a  coll-ecti .on system. The success fu l  measurement from s a t e l l i t e  of 
temperatures I-n the  atmosphere has  been termed "as s i g n i f i c a n t  t o  the  
advancement of meteorology as the  launching of t h e  f i r s t  s a t e l l i t e . "  
a d d i t i o n ,  Nimbus D is scheduled t o  be launched i n  Calendar Year 11970, 
Nimbus E i n  1-972!, and Nimbus F i n  1973. Nimbus D, us ing  t h e  same b a s i c  
spacec ra f t  design as Nimbus 111, w i l l  test an  advanced c o n t r o l  system, 
advanced expeirinients f o r  determining the  ver t ical  temperature  s t r u c t u r e ,  
and addi1:iona:t experiments such as a temperature/humidity i n f r a r e d  r a d  i- 
ometer,  ii monitor of the  water conten t  of t he  atmosphere, and a more re-  
f i ned  worldwide d a t a  c o l l e c t i o n  system t h a t  w i l l  inc lude  t h e  f i r s t  
meaningful spiacscraf t wind measurement experiment. 
test  advanced i n f r a r e d  rad iometr ic  and spec t romet r i c  and microwave 
experiments designed t o  allow p e n e t r a t i o n  of cloud l a y e r s  f o r  t h e  g loba l  
de te rmina t ion  of t h e  v e r t i c a l  s t r u c t u r e  of t h e  atmosphere. 

I n  

Nimbus E and F w i l l  

The Of f i ce  of Space Science and Appl ica t ions  is re spons ib l e  f o r  o v e r a l l  
management of t h i s  program. Respons ib i l i t y  f o r  p r o j e c t  management is 
assigned t o  the  Goddard Space F l i g h t  Center.  The major c o n t r a c t o r  for 
spacec ra f t  s t r u c t u r e  and i n t e g r a t i o n  and test of spacec ra f t  is  t h e  General 
E l e c t r i c  Compnny; t he  Radio Corporat ion of America is re spons ib l e  f o r  
power and d a t a  s t o r a g e  subsystems. 

FY 1970 fnnde are being used f o r  continued a c q u i s i t i o n  and ana lyses  
of d a t a  Erom '!limbus 111, f o r  completion of t h e  development, test, and 
launch o €  Nirn1x.x; D, and f o r  continued development of t h e  Nimbus E, and F 
spacecraEt and s e l e c t e d  experiments.  These funds w i l l  a lso be used f o r  
a c q u i s i t i o n  innd a n a l y s i s  of d a t a  from Nimbus D subsequent t o  i ts  launch 
t h i s  f i s c a l  y e a r .  

FY 1971 funds are requi red  f o r  continued a c q u i s i t i o n  and a n a l y s i s  of t h e  
d a t a  from the  Nimbus D s p a c e c r a f t  i n  o r b i t  and t o  f u r t h e r  cont inue  thr! 
development (of the  Nimbus E and F s p a c e c r a f t  and s e l e c t e d  experiments ,  
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Synchronous Meteorological  S a t e l l i t e  

1971 --.- 1969 19 70 

Spacecraf t  ...................... --- $2,000,000 $10,200,000 
Exper h e n  t a: .................... --- 700,000 2,200,000 ............. --- --- 3,200,000 Ground ope~rintions - 

Tota:L ..., .................... --- $2,700,000 $15,600,000 

Delta (Launch Vehicle  
Pro cur emen t Program) ........ --- ($1,100,000) ($2,600,000) 

T o t a l  ( i ix l i id ing  launch ................. --- ($3,800,000) (~18,2010,000) vehic  las ) --- 

The oh jec t fves  of t h e  Synchronous Meteorological  Satel l i te  (SMS) are 
t o  demonstrate ia proto type  o p e r a t i o n a l  system which w i l l  meet t h e  r equ i r e -  
ments of t h e  ESISA t o :  (1) permit  cont inuous observa t ion  of major weather 
systems rou t fne ly ,  t hus  enhancing t h e  a b i l i t y  t o  p r e d i c t  and l o c a t e  severe 
shor t - l i ved  sto'ms, (2) d e r i v e  important  wind f i e l d  d a t a  over l a r g e  al'eas 
and i n  much Less t i m e  than  h e r e t o f o r e  p o s s i b l e ,  and (3) provide  c a p a b i l i t y  
f o r  r a p i d  d isseminat ion  of processed meteoro logica l  d a t a  t o  l o c a l  metcb- 
o r o l o g i s  t s  . 

A feasib1Lit-y s tudy  and a p r o j e c t  d e f i n i t i o n  s tudy  were completed liy 
GSFC in-house i n  FY 1968. I n  FY 1970 a Phase B system des ign  s tudy  w a s  
completed by NASA which permi t ted  c o n t r a c t u a l  e f f o r t  t o  be i n i t i a t e d  j'or 
t h e  procurement of a day/n ight  s enso r  and t h e  SMS-A and B s p a c e c r a f t .  

FY 1970 funds were used f o r  i n i t i a t i n g  t h e  des ign  and development of 
t h e  two SMS spacec ra f t  and sensors .  FY 1971 funds w i l l  be  used t o  
i n i t i a t e  procurement of SMS A and B. 

Meteorological  Soundings 

1'4 7 1 -- 1969 19 70 

Large r e sea rch  sounding 
rockets . . . . . . . . . . . . . . . . . . . .  $2,050,000 $2,050,000 $2,l.'iO, 000 

S m a l l  sounding rocke t  systems. 730,000 730,000 7 .'30 ,000 
F i e l d  experiment support . . . . . .  220,000 220,000 2 :!o, 000 

Total . . . . . . . . . . . . . . . . . . . . . . .  $3,000,000 $3,000,000 $3,100,000 -.- 

The o b j e c t i v e s  of t h i s  p r o j e c t  are t o  determine t h e  s t r u c t u r e  and 
c h a r a c t e r i s t i c s  of t h e  atmosphere i n  t h e  30 t o  about 100 km reg ion  through 
t h e  use  of r e sea rch  and development sounding r o c k e t s  and t o  develtop a 
meteoro logica l  sounding rocke t  system amenable t o  r e sea rch ,  range suppor t ,  
and r o u t i n e  o p e r a t i o n a l  requirements .  
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Three areas o:E e f f o r t  are involved : 

(a) Large r e sea rch  sounding r o c k e t s  t o  explore  t h e  c h a r a c t e r i s t i c s  and 
phenomena of t ' h e  atmosphere between 30 and about 100 km. This  r eg ion  J.s 
important  t o  meteoro logica l  s c i ence ,  and cannot be reached except  by 
sounding rocket .  Nike Apache and occas iona l ly  Tomahawk class rocke t s  are 
used t o  explore  the r e l a t i o n s  and mechanisms opera t ing  between and witt i in 
t he  var ious  reg ions  of t h e  atmosphere, and the  e f f e c t s  of s o l a r  energy 
and its v a r i a t i o n s  upon t h e  s t r u c t u r e  and c i r c u l a t i o n  i n  t h e  atmosphert!. 

(b) S m a l l  sounding rocket  systems are u t i l i z e d  t o  ob ta in  measuremen1:s 
i n  t h e  region of approximately 30 t o  60 k i lometers  above the  earth. 111- 
cluded i n  t h i s  e f f o r t  is the  development of an inexpensive ope ra t iona l  
meteoro logica l  sounding rocket  system capable  of r e l i a b l e  launches ameiiable 
t o  the  requirements f o r  range suppor t ,  r e sea rch  and network ope ra t ions  

(c)  The sounding rocket  f i e l d  experiment suppor t ,  which throughl 
cooperat ion wi th  o t h e r  c o u n t r i e s ,  provides  f o r  t he  es tab l i shment  of s e l f -  
s u s t a i n i n g  c a p a b i l i t i e s  f o r  coordinated meteoro logica l  sounding rocket  
launches from sites t h a t  w i l l  c o n t r i b u t e  mutual ly  va luable  d a t a .  

The Of f i ce  of Space Science and Appl ica t ions  is  r e spons ib l e  fox the  
o v e r a l l  management of t he  p r o j e c t .  P ro jec t  management f o r  l a r g e  r e s e a m h  
rocke t s  is assigned t o  Goddard Space F l i g h t  Center ,  f o r  small sounding 
rocket  system development t o  Langley Research Center ,  and f o r  fie1.d 
experiment support  t o  Goddard Space F l i g h t  Center and Wallops Stat:ion. 

FY 1970 and p r i o r  yea r s  funds were u t i l i z e d  t o  launch l a r g e  researcl i  
and small developmental sounding r o c k e t s ,  develop and improve sounding 
rocket  systems, and f o r  con t inua t ion ,  ex tens ion ,  and development of f i e l d  
experiment p r o j e c t s  i n  coopera t ion  wi th  c o u n t r i e s  i n  South America, Europe, 
and Asia. FY 1971 funds are requi red  t o  procure a d d i t i o n a l  l a r g e  rese;irch 
and smal l  developmental rocke t s ,  f l i g h t  test va r ious  payload experimenes, 
improve rocket  performance and t o  cont inue  f i e l d  experiment p r o j e c t s  wLth 
o t h e r  cooperat ing coun t r i e s  t o  ob ta in  a d d i t i o n a l  atmospheric r e sea rch  Iiata. 
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Cooperative e l i c a t i o n s  S a t e l l i t e  

1971 --.- 1969 19 70 

Spacecraf t  iald support .  ........... $100,000 $100,000 $1ocl,ooo 
Program). ....................... (---I (---) ( l , l O C l ,  000) 

Scout (LauntJi Vehicle Procurement 

T o t a l  ( inc luding  launch ..................... ($100,000) ($100,000) ($1,200,000) v e h i c l e s )  --- - 

This  p r o j e c t  is be ing  c a r r i e d  o u t  j o i n t l y  by NASA and France.  The e f f o r t  
c o n s i s t s  of developing instrumented ba l loon  techniques t o  be u t i l i z e d  j n 
conjunct ion wi th  an ea r th -o rb i t i ng  s a t e l l i t e  f o r  t h e  purpose of ob ta in j  ng 
t h e  c h a r a c t e r i s t i c s  of a i r  masses, e s p e c i a l l y  i n - s i t u  measurements of :,peed 
and wind d i r e c t i o n  a t  var ious  a l t i t u d e s .  The d a t a  obta ined  w i l l  be usc!d by 
U. S. and French s c i e n t i s t s  t o  assist i n  the  understanding of t he  s t ruc: ture  
of t h e  atmosphere and extending weather  f o r e c a s t i n g  c a p a b i l i t i e s .  One 
spacec ra f t  and one backup with ins t ruments  w i l l  be  provided by France.  The 
s p a c e c r a f t  w i l l  b e  launched by NASA i n  1970 using a Scout launch vehic:l.e 
from Wallops I s l and  i n t o  a 900-km c i r c u l a r ,  50-degree- incl inat ion orbii :  t o  
ga ther  d a t a  from approximately 500 ba l loons .  
be developed and launched by France i n  t h e  Southern Hemisphere. S a t e l l k i t e  
t r ack ing  and da ta  a c q u i s i t i o n ,  reduct ion ,  and a n a l y s i s  w i l l  be by Frani:e. 
The U. S. w i l l  provide t h e  Scout v e h i c l e ,  and backup i f  r equ i r ed ,  1auni:h 
services, i n i t i a l  sa te l l i t e  t r ack ing ,  and d a t a  a n a l y s i s  a long  wi th  Fraiice 
of t h e  reduced da ta .  

The instrumented balloon:; w i l l  

The Of f i ce  of Space Science and Appl ica t ions  i s  r e spons ib l e  f o r  t h e  
o v e r a l l  management w i t h i n  HASA. 
assigned t o  Goddard Space F l i g h t  Center.  

Kespons ib i l i t y  f o r  p r o j e c t  management is  

This  p r o j e c t  was i n i t i a t e d  i n  FY 1967. FY 1969 and p r i o r  yea r  funding 
were used f o r  p repa ra t ion  of computer program models, f o r  U. S .  s c i e n t i f i c  
i n v e s t i g a t i o n s  and a n a l y s i s  of ba l loon  and s p a c e c r a f t  antennas,  arid f o r  
e l e c t r o n i c s  far gene ra l  p r o j e c t  suppor t .  F i s c a l  yea r  1970 funds are being 
used t o  cont inue U. S. s c i e n t i f i c  and t e c h n i c a l  suppor t .  F i s c a l  yea r  1971 
funds are requi red  t o  cont inue t e c h n i c a l  suppor t  and provide launch and 
post-launch support .  

_-- C;l.ob a1 Atmospheric Kesearch Program (GAKP) Study 

1969 19 70 1971 ---.-- 

....................... --- --- :$1 000,000 GARP st:udy --L 

.......................... --- --- $1,000,000 - ~- ---.- Total-. 

The Global. At:mospheric Research program (GARP) is  an i n t e r n a t i o n a l  
coopera t ive  program d i r e c t e d  toward ob ta in ing  d a t a  f o r  i nc reas ing  under- 
s tanding  of t h e  gene ra l  c i r c u l a t i o n  of t h e  atmosphere and f o r  l ay fng  t h e  
mathematical  and phys ica l  b a s i s  f o r  methods of long range weather p r e d i c t i o n .  
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GARP is d i r e c t e d  j o i n t l y  by t h e  governments of i n t e r e s t e d  n a t i o n s  through the 
World 1leteoro:Log:Lcal Organizat ion (WMO) and t h e  world s c i e n t i f i c  commuridty 
through t h e  International Council  of S c i e n t i f i c  Unions; n a t i o n a l  and irtter- 
n a t i o n a l  o rgan iza t ions  have been e s t a b l i s h e d  t o  p l a n  and execute  t h e  pi.ogram. 
The major event ,  a g loba l  e x e r c i s e  planned f o r  1975, is  expected t o  r e q u i r e  
seven (7) meteoro logica l  s a t e l l f t e s  ope ra t ing  s imultaneously f o r  about a 
year .  I n t e r n a t i o n a l  commitments t o  provide t h e s e  sa te l l i t es  have n o t  lieen 
made. 

Long term weather f o r e c a s t i n g  cannot be  achleved without  f i r s t  achictving 
the  GARP goals .  I n  FY 1970, NASA i n i t i a t e d  s t u d i e s  t o  determine t h e  n;i ture 
of i t s  p o s s i b l e  support  t o  t he  GAW experiment.  The s tudy  planned f o r  
Fy 1971 w i l l  involve d e t a i l e d  s tudy ,  comparative a n a l y s i s ,  and prel imii iary 
system design d i r e c t e d  toward f a c i l i t a t i n g  t h e  choice of a s i n g l e  projc!ct 
approach f o r  NASA support  t o  GARP. The s tudy  w i l l  a l s o  i d e n t i f y  f 'acil : i , t ies,  
l o g i s t i c s  ope ra t ions ,  a d d i t i o n a l  advanced technology, and advanced devctlop- 
ment t a s k s  r equ i r ed  t o  f u r n i s h  s p a c e c r a f t ,  ground suppor t ,  and r e l a t e d  d a t a  
management for t h e  g loba l  experiment.  

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

1969 1970 

Spacecraf t .  ................ $14,293,000 $14,700,000 $15 , 600,000 

... :L 300 000 
Experim.ents ................ 9,824,000 19,800,000 14 , 200,000 
Opera t iona l  support . . . . .  583,000 4,500,000 -1-- L 

Tota l . . . . . . . . . . . . . . . . . . . .  $24,700,000 $39,000,000 $31,100,000 

A t l a s  c.entaur and T i t a n  
I I I C  (Launch Vehicle 
Procurement Program). .... ($3,596,000) ($3,700,000) ($4,700 - ,ooO) 

Total  (inc:luding launch 
v e h i c l e s )  .............. ($28,296,000) ($42,700,000) ($3j,800,000) -- ---- 

The o b j e c t i v e s  of t he  p r o j e c t  are t o  des ign ,  develop, f l i g h t  test, and 
eva lua te  a v a r i e t y  of s c i e n t i f i c  and t echno log ica l  experiments w i t h i n  the  
a p p l i c a t i o n s  d i s c i p l i n e s  by use of a series of seven s p a c e c r a f t .  Five space- 
c r a f t  have been launched t o  da t e .  Because of launch v e h i c l e  anomalies,  t h e  
des i r ed  orbit.:; f o r  ATS-11, launched A p r i l  6 ,  1967, and f o r  ATS-IV, launched 
August 10, 1908, w e r e  no t  achieved, tlius l i m i t i n g  t h e  experimental  va lue  
of t hese  s p a c e c r a f t .  ATS-V, launched August 1 2 ,  1969, experienced problems 
with the  a c t i v e  s t a b i l i z a t i o n  system p r i o r  t o  planned despinning of  the 
s a t e l l i t e  and the deployment of t h e  g r a v i t y  g r a d i e n t  system. However, many 
o b j e c t i v e s  f r o m  seven of t h e  twelve experiments f l i g h t  t e s t e d  on the  mission 
w i l l  be achieved. ATS-I , launched December 7 , 1966, and ATS-I11 , launched 
November 5 , :t967, i n t o  synchronous o r b i t s  have per€ormed s u c c e s s f u l l y  and 
cont inue t o  ope ra t e .  Two s p a c e c r a f t ,  ATS-F and -G,  are scheduled f o r  launch 
i n  Calendar Years 1973 and 1 9 7 4  , r e spec t ive ly .  U t i l i z i n g  three-axis  a c t i v e  
spacecra  E t  s t ab f i l i za t ion ,  t h e s e  s p a c e c r a f t  will be launched i n  t o  syncfi ronous 
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o r b i t  and w i l l  f l i g h t  test a space-erectable ,  p a r a b o l i c  antenna (approximately 
30 f e e t  i n  diameter) and demonstrate t he  high po in t ing  accuracy it req i t i res ,  
and, i n  addit:Lon, w i l l  f l i g h t  test a number of s c i e n t i f i c  and technology 
experiments.  

The Off ice  o f  Space Science and Appl ica t ions  is r e spons ib l e  f o r  o v e ~ ~ a l l  
program management. Kespons ib i l i t y  f o r  p r o j e c t  management is assigned t o  
Goddard Space F1:Lght Center. The major c o n t r a c t s  f o r  ATS-I through AT!;-V 
missions w e r e  wi th  Hughes A i r c r a f t  Company f o r  spacec ra f t  development; 
General ElectrLc Company f o r  g r a v i t y  g rad ien t  s t a b i l i z a t i o n ;  and tJestir\g- 
house Corporatloii f o r  i n t e g r a t i o n .  The s p a c e c r a f t  development con t r ac to r  
f o r  ATS-F and -G, which w i l l  e i t h e r  be t h e  Fa i r ch i ld -Hi l l e r  Corporation o r  
t h e  General E:Leclsric Company, w i l l  be s e l e c t e d  e a r l y  i n  1970. 

F i s c a l  year  1970 funds were used f o r  ATS-V f i n a l  development, experiments,  
launch and post-launch suppor t ;  and f o r  continued procurement of ATS-F and -G 
long l e a d  t i m e  i t e m s  and w i l l  be used f o r  commencement of s p a c e c r a f t  develop- 
ment. F i s c a l  year  1971 funds w i l l  be used f o r  cont inua t ion  of ATS-F and -G 
development arid experiments and f o r  continued development of promising advanced 
a p p l i c a t i o n s  e:spariments which have been def ined bu t  have no t  been assigned 
to  a s p e c i f i c  :Elight mission. 

Geodetic Sa te l l i t es  

19 71 --- 1969 19 70 

Spacecraf t  and support .  . . . . . . $2,465,000 $1,700,000 $3,500,000 
Delta (1,aunc:h Vehicle 

Procurement I’rogram) . . . . . . . (---) (2,600,000) --- (---I 

T o t a l  (inc:l-ucling launch 
vehl.cles,:i . . . . . . . . . . . . . . . . ($2,465,000) ($4,300,000) ($3,500,000) --.- 

The purpose o f  t he  Geodetic Satell i te p r o j e c t  is t o  suppor t  t he  Nat ional  
Geodetic Satel . l . i te  program ( j o i n t  NASA/DoD/DoC program) and t o  develop the  
technology of geo’detic sa te l l i t es  f o r  so l id -ea r th  geophysics and oceanography. 

Three geodet:ic satell i tes have been launched: Pageos-I i n  June 1966; 
GEOS-I on November 6 ,  1965; and GEOS-I1 on January 11, 1968. GEOS-I and -11 
contained simi1.ar ins t rumenta t ion ,  namely, o p t i c a l  beacons, geometric and 
gravimet r ic  ins t rumenta t ion ,  range and range rate t ransponders ,  l a s e r  ro t ro -  
r e f l e c t o r s ,  and doppler beacons. GEOS-I1 a l s o  carried two C-band t ransponders ,  
a r ada r  passive r e f l e c t o r ,  and a laser de tec to r .  Data obtained weice u tL l i zed  
f o r  Pageos-I, GEOS-I, and GEOS-11. 

The Off ice  of Space Science and Appl ica t ions  is r e spons ib l e  f o r  t h e  
o v e r a l l  program. Project management of GEOS-C, p rev ious ly  a t  Headquarttzrs, 
w i l l  be ass igned t o  Goddard Space F l i g h t  Center.  



F i s c a l  yea r  1970 funds are be ing  used f o r  continued a n a l y s i s  of GEOS-I1 
d a t a  and t o  i n i t i a t e  e f f o r t  on GEOS-Cy which w i l l  o b t a i n  the  add i t ion l i l  d a t a  
r equ i r ed  t o  complete t h e  g rav ime t r i c  o b j e c t i v e  of t h e  Nat iona l  Ce0deti.c 
S a t e l l i t e  program and t o  demonstrate t h e  f e a s i b i l i t y  of employing, a @!odet ic  
s a t e l l i t e  ra'dar a l t imeter  t o  measure t h e  mean sea l e v e l  of t he  ocean. F i s c a l  
year  1971 funds w i l l  be used t o  cont inue  t h e  development of GEOS-C sp:icecraft 
and experiments. 

Naviga t ion /Traf f ic  Cont ro l  S a t e l l i t e  S tud ie s  - -.-- 

--- $ 3  000 000 Spacecraf t  an'd suppor t . . . .  --A L 
--- ........ 

Tota l . . . . . . . . . . .  ................ $3,000 , 000 - ------ 

The o b j e c t i v e s  of t h i s  p r o j e c t  are t o  s tudy  and des ign  s p a c e c r a f t  (:apable 
of provid ing  t h e  communication, nav iga t ion ,  and t r a f f i c  c o n t r o l  technology 
r equ i r ed  t o  demonstrate i t s  a p p l i c a t i o n  f o r :  (1)  improving a i r  t ra f f1 .c  
c o n t r o l  s e r v i c e s  i n  t h e  over-ocean areas; (2)  provid ing  communica.tion and 
naviga t ion  slervices t o  s h i p s  and a i r c r a f t ;  and (3)  provid ing  t h e  a:ids i n  
sea rch  and rescue ope ra t ions  and c o l l i s i o n  prevent ion  system operatioIis f o r  
marine and a v i a t i o n  v e h i c l e s .  

F i s c a l  yecar 1971 funds are r equ i r ed  f o r  d e t a i l e d  des ign  s t u d i e 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  thc! 
o v e r a l l  management w i t h i n  NASA. 
be assigned t o  the  Goddard Space F l i g h t  Center. 

Respons ib i l i t y  f o r  s tudy  management T r i l l  

Ear th  Resources Survey ___- 

1!171 ---- ~ 

1969 19 70 

Earth resources  technology s a t e l l i t e s  - 
_____I_- 

Spacecraf t . .  ................... $1,375,000 $3,900,000 $13,0(~0,000 
Experimein ts .................... 800,000 10,600,000 20 , 700 , 000 
Ground oiaerations .............. 125,000 500 , 000 7 800 000 ---L L 

Sub to ta l . .  ................... $2,300,000 $15,000,000 $ 4 . ~ , 5 ( ~ 0 , 0 0 0  

Del ta  (Laun'ch Vehicle 
P r 'o  cure  men t Program ) ......... (---> (---) - (3,900,000) 

Su-b t o  t a l  ( inc lud ing  launch 
vlehicles) ................... ($2,300,000) ($15,000,000) ($45,400,000) 
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1971 ----- - 1969 13 70 

Earth I:~SOLII:CE!S survey f a i r c r a f  t --- 
Operation:;. ............. $1,300,000 $1,700,000 $2,100,000 
Data proc:essing. ........ 2,800 , 000 ................ 6,100,000 Sensors.  6,200,000 7,000,000 - -- 

1 , 400 , 000 2 , 300 , 000 

............. $11 000 000 Sub t o t  2.1.. $8,?00,000 $11,000,000 - 2 - L  

Total , Ea.r-th Resources 
Survey ( inc luding  
launch \vehicles) ...... ($11 . 200 . 000) ($26 . 000 . 000) ($56 . 400 000) ---L _---__ - - _ I - ~  

The o b j e c t i v e s  of t h i s  p r o j e c t  are to :  (1) assess t h e  p r a c t i c a l  v a l u e  
of remote sens ing  of e a r t h  resources  from space,  ( 2 )  compare t h e  c a p a b i l i t i e s  
i n  e a r t h  r e s o m c e s  d a t a  a c q u i s i t i o n  of a space system w i t h  and without  
complementary a i r c r a f t  coverage, (3) determine whether o r  n o t ,  and i n  ,ahat 
conf igura t ion ,  an o p e r a t i o n a l  space-ass i s ted  and user-or iented e a r t h  
resources  survey system could b e  developed t o  m e e t  e x i s t i n g  requii:ements, 
( 4 )  determine which remote s e n s o r s  are most e t f e c t i v e  f o r  e a r t h  rc?sourl:es 
surveying, (5) develop and improve d a t a  handl ing procedures,  and 1:0) e.isure 
f u l l  understanding of f u t u r e  o p e r a t i o n a l  system requirements and c o s t s .  

This p r o j e c t  c o n s i s t s  of two a c t i v i t i e s  i n  e a r t h  resources :  (I.) a 
comprehensive program t o  design,  launch, and e v a l u a t e  experiments on  Eair th  
Resources Technology S a t e l l i t e s ,  and (2)  a suppor t ing  a i r c r a f t  prclgran t o  
develop and t's t remote sens ing  techniques,  sensors  , and d a t a  hancll i ng  
systems by conducting a i r c r a f t  € l i g h t s  a t  a l t i t u d e s  of 500 f e e t  t o  aboire 
50,000 f e e t .  

The 01) j e c t i v e  of t h e  Earth Kesources Technology S a t e l l i t e  p r o j e c t  i 5 ;  

t o  design,  develop, launch, and test a series of s p a c e c r a f t  t o  conduct 
experiments which w i l l  l e a d  t o  a r e l i a b l e  assessment of t h e  u t i l i t y  of 
space-borne sensors  f o r  a p p l i c a t i o n s  t o  problems r e l a t e d  t o  n a t u r a l  ant1 
c u l t u r a l  resources .  This  assessment w i l l  l e a d  t o  t h e  c a p a b i l i t y  t o  de5,ign 
s p a c e c r a f t  and re la ted d a t a  handl ing sys  terns t o  support  t hese  n a t i o n a l  
programs on ail o p e r a t i o n a l  basit;. It w i l l  a l s o  l e a d  t o  an  e v a l u a t i o n  of 
t h e  comp1erneni:zlry r o l e s  of a i r c r a f t  and s p a c e c r a f t  i n  acqui r ing  d a t a  or 
t he  e a r t h ' s  re jo i i rces .  This e f f o r t  i s  progress ing  i n  FY 1970 through the 
performance of two pa ra l l e l  de t a i l e d  s y s  tern design s t u d i e s  t h a t  encomp:iss 
both t h e  Eirsi: two s p a c e c r a f t  arid t h e  r e l a t e d  ground d a t a  handl ing system. 
A s e l e c t i o n  of tlie more promising system w i l l  be made very e a r l y  i n  FY 1971 
so t h a t  t h e  sjwtem can e n t e r  i n t o  the  d e t a i l e d  engineer ing and fabriicat i o n  
s t a g e  i n  IT 19 7 1 ,  The two s a t e l l i t e s  , which are planned f o r  sun-synchr onous 
o r b i t  , are designated Earth Resources Technology S a t e l l i t e  (EIITS) A ancl B 
and are t o  be Launched s u c c e s s i v e l y  e a r l y  i n  CY 1972 and CY 1973. IXTS-B 
w i l l  serve bot11 as a backup t o  ERTS-A and as an iuqroved v e r s i o n ,  capable 
of i n c o r p o r a t j  ng 1.essons l e a r n e d  i n  t h e  course of f a b r i c a t i n g  EXTS-Ii a r d  
a l s o  capable 01' extending the s e n s i t i v i t y  of t h e  ins t ruments  i n t o  t'ie 
thermal infrarc!d region.  These s a t e l l i t e s  w i l l  c a r r y  ins t rumenta t ion  t h a t  
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w i l l  meet t h e  requirements of t h e  u s e r  community i n  terms of s p a t i a l  and 
s p e c t r a l  r e s o h i d o n  as w e l l  as r e p e t i t i v e  coverage. Both framing and l i n e  
scanning senso r s  w i l l  be flown i n  o r d e r  t o  assess t h e  advantages of each. 
The sate:Llite system w i l l  a l s o  concurren t ly  r e l a y  d a t a  from remote arclund 
senso r s  such as r a i n  gauges, stream gauges, and seismometers t o  assess: t he  
va lue  of such a network f o r  complementing t h e  spaceborue senso r s .  

The Earth iesources  Survey a i r c r a f t  suppor t ing  p r o j e c t  o b j e c t i v e  i s  t o  
conduct test:; arid experiments w i th  ins t ruments  analagous t o  those  being 
considered fo.c t h e  s p a c e c r a f t  sys  t e m s  t o  eva lua te  both t h e  instruments 
themselves and t h e  p o t e n t i a l i t y  of us ing  such ins t ruments  t o  perform Lsefu l  
t a s k s  from sp;icc?. T'ne f l i g h t s  a l s o  c o n t r i b u t e  t o  an understanding o f ,  and 
s o l u t i o n  t o ,  t h e  d a t a  management problems t h a t  w i l l  be  a p a r t  of t he  t o t a l  
sys  t e m  ope ra t ion ,  i nc lud ing  the  i n t e r f a c e s  wi th  t h e  ex tens ive  and d i v e r s e  
use r  comnunity. This p r o j e c t  p rovides  e s s e n t i a l  f l i g h t  test suppor t  t o  t he  
e a r t h  resourc:t?s suppor t ing  r e sea rch  and technology e f f o r t  . 

I n  EY 1971. two s u b s t a n t i a l  a d d i t i o n s  t o  t h e  a i r c r a f t  i n s t rumen ta t i cn  
c a p a b i l i t y  wi:U be made: a 24-channel l i n e  scanner  covering a broad v i s i b l e  
and i n f r a r e d  spectrum w i l l  be i n s t a l l e d  i n  t h e  C-130 a i r c r a f t  a t  t he  Panned 
Spacecraf t  Center ,  and a scanning microwave radiometer w i l l  be i n s t a l l e d  i n  
the  P3A a i r c r a f t . .  Together w i th  t h e  RB57 h igh  a l t i t u d e  a i r c r a f t ,  ass igned  
t o  NASA hy t h e  Air Force,  a much improved c a p a b i l i t y  f o r  experimentation w i l l  
be a v a i l a b l e .  This c a p a b i l i t y  w i l l  be used on a combined mission b a s i s  wi th  
t h e  ERTS f l i g h t s  s o  t h a t  t h e  a i r c r a f t  e f f o r t  i n  FY 1971 w i l l  be  d i r e c t e d  a t  
provid ing  f o r  a i r c r a f t - s p a c e c r a f t  c o r r e l a t e d  exper imenta l  i n v e s t i g a t i o n s .  

Fiscal. yesir 1969 funds were u t i l i z e d  f o r  o p e r a t i o n  of t h r e e  a i r c r a f t ,  f o r  
s enso r  procurement, and d a t a  handl ing  systems. F i s c a l  yea r  1970 Eunds are 
being u t i l i z e d  t o  cont inue  t h i s  e f f o r t ,  p rocure  a d d i t i o n a l  sensor:;, and cont inue  
the  mod i f i ca t jo r  of a high a l t i t u d e  a i r c r a f t  t o  o b t a i n  a b e t t e r  understanding 
of atmospheric: e f f e c t s  on remote sens ing  c a p a b i l i t y .  

The Off ice  of Space Science and App l i ca t ions  is  r e spons ib l e  f o r  t he  o v e r a l l  
management of t h i s  p r o j e c t .  R e s p o n s i b i l i t y  f o r  execut ion  of t h e  Earth Resources 
Survey/Aircraf't  p r o j e c t  i s  ass igned  t o  Manned Spacec ra f t  Center.  Respons ib i l i t y  
f o r  management of t h e  ERTS A6B p r o j e c t  is  a s s igned  t o  Goddard Space F l i g h t  
Center. E f f o r t  i n  t he  Ear th  Resources Survey is  coord ina ted  wi th  o t h e r  u s e r  
agencies  through t h e  Earth Resources Survey Program R e v i e w  Committee wi ich  
inc ludes  r e p r e s e n t a t i v e s  from t h e  Departments of Agr i cu l tu re ,  Commerce, 
I n t e r i o r ,  and Navy, and is  cha i r ed  by NASA. Observers from o t h e r  departments 
such as TransFor ta t ion  are a l s o  f r equen t ly  p re sen t .  

F i s c a l  yea r  1971 funds are be ing  reques ted  t o  cont inue  a i r c r a f t  ope ra t ions ,  
sensor  procurement, and d a t a  process ing  t o  conduct about 30 f l i g h t s  over 60 
test s i t e s ,  and t o  i n i t i a t e  s p a c e c r a f t  and senso r  hardware procurement f o r  
t h e  f i r s t  two ERTS s p a c e c r a f t .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF SE’ACE: SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCURElrIENT --- PROGRAM --- 

PROGRAM 0BJE:CTI:VES AND JUSTIFICATION : 

The 1,aunc:h Vehicle Procurement program o b j e c t i v e  is t o  provide launch 
v e h i c l e  and :Launch services t o  support  mission requirements .  Major 
a c t i v i t i e s  hc l .ude  t h e  procurement of v e h i c l e  hardware, launch o w r a t i o n a l  
s e r v i c e s ,  engineer ing  and maintenance suppor t ,  and necessary  product 
improvements; t o  f l i g h t  v e h i c l e s  and suppor t  equipment. The program in-  
c ludes Suppoi:ting Research and Technology/Advanced S tud ie s  e f f o r t s  f o r  
necessary va!hic:le improvements. The v e h i c l e s  being procured are : 
Scout,  Delta., Thor Agena, Atlas Centaur, T i t a n  I11 Centaur,  and the T i t a n  
I I I C .  They comprise a balanced family of v e h i c l e s  which is  planned t o  
s a t i s f y  present: and f u t u r e  automated s p a c e c r a f t  requirements i n  the  most 
e f  f icierit arid economical manner. 

The Launch Vehicle Procurement program is  subdivided i n t o  thrlee major 
ca t egor i e s :  (I-) v e h i c l e  hardware,  (2) suppor t ing  a c t i v i t i e s ,  and (3 )  
product  improvement. This  subd iv i s ion ,  as presented  during FY 1970, 
permits  v e h i c l e  hardware t o  be r e a d i l y  i d e n t i f i e d  wi th  s p e c i f i c  missions.  
This  v e h i c l e  hiirdware i s  showri p a r e n t h e t i c a l l y  i n  the  budget r eques t s  
of t h e  va r ious  s p a c e c r a f t  missions i n  a d d i t i o n  t o  being presented  i n  the  
Launch Vehic.Le Procurement r eques t  i n  t o t a l .  Funding requirements f a r  
suppor t ing  ac t iv i t i e s  and product  improvement are no t  included i n  the 
parenthtzticii:t n o t a t i o n s  shown wi th  s p a c e c r a f t  p r o j e c t s  s i n c e  these  e f f o r t s  
are not  direct1.y a s s o c i a t e d  wi th  s p e c i f i c  missions.  

The suppo:etJ.ng ac t iv i t ies  ca tegory  inc ludes  funds t o  cover  r ecu r r ing  
c o s t s ,  which are cont inuing  i n  n a t u r e ,  such as launch ope ra t ions  s e r v i c e s ,  
guidance sei?~ices, engineer ing  suppor t ,  and launch complex maintenance. 
These cos ts ! ,  un l ike  the  c o s t  of hardware, are based on t h e  es tab l i shment  
of a capabi:L:tty, r a t h e r  than  a q u a n t i t y  of u n i t s  produced. 

I n  the  product  improvement category,  t h e  major work is  dedica ted  t o  
enhancing r t? .Liab i l i ty  and performance i n  support  of s p a c e c r a f t  requixe- 
ments. 
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SUMMARY --- OF IUZSOURCES REQUIREMENTS : 

19 7 1  --- 1969 19 70 

Supporting r e sea rch  and 
technology / advanced s t ud ies $4,400,000 $4,000,000 $3,000,000 

Scout,. ......................... 12,600,000 13,700,000 15,100,000 
Delta., ......................... 24,300,000 32,100,000 34,000,000 

Centaur.. ...................... 44,200,000 50,000,000 68,100,000 
T i t a n  III(L.. 3,100,000 

Agena ........................... 11,300,000 5,300,000 --- 

................ 4 700,000 3,700,000 .--- 

Tota l . . .  .................... $99,900,000 $108,800,000 $124,900,000 -- 

---- 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. Kennedy Space 
Center ................... 

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

Goddard Spa.ce F l i g h t  
Cem te  I' ................... 

Jet Propuls ion Laboratory. .  
Elec.tronics Research 

Center . . . . . . . . . . . . . . . . . . .  
Langley Fkesearch Center. . . .  
L e w i s  Ressearch Center . . . . .  
Headquarters ............... 

$3,329,000 $1,717,000 

202,000 --- 

26,734,000 35,199,000 
265,000 490,000 

1,282,000 1,257,000 
12,905,000 13,582,000 
50,455,000 50,963,000 

4,728,000 5,592,000 

$2 ,'368,000 

33, '975,000 
510,000 

--- 
15,130,000 
65, '573,000 

6,744,000 

The o 've ra l l  plan f o r  launches dur ing  t h i s  per iod  is: 

Vehicle  

Calendar Calendar Ca Lendar 
Year Year 'Year 

L9 7 1  1969 19 70 -- 
scout. . . . . . . . . . . . . . . . . . . . .  ... 1 7 5 
Delta ........................ 6 2 2 
Agena ........................ 2 2 
Centaur. . . . . . . . . . . . . . . . . . . . . .  3 1 3 
Titan. . . . . . . . . . . . . . . . . . . . . . . .  - - - 

- 
- - - 

.. 10 1 2  1 2  Total . . . . . . . . . . . . . . . . . . . .  - - - - - - 
The above table inc ludes  Advanced Research and Technology miss.ions but  

excludes reimbursable launches and v e h i c l e s  procured f o r  o t h e r  agenc i i s  , 
which average approximately six p e r  year .  
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BASIS OF FUNC REQUIREMENTS: --- 
._ S 2 p o r t i n g  Research and Technology/Advanced S tud ie s  

L971 
_I__- 

1969 19 70 

Advanced s t u d i e s .  ............... $750,000 $1,025,000 $1,0 30,000 
Propuls ion and energy conversion 740,000 730,000 500,000 

naviga t ion  .................... 1,480,000 1 , 6  75 , 000 1,200,000 
Ins t rumenta t ion  and e l e c t r o n i c s .  225,000 60 , 000 ti0 , 000 
S t r u c t u r e s  and materials..  ...... 405 , 000 510,000 l ! iO,OOO 
Vehicle en,ginleering.. 800,000 --- --- 

Guidance, c o n t r o l  and 

........... --- - 
Total . . . . . . . . . . . . . . . . . . . . . . . . .  $4,400,000 $4,000,000 $3,OOO,OOO --- 

The o b j e c t i v e  of the  Support ing Research and Technology/Advanced Studies  
p r o j e c t  is t o  provide d a t a  f o r  management dec i s ions  concerning lalunch v e h i c l e s  
and s t a g e s  requi red  f o r  f u t u r e  automated missions by conducting a[ sys1:ematic 
program (of s t u d i e s  and research .  

I n  FY 1970, th ree  launch v e h i c l e  advanced s t u d i e s  were i n i t i a t e d .  One 
w a s  d i r e c t e d  a t  design of a versat i le  upper s t a g e  concept f o r  high encirgy 
missions.  The second s tudy  involves  t h e  design of a minimum cos t  laurlch 
veh ic l e  sas a replacement f o r  one o r  a l l  v e h i c l e s  of t he  cu r ren t  automlited 
launch vehic.Le Eamily. The t h i r d  s tudy inc ludes  an a n a l y s i s  of growtkl 
ve r s ions  of t he  T i t a n  I11 ( inc lud ing  7 segment s o l i d s )  f o r  p o s s i b l e  u:,e 
with Centaur €01: p lane ta ry  missions.  Supporting Research and Technolctgy 
e f f o r t  w a s  i n i t i a t e d  on the  e f f e c t s  of long term space vacuum on so l ic !  
p rope l l an t  mo t o m  and t o  determine long term space mission requirement s 
f o r  s o l i d  propu:lsion systems. Extensive e f f o r t  was d i r e c t e d  a t  t e s t i r l g  
and eva lua t ing  the  modular strapdown guidance system p r e s e n t l y  under 
development. In  the  area of i n s t rumen ta t ion ,  s t u d i e s  were continued 
i n  developing nondes t ruc t ive  test  techniques f o r  e l ec t ro -exp los ive  
devices .  

I n  FY 19 71., advanced s t u d i e s  of s p a c e c r a f t  thermionic  and magneto- 
hydrodynamic n u c l e a r - e l e c t r i c  propuls ion  systems are planned. The 
advantage of hybrid rocke t  motors f o r  combined launch v e h i c l e  and space- 
c r a f t  a p p l i c a t i o n s  w i l l  a l s o  be s tud ied .  E f f o r t  w i l l  be d i r e c t e d  a t  
upper s t a g e  piropulsion and as t r i o n i c s  problems and t h e i r  i n t e r a c t i o n  
wi th  s p a c e c r a f t  systems. 

Additional. st:udy emphasis w i l l  be placed on the  a p p l i c a t i o n  of non- 
chemical propuls ion  systems t o  launch v e h i c l e  upper s t a g e s .  Minimum c o s t  
launch vehic1.e system design s t u d i e s  , least  c o s t  v e h i c l e  family s t u d i e s  , 
and high energy upper s t a g e  s t u d i e s  w i l l  be continued t o  he lp  provide 
d i r e c t i o n  t o  fut .ure automated launch v e h i c l e  developments i n  o rde r  t o  
maintain an E:(:oriomical and r e l i a b l e  t r a n s p o r t a t i o n  system. 
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scou t  

1969 19 70 19 7 1  

Hardware procurement.. ......... $3,900,000 $4,700,000 
Supporting act ivi t ies . . . . . . . . . .  7,300,000 8,000,000 
Pro duc t improvement ............ 1,400,000 1,000,000 

Totail..... ................... $12,600,000 $13,700,000 

:$7,100,000 
7,000,000 

--L 1 00~3,000 

- $.L5,10;3,000 --- 

Scout is  a. f o u r  s t a g e  a l l  s o l i d  p r o p e l l a n t  launch v e h i c l e .  I t  i s  the 
smallest i n  the  NASA v e h i c l e  fami ly  and is used f o r  s m a l l  scient:Lfic 
sa te l l i tes ,  space probes and h igh  speed re -en t ry  experiments.  The Scout 
p r o j e c t  has been i n  e x i s t e n c e  f o r  t e n  y e a r s  and over  t h i s  p e r i o d ,  67 
launches have been conducted of which 54 have been success fu l .  The VI+ 
h i c l e  has been used t o  suppor t  miss ions  f o r  t h e  DOD, AEC, f o r e i g n  c o u n t r i e s  
and i n t e r n a t i o n a l  o rgan iza t ions .  

The t e c h n i c a l  management of t h e  Scout p r o j e c t  is a t  t h e  Langley Research 
Center.  The prime c o n t r a c t o r  f o r  t he  product ion ,  checkout and launch of 
t h i s  v e h i c l e  is  Ling-Temco-Vought (LTV), Dallas, Texas. Launch ope ra t ions  
of t h e  Scout v e h i c l e s  are conducted from t h e  Western T e s t  Range, Cal iEorn ia ,  
Wallops I s l and ,  V i rg in i a ,  and from t h e  I t a l i a n  San Marco p l a t f o m  i n  the 
Indian  Ocean o f f  t h e  Coast of Afr ica .  

I n  FY 1970, funds are be ing  u t i l i z e d  t o  complete v e h i c l e  hardware 
product ion  c o n t r a c t s  and systems management and engineer ing  c o n t r a c t s  
s t a r t e d  i n  f i s c a l  yea r s  1968 and 1969. I n  a d d i t i o n ,  t h e  Scout f i r s t  
s t a g e  motor is being improved. 
formance c a p a b i l i t i e s  of t h e  v e h i c l e  by approximately 30 pe rcen t .  

This improvement w i l l  i n c r e a s e  t h e  pe'i:- 

I n  FY 1971, funds reques ted  w i l l  be u t i l i z e d  t o  i n i t i a t e  new hardw<ire 
procurements, t o  s u s t a i n  t h e  Scout launch c a p a b i l i t y  a t  two 1aunc:h siI:es 
and cont inue  e f f o r t s  r e l a t e d  t o  t h e  Scout f i r s t  s t a g e  motor devel.opme11t i n  
a d d i t i o n  t o  completing a new " S "  band t e l eme t ry  d e s t r u c t  system clevelopment. 

Delta 

19'!1 
----__. 1969 19 70 

Hardware procurement. .......... $8,852,000 $12,800,000 $1.4,200,000 
Supporting a c t i v i t i e s . .  ........ 11,593,000 14,000,000 1.7,60O,OOO 
Product i m p  rovemen t ............ 3,855,000 5,300,000 2,200,000 - 

Tota l . . . . . . . . .  ............... $24,300,000 $32,100,000 $34,000,000 - 

I;lD 8-4 



Delta  is  the  workhorse v e h i c l e  i n  the  NASA launch v e h i c l e  family.  Through 
1969, i t  has  performed s u c c e s s f u l l y  68 t i m e s  i n  74 a t tempts .  Del t ta  i s  a three! 
s t a g e  veh ic l e  c o n s i s t i n g  of t he  f i r s t  s t a g e  Thor boos t e r ,  t he  Deltta second 
s t a g e  and a s o l i d  p r o p e l l a n t  motor t h i r d  s t age .  This  v e h i c l e  is  capa'l)le of 
l i f t i n g  a w i d e  v a r i e t y  of payloads i n t o  o r b i t .  It has  been used t o  h u n c h  
communication, meteoro logica l ,  s c i e n t i f i c ,  and b i o l o g i c a l  sa te l l i t es .  

Technical  management f o r  the  Delta p r o j e c t  is ass igned  t o  the  Goddard 
Space F l i g h t  Center.  The prime c o n t r a c t o r  f o r  the  Delta v e h i c l e  is  t'ie 
McDonnell-Douglas Ast ronaut ics  Company, Santa  Monica, Cal i forn ia . ,  NASA 
procures  the  f i r s t  s t a g e  Thor boos t e r s  through the  U .  S .  A i r  Force,  w'iich 
has  management r e s p o n s i b i l i t y  f o r  the  product ion of t h i s  v e h i c l e  s t a g ? .  
Launch ope ra t ions  of t he  Del ta  v e h i c l e s  are conducted from the  E a s t e r n  T e s t  
Range, Cape Kennedy, F l o r i d a ,  and t h e  Western T e s t  Range, C a l i f o r n i a .  

F i s c a l  yea r  1970 funds are being used t o  i n i t i a t e  new hardware c o n t r a c t s  
f o r  Thor boos t e r s ,  Delta second s t a g e s  and s o l i d  motor t h i r d  s t a g e s  along 
wi th  the necessary  launch ope ra t ions  services and o t h e r  suppor t ing  services 
necessary t o  s u s t a i n  t h e  Delta launch c a p a b i l i t y  during t h i s  per iod .  I n  
add i t ion ,  major product  improvements being accomplished dur ing  F'I 197'1 are: 
the  design,  t e s t  and q u a l i f i c a t i o n  of a l a r g e r  ve r s ion  of t he  TE--364 ;o l id  
motor; completion of t he  adap ta t ion  of t he  Thor boos t e r  t o  use s i x  s o l i d  
motors f o r  t h r u s t  augmentation; and the  inco rpora t ion  of an i n e r t i a l  [guidance 
system i n t o  the  Delta v e h i c l e .  

F i s c a l  yea r  1971 funds w i l l  be u t i l i z e d  t o  cont inue  funding of hardware 
c o n t r a c t s  i n i t i a t e d  i n  FY 1970, and f o r  cont inued suppor t  of launch opera- 
t i o n s  and maintenance of ground suppor t  equipment. I n  a d d i t i o n ,  t he  tnajor 
product imprcvement e f f o r t s  on t h e  TE-364 and t h e  i n e r t i a l  guidance system 
f o r  Delta s t a r t e d  i n  FY 1970 w i l l  be completed wi th  FY 1971 funds.  

Agena 

1969 19 70 

Hardware procurement.. ........... $6,770,000 $1,751,000 
Supporting a c t i v i t i e s . . . . .  ....... 4,530,000 3,549,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  $11,300,000 $5,300,000 

The Thrust A.ugmented Thor Agena is  a two s t a g e  v e h i c l e  using 

L971 --- 

Thor s t a g e  as Delta and a second s t a g e  Agena veh ic l e .  This  v e h i c l e  system 
is used by NASA f o r  p o l a r  o r b i t a l  missions launched from the  Western 'Test 
Range i n  Cali f o rn i a .  

The t echn ica l  management of t he  Agena p r o j e c t  is  ass igned  t o  ithe Lewis 
Research Center and t o  the  Goddard Space F l i g h t  Center.  Lockheeti Mis s i l e s  
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and Space Corporat ion,  Sunnyvale, C a l i f o r n i a  i s  t h e  prime c o n t r a c t o r  f o r  
the  Agena s t a g e .  McDonnell-Douglas Ast ronaut ics  Company, Santa  Monica, 
C a l i f o r n i a  is; t he  prime c o n t r a c t o r  f o r  t he  Thor boos te r .  The Agena 
and boos te r  s t a g e s  are purchased from these  c o n t r a c t o r s  through the  U .  S .  
A i r  Force. 

No FY 1971. funds are requi red  s i n c e  t h e r e  are no NASA missions c u r r e n t l y  
planned f o r  t.his. veh ic l e  system a f t e r  t h e  launching of t he  SERT IIA and 
Nimbus-D missions dur ing  t h e  f i r s t  h a l f  of 1970. 

Centaur 

1971 ----- 1969 19 70 

Hardware prc~cu.rement. . . . . . . . . . . $2:L, 700,000 
Supporting ac t iv i t ies . .  . . . . . . . . 21,600,000 14,400,000 20,800,000 
Product: improvement ............ 900,000 15,600,000 -1-L 2 5  600 000 

$21,700,000 $20,000 , 000 

Total  ......................... $44,200,000 $50,000,000 $6'3 100 000 -'L L --_______ 

Centaur i s  a high energy upper s t a g e  v e h i c l e  us ing  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 .  This  s t a g e  has  been used wi th  the  A t l a s  boos t e r  
i n  successfu11.y suppor t ing  NASA's Surveyor, Mariner,  Orb i t ing  Astronomical 
Observatory a rd  Appl ica t ions  Technology S a t e l l i t e  missions.  

A new Centaur conf igu ra t ion  - t h e  T i t a n  Centaur - is  c u r r e n t l y  being 
developed. 
the  T i t a n  I11 boos ter .  This  conf igu ra t ion  involves  f o u r  s t a g e s :  one 
s t a g e  cons i s t ing  of two s t rap-on,  f i v e  segment s o l i d  motors,  the seconi3 
and t h i r d  composed of t he  two s t a g e  T i t a n  core  and the  f o u r t h ,  the  
Centaur upper s t a g e .  This  v e h i c l e  conf igu ra t ion  w i l l  become operat:ion,il 
i n  1974. 

I t  is based on i n t e g r a t i o n  of an improved Centaur s t a g e  wi th  

The L e w i s  R.esearch Center  has  t e c h n i c a l  management r e s p o n s i b i l i t y  f o r  
t he  Centaur p r o j e c t .  General Dynamics/Convair is t h e  prime c o n t r a c t o r  f o r  
the  A t l a s  Booster and the  Centaur s t a g e .  
Honeywell, Inc.  for t he  Centaur Guidance System and P r a t t  and Whitney 
Divis ion of United A i r c r a f t  f o r  t h e  Centaur engines .  
f o r  t he  T i t an  I11 boos te r  is t h e  Martin Marietta Corporation. The fivl? 
segment s o l i d s  f o r  T i t a n  I11 are manufactured by t h e  United Technol.ogy 
Corporation and the  propuls ion  system f o r  t h e  T i t a n  I11 core s t a g e s  I 
and 11 is produced by the  Aero je t  General  Corporat ion.  The Atlas Cent,iur 
is  launched from the  Eastern T e s t  Range and the  T i t a n  Centaur will.  be 
launched from the  ITL (Integrate-Transfer-Launch) f a c i l i t y  a l s o  locatel l  
a t  the  Eastern T e s t  Range. 

Assoc ia te  c o n t r a c t o r s  are 

The prime contra ' : tor  

I n  FY 1970, funds are be ing  u t i l i z e d  t o  cont inue  previous ly  in i t ia tczd  
veh ic l e  procurements, t o  s u s t a i n  t h e  Centaur c a p a b i l i t y ,  and t o  i n i t i a t e  

RD 13-6 

375-5119 0 - " 0  - 1 8  



new hardware procurement t o  suppor t  missions planned f o r  launch i n  the 
next  few yea r s .  These missions inc lude  the  OAO, Mariner Mars 1971, and 
Pioneer  17 and G missions.  
are being continued wi th  FY 1970 funds.  The f i r s t  concerns improvements 
t o  t h e  Ccmtatri: s t a g e  which w i l l  enhance r e l i a b i l i t y  and f l e x i b i l i t y  of 
the  veh ic l e .  The changes inc lude  a new guidance computer, a s tandard  
forward adapt.er, and f i x e d  i n s u l a t i o n .  The second improvement c o n s i s t s  
of t h e  i n t e g r a t i o n  of t he  Centaur s t a g e  wi th  the  T i t a n  I11 boos te r ,  
and the  estat1:lishment of an o p e r a t i o n a l  c a p a b i l i t y  f o r  T i t a n  Centaur a t  
the  Eastern Tes t ;  Range r equ i r ed  t o  support  t he  Viking mission.  T h i s  
e f f o r t  inclucles funding f o r  a proof f l i g h t  of the  T i t a n  Centaur con- 
f i g u r a t i o n ,  i n  o rde r  t h a t  t h i s  v e h i c l e  and launch f a c i l i t y  may be 
adequately t e s t e d  p r i o r  t o  the  Viking mission. 

I n  a d d i t i o n ,  two major improvement e f f o r t s  

During FY 1.97'1, funds w i l l  be r equ i r ed  t o  cont inue funding of v e h i c l e  
hardware conti'ac:ts f o r  t he  P ioneer ,  Mariner Mars 1971, Proof f l i g ' i t  , and 
OAO missi.ons. 1.n a d d i t i o n ,  funding w i l l  be requi red  t o  begin e f f o r t s  on 
the  v e h i c l e  hicirclware and support  of Mariner Mercury 1973 and Hel ios  A 
missions.  E f f o r t  requi red  t o  cont inue  the  v e h i c l e  improvements begun 
i n  p r i o r  yea r s ,  w i l l  a l s o  be funded. 

T i t a n  I11 C 

19 7 1  --_-___ 1969 19 70 

Hardware prclcurement.. .......... $3,000,000 $3,700,000 $4,700,000 
Supporting a c t i v i t i e s . .  100 , 000 ......... --- --- - 

Total.. ........................ $3,100,000 $3,700,000 ---- $4,700,000 --__ - 

The T i t an  1.11 C launch v e h i c l e  is  a f o u r  s t a g e  s o l i d  and l i q u i d  f u e l  
veh ic l e  developed and managed by t h e  United S t a t e s  A i r  Force.  Since 
the  performance of t he  T i t a n  I11 C v e h i c l e  is g r e a t e r  than t h a t  of the  
A t l a s  Centaur v e h i c l e  a t  synchronous v e l o c i t i e s ,  NASA i s  using t h i s  
v e h i c l e  f o r  launch of the  Appl ica t ions  Technology Sa te l l i t es  F and G 
missions.  Depending on mission requirements ,  t he  T i t an  I11 C wi1:L be 
considered for o t h e r  f u t u r e  synchronous a l t i t u d e  missions.  

The NASA Headquarters w i l l  have primary management r e s p o n s i b i l i t y  f o r  
the  NASA T i t a n  I11 C a c t i v i t y .  The v e h i c l e s  w i l l  be procured through the 
United States A i r  Force,  wi th  Martin Marietta Corporat ion,  Denver Div is ion ,  
Denver, Colorado, as the  prime con t r ac to r .  The United Technology Corporat ion,  
Sunnyvale, C a l i f o r n i a  and Aeroje t  General  Corporat ion,  Sacramento, C a l i f o r n i a ,  
are a s s o c i a t e  c o n t r a c t o r s  provid ing  s o l i d  boos t e r s  , and core  s t a g e  engines  , 
r e spec t ive ly .  Martin w i l l  provide mission i n t e g r a t i o n  services; Martin 
along wi th  i t s  a s s o c i a t e  c o n t r a c t o r  w i l l  provide launch ope ra t ion  services. 
Launches w i l l  be from the  T i t a n  I T L  (Integrate-Transfer-Launch) f a c i l i t i e s  
a t  the  Eastern T e s t  Range i n  F lo r ida .  
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During FY 1.971, funds are required to  continue hardware procurt, 3men t '3 

and supporting services  i n i t i a t e d  i n  prior years i n  support of the ATS-F 
and G missions which are planned for  launch i n  1973 and 1975. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE 01: UN1:VEEGITY AFFAIRS SUSTAINING UNIVERSITY PROGRAM --- 
PROGRAM 0BJEC::IVES --- AND JUSTIFICATION : 

The Sus ta in ing  Un ive r s i ty  program w a s  e s t a b l i s h e d  i n  1962 when N A S A ' s  
expanding r e s p o n s i b i l i t i e s  r equ i r ed  increased  p a r t i c i p a t i o n  of t h e  
educa t iona l  c:onmiunity i n  t h e  space program. 
adequate  1aboirat:ory f a c i l i t i e s ,  t o  i n c r e a s e  t h e  number of h igh ly  t r a i n e d  
people ,  and t:o c:onduct broad m u l t i d i s c i p l i n a r y  r e sea rch .  Many of t hese  
goa ls  have betxi m e t ,  NASA programs have benef i red and t h e  univers i t : i es  
have been s t rengthened through t h e i r  p a r t i c i p a t i o n .  

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

NASA w i l l  cont inue  t o  suppor t  r e sea rch  a t  u n i v e r s i t i e s  as need,ed f o r  
N A S A ' s  mission wi th  funding requirements  t o  be m e t  from program oE f i c e  
R&D r e s o u r c e s .  The Sus t a in ing  Univers i ty  program w i l l  be phased t o  a n  
o rde r ly  concI.usion. 

SUMMARY OF RE:SOURCES REQUIREMENTS - : --- 
1971 ---- 1969 19 70 

--- Sus ta in ing  u n i v e r s i t y  program. . . . . . . . . $9,000,000 $7,000,000 ----- 
--- --- --- Tota l . .  ........................... $9,000,000 $7,000,000 
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NATIONAL AERONAUTICS AND SPACE ADNINISTRATION 

FISCAL YEAR 1971  ESTIMATES 

RESEARCH APJD DEVELOPMENT BUDGET PLAN FOR 

ADVAiJCED RESEARCH AND TECHXOLOGY PROGRAMS 

Pro g.r am 

Basic researck  ................. 
Space v e h i c l e  s y s t e m s  ......... 
E l e c t r o n i c s  systems ........... 
Human fac:tor systems. ......... 
Space power and electr ic  

p ropu l s ion  systems. ......... 
Nuclear i:ockets. .............. 
Chemical propuls ion .  .......... 
Aeronaut ica l  v e h i c l e s . .  ....... 

F i s c a l  Year 
1 9 6 9  

$20,220,000 

31 , 349,000 

34,460,000 

19,402,000 

38,787,000 

33,502,000 

25,752,000 

74,748,000 

T o t a l . .  ....................... $278,220,000 

F i s c a l  Year 
1970 

$18,902,000 

30,670,000 

33,500,000 

21,900,000 

34,450,000 

36,500,000 

20,480,000 

75,900,000 

$272,302,000 

F i s c a l  Year 
1'371 ----- 

$1 7,6rl0,000 

2.2,4 30 ,000 

1.7,900,000 

30,900,000 

38 , 000,000 

;!o, ?'00,000 

--A 87 100,000 

--A $264 ;!OO,OOO __--- 
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FISCAL YEAR 1971 ESTIMATES 

The Advanced Research and Technology programs shown i n  t h e  prec.edinj; 
t a b l e  suppor t s  r e sea rch  i n  two major t echno log ica l  areas, Space Techno.'.ogy 
and Avia t ion  Technology. 
i s  shown below: 

The d i v i s i o n  of e f f o r t  between t h e s e  two are#is 

1 '371  ---- -- 1969 1970 

SPACE TECHWLOGY- 

Program - 
Basic Research.. ............... $14,320,000 
Space Vehicle S y s t e m s  .......... 31,349,000 
E l e c t r o n i c s  Systems.. .......... 23,360,000 
Human Fac to r  Systems.. .......... 16,402,000 

Propulsion Sya t e m s .  ........... 38,787,000 
Nuclear Rocke :s ................ 33,502,000 

Space Power and E l e c t r i c  

Chemical Prop,ll$;ion. ........... 25,752,000 

T o t a l  :L/ .................... $183,472,000 

$12,712,000 
30,670,000 
23,005,000 
18,305,000 

34,250,000 
36,500,000 
20 ,480 ,000 

$175,922,000 

j 1.1,o 30,000 
.30,000,000 
1.6,600,000 
1-5,800,000 

30,5IOO ,000 

20 , :!loo ,000 
38,000,000 

-- 

AVIATION TEC1rI;iO:uOGY 

Program - 

Basic Research . . . . . . . . . . . . . . .  .. 5,900,000 6,190,000 6 , i iOO ,000 
E l e c t r o n i c s  Systems ............ 11,100,000 10,495,000 5 ,  )300 ,000 
Human Fac tor  Systems ........... 3,000 ,000 3,595,000 2 ,  L00,000 

Propulsion Systems ........... --- 200,000 ~i00,000 
Space Power and Electric 

Aeronaut ica l  Veh ic l e s . . . . . . . . . .  74,748,000 75,900,000 - 87 , 100,000 

T o t a l . . . . . . . . .  ............... $94,748,000 $96,380,000 - $1%!300,000 -- - 

TOTAL,, PJNPdiCED RESEARCH 
MID TEXHNOLOGY L/ ....... $278,220,000 $272,302,000 j264,200,000 

Avia t ion  1:ec:hnology inc ludes  suppor t ing  r e sea rch  and technology e f f o r t  
conducted under Basic Research, E l e c t r o n i c s  Systems, Human Fac to r  Systems 
and Space Power and E l e c t r i c  Propuls ion  Systems programs r e l a t e d  t o  ziero- 
n a u t i c s  , i n  i ldd i t ion  t o  a l l  p r o j e c t s  i t emized  under t h e  Aeronaut ica l  Vehicles 
program. 

.- 1/ Excludes Launch Vehicle Procurement as fo l lows  : 
1969 $2,394,000 
,1970 450,000 
1971 2,100,000 
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RES U R C H  AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF ADVd4NCED RESEARCH AND TECHNOLOGY --- 
PROGRAM OBJECTIVES AND JUSTIFICATION: 

BASIC RESEAXCH I'ROGRAM --- 

T h e  Basic Research program suppor t s  fundamental r e sea rch  i n  the phyr i c a l  
and mathematical s c i ences .  It is aimed a t  provid ing  an  understanding of t h e  
phys ica l  phenomena p e r t i n e n t  t o  o t h e r  NASA programs concerned w i t h  curi.ent 
and f u t u r e  a i r c r a f t  and space  a c t i v i t i e s .  This b a s i c  r e sea rch  is carr:i.ed 
out p r i n c i p a l l y  i n  N A S A ' s  r e sea rch  and space f l i g h t  c e n t e r s  supplementt!d by 
i n v e s t i g a t i o n s  a t  u n i v e r s i t i e s ,  i n d u s t r i a l  r e sea rch  l a b o r a t o r i e s ,  and o t h e r  
Government r e sea rch  c e n t e r s ,  Fundamental understanding o f  phys i ca l  phttnomena 
i n  many f i e l d s  of s c i ence  is requ i r ed  t o  develop t h e  technology f o r  NA!;A's 
programs, Basic r e sea rch  i n  NASA, t h e r e f o r e ,  must encompass a w i d l e  spc!ctrum 
of d i s c i p l i n e s ,  It ranges from very  fundamental s t u d i e s  i n t o  t h e  n a t u r e  and 
p r o p e r t i e s  of atoms and molecules t o  t h e  more a p p l i e d  r e sea rch  a r e a s  siich as 
determining the b e s t  materials f o r  t h e  space s h u t t l e .  

The Basic Research program is d iv ided  i n t o  fou r  broad d i s c i p l i n e s :  F lu id  
Phys ics ,  E lec t rophys ic s ,  Materials, and Applied Mathematics. Thes,e art! 
d i scussed  below, as a p p l i c a b l e  t o  Aeronautics and Space. The d i v i s i o n  of t h e  
Basic Research Program i n t o  t h e s e  two c a t e g o r i e s  is  somewhat a r b i t r a r y  where 
t h e  Program is  a p p l i c a b l e  t o  both c a t e g o r i e s .  

Aeronautics Research and Technology 

The Flu id  Physics subprogram promotes b a s i c  r e sea rch  on aerodynamic and 
gas-dynamic problems r e l e v a n t  t o  NASA o b j e c t i v e s  i n  ae ronau t i c s .  Duriiig t h e  
p a s t  year, new re sea rch  programs have been i n i t i a t e d  on a i r  p o l l u t i o n  lfrom 
ae ronau t i c s  sou rces ,  n o i s e  gene ra t ion  from tu rbofan  systems, and super:;onic 
engine exhaust j e t s ,  S u b s t a n t i a l  p rogress  has been made i n  t h e  urtders [Landing 
and reducing  of s o n i c  boom and n o i s e ,  and a l s o ,  i n  understanding t h e  o.irigin 
and mechanisms of clear a i r  turbulence .  

The M a t e r i a l s  subprogram conducts b a s i c  s t u d i e s  t o  understand t:he rczlation- 
s h i p  between t h e  s t r u c t u r e  and p r o p e r t i e s  of materials t h a t  are used i i i  air- 
c r a f t ,  Typica l  examples are s t u d i e s  of s u r f a c e  phys ics  t o  underst:and ,md 
improve t h e  performance of a v i o n i c s  dev ices ,  a l l o y s  r e sea rch  t o  increa:;e t h e  
performance of both s t r u c t u r a l  and power p l a n t  materials and b a s i c  s tu l l i e s  t o  
b e t t e r  understand such f a i l u r e  mechanisms as f a t i g u e  and co r ros ion .  

The o b j e c t i v e  of t h e  Applied Mathematics subprogram is t o  develtop ntizw 
mathematical models and methods s o  t h a t  problems i n  ae ronau t i c s  may be so lved  
more r e a d i l y  c r  e f f i c i e n t l y  than  p o s s i b l e  today. Research is  c u r r e n t l y  
being c a r r i e d  out i n  d a t a  r e p r e s e n t a t i o n ,  ranking of a l t e r n a t i v e s ,  and i n  new 
methods of r ep resen t ing  s t o c h a s t i c  processes .  Future p l ans  inc lude  woick i n  
s imula t ion ,  i n f o  m a t  i o n  r e tr i e v a l  , and adap t ive  cont ro  1. 
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Space Research and Technology 

The Fluid E'liysiics subprogram promotes b a s i c  r e s e a r c h  on aerodynamic and gas- 
dynamic probleris r e l e v a n t  t o  NASA o b j e c t i v e s  i n  space.  During t h e  p a s t  yea r ,  
e n t r y  gas--dynamic: research  has  been continued wi th  s t u d i e s  pr imar i  Ly concerned 
with exper-imental. s imula t ion  and v e r i f i c a t i o n  of t h e o r i e s  regarding high 
speed e n t r y .  A s i g n i f i c a n t  advancement i n  gas-dynamic laser resea-tch has 
been made by t h e  r e c e n t  demonstration of a n  a l l  chemical laser.  

The E1t :c t rc~~hysic .s  Subprogram is devoted t o  i n c r e a s i n g  our  unde.cstanding 
of t h e  beliavior. c f e l e c t r o n s ,  n u c l e i ,  atoms and molecules comprising gases ,  
l i q u i d s  and sctl.ids under t h e  i n f l u e n c e  of a c o u s t i c ,  e l ec t r i c ,  and magnetic 
f o r c e s ,  Such neb information i s  a p p l i c a b l e  toward t h e  advancement of tlie 
technologies  of e l e c t r o n i c s ,  space power and propuls ion.  I n  e l e c t r o n i c ; ,  new 
paths  w i l l  be  made toward s t a b l e  wide-band modulated o p t i c a l  and infrari2.d 
lasers capable of t r a n s m i t t i n g  and r e c e i v i n g  increased  informat ion ,  and h igher  
temperature s u p  ercoilductors. For space power and propuls ion,  prog1:ess is 
being made t o  achieve s t a b l e  h igh  d e n s i t y  plasmas and t o  minimize energ7 
l o s s e s  s o  t h a t  t h e  magnetoplasmadynamic technique may be p r a c t i c a l ,  

The Mater ia l s  subprogram is conducting b a s i c  s t u d i e s  t o  understand tlie 
behavior  and p r o p e r t i e s  of materials f o r  use i n  space.  The researcilk is 
concerned with materials f o r  use  i n  e l e c t r o n i c  devices  such as semi-concluctors 
and t h i n  f i l m s ,  and wi th  s t r u c t u r a l  materials f o r  s p a c e c r a f t ,  i n  p a r t i c > i l a r  
f o r  t h e i r  use a t  high temperature ,  I n  t h e  next  yea r ,  a s i z a b l e  port.ion of 
t h e s e  s t u d i e s  w i l l  b e  d i r e c t e d  toward materials f o r  t h e  space s h u t t l e .  

The goa l  of t h e  Applied Nathematics subprogram is t o  achieve new matlie- 
matical  techniques f o r  t h e  s o l u t i o n  of problems r e l a t e d  Lo space f l i g h t , ,  
Fu ture  p lans  inc lude  work i n  m a t h e m a t i c a l  approaches t o  p a t t e r n  rec.ogni":ion, 
information re t r ieva l ,  automatic  theorem proving, and a d a p t i v e  systems. This 
work w i l l  be  a p p l i c a b l e  t o  many s o c i a l  and technologica l  problems i n  ad t l i t ion  
t o  t h e  NASA requirements.  

SUMMhRY OF --- RESOURCES REQUIREMENTS: -- 

1969 

Aeronaut ics  res earcti and technology $5,900,000 
Space research  m d  technology, .. . . . 14,320,000 

Total . .  . . . . . . . . . . . . . . . . . . . . e . . . . . $20,220,000 

$6,190,000 $6,6(10,000 
1 : L  0(~0,000 12,712,000 --& 

$15,902,000 --L $ 1 ' 7  6C0,OOO 
--.__-- 
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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. .  ... 
Goddard Spac:e F l i g h t  Center. ..... 
Jet  €'ropubsi.on Laboratory.  ....... 
Ames Ressarc:h Center. .  ........... 
E1ect:roni c s  Research Center.. .... 
Langley R.ese!arch Center.. ........ 
Lewis: Research Center. .  .......... 
NASA Head.qua.rters.. .............. 

BASIS OF FUNJI RE#QUIREMENTS: --- 

1969 

$820,000 

3,155,000 
2,561,000 
1,952,000 
2,457,000 
2,895,000 
6,258,000 

122,000 

19  70 

$555,000 

2,435,000 
2,775,000 
2,060,000 
2,310,000 
4,247,000 
4,420,000 

100,000 

Aeronautics Research and Technology 

Flu id  physics...................... 1,500,000 1,640,000 
Materials...................,....... 4,300,000 4,350,000 
Applied. m a  them a t  ics ................ 100,000 200,000 

Total............................ $5,900,000 $6,190,000 

1971 

$1,588,000 

-, 

100,000 
2,200,000 
2,805,000 

2,175,000 
4,510,000 
4,222,000 

--- 

1,750,000 
4,1j50,000 

-, 200,000 

S6.1jOO.000 

During the  p a s t  year ,  F lu id  Physics  research  has  r e s u l t e d  i n  s i ibs ta l i t i a l  
progress  i n  sc 'nic  boom and c lear  a i r  turbulence  research .  New research 
programs were i n i t i a t e d  on f l u i d  dynamic mechanisms of atmospheric p o l l u t i o n  
from a i rbo rne  and ground sources ,  and aerodynamic no i se  from engine turbofan  
systems and ecgine exhaust jets.  

The r e sea rch  program on s o n i c  boom p r e d i c t i o n  and reduct ion  has provided 
techniques f o r  p r e d i c t i n g  the  p re s su re  waves from a i r c r a f t  maneuvering 
through a nonuniform atmosphere,. Current  t h e o r i e s  have been extended I;O 

inc lude  t h e  e f f e c t s  of unsteady winds and atmospheric  turbulence.  Res<ults 
of s e v e r a l  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 a i r c r a f t  con f igu ra t ions  have 
ind ica t ed  t h a t  s i g n i f i c a n t  boom reduct ions  are p o t e n t i a l l y  f e a s i b l e .  'Che 
t h e o r e t i c a l  concepts are being eva lua ted  exper imenta l ly  i n  the  NASA wiiid 
tunnels .  

Progress  has been made i n  understanding t h e  o r i g i n  and mechanisms oli clear 
a i r  turbulence  which is an important  o p e r a t i o n a l  problem of p re sen t  jell: 
t r anspor t s .  The r e s u l t s  of t hese  s t u d i e s  should c o n t r i b u t e  t o  eventua:'. 
d e t e c t i o n  and avoidance. 

The new research  program on atmospheric  p o l l u t i o n  is an i n v e s t i g a t i o n  of 
t h e  f l u i d  dynamic mechanisms of t h e  i n t e r a c t i o n  and d i s p e r s i o n  of po l l i l t an t s  
from a i rbo rne  and ground sources  i n  urban areas. Wind tunne l  tes ts  of gas 
concent ra t ions  around model bu i ld ings  are expected t o  provide quantita1:ive 
d a t a  on p o l l u t i o n  concent ra t ions  caused by a i r c r a f t  and motor v e h i c l e s , ,  i n  
terms of t h e  s t r e n g t h  of t h e  source.  Prel iminary v i s u a l  d a t a  of smoke flow 
experiments involving a bu i ld ing  and street model i n  a wind tunnel  havt! 
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shown t h a t ,  perpendicular  t o  the wind d i r e c t i o n ,  t h e r e  appears  t o  be low 
v e n t i l a t i o n ,  i.e. high p o l l u t a n t  concen t r a t ions ,  i n t o  t h e  ad jacen t  streets. 
Fur ther  research i n  t h i s  program w i l l  p rovide  q u a n t i t a t i v e  d a t a  f o r  a v a r i e t y  
of atmosphertc ;and p o l l u t i o n  source  condi t ions .  

New r e sea rch  programs have been i n i t i a t e d  t o  ga in  an  understanding of t h e  
mechanisms of n o i s e  genera t ion  from turbofan  systems and supersonic  engine 
exhaust  .jets ,, !some progress  has a l r e a d y  been made, t h e o r e t i c a l l y ,  foi .  
p r e d i c t i n g  n o i s e  from supersonic  j e t  exhausts .  Also, s t u d i e s  are being 
cont inued t o  determine t h e  flow mechanisms by which n o i s e  r educ t ions  are 
achieved i n  islie jets. 

Materials research  seeks  t o  determine why engineer ing  materials f a i l  under 
the  va r ious  rnechanical, chemical and thermal environments t h a t  they encounter  
i n  a i r c r a f t  s t r u c t u r e s  and propuls ion  systems. P a r t  of t h e  r e sea rch  is 
motivated by t h e  need f o r  improved av ion ic s  f o r  advanced a i r c r a f t .  O n e  such 
program is i n  t h e  area of t h e  s u r f a c e  phys ics  and chemistry of s o l i d s  and is 
concerned wi th  s tudying  t h e  e f f e c t s  of s u r f a c e  oxygen on t h e  e l e c t r i c a l  pro- 
p e r t i e s  of geicminium. This research  is u s e f u l  f o r  p r e d i c t i n g  device  per- 
formance and i r e ldab i l i t y .  

I n  t h e  coming year ,  a l l o y s  f o r  advanced a i r c r a f t  s t r u c t u r e s  anld power 
p l a n t s  w i l l  receive increased  emphasis. Basic s t u d i e s  of t h e  s t a ' b i l i t y  and 
ox ida t ion  chai:ac:terist ics of  t h e  n i c k e l ,  coba l t ,  and chromium based a l l o y s  
toge the r  wi th  compa t ib i l i t y  with va r ious  ceramic ox ida t ion  r e s i s t a n t  coa t ings  
are expected t:o y i e l d  information which w i l l  i n c r e a s e  materials performance 
i n  t h e s e  appl.I.cations. 

Research cm t.he newer composite materials inc luding  high s t r e n g t h  and h igh  
modulus f i b e r s ,  h ighe r  temperature r e s i n s ,  and ox ida t ion  r e s i s t a n t  metal- 
matrix compos.j.tf:s w i l l  be  maintained because they cont inue  t o  o f f e r  t h e  b e s t  
po ten t ia l .  f o r  s i g n i f i c a n t  sav ings  i n  weight f o r  advanced a i r c r a f t .  

Basic stud.ies of such phenomena as f a t i g u e ,  co r ros ion ,  and f r i c t i o n  w i l l  
cont inue t o  L e  s8upported on a modest scale. Because such r e sea rch  tends t o  
be long t e r m  i t  w i l l  have t o  l a g  behind h ighe r  p r i o r i t y  i t e m s .  

The Applied Mathematics subprogram is suppor t ing  research  d i r e c t e d  a t  t h e  
u l t i m a t e  solut . ion of problems i n  ae ronau t i c s .  Examples of t h e  r e sea rch  are 
mathematics of' a i r c r a f t  environment, e.g., s o l u t i o n s  t o  non l inea r  i n t e g r a l  
equat ions  a r i s i n g  from adsorp t ion  k i n e t i c s ;  mathematics of aircraEt per- 
formance, e.g . ,  t ransforms r e l a t e d  t o  gene ra l i zed  h e a t  equat ions ;  and 
mathematics of a i r c r a f t  con t ro l ,  e.g., adap t ive  c o n t r o l  methods of optimizing 
climb rate, f u e l  consumption, etc. 

I n  a d d i t i o n ,  much of t h e  space r e l a t e d  r e sea rch  is of cons iderable  value 
t o  a e r o n a u t i c a l  prablems. For example, both space and a e r o n a u t i c a l  problems 
genera te  non l lnea r  d i f f e r e n t i a l  equat ions  t h a t  r e q u i r e  new techniques f o r  
s o l u t i o n .  
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Space Research and Technology 

1971 
-, 

1969 1970 

F lu id  physics . .  .................. $3,485,000 $2,855,000 $ ~ , ~ ~ ~ o ~ o ~ ~  
E l e c t r o p h y s i c s . . . . . . . . . . . . . . . . . . ,  6,260,000 4 , 910,000 3 ,, 350 , 000 
Materials........................ 3,455,000 3 , 987,000 4,555,000 
Applied malt iiernatics.. ............ 1,120,000 960,000 9 75 ,000 -. 

Tota l . .  ........................ $14,320,000 $12,712,000 $ & ~ ~ o , o ~ ~  

During t h e  p a s t  year ,  F lu id  Physics  r e sea rch  has  r e s u l t e d  i n  a s i g n i f i c a n t  
advancement :i:3 gas-dynamic laser  r e sea rch  wi th  t h e  r e c e n t  demonstrat ion of an  
a l l  chemical 1a:jer. This new chemical laser is t h e  f i r s t  f o r  which continuous 
ope ra t ion  is  achieved s o l e l y  by mixing commercially a v a i l a b l e  b o t t l e d  gases  
toge the r .  
wi th  those  of t h e  higlles t power, convent ional ,  e l e c t r i c a l l y - e x c i t e d  CC:l l asers ; )  
are i ts  compactness and s i m p l i c i t y ,  and t h e  f a c t  t h a t  no e l e c t r i c a l  pcwer o r  
thermal sources  are r equ i r ed  f o r  e x c i t a t i o n .  High power, h igh  e f f i c i e n c y  gas-. 
dynamic :issei:!; , with  t h e i r  compactness and s i m p l i c i t y ,  show g r e a t  promise f o r  
such app:Licat:Lons as space communications and power t ransmiss ion  t o  s a t e l l i t e s 8 .  

TIE p o t e n t i a l  advantages of t h i s  chemical C02 laser ( i n  con.parison 

2 

A research  pirogram on t h e  flow f i e l d  a n a l y s i s  of r a r e f i e d  gas has provided 
a n  exac t  anal.yti.ca1 method f o r  p r e d i c t i n g  h e a t  t r a n s f e r ,  s k i n  f r i c t i o r l  
c o e f f i c i e n t s  j, arid p re s su re  c o e f f i c i e n t s  on space v e h i c l e s  f l y i n g  through t h e  
upper atmosphere. Accurate p r e d i c t i o n  of such r a r e f i e d  gas-dynamic 
q u a n t i t i e s  citn become s i g n i f i c a n t  f o r  c e r t a i n  des igns  of t h e  space s h u t t l e .  
Other methods c u r r e n t l y  being used start  t o  l o s e  accuracy i n  t h e  s l i p  flow 
regime (20 - 40 m i l e  a l t i t u d e )  and even tua l ly  become i n v a l i d  i n  t h e  t r a n s i t i o n  
flow regime (40 - 80 m i l e  a l t i t u d e ) .  This  exact method of p r e d i c t i o n  w i l l  
a l s o  provide a guide f o r  ob ta in ing  good experimental  d a t a  i n  low dens i ty  
wind tunne l s ,  

Kecent: r e sea rch  i n  t h e  Elec t rophys ics  subprogram r e s u l t e d  i n  i n t e r n a l l y  
modulating a semiconductor laser which consequent ly  t r ansmi t s  i n  a man,ner 
s i m i l a r  t:o an Fll b roadcas t  s t a t i o n .  Because of i t s  small s i z e ,  t ' h i s  type 
laser should b e  u s e f u l  i n  s p a c e c r a f t  communications. 

L a s t  year  a new and very s e n s i t i v e  ga l l ium antimonide p res su re  t ransducer  
w a s  descr ibed, ,  mounted a t  t h e  t i p  of a c a t h e t e r ,  t o  monitor blood p res su re  
v a r i a t i o n s .  Fur ther  progress  has  been made i n  reducing t h e  s i z e  so t h a t  t h e  
t ransducer  cam now be  placed i n  a hypodermic needle ,  Seve ra l  h o s p i t a l s  have 
become i n t e r e s t e d  i n  experimenting wi th  t h e  device.  

Research clri superconductors  t o  i n c r e a s e  t h e  t r a n s i t i o n  temperature  w i l l  
be cont inued hy i n v e s t i g a t i n g  t h e  e f f e c t  of depos i t i ng  a p o l a r i z a b l e  
inorganic: f i l m  on a superconductor t o  induce some e l ec t ron -pa i r  formation 
without  t.he i n t e r v e n t i o n  of phonons. A f u r t h e r  s t e p  w i l l  be  t h e  laying of 
a more highly pcl lar izable  organic  f i l m  on a superconductor  t o  accen tua te  



p a i r  formatiort s t i l l  f u r t h e r  through t h e  i n t e r a c t i o n  of e l e c t r o n s  wi th  t h e  
p o s i t i v e  charges' i n  t h e  f i lm.  Hopefully,  t h e  t r a n s i t i o n  temperature  w i l l  
be  g r e a t e r  thlatn t h e  p re sen t  upper l i m i t  of  21° K because of a d d i t i o n a l  
e l e c t r o n  p a i n  induced i n  t h e  superconductor by t h e  po la r i zed  f i lm.  

Thin f i l m  amalrphous semiconductors possess  unusual swi tch ing  arid memory 
c h a r a c t e r i s  tics. This  behavior could l ead  t o  u s e f u l  a p p l i c a t i o n s  i n  computer 
sys  t e m s .  I n t e n s i v e  r e sea rch  is underway t o  determine t h e  r e spons ib l e  Eunda- 
mental  mechanisms i n  o rde r  t o  later develop r e l i a b l e  components. 

For a p p l i c a t i o n s  i n  space  propuls ion  and power, plasma dynamics r e sea rch  is 
concerned p r e s e n t l y  wi th  h igh  power d e n s i t y  ion ized  gases  and t h e i r  i n t e r -  
a c t i o n s  wi th  e lec t romagnet ic  f i e l d s  and conf in ing  w a l l  s t r u c t u r e s , .  I n  t h i s  
contex t ,  t h e  unique c h a r a c t e r i s t i c s  of uranium plasmas are being explored,  
such as t h e  r a d i a t i o n ,  s p e c t r a ,  and t r a n s p o r t  of t h e  charged f i s s i o n  fragments,, 
P l a s m a  i n s t a b i l i t i e s  and boundary l a y e r  e f f e c t s  are a l s o  being inves t i ,ga ted .  

Space-rela t.ed materials r e sea rch  ranges from s t u d i e s  of t h e  re:Lationship 
between t h e  e l e c t r o n i c  s t r u c t u r e  of s o l i d s  and t h e i r  phys i ca l  and mechanical 
p r o p e r t i e s  to  i n v e s t i g a t i o n s  of how materials behave i n  a space environment. 

I n  t h e  past.,  r e sea rch  on materials f o r  e l e c t r o n i c  a p p l i c a t i o n s  has 'yielded 
improvements i.n t h e  performance of l i t h i u m  f e r r i t e s  f o r  memory co res  f o r  
high speed computers. This improved material has  now been incorporatel l  i n t o  
onboard s p a c e c r a f t  computers. The cont inuing  requirement f o r  improved 
computer memories has  s t imu la t ed  a d d i t i o n a l  r e sea rch  p r o j e c t s  f o r  t h i s  
coming year  on. new and p o t e n t i a l l y  h ighe r  memory s t o r a g e  capac i ty  magnlztic 
materials f o r  f u t u r e  spacec ra f t .  

I n  the  a rea  of a l l o y s  research ,  added emphasis w a s  placed on iricrealjing 
the  use  tempexature of n i c k e l  and c o b a l t  base  supe ra l loys  f o r  t h e  spacle 
s h u t t l e .  The p r i n c i p a l  d i r e c t i o n  of t h e  work i n  t h e  next  year  w i l l  be  on 
s t rengthening  t h e s e  a l l o y s  by d i s p e r s i n g  iner t  oxides  i n  t h e  a l l o y s .  C t  is 
be l ieved  t h a t  such materials are a prime candida te  f o r  l a r g e  areas of ithe 
s k i n  of t h e  space s h u t t l e .  E f f o r t s  on f i b e r  r e in fo rced  supe ra l loys  w i l l  be 
continued a t  about  t h e  same l e v e l  as last year  t o  provide an  a l t e r n a t e  
r e sea rch  approach t o  inc reas ing  t h e  use  temperature  of t h e s e  a l l o y s .  IIigh 
temperature  m a t e r i a l s  research  w i l l  a l s o  be maintained i n  t h e  r e f r a c t o r y  
materials which i n  t h e  p a s t  have been p r imar i ly  of i n t e r e s t  f o r  space ipower 
but  are now f i n d i n g  a d d i t i o n a l  i n t e r e s t  f o r  t h e  space s h u t t l e .  

Most high s t r e n g t h  materials f a i l  i n  a b r i t t l e  and c a t a s t r o p h i c  manner, 
because as the  s t r e n g t h  of ceramics and composite materials i n c r e a s e s ,  t h e i r  
d u c t i l i t y  gene ra l ly  decreases .  The Materials subprogram w i l l  i nc rease  i t s  
emphasis dur ing  t h e  coming year  on s t u d i e s  of f r a c t u r e  and f a i l u r e  meclianisms 
p a r t i c u l a r l y  as they relate t o  t h e  use  of t h e s e  materials f o r  advanced space 
missions.  The knowledge gained w i l l  a l s o  be  used t o  develop t h e o r i e s  for  
p r e d i c t i n g  the  l i f e  of such materials when they are sub jec t ed  t o  comph!x 
p a t t e r n s  of temperatures  and loads  f o r  long t i m e s .  This d a t a  is par t i l :u la r ly  
needed f o r  advanced s p a c e c r a f t  having long mission t i m e s .  
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Applied mathematics r e sea rch  is  c u r r e n t l y  being c a r r i e d  out  on many d i v e r s e  
space r e l a t e d  problems. Among t h e  most s i g n i f i c a n t  are new ways t o  reduce, 
r e p r e s e n t ,  and . i n t e rp re t  da t a ,  a method f o r  ranking and s e l e c t i n g  am0n.g severad 
a l t e r n a t i v e s ,  development of methods f o r  s c i e n t i s t s  and non-sc ien t i s t s  t o  
i n t e r p r e t  reseaicch r e s u l t s ,  and new methods of r ep resen t ing  s t o c h a s t i c  o r  
random p roce:; ;e:;. 

The resuli t ,s  of t h e  r e sea rch  i n  progress  w i l l  no t  only he lp  so lve  some of 
NASA's iinpori:,nnt problems; they w i l l  augment o t h e r  technologica l  apprclaches i n  
p o l l u t i o n ,  h e a l t h ,  t r a n s p o r t a t i o n ,  and educat ion.  

I n  t h e  immediate f u t u r e ,  t h e  Applied Mathematics subprogram w i l l  fclcus on 
mathematical  ,qqxoaches f o r  recogniz ing  p a t t e r n s  (e.g. cloud cover,  ocean 
c u r r e n t s ,  c ro?  damage, e t c . ) ,  methods f o r  r e t r i e v i n g  information from very 
l a r g e  s t o r e s  of documents and d a t a ,  new automat ic  problem so lv ing  methods 
us ing  modern theorem-proving r e sea rch ,  and r e sea rch  i n t o  adap t ive  robcits f o r  
tak ing  over  some of man's func t ions  i n  a n  unf r iendly  environment. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SPACE VEHICLE SYSTElS PROGRAM - -- OFFICE --- OF ADVANCED RESEARCH AND TECHNOLOGY 

PROGRAM 0B.JEC'IIIVES AND JUSTIFICATION: 
-4- 

The Spacx Vehicle Systems program is  a n  a p p l i e d  r e sea rch  and technology 
program. 'flie primary o b j e c t i v e s  w i t h i n  t h e  d i s c i p l i n a r y  areas of ae ro the r -  
modynamics ,, s t r u c t u r e s ,  and space  environmental  p r o t e c t i o n  and c o n t r o l  are t o  
(1) conduct focused r e sea rch  and technology e f f o r t s  on c r i t i ca l  protllems 
a s s o c i a t e d  wi th  t h e  r eusab le  space  s h u t t l e ,  t h e  space  s t a t i o n ,  lunar 
explora t ior i , ,  and p l ane ta ry  v e h i c l e s ,  and (2) conduct c a r e f u l l y  s e l e c t e d  
advanced t echno log ica l  r e sea rch  of p a r t i c u l a r  importance f o r  a l l  types  of 
unmanned and manned space veh ic l e s .  

The program a l s o  inc ludes  t h e  formula t ion  of space  v e h i c l e  design cr i ter ia  
documents a t ;  we11 as a s p e c i a l  a c t i v i t y  concerning aerospace  saEety.  

SUMMARY --- OF F:ESOURCES REQUIREMENTS : 

-I 1971 _- 1969 19 70 
Research and Technology: 

Space v e h i c l e  aerothermodynamics. $9,116,000 $9,673,000 $7,300,000 

Space environmental p r o t e c t i o n  
and control.................... 10,603,000 8,048,000 7,800,000 

Space v e h i c l e  des ign  criteria,. . .  1,669,000 1,394,000 .,t ,350,000 

Space v e h i c l e  s t r u c t u r e s . .  ....... 9,496,000 10,355,000 1:!,050,001:) 

Aerospace sa€ety research.......... 465,000 1,200,000 _.. .l.,500 ,000 __ 
Tota l . .  ........................ $31,349,000 $30,67O,OOO $3(1,000 ,oo(!. 

-I -I 

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

Manned Spac:ecraft Center.  ........ $947,000 
Mar~hal l .  Space F l i g h t  Center.. ... 3,462,000 
Goddard Space F l i g h t  Center. .  .... 2,351,000 
Jet Propuls ion  Laboratory.. ...... 1,710,000 
A m e s  Research Center..  ........... 3,560,000 
Electrocdcs,  Research Center..  .... 425,000 
F l i g h t  Research Center. .  ......... 1,220,000 

NASA, Heaciqu.arters.. .............. 1,122,000 

Langley E:esearch Center.,........ 13,482,000 
L e w i s  Resea.rch Center............ 3,070,000 

$1,740,000 
3,943,000 
2,400,000 
1 ,b65,000 
3,165,000 

389,000 
1,205,000 

12,45 2,000 
2,910,000 
1,001,000 

$1,050,000 
3,035,000 
1,475,0001 
1,475,000 
3,100,000 --- 
1,200,000 

13,985,000 
3,300,000 
1,380,000 

FLD 11-1 



BASIS OF --- FUND REQUIREMENTS: 

Space Vehicle Aerothermodynamics 

1969 1970 

Research ant1 technology. .......... $9,116,000 $9,673,000 

Subtota.j., ....................... $9,116,000 $9,673,000 

Scout. (Launch Vehicle Procurement 
Program). ....................... ($200,000) ($300,000) 

T o t a l  ( i nc lud ing  Launch 
Vehicles)..................... ($9,316,000) ($9,973,000) 

-. 1971 

-, $7,300,000 

$7 , 300,000 

($1 AI 000 ,ooo:, 

($8 -, I 300,000) -. 

The main t h r u s t  of t h i s  subprogram i n  FY 1971 is r e s e a r c h  focused on 
c r i t i c a l  aerothermodynamic problems a s s o c i a t e d  wi th  conceptua l  vehic.i.e con- 
f i g u r a t i o n s  and wi th  d e t a i l e d  aerothermodynamic des ign  of (1) t h e  maimed 
space s h u t t l e  <and (2)  advanced unmanned p l a n e t a r y  atmospheric probes Beyond 
t h e s e  focus~ed e f f o r t s ,  an important body of more gene ra l i zed  aerotheimodynamnc 
r e sea rch  is conducted t h a t  is  broadly a p p l i c a b l e  t o  a l l  types  of space  vehicl-es. 

The :j t r i n g e n t  requirements of r e u s e  and o p e r a t i o n a l  economy of lax ge 
mul t i s t age  space s h u t t l e  v e h i c l e s  pose unique problems i n  aerodynamic 
s t a b i l i t y ,  c o n t r o l ,  atmospheric e n t r y  h e a t i n g ,  and i n  h e a t  p r o t e c t i o n  system 
design. These important f a c t o r s  i n t e r f a c e  s t r o n g l y  wi th  t h e  need for  new, 
more e f f i c i e n t  s t r u c t u r a l  concepts and w i t h  cons ide ra t fon  of payload, 
volume, crew q u a r t e r s ,  f u e l  t anks ,  and o t h e r  o p e r a t i o n a l  n e c e s s i t i e s .  Emphasis 
w i l l  be d i r e c t e d  toward (1) i n v e s t i g a t i n g  t h e  aerodynamic performance, 
s t a b i l i t . y ,  c o n t r o l  and f l y i n g  q u a l i t i e s  of promising space  s h u t t l e  concepts  
and (2)  more a c c u r a t e  de te rmina t ion  of t h e  aerodynamic h e a t i n g  environment t o  
p e r m i t  e f f i c i e n t  des ign  of h e a t  p r o t e c t i o n  systems a l l  w i t h i n  t h e  r e a l i s t i c  
l i m i t s  of v e h i c l e  weight and s t r u c t u r a l  cons ide ra t ions .  

The coope ra t ive  NASA and USAF l i f t i ng -body  f l i g h t  r e s e a r c h  program is 
i n v e s t i g a t i n g  p i l o t i n g  problems and f l y i n g  and handl ing  q u a l i t i e s  of 
f i g u r a t i o n s  r ep resen t ing  concepts of manned r e e n t r y  v e h i c l e s  dur ing  tlie 
t e r m i n a l  phases of space f l i g h t ,  i .e.,  from supe r son ic  speeds t o  1and:i.ng. 
F i f ty - f ive  g l i d e  and powered f l i g h t s  have been accomplished on three : ;epara te  
v e h i c l e s  as (of .January 1. The powered HL-10 has been flown t o  a Mach number 
of 1.6 and a n  a l t i t u d e  of 80,000 f e e t .  During FY 1971, t h e  HL-10 wi11I. be  
used t o  s tudy  powered approach and l and ing  and t e rmina l  guidance, and t o  
complete t h e  i n v e s t i g a t i o n  of f l i g h t  s t a b i l i t y  and c o n t r o l  a t  t r a n s o n i c  speeds 
begun dur ing  FY 1970. The X-24A had i ts  i n i t i a l  f l i g h t  i n  A p r i l  1969, and 
w i l l  be f l i g h t  t e s t e d  through i ts  des ign  envelope up t o  a Mach number of 2.0 
a t  an a l t i t u d e  of 80,000 f e e t .  The r e b u i l t  M2-F3 w i l l  resume f l i g h t s  t o  
i n v e s t i g a t e  modi f ica t ions  made t o  t h e  v e h i c l e  t o  improve i ts  aerodynamic 
c h a r a c t e r i s t j  c s  and t o  i n v e s t i g a t e  r e a c t i o n  j e t s  f o r  c o n t r o l l i n g  t h e  veh ic l e .  



Research w i l l  cont inue  on promising concepts f o r  advanced unmanned plane- 
t a r y  atmospheric probes and s o f t  l ande r s .  
provide improved a b l a t i o n  h e a t  p r o t e c t i o n  from t h e  extreme hea t ing  en- 
countered dur ing  Venus and J u p i t e r  atmospheric en t ry .  
i n f l a t a b l e  systems t o  d e c e l e r a t e  v e h i c l e s  du r ing  Mars atmospheric en I:ry w i l l  
be  developed t o  i n c r e a s e  ins t rument  payload c a p a b i l i t y .  
are planned t o  confirm deployment, d r a g ,  s t a b i l i t y ,  and performatnce of a 
promising d e c e l e r a t o r  concept. 

I n v e s t i g a t i o n s  w i l l  be  conducted t:o 

Technology f o r  advanced 

F l i g h t  experiments 

Development of a p l a n e t a r y  atmosphere experiment scheduled f a r  a l ' l i gh t  
test  i n  t h e  Ear th ' s  atmosphere i n  N 1971 w i l l  continue.  
speed t r a j e c t o r y  w i l l  s imu la t e  t h e  e n t r y  cond i t ions  f o r  a p l ane ta ry  ndssion. 
The test w i l l  i n v e s t i g a t e  t h e  a b i l i t y  t o  determine i n  f l i g h t  t h e  s t r t c t u r e  
and composi t ion  of an  unknown p l a n e t a r y  atmosphere from measurements of t h e  
probe vehic.Le motion and t h e  ambient gas  c h a r a c t e r i s t i c s .  

The plannec high- 

Broader, longer range advanced technology a c t i v i t i e s  i nc lude  d e t a i  l e d  
i n v e s t i g a t i o n s  of t h e  complex i n t e r a c t i o n s  of t h e  by-products of a b l a t i o n ,  
advanced metliods f o r  p r e d i c t i n g  v e h i c l e  motions du r ing  f l i g h t ,  t h e  condi t ions  
of extreme 1ieat:ing of v e h i c l e s  experienced upon r e e n t e r i n g  t h e  e a r t h ' s  
atmosphere ill: p l a n e t a r y  r e t u r n  speeds of 50,000 f e e t  pe r  second lor m a r e ,  
and special  programs i n  suppor t  o f  t h e  Department of Defense. 

Space Vehicle S t r u c t u r e s  

1971 - 1969 1970 

Research and technology. . . . . . . . . , $9,496,000 $10,355,000 $12,1)50,000 

Tota.l....................,....., $9,496,000 $10,35 5,000 A: $12 i150,OOO 

During FY 1971 e f f o r t s  w i l l  be  d i r e c t e d  t o  advancement of s t ruc tur lcs  
technology t o  meet t h e  c r i t i c a l  needs of t h e  r eusab le  space  s h u t t l e ,  [:he 
space s t a t i o n  and space base ,  l una r  e x p l o r a t i o n  systems, and p l ane ta ry  
veh ic l e s .  Also, continued emphasis w i l l  be  placed i n  important areas of 
s t r u c t u r e s  r e sea rch  having broad ranges  of a p p l i c a b i l i t y  t o  f u t u r e  splice 
systems and i n  determining f e a s i b i l i t y  of promising advanced concep t s ,  

The technology program is  d i r e c t e d  toward s o l v i n g  t h e  unique and d i i f f i c u l t  
s t r u c t u r e s  problems of r eusab le  space s h u t t l e s .  Each s t a g e  must wi ths tand  
repea ted  launch, r e e n t r y ,  c r u i s e ,  and l and ing  cond i t ions  wi th  many c r j t i c a l  
loading  and tzmperature environments. Increased  e f f o r t s  w i l l  be  focusled on 
l i gh twe igh t ,  nighly e f f i c i e n t  s t r u c t u r e s  t h a t  are a p r e r e q u i s i t e  t o  successful.  
space s h u t t l e  development. Reusable thermal  p r o t e c t i o n  systems and o t h e r  
v i t a l  coinpont?nts t h a t  must wi ths tand  extreme temperatures r epea ted ly  h i i l l  be 
s t u d i e d  ex tens ive ly .  

Problems in t h e  s t r u c t u r a l  des ign  of space s t a t i o n s  and space  bases t h a t  
w i l l  r ece ive  a t t e n t i o n  inc lude  t h e  dynamics of very  l a r g e  f l e x i b l e  v e h i c l e s ,  
p rov i s ions  f o r  a r t i f i c i a l  g r a v i t y ,  docking, maintenance, and r e p a i r  f o r  long 
o p e r a t i o n a l  ].if e .  
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. Future e:~painsion of  l u n a r  e x p l o r a t i o n  a c t i v i t i e s  w i l l  r equ i r e  impi.oved 
systems wi th  l igh tweight  s t r u c t u r e s .  
f o r  s h e l t e r s  and equipment t o  permit  extended and more versat i le  manrled 
opera t ions .  

Technology w i l l  cont inue  t o  be developed 

For p l ane ta ry  missions beyond Viking, r e s e a r c h  w i l l  cont inue  t o  bc focused 
on c r i t i c a l  : ; t ruc tures  such as advanced a e r o s h e l l s  f o r  e n t r y  i n t o  p l ane ta ry  
atmospheres .mnd l a r g e r ,  l i gh twe igh t  e r e c t a b l e  s p a c e c r a f t  antennas for 
communi~~atioii  dur ing  missions t o  t h e  more d i s t a n t  o u t e r  p l ane t s .  

I n  additi.on t o  t h e  foregoing,  s t r u c t u r e s  technology w i l l  be  advanced f o r  
a p p l i c a t i o n  110 c r i t i ca l  subsystems f o r  a v a r i e t y  of space  veh ic l e s .  Signi- 
f i c a n t  progrt?sa has been made i n  technology f o r  p re s su re  v e s s e l  ‘design and 
prolonged s t o r a g e  of cryogenic  f l u i d s  such as l i q u i d  hydrogen, bu t  continued 
research  is needed t o  provide more d e t a i l e d  da t a  t o  m e e t  t h e  exac t ing  require--  
ments f o r  engineer ing design of f u t u r e  systems. For some advanced miss ions ,  
new and unique s t r u c t u r a l  concepts  are needed t o  achieve f e a s i b l e  approaches,  
and e f f o r t s  tri1.1 cont inue  t o  exp lo re  such concepts.  Sca le  model:; of a 
proposed l a r g e  o r b i t a l  r a d i o  t e l e scope  w i l l  be  t e s t e d  i n  t h e  l abora to ry  and i n  
f l i g h t  t.o confirm t h e  p o t e n t i a l  o f  t h e  concept f o r  a f u t u r e  pro to type  system. 

Space Environmental P r o t e c t i o n  and Control  

L971 - 1969 1970 

Research and technology.. ......... $10,603,000 $8,048,000 , $ ~ ~ ~ o , ~ o ~  

Subto ta l . .  ...................... $10,603,000 $8,048,000 $ 7 , ~ ~ ~ ~ , ~ ~ 0  

Scout (Launch Vehicle  Procurement 
Program). ....................... (=> (=) ($1,:!.00,000) 

T o t a l  ( i nc lud ing  launch 
veh ic l e s ) .  .................... ($10,603,000) ($8,048,000) (&l,OO ,000) 

This subprogram seeks  t o  understand t h e  e f f e c t s  of t h e  space envirclnment 0x1 
space v e h i c l e  design,  and t o  provide  t h e  technology r equ i r ed  f o r  envir’onmental. 
p r o t e c t  i on and con t r o  1. 

During FY 5971, research  w i l l  be  continued i n  t h e  l abora to ry  and i n  f l i g h t  
experiments 1:o provide engineer ing  technologies  requi red  f o r  design of t h e  
space s t a t io r i / space  base ,  t h e  space s h u t t l e ,  and extended l u n a r  exploxat ion  
systems. These a c t i v i t i e s  i nc lude  a more accu ra t e  d e f i n i t i o n  of t he  s8pace 
r a d i a t i o n  env.ironment as i t  a f f e c t s  v e h i c l e  des ign ,  development of advanced 
r a d i a t i o n  dosimeters ,  and i n v e s t i g a t i o n s  of more v e r s a t i l e  h e a t  r e j e c t i o n  
r a d i a t o r  conc:epts, along wi th  t h e  a s s o c i a t e d  advanced thermal  ana lyses  and 
thermal/vacuuin t e s t i n g  techniques.  
problems of cxintamination of o p t i c a l  s u r f a c e s  which have been enc’ountered 
r ecen t ly  i n  spac:e. Meteor observa t ions  from ground s t a t i o n s  w i l l  cont inue.  
A f l i g h t  expeirin~ent i n i t i a t e d  i n  FY 1969 w i l l  be  developed f o r  launch i n  FY 

Increased a t t e n t i o n  w i l l  be  given t o  
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1972 t o  measusre t h e  e f f e c t i v e n e s s  of a meteoroid bumper i n  t h e  a c t u a l  space  
environment. These measurements, t oge the r  wi th  secondary measurement!; of 
meteoroid veI.ocity and impact f l u x  i n  t h e  same experiment, as w e l l  as i n  
ano the r  pre l iminary  f l i g h t  experiment i n  l a te  FY 1970, w i l l  provide dcata f o r  
des ign  of meteoroid p r o t e c t i o n  systems and c o r r e l a t i o n  w i t h  ground-based 
experiments. 

Research w i l l  be  undertaken t o  provide technology r equ i r ed  f o r  fu t i i re  inte:r- 
p l a n e t a r y  missions.  Work w i l l  cont inue  on meteoroid technology exper:i.ments 
t o  be  carried on Pioneer F and G s p a c e c r a f t .  These experiments w i l l  ilssess 

t h e  meteoroid hazard t o  s p a c e c r a f t  as t h e  v e h i c l e s  pass  through t h e  
a s t e r o i d  b e l t .  I n  o t h e r  ground-based r e sea rch ,  emphasis w i l l  b e  placctd on 
s t u d i e s  of a c t i v e  s p a c e c r a f t  temperature c o n t r o l  techniques ,  w i t h  pa r i . i cu l a r  
a t t e n t i o n  t o  hea t  p ipes .  Also, a t t e n t i o n  w i l l  be given t o  improvemeni: of 
s o l a r  s imula t ion  c a p a b i l i t i e s  a t  t h e  h igh  i n t e n s i t i e s  encountered on rliissions 
t o  t h e  i n n e r  p lane ts .  

A s  i n  p r i o r  y e a r s ,  an  advanced technology program of broad applicat: i l i t y  
w i l l  i nc  Lude re Einement of r a d i a t i o n  s h i e l d i n g  des ign  techniques ,  impi’ove- 
ment of ~understimding of t h e  mechanics of hype rve loc i ty  impact and r e l a t e d  
s imula t ion  t t 2 s  t:tng c a p a b i l i t i e s ,  t h e  development of more s t a b l e  thermal  
c o a t i n g s ,  and t h e  improvement of thermal/vacuum s imula t ion  and t e s t i n p  
techniques.  

Space Vehicle Design Criteria 

1971 
--, 

1969 19 70 

Research arid technology.. . . . *. . . . . $1,669,000 $1,394,000 $1,?,50,000 

Totali.... ,,.. . .................. $1,669,000 $1,394,000 $1,3:50,000 

In  t h i s  subprogram, cri teria and models of t h e  environment app Licable t o  
t h e  des ign  of space v e h i c l e  s t r u c t u r e s ,  p ropuls ion  systems, and guidance and 
c o n t r o l  systems are developed, documented and published. Technical experts 
a t  t h e  NASA f‘ie1.d c e n t e r s ,  t h e  Jet  Propuls ion  Laboratory,  t h e  aerospace 
i n d u s t r y  and u n i v e r s i t i e s  work t o g e t h e r  t o  formula te  t h e  c r i te r ia  and 
recommend approaches t o  be  followed t o  i n s u r e  t h e  continued development of 
r e l i a b l e  and e f f i c i e n t  space  veh ic l e s .  These c r i te r ia  are based on thi? 
experience gajned from p a s t  des ign  and o p e r a t i o n a l  exper ience  and t h e  latest 
results from research .  

A c t i v i t i e s  du r ing  FY 1969 and FY 1370 are expected t o  l e a d  t o  t h e  rirlease 
of approximately twenty new d e s i g n  cr i ter ia  monographs. The FY 1971  fiinds 
w i l l  b e  used t o  c o n t r a c t  f o r  t h e  s e r v i c e s  of t e c h n i c a l  e x p e r t s  from oulx ide  
t h e  Government who have t h e  knowledge and exper ience  t o  cont inue  t h i s  ( e f f o r t .  
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Aerospace Sa fe ty  Research 

1971 
-I 

1969 1970 

Aerospace s a f e t y  research.  . . . . . . . . $465,000 $1,200,000 $1,,5OO ,000 

Tota l .  .. ,,. . . .......... .... ..... . $465,000 $1,200,000 $1 500,000 
a& 

The Aerospace Sa fe ty  Research and Data I n s t i t u t e  (ASRDI), which was re- 
c e n t l y  estakI. ished, has  played a n  a c t i v e  and inc reas ing  r o l e  i n  suppor t  of 
aerospac:e s a f e t y  improvement. A key r e s p o n s i b i l i t y  of t h e  ASRDI is t?e  
Aerospac:e Sa.fety Data Bank which w a s  e s t a b l i s h e d  t o  c o l l e c t  and disseininate  
information on aerospace s a f e t y  and is scheduled f o r  i n i t i a l  ope ra t ion  i n  
e a r l y  1970. 

1 n i t i . a l  inipl.ementation of r e fe rence  s t o r a g e  and retrieval is plannled f o r  
February 1970. A t  t h i s  t i m e ,  t h e  ASRDI s t a f f  s h a l l  have on-l ine aces13 t o  
t h e  NBS Cryog;enic Information Center  f i l e s  and t h e  AEC Nuclear Safe ty  Infor -  
mation Center  f i les,  as w e l l  as t h e  NASA S c i e n t i f i c  and Technology InEorma- 
t i o n  Aeropsace r e fe rence  f i l e s .  

Seve ra l  rc:se.arch programs, planned f o r  FY 1971, w i l l  s eek  p r a c t i c a l  
s o l u t i o n s  t o  extremely p res s ing  s a f e t y  problems. A program t o  ident iEy and 
develop imprcived techniques f o r  d e t e c t i n g  and ex t ingu i sh ing  fire:; i n  inanned 
s p a c e c r a f t  which w a s  i n i t i a t e d  i n  FY 1970 a t  t h e  r eques t  of t h e  OMSF l q i l l  be 
continued. PLuch of t h e  work w i l l  a l s o  i n t r i n s i c a l l y  have a p p l i c a t i o n  t o  
a i r c r a f t .  Other programs are being pursued (1) t o  develop p r a c t i c a l  
engineer ing s a f e t y  cr i ter ia  f o r  roadable  cryogenic  dewars t o  assist the 
Department of' T ranspor t a t ion  i n  e s t a b l i s h i n g  t e s t i n g  s t anda rds ,  ( (2 )  t o  pro- 
v ide  increased  understanding of  t h e  p o t e n t i a l  sh rapne l  hazards  r e s u l t  Ing 
from explosicm of l i q u i d  p r o p e l l a n t  systems on launch pads,  and ( 3 )  t i3  s tudy 
i n  d e t a i l  t h e  ope ra t iona l  s a f e t y  problems r e l a t e d  t o  t h e  use  of :Liquid 
hydrogen i n  l a r g e  q u a n t i t i e s  as proposed f o r  t h e  manned s h u t t l e  space( - ra f t .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY ELECTRON1 CS SYSTEMS PROGRAM --- 
PROGRAM 0BJE:CTI:VES AND JUSTIFICATION: --- 

Aeronaut ics  Research and Technology 

Modern a i r c r a f t  r e l y  heav i ly  upon e l e c t r o n i c  systems both i n  t h e  funda- 
mental  operaitions necessary  t o  a tmospheric  f l i g h t  and i n  t h e  i n t e r a c t  Lve 
func t ions  between t h e  v e h i c l e  and i ts  e x t e r n a l  environment. A s  a i r c r , s f t  
speed, s i z e ,  complexity and t h e  d e n s i t y  of  a i r  t r a f f i c  i nc rease ,  t h e  
dependence a n  e l e c t r o n i c  a i d s  i n  a l l  a s p e c t s  of a i r c r a f t  ope ra t ions  m u l t i p l i e s  
r a p i d l y .  The  o b j e c t i v e s  of app l i ed  research  and development e f f o r t s  in  air- 
c r a f t  e l . ec t rc~nics ,  o r  av ion ic s ,  are t o  provide advances i n  technology which 
s i g n i f i c a n t l y  improve t h e  performance, c o s t  e f f e c t i v e n e s s  and r e l i a b i L i t y  of 
a v i o n i c  systems, o f f e r  important  new f u n c t i o n a l  c a p a b i l i t i e s  and solvi? 
i n t e r f a c e  prclblems between f l i g h t  ope ra t ions  and t h e  ope ra t ing  eriviroiiment. 

While a broad base  of fundamental knowledge i n  a v i o n i c  systems and com- 
ponents is necessary t o  main ta in  competency over  a per iod  of y e a r s ,  s p e c i f i c  
techniques and components which are pacing i t e m s  i n  near  term a e r o n a u ~ i c a l  
a p p l i c a t i o n s  must b e  s e l e c t e d  and developed i n  per iods  of cons t r a ined  resources .  
This  program is aimed a t  t h e  development of  such i t e m s  i nc lud ing  econlomical 
c o l l i s i o n  avcidance systems, a l l - w e a t h e r  landing  techniques,  improved d i sp lay  
systems, e f f e c t i v e  ver t ica l  and s h o r t  take-off and landing techniques and 
advanced components f o r  con t ro l ,  communications, naviga t ion  and guidance. 

Space Research and Technology 

Achievement of space mission o b j e c t i v e s  is completely dependent on t h e  
s u c c e s s f u l  ope ra t ion  of t h e  systems and subsystems which comprise the  space 
v e h i c l e  and couple  i t  t o  t h e  terrestrial world. E lec t ron ic s  is  a key element 
i n  most of these systems. The o b j e c t i v e  of t h e  E lec t ron ic s  Systems program 
is t o  i n s u r e  t h e  a v a i l a b i l i t y  of components, subsystems and systems wltich 
w i l l  permit  continued success  i n  f u t u r e  space missions.  This  o b j e c t i v e  is 
pursued through a s e l e c t e d  program of app l i ed  research  and developmeni; i n  
t h e  f u n c t i o n a l  a r eas  of guidance, con t ro l ,  communications, t r ack ing ,  :i.nstru- 
mentation and d a t a  processing.  Common t o  each of t h e s e  areas and supiborting 
t h e i r  development is a more fundamental r e sea rch  and development e f f o i t  i n  
e l e c t r o n i c  tlechniques and components which a p p l i e s  r e c e n t  advances i n  s o l i d  
state phys ics  t o  the  development of new and improved e l e c t r o n i c  devices f o r  
s y s  t e m  a p p l i c a t i o n s .  

S p e c i a l  einph,asis is being devoted t h i s  year  t o  t h e  development of i..ech- 
nology which w i l l  provide an  i n t e g r a t e d  e l e c t r o n i c s  system f o r  t h e  Space 
S h u t t l e  'Vehicle and an advanced informat ion  process ing  system fo r  t h e  Space 
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Sta t ion /Base  program. 
e l e c t r o n i c s  knowledge e s t a b l i s h e d  through p r i o r  yea r s ’  research  and dcwelop- 
ment ac t iv i ty .  
house r e sea rch  among t h e  va r ious  NASA c e n t e r s  supplemented by c o n t r a c t u a l  
e f f o r t s  wi th  academic and i n d u s t r i a l  f a c i l i t i e s  where necessary.  

Th i s  e f f o r t  is drawing on t h e  broad base of fuiidamental 

The work is accomplished through a coord ina ted  program of in-  

SUMMARY OF RESOIJRCES REQUIREMENTS --- 

19 7 1  -- 1969 19 70 

Aeronautic:; r e sea rch  and 

Space reseirrch and technology 
technology. ..................... $11,100,000 $10,495,000 $5,800,000 

Supporting r e sea rch  and 

F l i g h t  p r o j e c t s . .  
techno:Logy.. .................. 22,960,000 22,705,000 16,600,000 ............... --- 400,000 300,000 --, 

Tota l . . . .  ......................... $34,460,000 $33,500,000 $22 400,000 d: 

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

Manned Spiicecraf t Center.  ....... --- 
Marshal l  Space F l i g h t  Center. .  .. $2,180,000 
Goddard Spac:e F l i g h t  Center .  .... 2,801,000 
Jet Prop~11.sion Laboratory. .  ..... 2,891,000 
Ames Rese:circ:h Center. .  .......... 3,231,000 

F l i g h t  Reseamch Center.  ......... 740,000 
Langley R+:search Center. .  ....... 4,555,000 
NASA Headquarters.  .............. 2,014,000 

E lec t ron ic s  Research Center. . . . .  16,048,000 

$425,000 
2,870,000 
3,130,000 
3,540,000 
3,235,000 

13,665,000 
725,000 

4,510,000 
1,400,000 

$700,000 
3,790,000 
3,940,000 
2,660,000 
4,787,000 --- 

900,000 
4,723,000 

900,000 

BASIS OF --- FUND REQUIREMENTS: 

Aeronaut ics  Research and Technology 

Advanced concepts . .  ............... $3,120,000 $3,280,000 $1,200,000 
Guidance systems. 3,000,000 3,100,000 1,260,000 ......... 1,857,000 Control  systems.....,.... 3,000,000 2,507,000 
Communications..... ............... 200,000 125,000 L25,OOO 
Tracking and d a t a  a c q u i s i t i o n  400,000 100,000 L50,OOO 

140,000 175,000 L75,OOO Data handl ing and processing 
Instrumentat ion. . .  1,240,000 1,208,000 1,033,000 

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

..... ...... ................ 
Total.. . . . . .  .................... $11,100,000 $10,495,000 $5,;i300,000 

Advanced Concepts 

Advanced Cioncepts r e sea rch  is d i r e c t e d  toward d e f i n i n g  f u t u r e  e1ectm:onic 
systems and t h e i r  a p p l i c a t i o n s .  
i n t e r a c t i o n s  between system, subsystem and environment, and t h e  develolbment 

Objec t ives  inc lude  t h e  understanding of t h e  
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of advanced technology and new techniques relative t o  sys  t e m  accomplisliment. 
Concentrat ion,  as i n  previous yea r s ,  cont inues  t o  be  placed on a i x c r a f t ,  o r  
a v i o n i c  systems. 

A research  e f f o r t  being conducted under t h e  Advanced Concepts area :is aimed 
a t  a id ing  i n  t h e  s o l u t i o n  of t h e  a i r  t r a f f i c  congest ion problem. The Landing 
ra te  p e r  instrumented runway can be  s i g n i f i c a n t l y  increased  i f  the bas:i.c 
a i r c r a f t  s epa ra t ion  s tandards  are reduced. This  r educ t ion  cannot O C C U I -  under 
a l l -weather  cond i t ions  without  v i o l a t i n g  s a f e t y  s tandards  u n t i l  i t  can be  
demonstrated t h a t  a i r c r a f t  can  f l y  p r e c i s e  t i m e  and pa th  cons t ra ined  ti'a- 
j e c t o r i e s .  Tine proposed use  of i n e r t i a l l y  der ived  t r a n s l a t i o n a l  inforniat ion 
i n  conjunct ion wi th  ILS and automatic  f l i g h t  c o n t r o l  equipment is a new 
concept t h a t  has  been shown a n a l y t i c a l l y  t o  be capable  of up t o  a f a c t o r  of 
four  improvement i n  l a t e ra l  d i s p e r s i o n  a t  touchdown. A j o i n t  NASA-FAA f l i g h t  
eva lua t ion  of t h i s  development w i l l  be  conducted i n  l a te  FY 1970. W i t h  t h e  
c l o s u r e  of t h e  E lec t ron ic s  Research Center (ERC) t h i s  e f f o r t  w i l l  be 
t r a n s f e r r e d  t o  t h e  Langley Research Center f o r  completion. 

The cont inuing  e f f o r t  i n  V/STOL av ion ic s  w i l l  begin f l i g h t  test of ;s,everal 
system componc?:nta i n  FY 1971, The b a s i c  av ion ic s  system w i l l  serve as a test  
bed f o r  t h e  eva lua t ion  of advanced components such as a laser gyro i n e r t i a l  
r e f e rence  u n i t  and a redundant sensor  system. Through FY 1970, t h i s  program 
was conducted i l t  ERC. I n  l i g h t  of t h e  c l o s i n g  of t h a t  f a c i l i t y ,  t h e  Ey 1971 
e f f o r t  wi:L1 be t r a n s f e r r e d  t o  t h e  A m e s  Research Center. 

The current: commercial j e t  a i r c r a f t  and t h e  "jumbo" j e t  now i n  s e r v i c e  
are incorporat::tng i n t o  t h e i r  c o n t r o l ,  guidance and nav iga t ion  systlems a high 
degree of automation. Because of advances i n  e l e c t r o n i c  systems, these  
a i r c r a f t  w i l l  a l s o  have some increased  capac i ty  f o r  p r e c i s i o n  i n  en rou te  and 
te rmina l  area naviga t ion .  A research  e f f o r t  is underway t o  develo,p systems 
c r i te r ia  f o r  de f in ing  t h e  p i l o t ' s  r o l e  i n  systems wi th  vary ing  levels of 
automation. EXforts i n  FY 1971 w i l l  emphasize bo th  s imula t ion  and f l i g h t  
test of repres e n t a t i v e  p i l o t  managed s y s  t e m s .  

Guidance Systems 

I n  t h e  areal of backup o r  independent landing  a i d s  f o r  a i r c r a f t ,  t h e  first 
p i l o t  f l i g h t  eva lua t ion  of STOL a i r c r a f t  l anding  under low v i s i b i l i t y  
condi t ions  using a p i l o t  d i s p l a y  generated by onboard equipment and ground 
based beacons has demonstrated t h e  f e a s i b i l i t y  of t h e  technique. Fur ther  
e f f o r t s  w i  11 i r c l u d e  eva lua t ion  of improved d i s p l a y s  and inco rpora t ion  Df 
s i m p l i f i e d  i n e r t i a l  s enso r s  i n  t h e  system. A new e f f o r t  t o  determine the 
f e a s i b i l i t y  of using pass ive  r ad iomet r i c  techniques f o r  low v i s i b i l i t y  
landing is c u r r e n t l y  under s tudy.  Hardware e f f o r t s  planned t o  begin dur ing  
t h e  l as t  ha l f  c f  FY 1970 w i l l  be  continued i n  FY 1971. 

E f f o r t s  on op t imiza t ion  of guidance and naviga t ion  f o r  supersonic  a i iccraf t  
climb and c r u i s e  w i l l  be  continued. This  w i l l  inc lude  t h e  app1icat:ion li>f 
f ixed  t i m e  of a r r i v a l  techniques developed f o r  space t o  a i r c r a f t  naviga t ion .  
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Control  Systems 

Proper i n t e g r a t i o n  of man i n t o  a complex a e r o n a u t i c a l  veh ic l e ’ s  c o n t r o l  
and guidance system r e q u i r e s  a d e t a i l e d  q u a n t i t a t i v e  d e s c r i p t i o n  of t h e  
human opera tor  performance c h a r a c t e r i s t i c s .  Design of both t h e  d i s p l a y  and 
c o n t r o l  s y s t e m  are heavi ly  dependent upon t h e  humans c a p a b i l i t i e s ;  and 
l i m i t a t i o n s .  A cont inuing  r e s e a r c h  e f f o r t  is d i r e c t e d  toward de f in ing  t h e  
c a p a b i l i t i e s  and requirements of t h e  human ope ra to r  when he is placed i ls an 
a c t i v e  element i n  t h e  c o n t r o l  system. A r e s u l t  of t h i s  program has beam t h e  
development of techniques and a body of knowledge u s e f u l  i n  detemtinini: 
opt imal  information d isp lay-p i lo t -vehic le  c o n t r o l  i n t e r f a c i n g .  

Current  e f f o r t s  w i l l  extend t h e s e  techniques and knowledge t o  inclutle t h e  
p r e d i c t i o n  of p i l o t  workload and t h e  op t imiza t ion  of human performance i n  
multidimensioned t a s k s  such as a n  a i r c r a f t  approach and landing.  

I n  t h e  aircraEt components area, emphasis is on r e l i a b l e ,  low c o s t  lier- 
formance f o r  genera l  a v i a t i o n  a p p l i c a t i o n s .  F l u i d i c  components f o r  aut o- 
p i l o t  subsys ttsins have shown cons iderable  promise and development e f f o r t  s 
w i l l  be  continued i n  FY 1971. 

The re:;ults of e f f o r t s  on f l u i d i c  components w i l l  be  incorpora ted  i n  
f l u i d i c  subsystems f o r  l i g h t  a i r p l a n e  f l i g h t  eva lua t ion .  An X-14 a i r c r a f t  
is being modified t o  be a f l i g h t  test  bed f o r  VTOL a i r c r a f t  c o n t r o l  in t les t i -  
ga t ions .  These i n v e s t i g a t i o n s  w i l l  b e  aimed a t  developing advanced techniques 
f o r  improved a t t i t u d e ,  a l t i t u d e  and t r a n s l a t i o n a l  s t a b i l i t y  and c o n t r o l .  

Communications, Tracking and Data Acqu i s i t i on  

Flyable  m o c l e l a  of both microwave and o p t i c a l  p i l o t  warning i n d i c a t o r s  have 
been constructx’d. The microwave system performed s a t i s f a c t o r i l y  i n  f l i g h t  
tests, and fut.ura e f f o r t  w i l l  be  d i r e c t e d  toward making i t  l i g h t  and 
inexpensive enough f o r  u s e  by gene ra l  a v i a t i o n .  
f l i g h t  t e s t e d  and t h e  r e s u l t s  turned over  t o  t h e  Federa l  Avia t ion  Admini- 
s t r a t i o n  and indus t ry  f o r  d e c i s i o n s  on r u l e  making and f o r  c o n s t r u c t i o n  of 
product ion models. 

The o p t i c a l  system w i l l  be 

Data Handling and Process ing  

D i g i t a l  computer systems play l ead ing  r o l e s  i n  t h e  a n a l y s i s  of a i r c r a f t  
con f igu ra t ions  and des ign  f a c t o r s .  Research on techniques f o r  u t i l i z a t l o n  
of l a r g e  grounc computer complexes has  y i e lded  important  c o n t r i b u t i o n s  in  
s e v e r a l  NASA s t u d i e s  of a i r c r a f t  design f o r  t h e  DOD i n  t h e  p a s t  year .  In 
FY 1971 e f f o r t s  i n  t h i s  area w i l l  cont inue wi th  emphasis on techniques €or  
inc reas ing  t h e  real-time s imula t ion  process ing  power of computer sys tern);, 
reducing t h e  down-time of elements i n  t h e s e  systems, and developing metliods 
of measuring and ana lyz ing  t h e  e f f i c i e n c y  of l a r g e  ground computer complexes 
i n  so lv ing  complex s imula t ion  and des ign  problems. 



I n s  t rumenta t i on 

I n  support  oE f u t u r e  ae ronau t i c  programs and a s s o c i a t e d  test f a c i l j  t ies,  
advancement of measurement c a p a b i l i t i e s  is needed f o r  a wide v a r i e t y  of 
phys i ca l  paraneirers. 

An inatrurnent technique based on use  of a v i b r a t i n g  diaphragm and 
o r i g i n a l l y  deve:toped wi th  cons ide rab le  success  t o  measure aerodynamic 
p res su re  in wind tunne l s  has  been app l i ed  t o  a v a r i e t y  of o t h e r  uses because 
of i ts excell-ent: c h a r a c t e r i s t i c s  o f  ruggedness, small volume and wide 
measuring range - 8 decades.  Its p o t e n t i a l  c a p a b i l i t y  as an  a i r c r a f t  a l t i m e t e r  
wi th  a p red ic t ed  r e s o l u t i o n  of 10 f e e t  a t  100,000 f e e t  a l t i t u d e  is planned 
t o  be t e s t e d  i n  high a l t i t u d e  a i r c r a f t  f l i g h t s  dur ing  FY 1971. 

Supporting. t h . e  V/STOL program, progress  was made i n  t h e  development of a 
f l u i d i c  wind v e l o c i t y  i n d i c a t o r  t o  a c c u r a t e l y  measure low r e l a t i v e  a i r  speeds 
dur ing  t r a n s i t . i a n  and hover. Wind speeds as low as . 3  f t / s e c  have been 
measured i n  wind tunne l  tests with a s i n g l e  a x i s  model. ContinuatAon of pro- 
t o type  develoFment and f l i g h t  t e s t i n g  is planned f o r  FY 1971. 

The laser backsca t t e r  technique d iscussed  i n  p r i o r  yea r s ,  f o r  measuiring 
atmospheric d e n s i t y ,  w a s  used dur ing  1969 as p a r t  of NASA p a r t i c i p a t i o i i  i n  
t h e  Barbados Oceanographic and Meteorological  Experiment p r o j e c t .  The laser 
ins t rumenta t ion  was s u c c e s s f u l l y  used aboard s h i p  f o r  t h e  f i r s t  t i m e  t o  
measure s p a t i a l  and temporal d i s t r i b u t i o n  of a e r o s o l s  and t h e  r e f l e c t i v i t y  
of t h i n  clouds and moisture  l aye r s .  This  knowledge w i l l  c o n t r i b u t e  t o  b e t t e r  
meteorological  f o r e c a s t i n g  and b e t t e r  understanding of t h e  e r r o r s  i n  se!a 
s u r f a c e  temperature  measurement by satel l i te .  
be  extended t o  mult i f requency ope ra t ion  t o  permi t  i d e n t i f i c a t i o n  of 
a tmospheric  components (molecules and a e r o s o l s )  and remote measurement of 
water vapor pmf : l l e  da t a  t o  b e t t e r  d e s c r i b e  t h e  meteoro logica l  s t a t e  oi the  
lower atmosphere,  

I n  FY 1971 t h e  techniquc! w i l l  

Progress  w a s  also made i n  development of  systems t o  d e t e c t  flow turbulence  
remotely,  Laser ins t rumenta t ion  techniques developed t o  measure flow veloci-  
t ies i n  wind t imnels  by t h e  Doppler e f f e c t  were adapted t o  measurements of 
near  f i e l d  atmospheric tu rbulence  caused by t h e  t r a i l i n g  v o r t i c e s  o f  j e t  air- 
c r a f t  dur ing  1.ancling or t akeof f .  An experimental  a i r b o r n e  system f o r  
d e t e c t i n g  c lear  a d r  tu rbulence ,  which uses  a microwave radiometer  to measure 
temperature  f l u c t a t i o n s  as a func t ion  of atmospheric oxygen abso rp t ion  h a s  
been developed, and a i r c r a f t  i n s t a l l a t i o n  and f l i g h t  tests are planned f o r  
FY 1971. 
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Space Research and Technolopy 

Supporting Research and Technology 
Advanced concepts. .............. 
Guidance sys t e m s  ................ 
Contro l  systems.. ............... 
Communications. ................. 
Tracking; arid d a t a  acqu i s i t i on . .  . 
D a t a  haritlli.ng and processing..  .. 
I n s  t:rumanta. t ion .  ................ 
E1ec:tronj.c techniques and 

ccimponent s .................... 

1969 

$1,8 72,000 
2,372,000 
2,617,000 
3,493,000 
3,995,000 
3,088,000 
1,995,000 

3,5 28,000 

$22,960,000 

19 70 

$420,000 
2,743,000 
1,480,000 
3 , 310,000 
3,685,000 
3,975,000 
2,692,000 

4,400,000 

$22,705,000 

19 71 
-, 

---I 

$2,336,000 
1,659,000 
2,750,000 
1,912,000 
3,504,000 
1,788,000 

-, 2,651,000 

$16,600,000 - 
Guidance Systems 

The f e a s i b i l i t y  of onboard s p a c e c r a f t  guidance f o r  p l a n e t a r y  appro ,xh  w a s  
s u c c e s s f u l l y  demonstrated i n  a n  experiment on Mariner Mars 69. A new concept 
f o r  i nc reas ing  accuracy by us ing  t h e  moons of p l a n e t s  f o r  approach guidance 
is being explored wi th  t h e  o b j e c t i v e  of performing an  advanced experiinent 
on Mariner Mars 71. Research on strapdown ce les t ia l  senso r s  us ing  coii- 
ven t iona l  as w e l l  as holographic  star mapping techniques w i l l  be cont:i.nued 
f o r  use as e a r t h  o r b i t a l  s p a c e c r a f t  a t t i t u d e  r e fe rences .  

Development %of e l ec t romagne t i c  s e n s o r s  f o r  more r e l i a b l e  ho r i zon  s f m s o r s ,  
star t r a c k e r  and p l a n e t  approach guidance w i l l  be  continued. E f f o r t s  on 
devices  f o r  c a l i b r a t i n g  i n f r a r e d  rad iometers  have y i e lded  a f a c t o r  of f i v e  
improvement in c a l i b r a t i o n  accuracy. 
a c a l i b r a t i o n  system t o  be completed i n  FY 1971. 
hor izon  measiireinent rad iometer  w i l l  be completed e a r l y  i n  FY 1971 and develop- 
ment of a breadboard system i n i t i a t e d .  

These r e s u l t s  w i l l  be incorpora! ed i n  
Design of a p r e c i s i o n  

Automatic r e e n t r y ,  approach and l and ing  of space  s h u t t l e  v e h i c l e s  has been 
i d e n t i f i e d  as a s i g n i f i c a n t  technology area. S tud ie s  t o  develop guidance 
techniques fo.r all of t h e s e  phases w i l l  b e  i n i t i a t e d  i n  FY 1970 and ccintinued 
i n  FY 1971. I n  t h e  landing  phase,  t h i s  e f f o r t  w i l l  be c l o s e l y  c o o r d h a t e d  
wi th  on-going work t o  e v a l u a t e ,  i n  f l i g h t ,  t h e  a p p l i c a b i l i t y  of i n e r t i a l  
f i l t e r i n g  of Instrument Landing System re fe rence  beams used by convent iona l  
a i r c r a f t  ,, 

The o p t i c a l  I.aser rendezvous and docking r a d a r  is  a s t r o n g  cand ida te  f o r  
space s h u t t l e  a p p l i c a t i o n .  Along w i t h  continued e f f o r t s  t o  r e f i n e  its per- 
formance, a s,t:ucly is being i n i t i a t e d  t o  determine t h e  parameters needed f o r  
s h u t t l e  a p p l i c a t i o n .  This e f f o r t  w i l l  l e a d  to a l a b o r a t o r y  pro to type  
development i n  EY 1971. 
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Control  Systems 

I n  automatic  c o n t r o l  systems, areas of e f f o r t  i nc lude  components, systems,  
and f l i g h t  experimentat ion.  The space  v e h i c l e  components e f f o r t  emphasizes 
devices  f o r  :improving t h e  l i f e t i m e ,  p r e c i s i o n  and r e l i a b i l i t y  of c o n t r o l  
systems. As; a follow-on t o  t h e  s u c c e s s f u l  development of b r u s h l e s s ,  d i r e c t  
c u r r e n t  motors,  a motor combining magnetic suspension and a b r u s h l e s s  
commutat:or h m s  been developed. This  technology w i l l  be  app l i ed  as t h e  motor 
f o r  a long- l i f e  r e a c t i o n  wheel c o n t r o l  device.  

Pass ive  g r a v i t y  g rad ien t  s t a b i l i z a t i o n  techniques developed i n  previous 
yea r s  have shown cons ide rab le  promise b u t  because of l i m i t e d  accuracy and 
t e c h n i c a l  prcblems, they have been used i n  one o r  two axis systems f o r  
a p p l i c a t i o n s  r equ i r ing  only modest performance. Recent c o n t r o l  theory  r e s u l t s  
have produced a technique f o r  improving a t t i t u d e  e s t ima t ion  and p r e d i c t i o n  
which o f f e r s  promise f o r  a p p l i c a t i o n  t o  advanced e a r t h  resources  sa te t l i t es  
and w i l l  r ece ive  increased  emphasis i n  FY 1971. 

A major e f f o r t  i n  t h e  space  v e h i c l e  c o n t r o l  systems area is  directcid towards 
c o n t r o l  of t he  space s t a t i o d b a s e  and t h e  experiment p la t forms  requir:i.ng 
p rec i s ion  poin t ing .  I n  a d d i t i o n  t o  t h i s  e f f o r t ,  t h e  change t o  a Satui-n V 
launched workshop i n  t h e  Apollo Appl ica t ions  program has requi red  a d d i ~ t i o n a l  
suppor t ing  c o n t r o l  system a n a l y s i s  and s imula t ion .  

Current  e f f o r t s  on components f o r  extending t h e  ope ra t ing  l i f e  and impro- 
v ing  t h e  performance of t h e  l a r g e  c o n t r o l  moment gyro (CMG) w i l l  cont inue  i n  
FY 1971, aimed at space s t a t i o n  requirements  f o r  long term mission r e l i a b i l i t y .  
These e f f o r t s  inc lude  advanced des igns  of speed reducers  and c o n t r o l  s,ystems 
incorporating: b rush le s s  DC motor t o rque r s .  Advanced bea r ing  technolog,y has  
y ie lded  promi.sing r e s u l t s  f o r  i n e r t i a l  and l a r g e  c o n t r o l  gyros and w i l l  be 
continued. 

Communications, Tracking and Data Acqu i s i t i on  

Space communication and t r ack ing  systems of t h e  f u t u r e  r e q u i r e  unusual 
technologica l  progress  i n  t h r e e  s p e c i f i c  areas: e l e c t r o n i c a l l y  steere'd 
antennas,  use of h ighe r  f r equenc ie s ,  and longer  l i f e .  Progress  is a l s o  
needed on a broad f r o n t  i n  a l l  areas of technology, bu t  t h e s e  are the  
l i m i t i n g  f a c t o r s  i n  t h e  most important  mission areas of t he  f u t u r e  and w i l l  
be main t h r u s t s  of t h e  f i s c a l  yea r  1971 r e sea rch  program. 

Future  e l e c t r o n i c a l l y  s t e e r e d  (phased a r r a y )  antennas are p a r t i c u l a r l y  
important t o  XASA space  missions and are i n  some cases an  a c t u a l  neces: i i ty  t o  
meet mission requirements.  An example of t h i s  i s  t h e  Naviga t ion /Traf f :k  
Control  S a t e l l i t e  now under s tudy  which must communicate r a p i d l y  and stkquen- 
t i a l l y  t o  d i fEe ren t  a i r c r a f t  i n  t r a n s i t  over  t h e  A t l a n t i c  o r  Pacif ic  oc:eans. 

The need f o r  expansion of communication services cont inues  t o  g,row amd 
cons iderable  eEfo r t  w i l l  be  devoted t o  t h e  development of c i r c u i t  components 
of a l l  kinds f o r  t he  h ighe r  wavelengths which o f f e r  t h e  only  room f o r  
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expansion. 
m i l l i m e t e r  wave s i g n a l s  from p l a c e  t o  p l a c e  w i t h i n  a receiver o r  t r a n s m i t t e r ,  
T r a d i t i o n a l l y  t h e s e  have been made by ex t rud ing  squa re  p ipes  or  wavef;uides 
which a t  millimeter wavelengths become s o  small, they are almost unmanageable. 
A new technique developed a t  t h e  Goddard Space F l i g h t  Center  uses  f l a t  s t r i p s  
of metal o r  d i e l e c t r i c  material wi th  fences  on each s i d e .  This s t ruc : ture  
ope ra t e s  a t  t h e  same wavelengths,  permi ts  easier access t o  t h e  guidecl s i g n a l  
and is l a r g e r  and, t h e r e f o r e ,  rpore.manageable. Th i s ,  and s imi la r  a c t i v i t i e s  
w i l l  be  continued i n  FY 1971.  

One example of  t h i s  is t h e  waveguide which is used t:o c a r r y  

Long l i f e  components are  r equ i r ed  f o r  a l l  NASA missions bu t  e s p e c l a l l y  f o r  
t h e  o u t e r  p:Lmc?tary s c i e n t i f i c  s p a c e c r a f t .  
be  devoted 1-0 i n c r e a s i n g  component l i f e t i m e  i n  f i s c a l  yea r  1971. An example 
of t h i s  work is a t u r r e t  cathode developed a t  t h e  Jet  Propuls ion  Labclratory. 
This device  permits  au tomat ic  replacement  of a d e t e r i o r a t e d  cathode i n  a 
microwave tube  by t h e  s imple process  of  r o t a t i n g  t h e  t u r r e t  t o  a new p o s i t i o n .  

A broad spectrum of e f f o r t  w i l l  

Work w i l l .  a l s o  cont inue  i n  t h e  broad areas of  t e l e scope  technology, optica:l  
communic:aticais and t r ack ing ,  coding f o r  h igh  da ta  rate communication, and 
microwave sol-id. s ta te  components. 

Data Handling and Process ing  

The need f o r  automated monitor ing and c o n t r o l  of more onboard funcirions 
p lus  demands f o r  g r e a t e r  r e l i a b i l i t y  and longer  l i f e t i m e s  have added I;O t he  
technologica l  cha l lenge  of advances i n  computer per f  onnance and clata 1)ro- 
c e s s i n g  techniques ,  Laminated f e r r i t e  memory development, s t a r t e d  i n  1964 
t o  o b t a i n  a high c a p a c i t y ,  r a d i a t i o n  res is tant ,  low c o s t  computer memory, 
w a s  found t o  be a p p l i c a b l e  a l s o  t o  computer l o g i c  c i r c u i t s  and o f f e r s  
promise o f  " a l l  magnetic" d i g i t a l  c i r c u i t s  wi th  few in t e rconnec t ions .  
t h e  p a s t  yea r  problems i n  material product ion were solved and considei-able  
progress  was made i n  t h e  f a b r i c a t i o n  of  memory components. This techrlology 
w i l l  be  a c t i v e l y  pursued i n  FY 1971 f o r  a p p l i c a t i o n  t o  computing devi(:es 
r equ i r ed  f o r  Space S h u t t l e / S t a t i o n  and Grand Tour missions.  

During 

I n  t h e  loti,ge:r range r e s e a r c h  program t o  o b t a i n  large computer mernoiy 
capacities of 1010 and 1012 b i t s ,  p rogress  w a s  made i n  t h e  i n v e s t i g a t i o n  of 
photochromic and magneto o p t i c  materials i n  system s t u d i e s  of  l a s e r  
d e f l e c t i o n  tcxhniques and i n  volume holographic  s t o r a g e  techniques.  These 
e f f o r t s  w i l l  b e  cont inued i n  FY 1971. 

I n  t h e  f i e l d  of  onboard computers,  a r e l i a b i l i t y  model of t h e  :self test 
and r e p a i r  concept  w a s  developed l a s t  y e a r  which i n d i c a t e d  t h e  p o s s i b i l i t y  
of 12 yea r s  of opera t ion  wi th  90% r e l i a b i l i t y  i f  t r i p l e  redundancy is used. 
0 r ig ina l l . y  s t a r t e d  as a guidance computer system, t h i s  e f f o r t  is being 
expanded t o  perform func t ions  such as automated i n - f l i g h t  t e s t i n g  and 
maintenance monitor ing f o r  a space  s t a t i o n .  

Two general .  approaches are be ing  pursued t o  provide  maximum informa, t ion 
from l a r g e  volumes of v ideo  d a t a  - one is  t o  extract only r equ i r ed ,  u s e f u l ,  
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information by means of techniques such as p a t t e r n  r ecogn i t ion  and automated 
image c l a s s i f i c a t i o n ;  t h e  o t h e r  is t o  use  "compression" techniques so t h a t  
more information can be t r ansmi t t ed  over  a given te lemet ry  channel. I n  t h e  
p a s t  year ,  p rogress  was made i n  both t h e  development of mathematical  p a t t e r n  
r ecogn i t ion  techniques and i n  t h e  development of a system f o r  oriboarci image 
d a t a  compression us ing  coherent  o p t i c s  t o  y i e l d  a d a t a  compression r ; i t i o  of 
100 t o  1. These e f f o r t s  w i l l  be  cont inued i n  FY 1971. 

I n  a concent ra ted  e f f o r t  t o  o b t a i n  s o l u t i o n s  t o  aerospace sof twarc!  problerns 
(SOFIX), g r a n t s  were awarded i n  FY 1970 t o  8 u n i v e r s i t i e s  and one noriprofit  
o rganiza t ion  i n  t h e  areas of language, p a r a l l e l  computation and comptiter 
system design.  I n i t i a l  r e s u l t s  of t h i s  e f f o r t  w i l l  b e  evaluated i n  PY 1971 
and support  w i l l  be  cont inued i n  t h e  areas which promise maximum bencmfit. 

I n s  t rumenta t i o n  

Research e f f o r t s  t o  advance sens ing  c a p a b i l i t i e s  i n  many p a r t s  of t h e  
electromagnetic- spectrum are requ i r ed  to  suppor t  f u t u r e  space measurement 
e f  f o r  t s 

For examp:te,, astronomy and e a r t h  o r b i t a l  missions use  photomu.l t ipl iers  i n  
many experin1ant:s t o  d e t e c t  low level l i g h t  s i g n a l s  a l though t h e i r  e f f i c i e n c y  
is low. 0pt:ica.l enhancement techniques were developed i n  t h e  palot yea r  which 
achieved sens i t : i v i ty  increases by a f a c t o r  of 2 t o  5 pe rmi t t i ng  d e t e c t i o n  of 
f a i n t e r  sign.als, o r  u s e  of smaller d iameter  te lescopes .  Appl ica t ion  oE t he  
technique t o  image i n t e n s i f i e r s  and TV vid icons  w i l l  be  pursued i n  FY 1971. 

To permit f u t u r e  as t ronomica l  observa t ions  from a space base  t o  f u l l y  
u t i l i z e  d i f f r a c t i o n  l i m i t e d  space t e l e scopes ,  h igh  grade o p t i c a l  subsvstems 
and image record ing  systems compatible  wi th  t h e  h igh  r e s o l u t i o n  of su1i:h 
t e l e scopes  are requi red .  Development of  l a r g e  a s p h e r i c  g ra t ings , ,  l i g i t  
c o n v e r t e r / i n t e n s i f i e r  systems, and combined imaging and record ing  sys i;ems such 
as t h e  d i e l e c t r i c  camera w i l l  be  i n i t i a t e d  i n  FY 1971. 

E lec t ron  beam flow v i s u a l i z a t i o n  techniques f o r  hypersonic  aexodymimic 

This  method permi ts  viewing of t h e  complete j''low 
s t u d i e s  mentioned i n  last  yea r s  r e p o r t  are now i n  o p e r a t i o n a l  use and have 
found wide a p p l i c a t i o n .  
f i e l d  around a model and w a s  r e c e n t l y  used t o  test space s h u t t l e  conf:i.gura- 
t i o n s  a t  Madl 20. It w a s  p o s s i b l e  t o  i d e n t i f y  shock p a t t e r n s  and flow 
d i s tu rbances  dhich would have been very d i f f i c u l t  t o  d i s t i n g u i s h  by o t h e r  
methods. Addi t iona l  a p p l i c a t i o n s  of t h e  technique w i l l  be  inves t iga t c  d i n  
FY 1971. 

Previous ly ,  i n s t rumen ta t ion  c i r c u i t s  w i th  induc t ive  components could not  
be  f u l l y  minia tur ized .  S i g n i f i c a n t  progress  w a s  made i n  t h e  p a s t  year on the  
development of "act ive" networks of i n t e g r a t e d  c i r c u i t s  as replacements  f o r  
i nduc t ive  components. A s i z e  r educ t ion  from 120 t o  4.5cc and a weight 
r educ t ion  from 1.00 t o  5 grams w a s  achieved when app l i ed  t o  a magnetometer 
f i l t e r  which o r i g i n a l l y  used i n d u c t i v e  components. Act ive f i l t e r s  w i l l  have 
wide appl icat : ion commercially i n  r a d i o  and TV c i r c u i t s  which now use induc to r s  
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and t ransformers .  Another instrument  c i r c u i t  innovat ion  w a s  achieved i n  the 
design of i t  s e l f  tun ing  band pass  f i l t e r .  
j e c t i n g  n o i s e  i n  instrument  systems are l i m i t e d  i n  performance iwhen t h e  inpu t  
s i g n a l  v a r i e s  over a wide range. The s e l f  tun ing  f i l t e r  improves n o i s e  re- 
j e c t i o n  by us ing  a narrow band-width which is au tomat i ca l ly  a l igned  t o  the  
varying s ignal .  frequency, These techniques w i l l  be  appl ied  t o  instrument 
system designs i n  FY 1971. 

F i l t e r s  commonly used fo r  re- 

E l e c t r o n i c  Techniques and Components 

Sol id  s t a t e  technology o f f e r s  t h e  e l e c t r o n i c  system des ign  engineer  g r e a t  
new oppor tu rd t i e s  t o  create systems of reduced s i z e ,  weight and c o s t  whi le  
i nc reas ing  t h e i r  v e r s a t i l i t y ,  performance and r e l i a b i l i t y .  To keep \pace with 
t h e  system des igne r s ,  a vigorous r e sea rch  and development program i n  s o l i d  
state materials, components and techniques f o r  f a b r i c a t i o n  and test 1)f t hese  
devices  is requi red .  

Research on new materials and t h e i r  a p p l i c a t i o n s  i n  component. forri w i l l  
cont inue t o  provide t h e  e l e c t r o n i c  func t ions  needed i n  system des ign , ,  
P a r t i c u l a r  emphasis w i l l  be  placed on s o l i d  s ta te  d i sp lay  dev ices ,  diita 
s t o r a g e  and microwave components t o  suppor t  Space S t a t i o n  techncllogy develop-. 
ment . . A s  e l e c t r o n i c  devices  become smaller, y e t  more complex, new t txhniques  
f o r  t h e i r  design,  f a b r i c a t i o n  and test  must be evolved. Automation of the  
screening  and t e s t i n g  s t e p s  i n  medium and l a r g e  scale i n t e g r a t e d  c i rc :u i t  
manufacture dais i n i t i a t e d  du r ing  FY 1970 and w i l l  cont inue  i n  FY ,1971. Spec ia l  
emphasis is being given t o  t h i s  e f f o r t  t o  ensure t h e  a v a i l a b i l i t y  of q u a l i f i e d  
devices  i n  t le Space  S h u t t l e  and Space S t a t i o n  Technology Programs. Standards 
f o r  t h e  des:i,p, q u a l i f i c a t i o n  and test  of t h e s e  devices  w i l l  be devel oped t o  
guide t h e  systems engineers  i n  t h e i r  a p p l i c a t i o n s  work. Instrumentat  i o n  and 
techniques t o  assess t h e  r e l i a b i l i t y ,  and improved methods f o r  assemklling and 
packaging so Lid state devices  are being developed t o  increase the  y i e l d  and 
economy of t h e  f a b r i c a t i o n  process  and provide long l i f e  components f o r  use 
i n  missions of extended d u r a t i o n  such as t h e  Space S t a t i o n  and ou te r  p l ane t  
e x p l o r a t i o n s ,  These e f f o r t s  w i l l  be  continued i n  FY 1971. 

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

1971 
VI- 

1969 19 70 

Rad i o  a t  t e nua. t i on measurements 

Scout (Launch Vehic le  Procurement 
(Rtrr.[-C). ........................ $400,000 $300,000 --- 

....................... (--- 1 (---) -I- 

Program). (300,000) 

To ta l  ( i nc lud ing  Launch 
(---I 

:-- 
Vehicles)..................... ($700,000) ($300,000) 
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Radio At tenuat ion  Measurement (RAM) 

The purpose of t h e  Radio At tenuat ion  Measurement (RAM) p r o j e c t  w a s  t o  
v e r i f y  t h e  theory of t h e  i n t e r a c t i o n  of r a d i o  waves wi th  a plasma by labora-  
to ry  and f l igh t :  tests, and t o  apply t h i s  theory t o  t h e  p r e d i c t i o n  and pre- 
vent ion  of 1:adj.o blackout  i n  p r a c t i c a l  circumstances.  Two success fu l  f l i g h t s  
have been cornp1.eted i n  t h i s  series. The f i r s t ,  RAM-C-I, demonstrated t h e  use 
of water i n j e c t i o n  t o  ame l io ra t e  communication blackout  dur ing  re-entry,  and 
the  second, €Wl-C-11, provided va luab le  f l i g h t  in format ion  t o  support  t he  
work of t h e  t h e o r e t i c i a n s .  The p r o j e c t  w i l l  be  concluded i n  F'Y 1970 with a 
t h i r d  flight:!, us ing  an  a v a i l a b l e  backup s p a c e c r a f t ,  t o  explore  t h e  p o t e n t i a l  
of e1ect:rophlj .c materials as a means t o  alleviate blackout  condi t ions  i n  a 
rea l i s t ic  re--entry environment. This f l i g h t  is scheduled f o r  Ma:y 1970. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

HUMAN FACTOR SYSTEMS PROGRAM _- -- OFFICE OF ALWANCED RESEARCH AND TECHNOLOGY --- 
PROGRAM --- OBJEXTIVES AND JUSTIFICATION: 

Aeronautics Research and Technology 

Aeronautical  v e h i c l e s  are causing s i g n i f i c a n t  changes i n  t h e  
environment of people w i t h i n  and o u t s i d e  t h e  v e h i c l e s .  
Sys t e m s  program is  developing techniques t o  c h a r a c t e r i z e  those changes 
and conducts research t o  determine t h e  e x t e n t  of t h e i r  e f f e c t s  cm man. 
The program examines man's requirements,  h i s  c a p a b i l i t i e s ,  and h i s  
l i m i t a t i o n s  mi  t r a n s l a t e s  t h e s e  i n t o  design c r i te r ia  f o r  f u t u r e  aero- 
n a u t i c a l  syr; terns inc lud ing  both a i rbo rne  and ground based components # 

Since the  htmati is a c r i t i c a l  element i n  most advanced systems, s t u d j e s  
are being made on dec i s ion  making func t ions  and t h e  information procclssing 
a s p e c t s  of human performance., and on t h e  e f f e c t s  of stress on human 
ope ra to r s .  

The Human Fa1:tor 

Space Research and Technology 

I n  o rde r  t o  determine and i n s u r e  man's r o l e  i n  f u t u r e  extended space 

The q u a l i f i c a t i o n  of man impl i e s  a d e t a i l e d  understanding of the 
ope ra t ions ,  i t  is necessary t o  q u a l i f y  both man and h i s  support ing eqllip- 
ment. 
unique c a p a b i l i t i e s  and c a p a c i t i e s  of t h e  human organism i n  space, thcs 
optimal con t r ibu t ions  of t h i s  organism t o  t h e  performance of a wide v , i r i e t y  
of space f l i g h t  o b j e c t i v e s ,  and t h e  development of an a b i l i t y  t o  p r e d i c t  
p o t e n t i a l  phys io log ica l  and behav io ra l  changes. 

To accomp:Lisli t h i s  goa l  , both ground based research and f l i g h t  pro:/ ects 
are necessary.  The ground based s t u d i e s  must be of such s o p h i s t i c a t i o n  
and depth as to be a p p l i c a b l e  n o t  only t o  i d e n t i f i e d  and p r e d i c t a b l e  
problems b u t  :LO unpredicted problems as w e l l .  The Human Factor  Systens 
program was i n i t i a t e d  i n  t h e  p a t t e r n  of t r a d i t i o n a l  medical r e sea rch ,  b u t  
i t  is evolving by developing and u t i l i z i n g  more advanced methodologies . 
Innovative methods and techniques are employed. Mathematical modding 
and systems a.na1.ysis are a l r e a d y  being appl ied t o  problems of t h e  cardio- 
vascu la r  system. 

The Human Factor  Systems program inc ludes  t h e s e  elements: (1) Human 
Research and Performance, (2) Man-Systems I n t e g r a t i o n ,  and (3)  L i f e  SuDport 
and P r o t e c t i v e  Systems. By n e c e s s i t y ,  t h e  work is accomplished through 
a m u l t i d i s c i p l i n a r y  approach which inc ludes  r e sea rch  i n  physiology, 
psychology, medicine, b io logy ,  engineer ing,  physics ,  chemistry,  msithem4atics, 
and e l e c t r o n i c s .  It is c a r r i e d  out  a t  t he  va r ious  NASA Cen te r s ,  Depar~:ment 
of Defense aerospace medical l a b o r a t o r i e s ,  o t h e r  Government f a c i l i t i e s ,  
u n i v e r s i t i e s  , and i n d u s t r y .  
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SUMMARY O F  -- RESOURCES REQUIREMENTS : 

1969 

Aeronautics research  and 

Space Research and Technology 
technology. .................. $3,000,000 

Supporting research  and 

Bioteclino:Logy f l i g h t  
t echimlogy ................. 14,329,000 

p r o j e c t s . .  ................. 2,O 73,000 

To ta l . * , . .  .................... $19,402,000 

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 :  

Manned Spacecraf t  Center. .  ... 
Jet. Propuls ion Laboratory. .  .. Marshal.1- Space F l i g h t  Center .  

Wallops S ta t ion . . . . . . . . . . . . . .  
Ames Research Center . . . . . . . . .  
E l ec t ron ic s  Research Center. .  
F l i g h t  Research Center. ...... 
Langley Research Center. . . . . .  
NASA Headquarters.. . .  ........ 

$3,089,000 
287 , 000 

50 , 000 
1,073,000 
5,815,000 

975,000 
899,000 

5,407,000 
1,807,000 

19 70 

$3,595,000 

16,010,000 

2,295,000 

$21,900,000 

$4,150,000 
200 , 000 --- 

1,115,000 
5,180,000 
1,240,000 

800,000 
6,880,000 
2 , 335 , 000 

BASIS OF FUND -- REQUIREMENTS: 

Aeronautics Research and Technology 

Human research  and performance. $1,100,000 $1,445,000 
Man-sys terns i n t e g r a t i o n .  ....... 1,900,000 2,150,000_ 

Tota l . .  ........................ $3,000,000 $3,595,000 

Human Research and Performance 

1971 -. 

14 , :,!OO , 000 

1 , h O O  ,000 

$17,900,000 

$2,900,000 
150,000 

100,000 
--- 

5,71)0,000 

8130,000 
6,911)0,000 
1 , 3  '50 ,000 

,$Z , lC!O,  000 .-.- 

A i r c r a f t  opera t ions  w i l l  i nc rease  r a p i d l y  as jumbo j e t s  and V/STOL and 
supersonic  t r a n s p o r t s  are introduced while  t h e  number of p r i v a t e  a i r c r a f t  
cont inues t o  grow. 
are taken t o  combat i t  sys t ema t i ca l ly .  
subprogram is developing techniques f o r  p r e d i c t i n g  the  l e v e l  of no i se  
an a i r c r a f t  w i l l  produce before  i t  is a c t u a l l y  b u i l t  and t h e  e f f e c t s  Iof 
such noise  on man. These techniques w i l l  be made a v a i l a b l e  t o  aXrcraEt 
manufacturers f o r  use i n  designing less noisy veh ic l e s  and t o  t h e  Fedc?ral 
Aviation Administration f o r  preparing c e r t i f i c a t i o n  s tandards .  

Noise p o l l u t i o n  w i l l  become i n t o l e r a b l e  unless  s t e p s  
The Human Research and Perfortnance 

The u t i l i z a t i o n  of man i n  ope ra t iona l  ae ronau t i ca l  systems must be  
planned Ln a manner which w i l l  opt imize o v e r a l l  system performance. 
do t h i s  :it is necessary t o  develop advanced techniques f o r  eva lua t ing  t h e  
performance o €  t he  system wi th  t h e  human element in i t .  

To 

The environment 
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which t h e  system imposes on t h e  human w i l l  a f f e c t  h i s  performance both 
d i r e c t l y  and i n d i r e c t l y ;  f o r  example, d i r e c t l y  by so v i b r a t i n g  t h e  maln 
t h a t  he may not: be a b l e  t o  c o n t r o l  t h e  v e h i c l e ,  and i n d i r e c t l y  by, imposing 
psychologica;! stress which alters h i s  body system func t ions .  
search and development e f f o r t  is necessary t o  provide measures o €  both 
t h e  stresses and t h e i r  e f f e c t s .  

A major re- 

Man-Systems I n t e g r a t i o n  

The i s s u e s  r e l a t e d  t o  p i l o t  workload during reduced v i s i b i l i t y  lanlling 
operat ions are being s t u d i e d ,  i nc lud ing  t h e  type of information provilied 
the  p i l o t .  Several d i f f e r e n t  devices  are a v a i l a b l e  t o  p r o j e c t  f l i g h t  
d a t a ,  such as f l i g h t  pa th  ang le ,  ver t ica l  v e l o c i t y ,  a i r s p e e d ,  etc:., 011 

t he  a i r c r a f t  windshield i n  a col l imated image i n  t h e  p i l o t ' s  forward 
e x t e r n a l  f i e l d  <of view. The u l t i m a t e  va lue  of d i f f e r e n t  d a t a  element!; 
i n  landing aids d i s p l a y s  w i l l  be  determined. 

Space Research and Technology 

1969 1970 1971 .--- 

Supporting research and technology 
--.- Advanced ooncep t s ............... $453,000 $465,000 

Man-systems i n t e g r a t i o n . .  ....... 2,457,000 2,105,000 2,020,000 
Human re sea rch  and performance . . 5,213,000 6,087,000 $4,860,000 

L i f e  support and p r o t e c t i v e  
systems. . . . . . . . . . . . . . . . . . . . . . .  6,206,000 7,353,000 A,&-- 7 320 000 

Total . . . . . . . .  ............... $14,329,000 $16,010,000 ;?14,2130,000 ---.- 

Human Research and Performance 

The Human Research and Performance subprogram inc ludes  research t o :  
(a) determine t h e  e f f e c t s  of f l i g h t  environments on ca rd iovascu la r ,  re::- 
p i r a t o r y  , v e s t i b u l a r  and o t h e r  phys io log ica l  func t ions ,  (b) develop advanced 
in s t rumen ta t ion  €or measuring the  phys io log ica l  and psychological  chanl;es 
caused by f l i g i t  stresses, (c) i d e n t i f y  and develop means t o  c o n t r o l  ttle 
microbiologiCi31 problems which may ar ise  wi th  crews i n  closed OK sernicl osed 
e c o l o g i c a l  s y s  teras i n  space v e h i c l e s ,  and (d) i n s u r e  food a c c e p t a b i l i t y .  

A s  is  appai:cmt: from the  above l i s t i n g  of research areas, ex tens ive  and 
va r i ed  researc:li e f f o r t s  are necessary.  
remains t o  be done i f  we are t o  "achieve a depth of understanding about 
man and h i s  r o l e  i n  space t h a t  w i l l  permit h i s  optimal i n t e g r a t i o n  i n t o  
f u t u r e  space programs ." 
by t h e  P r e s i d e n t ' s  Science Advisory Committee. 

Much has been learned b u t  much y e t  

This requirement w a s  s e t  f o r t h  i n  November 1969 

I n  FY 1.971, work w i l l  cont inue on the  development of a test which per- 
m i t s  t he  i d e n t l f i c a t i o n  of v i r u s e s  w i t h i n  as s h o r t  a per iod as 24 I I Q U ~ S  
i n  c o n t r a s t  t o  t h e  normal 10 t o  14 days. This f l u o r e s c e n t  antibody 
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technique m<ay :be applied to preflight screening of astronauts. 
also be used for early identification of infection developed in flight so 
they may be treated promptly. 

It may 

In cardicsvascular physiology, studies will be continued on identif'ying 
the mechanisms of blood pressure control, the role of hormones in 
governing cardiovascular function, and the renal aspects of orthostatic 
hypotension. At NASA's request, a subgroup under the National Acadenly 
of Sciences' Space Science Board annually reviews the NASA cardiovascular 
research program to insure its scientific validity and its relevance to 
aerospace requirements. 

Studies riow in progress will be continued in order to determine thle 
mechanism by which hypogravic environments modify the composition and 
morphology of bone. 

Man-Systems Integration 

Man-Systems Integration issues are crucial ones in the development of 
space vehic1.e~. The President's Science Advisory Committee noted, "Major 
engineering decisions, controlling the character of possible future space 
stations, logistic systems, and other manned spacecraft depend 013 evaluation 
of man's potential for useful work in space...'' 

The Man-Systems Integration subprogram is attempting to: (a) quantify 
human capabilities for performing physical and mental work as an operator 
of space systems, and as a scientific investigator, (b) develop rnetholls 
for flight and ground crew selection and identify training requirements, 
(c) determine man's individual behavior characteristics and group dyn,imics 
in aerospace missions, and (d) develop the technology for living and 
working in space vehicles and on extraterrestrial surfaces. 

In M 1971, work will continue on the development of equipment: to 
meet the expressed needs of astronauts for off-duty activities and on the 
design of more (efficient but habitable, work and living spaces. 

The Tektite Project, early in 1969, required four scientists to live 
for 60 days :Ln an underwater habitat pressurized at a nominal 42-foot 
depth. Data were obtained on crew selection; habitability criteria for 
working, slee1diig, eating, waste management, and recreation; architectural 
design; and psychomotor performance. With continuing cooperation between 
NASA, the Navy, the Department of the Interior, the College of the Virgin 
Islands, the government of the Virgin Islands, the Smithsonian Institution, 
the National Science Foundation, the National Institutes of Health, and 
the General Klectric Company, a second experiment, Tektite 11, will bc 
conducted in .L970. Further data will be obtained on the effects of 
isolation and confinement in a semihostile environment on crew behaviclr 
and interaction. Such data will provide a firm basis for space crew 
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selection and monitoring procedures and vehicle design requirements. 

Life Support and Protective Systems 

A s  the duration of man's stay in the space environment increases, the 
need for re.LLable and maintainable life support and protective systeris 
become tremendously important. 

The Life Support and Protective Systems subprogram has been desigried to 
(a) develop techniques and hardware for personal hygiene and waste manage- 
ment, for the reclamation of potable water from urine, wash water:, arld 
humidity condensate, and f o r  converting metabolic wastes into food; (b) 
develop techniq.ues and hardware for regenerating oxygen and diluents (e .g., 
nitrogen) for extended mission durations, and for maintaining thli carbon 
dioxide, humidity, and contaminant characteristics of cabin atmospheres 
within acceptable limits, (c) develop instrumentation for monitoring 
and controlling atmospheric composition, thermal environment, chemical 
and microbial contaminant levels, and system functions; and (d) devehp 
the garments, portable Environmental Thermal Control/Life Support (ETi:/LS) 
systems, and other aids for astronauts to perform intravehicular and 
extravehicular tasks. 

Work has been initiated and will be continued in N 1971 on the 
advanced intiegrated life support systems (AILSS) for missions of two years 
duration without resupply. This will include new components, subsystems, 
and systems; each will be carried through the stages of proof-of-conct!pt, 
prototype, and validation in a complete system test. This must inclutle 
extended life testing of all components, detailed failure modes and 
effects .mal!r:;es , complete re liability studies , and finally manned tes, ts 
to determine the man-sys tem interactions. 

Also in Fz' 1971, work will continue on astronaut protective systems 
which will ma:int:ain and support an environment in which useful work may 
be performed, These systems must protect man from harsh thermal 
radiation, micrometeoroids , and the vacuum conditions of the extra- 
vehicular environs. 
conditions under both normal and emergency conditions. This techiilcal 
area includes work on: (1) fire resistant materials and thermal pro- 
tective garmerts, (2) space suits with constant volume, and (3) portable 
life support systems which provide five hours or more effective life 
support at increased work levels and such mobility as is required within 
anticipated mission constraints. 

They must provide acceptable personal environmental 
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Biotechnology F l i g h t  P r o j e c t s  

1971 --- 1969 1970 

Biotechnology f l i g h t  p r o j e c t s . .  ... $2,073,000 $2,295,000 $1,600,000 

Program) ($1,100,000) (---I .--- (---) 
Scout (Launch Vehicle Procurement .......................... 

T o t a l  ( i nc lud ing  launch 
v e h i c l e s ) ,  .................... ($3,173,000) ($2,295,000) ($1,600,000) --- 

The Biotec!hnology F l i g h t  p r o j e c t s  c o n s i s t  of packages of experiments 
t o  f u l f i l l  needs f o r  d a t a  r e l e v a n t  t o  t h e  Human Factor  Systems program. 
To t h e  extent: p o s s i b l e ,  t h e  program's d a t a  needs are f u l f i l l e d  through 
ground based r e sea rch ,  u s ing  simulated f l i g h t  cond i t ions  when necessary 
and poss ib l e .  Tn some cases, however, t h e  f l i g h t  environment cond i t ions  
can no t  he siniul.ated and t h e  d a t a  required can be obtained only i n  f l i g h t  
experiments. Whlen p o s s i b l e  t h e s e  experiments are c a r r i e d  on v e h i c l e s  
flown f o r  othier purposes, and only when necessary are s p e c i a l  f l i g h t s  
scheduled. 

I n  FY 1971, two k inds  of activit ies w i l l  be c a r r i e d  out  under t h e  
Biotechnology F l i g h t  p r o j e c t s .  One w i l l  be  t h e  a n a l y s i s  of data obtained 
and preparaticln of a r e p o r t  on t h e  Orb i t ing  Frog O t o l i t h  experiment which 
is scheduled t o  be flown i n  1970 on a Scout v e h i c l e  launched f o r  t h i s  
s p e c i f i c  purpclse. The o b j e c t i v e  of t h e  experiment is t o  o b t a i n  i n f o r m t i o n  
on t h e  functiclning of t h e  o t o l i t h ,  t h e  balance mechanism i n  t h e  i n n e r  
ear, which w i l l  c o n t r i b u t e  t o  our understanding of t h i s  mechanism and Lts 
r e l a t i o n  t o  t h e  i s s u e  of a r t i f i c i a l  g r a v i t y  f o r  long d u r a t i o n  manned 
f l i g h t s .  

The remaining f l i g h t  p r o j e c t  a c t i v i t y  i n  FY 1971 w i l l  be  on experiment 
d e f i n i t i o n  f o r  f u t u r e  f l i g h t s .  
experiments on t h e  e f f e c t s  of weight lessness  on major body systems. Other 
f l i g h t  experiment e f f o r t s  w i l l  be  d i r e c t e d  toward inc reas ing  understancling 
of t h e  va r ious  r egene ra t ive  l i f e  support  processes  i n  weight lessness  a:; 
w e l l  as a q u a n t i f i c a t i o n  of t h e  metabol ic  c o s t  of performing useful1 woii-k 
i n  space.  

Work w i l l  cont inue on the  d e f i n i t i o n  oli 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

SPACE POWER AND ELECTRIC OFFICE OF --- ADVfdCED JXESEARCB AND TECHNOLOGY -. 
PROPULSION SYSTEXS PROGRAM 

PROGRAM 013 JEC’JXVES AND JUST IF  ICAT -- I O N  : --- 
The p r i n c i p s l  o b j e c t i v e  of t h e  Space Power and Electr ic  Propuls ion  ltrogram 

is  t o  provide  t h e  advanced technology base necessary  f o r  t h e  developmerit of 
e lectr ic  power gene ra t ion  and e lec t r ic  propuls ion  systems f o r  an t ic ipa l led  
a e r o n a u t i c a l  and space a p p l i c a t i o n s .  

The power d i s t r i b u t i o n ,  r e g u l a t i o n ,  and c o n t r o l  systems present:ly eriployed 
i n  a i r c r a f t  are based on des ign  concepts  t h a t  are 20 o r  more yea r s  o l d .  The 
o b j e c t i v e  of t h i s  p o r t i o n  of t h e  e lec t r ic  power gene ra t ion  prograri i s  :o 
determine whether more r e c e n t  technology concepts  emanating from t h e  si?ace 
program c.an be employed t o  advantage i n  a i r c r a f t  systems. 

Future miss ions  such as t h e  space  s t a t i o n / b a s e ,  s h u t t l e ,  a p p l i c a t i o n s  
satel l i tes  arid o u t e r  p l a n e t s  e x p l o r a t i o n  r e q u i r e  the development {of‘ e lec t r i c  
power systems having power l e v e l s  , endurances,  and r e l i a b i l i t i e s  far beyond 
those  a t t a inab l t !  w i th  c u r r e n t  systems which were designed t o  meet the  rela-. 
t i v e l y  s h o r t  t iu ra t ion ,  low power requirements a s s o c i a t e d  wi th  t h e  f i r s t  t e n  
yea r s  of the  n a t i o n ’ s  space  program. Within t h i s  program, the  need 
f o r  nuc lea r  s y s t e m  technology is becoming p a r t i c u l a r l y  p r e s s i n g  a s  the NASA 
mission requirements begin  t o  exceed t h e  c a p a b i l i t y  of s o l a r  power sy:, terns 

T h e  E l e c t r i c  Propuls ion  program cont inues  t o  a i m  a t  e a r l y  appl ica txons  
t o  achieve  tne p o t e n t i a l  advantages of miss ion  f l e x i b i l i t y  and increa:;ed 
payload. The need for l o n g - l i f e ,  a u x i l i a r y  e l ec t r i c  propuls ion  systems f o r  
f u t u r e  manned space s t a t i o n s  and synchronous satel l i tes  t o  perform s t 4 i t i o n  
keeping is becoming ev iden t .  S tud ie s  con t inue  t o  show t h e  advantages of 
primary e l e c t r i c  propuls ion  i n  performing d i f f i c u l t  i n t e r p l a n e t a r y  miss ions .  
Continuing good progress  is being achieved i n  bo th  t h e  a u x i l i a r y  and /primary 
propuls ion  s>-stems technology areas as demonstrated by ground tests and t h e  
SERT I1 f l i g h t  program. 



i l e ronaut ics  :research and technology 
Supporting r e sea rch  and 

techno logy .  .................... 
Space r e sea rch  and technology 

Supportin:3 r e sea rch  and 

Space e l e c t r i c  rocke t  
technology ..................... $37,287,000 

test (SERT)  .................... 1,500,000 

Tota l . . . . . . . . . .  .................. --_. $ 3 8 , 7 8 7 , O m  .- 

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

Flanned Spiicecraf t Center.  ........ 
Marshall  Space F l i g h t  Center. .  ... 
Goddard Space F l i g h t  Center.  ..... 
Jet Propu.Lsion Laboratory.  ....... 
Ames Research Center. .  ........... 
E l e c t r o n i c s  Research Center.  ..... 
Langley Xesearch Center .......... 
L e w i s  Research Center. .  .......... 
XASA Eiea'dquar ters ................ 

$135,000 
200,000 

3,306,000 
10,805,000 

408,000 
1,093,000 
1,377,000 

20,348,000 
1,115,000 

$200 ,000 $400,000 

33,750,000 30, ::!25,000 

500,000 ,275,000 

_-- $1,405,000 
220,000 --- 

3,150,000 $2,925,000 
8,450,000 7,075,000 

349,000 250,000 
1,420,000 
1,375,000 1:) 820,000 

16,985,000 17 ,,925,000 
1,096,000 905,000 

--- 

- BASIS OF -_- FUW RE(pIKENENTS : 

Aeronautics Research and Technology 
Power process ing  and d i s t r i b u t i o n .  . - $200,000 __ $400,000 --- 

$400,000. $200,000 __ --- ......................... __.--. ,- 
T o t a l . . .  - 

A thorough s tudy  of p re sen t  and f u t u r e  needs i n  a i r c r a f t  e lec t r ica l  systems 

T h i s  work 
i s  underway,, t o g e t h e r  w i t h  a low l e v e l  e f f o r t  toward reducing t h e  maintenance, 
requirement:;, weight and complexity of a i r c r a f t  e lec t r ica l  systems. 
w i l l  cont inue  :in FY 1 9 7 1  w i t h  a moderate i n c r e a s e  i n  l e v e l  of e f f o r t .  

Space Research and Technology 

Supporting rlesearch and technology Nuclear f l i g h t  s a f e t y  ............ $166,000 $200,000 $200,000~ 

E l e c t r i c  propuls ion  .............. 7,080,000 5 820,000 .i ,775,00(3 
kiuclear power gene ra t ion . .  ....... 17,378,000 16,625,000 1~5,130,OOd 
So la r  pcwer gene ra t ion  ........... 6,467,000 5,190,000 2,850 ,0OU 
Chemica 3 power gene ra t  i on .  ....... 4,369,000 3,955,000 3,120,003 
Power px'ocessing and d i s t r i b u t i o n  1,827,000 1 ,960,000 --2,150,000 _- 

T o t a l . ,  .......................... $37,287,000 $33,750 ,OO!L - $ 3 0 , 2 2 5 3 ~ L  -I _- --__ -I 
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Nuclear F l i g h t  Sa fe ty  

The o b j e c t i v e s  of t h e  NASA Buclear F l i g h t  S a f e t y  program cont inue  t o  
inc lude :  (1) t h e .  coo rd ina t ion  and d i r e c t i o n  of t h e  NASA p o r t i o n  oE t h e  j o i n t  
AEC/DOD/NPSA revi.ews and ana lyses  of proposed missions u t i l i z i n g  nuc lea r  
space power s y s t e m s ,  ( 2 )  p rovid ing  gu ide l ines  t o  t h e  iqASA Centers  f o r  f u t u r e  
mission applic:ati.ons , ( 3 )  developing s p e c i f i c  des ign  informat ion  i n  such 
areas as re -en t ry  aerodynamics where XASA has  s p e c i a l  competence and f a c i l -  
i t i e s ,  antl (4:1 t h e  recovery of XASA launched s p a c e c r a f t  c a r r y i n g  s i g n i f i c a n t  
q u a n t i t i e s  of iiuc:lear materials i n  those  cases where a de termina t ion  i s  made 
t h a t  recovery is f e a s i b l e  and d e s i r a b l e .  

K l e c t r i c  Propuls ion  

The cointiniiing goa ls  of t h e  Electr ic  Propuls ion  program are t o  provide  
the  technology necessary  f o r  s p a c e c r a f t  p o s i t i o n  c o n t r o l  systems and tlte 
e a r l y  use of ion engines f o r  primary propuls ion  of p l a n e t a r y  spacecraft:. 

The major reasons f o r  i n t e r e s t  i n  t h i s  technology are t h e  p o t e n t i a l  f o r  
increased  miss ion  c a p a b i l i t y  and f l e x i b i l i t y ,  and reduced launch vehic.Le 
s i z e  and/or c o s t s  as  compared wi th  e x i s t i n g  chemical propuls ion  system:.;. 
These advantages s t e m  p r i m a r i l y  from t h e  h igh  s p e c i f i c  impulse antl acciimpany-- 
i ng  lower p r o p e l l a n t  expendi ture  rates achievable  w i t h  e l e c t r i c  thrustI2rs.  
I n  t h e s e  t h r u s t e r s  e lectr ical  energy is used t o  a c c e l e r a t e  a p r o p e l l a i ~ t  t o  
exhaust v e l o c i . t i e s  cons iderably  h ighe r  than ach ievab le  by any o t h e r  known 
method. Spacecraf t  u t i l i z i n g  such s y s  t e m s  can accomplish mission:; con:sidered 
i m p r a c t i c a l  f o r  chemical propul.sion such as long d u r a t i o n  north-south s t a t i o n  
keeping of a synchronous satel l , i te ,  an o r b i t e r  of Mercury, ou t  of t,he e c l i p t i c  
a t  one a~;troncimi.cal u n i t ,  and a c l o s e  s o l a r  probe. Advantages can a l s o  
acc rue  from ot:her c h a r a c t e r i s  t i c s  of e l e c t r i c  propuls ion  such as the  capab i l -  
i t y  t o  u s e  biowastes f o r  p r o p e l l a n t  i n  manned space  s t a t i o n s  and t h e  a.vai1- 
a b i l i t y  of r e l a t i v e l y  l a r g e  amounts of e lectr ical  power dur ing  non-propulsion 
pe r iods .  

The i o n  engine ,  an e l e c t r i c  t h r u s t e r  of t h e  class which accelerate charged 
p a r t i c l e s  i n  e l e c t r o s t a t i c  f i e l d s ,  w i l l  cont inue  t o  r e c e i v e  t h e  major emphasis 
i n  t h i s  prog1:3m dur ing  FY 1 9 7 1 .  R e s i s t o j e t  t h r u s t e r s ,  which produce t h r u s t  
by means of ecpansion of an e l e c t r i c a l l y  heated gas ,  and plasma thrus t  ers 
which depend upon i n t e r a c t i o n s  between electric c u r r e n t  and magnetic j i e l d s ,  
are t h e  sub jec t  of t h e  remainder of t h e  program. 

Very low t h r d s t  l b s . )  cesium c o n t a c t  i o n  engines  wi th  e1ectr.i.c 
t h r u s t  vec to r ing  c a p a b i l i t y ,  o f f e r  advantages f o r  g rav i ty -g rad ien t  s t 4 i b i l i z e d  
geosynchronous sa te l l i t e  t o  perform east-west s t a t i o n  keeping. Exper Lmental 
con tac t  engines designed f o r  t h i s  f u n c t i o n  were s u c c e s s f u l l y  opera ted  on t h e  
ATS-IV s p a c e c r a f t  i n  1968 ,  and were inc luded  as an experiment on ATS-'J 
launched i n  t h e  summer of 1969. Operation of t h e  i o n  engines on t h i s  l a t te r  
s p a c e c r a f t  w i l l  depend on whether s a t i s f a c t o r  
be achieved. A much h ighe r  t h r u s t  l e v e l  

s p a c e c r a f t  performance can 
l b s )  is  r equ i r ed  1-0 Perform 



north-south s t a t i o n  keeping on geosynchronous miss ions  and because of i1:s 
economical use of e lec t r ica l  power, t h e  bombardment i o n  engine appears  Ibest 
s u i t e d  f o r  t h i s  r o l e .  During FY 1970, e f f o r t  w a s  i n i t i a t e d  on an emginc! of 
t h i s  type  and p l a n s  made t o  inc lude  i t  as an experiment on t h e  forthcommg 
ATS-F. This  wlork w i l l  cont inue  i n  FY 1971 a long  w i t h  e f f o r t s  airneii a t  
improved performance and e l e c t r o s t a t i c  t h r u s t  vec to r ing .  Evalua t ion  of 
pulsed plasma a i c r o t h r u s t e r s  which, because of t h e i r  r a p i d  and a c c u r a t e  
c o n t r o l l a b l e  t h r u s t  p u l s e s ,  o f f e r  p o t e n t i a l  f o r  c o n t r o l  of s p i n  s t ab i l i , ! ed  
v e h i c l e s  w i l l  a l s o  b e  c a r r i e d  ou t  i n  FY 1971. 

Auxi l ia ry  propuls ion  requirements f o r  manned space s t a t i o n  atmospheric 
drag  c a n c e l l a t i o n  and a t t i t u d e  c o n t r o l ,  are apprec iab le .  S tud ie s  have shown 
t h a t  high temperature (3600°F-40000F) r e s i s t o j e t  systems ope ra t ing  wi th  
e i t h e r  ammonia o r  hydrogen a t  h igh  s p e c i f i c  impulse no t  only reduced thl: 
p r o p e l l a n t  requirement,  bu t  a l s o  reduced the  complexity and increased  tile 
s a f e t y  of resupply ope ra t ions .  K e s i s t o j e t s  us ing  biowastes as p r o p e l h i t s  
provide  added advantages such as e l i m i n a t i o n  of p r o p e l l a n t  resupply .  

A major mi les tone  i n  t h i s  e f f o r t  w a s  passed i n  FY 1970 wi th  t h e  succlzssful 
conclusion of long term l i f e  tests on ammonia and hydrogen u n i t s .  Four 
ammonia t h r u s t e r s  completed 8000 hours without i n c i d e n t  and one hydrogen 
t h r u s t e r  completed 6000 hours  s a t i s f a c t o r i l y .  i)uring t h e  tes t  program, a 
second hydrogert t l i rus  ter  opera ted  a t  80 pe rcen t  performance which was 
a t t r i b u t e d  t o  it l e a k .  Upon disassembly of s e v e r a l  t h r u s t e r s ,  i t  w a s  d e t e r -  
mined t h a t  no s i g n i f i c a n t  material degrada t ion  had taken  place. T h i s  
e l imina ted  the concern t h a t  m a t e r i a l  sub l ima t ion  would l i m i t  l i f e  .at high 
temperature.  

I n i t i a l .  tests of r e s i s t o j e t s  capable of ope ra t ing  on b iowas tes ,  such as 
carbon d i o x i d e ,  methane, u r i n e ,  and water, were a l s o  c a r r i e d  out  i n  FY 1970. 
I n  FY 1971., t h i s  e f f o r t  is  t o  be continued wi th  emphasis on e v a l u a t i n g  
materials compatible wi th  t h e  b iowas tes .  I n  a d d i t i o n  t o  t h r u s t e r  r e sea rch ,  
t h e  subsys t e m  technology development r equ i r ed  f o r  i n t e g r a t i o n  w i t h  l i f e  
suppor t  system:;, w i l l  be  i n i t i a t e d .  

E lec t ron  bombardment i o n  t h r u s t e r  systems cont inue  t o  s h o w  s i g n i f i c a n t  
promise f o r  i n t e r p l a n e t  r y  s p a c e c r a f t  prime propuls ion  a p p l i c a t i o n s  a t  t h r u s t  
l e v e l s  from t o  10 l b s .  The two major elements of t he  program d j r e c t e d  
toward sucn  appl;,cations a r e :  (1)  t h e  SERT I1 f l i g h t  d i scussed  i n  a l a t e r  
s e c t i o n ;  and I:.’) a s y s t e m s  technology program t o  s imula t e  as r e a l i s t i c a l l y  
as possibLe i n  ground tests a l l  of t he  r equ i r ed  o p e r a t i o n a l  func t ions  f o r  a 
t y p i c a l  i n t e r p  l ane ta ry  miss ion .  Spacec ra f t  des ign  ana lyses  of s o l a r  ptlwered 
e l e c t r i c  propuls ion  missions have def ined  t h e s e  requirements.  An i n i t i  a1 
l abora to ry  invl3sirigation completed i n  FY 1970, v e r i f i e d  s t a b l e  behavioi’ of 
t h e  key componenirs dur ing  sys  tern o p e r a t i o n  i n  open loop  (manually conti’olled) 
conf igu ra t ion .  ‘Chis test provided t h e  informat ion  r equ i r ed  t o  proceed wi th  
c losed  loop  ( au tomat i ca l ly  c o n t r o l l e d )  ope ra t ion  of a system c l o s e l y  s:i.mulat- 
i n g  mission requirements.  The necessary  hardware and va r ious  l o g i c  suli- 
systems f o r  t h i s  i n v e s t i g a t i o n  are be ing  assembled f o r  test  i n  FY 1971,  With 
t h e  s u c c e s s f u l  completion of t h i s  tes t  program and t h e  SCRT T I  f l i g h t ,  
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e l e c t r i c  propuls.ion technology based on mercury e l e c t r o n  bombardmsent i o n  
engines w i l l  have achieved a major mi l e s tone  i n  i ts  advancement t 'o  i n i t i a l  
mission use.  

Nuclear Power Generation 

The primary o b j e c t i v e  of t h e  Nuclear Electr ic  Power Technology pro@,ram 
is t o  o b t a i n  r:he experimental  and a n a l y t i c a l  d a t a  needed t o  permi t  the  
u l t i m a t e  deveLopment of t h e  energy conversion equipment t o  be used i n  
advanced nuc:~eai: e l e c t r i c  power gene ra t ing  systems r equ i r ed  f o r  such f u t u r e  
missions as :;pa(:e s t a t i o n / b a s c  and o u t e r  p l a n e t s  exp lo ra t ion .  The cor.ver- 
s i o n  syslrems i L L 1  u t i l i z e  i s o t o p e  and nuc lea r  r e a c t o r  h e a t  sources  fuimished 
by t h e  h E C  asid are t h e r e f o r e  c.Losely coord ina ted  w i t h  t h e  AEC program:,. 

'i'wo nuc lea r  power gene ra t ion  programs are aimed a t  suppor t ing  tile 
space s t a t i o n / s p a c e  base  program t o  cover power needs which have now 1,een 
i d e n t i f i e d  by mission s t u d i e s  to  range up t o  100KWe, perhaps h ighe r .  These 
are t h e  SNAP-8 and Brayton cycle programs. The space  s t a t i o n  i t s e l f  :IS 

e s t i m a t e d  t o  ne2d power a t  about t h e  25IWe l e v e l  from t h e  primary powc!r 
system. Posa ib ly  independent experimental  modules w i l l  r e q u i r e  from ,!-5KWe. 
The space base ,  which w i l l  evolve from t h e  s t a t i o n ,  w i l l  r e q u i r e  t h e  l i igher  
power l e v e l s .  

The SASA SJAP-8 program has  been aimed a t  developing t h e  technology of 
a l o n g - l i f e  space r e a c t o r  power system i n  the  30-5OKWe power range. 'Che 
development o f  t h e  r e a c t o r  is t h e  r e s p o n s i b i l i t y  of t h e  Atomic Energy 
Commission, whi lc  XASA is developing t h e  mercury turbogenera tor  power conver- 
s i o n  system f o r  use  w i t h  t h i s  r e a c t o r .  During FY 1970, emphasis i n  t i e  NASA 
program has  been placed on cont inuing  t h e  endurance development of thiz major 
components of t h e  power conversion system, and ob ta in ing  systems data us ing  
two e x i s t i n g  breadboarded power conversion systems. 

In  t h e  p a s t  year, bo th  t h e  b o i l e r  and t u r b i n e ,  two components which had 
previous ly  g,i.ven major d i f f i c u l t y ,  have been s u c c e s s f u l l y  t e s t e d  f o r  10,000 
hours.  The t.urbine w a s  coupled t o  an a l t e r n a t o r  and 2KWe w a s  los t .  over t h e  
test pe r iod .  Pos t  t es t  i n s p e c t i o n  of bo th  components d i d  n o t  reveal any 
s i g n i f i c a n t  problems and i t  is  concluded t h a t  s i g n i f i c a n t l y  more l i f e  is  
a v a i l a b l e .  7.hi.s is considered a major mi l e s tone  toward the s u c c e s s f u l  
development of dynamic systems f o r  use i n  space .  The 10,000 hour b o i l e r  is 
now being di.sassembled fo r  i n s p e c t i o n  and r e s u l t s  are no t  y e t  a v a i l a b l e .  A 
s h o r t e r  test: of ano the r  b o i l e r ,  however, confirms t h a t  t h e  problem of 
co r ros ion  of' b o i l e r  tubes  by mercury has  been so lved .  

Tes t ing  o E t h e  power conversion system l o c a t e d  a t  t h e  con t r ac to r ' s ,  p l a n t  
has given vi1 Luable d a t a  on component i n t e r a c t i o n s  i n  long-term operat i o n  and 
a dynamic test program t o  determine t r a n s i e n t  d a t a  in system s ta r t -u l l  and 
shutdown was completed i n  FY 1970 us ing  t h e  second breadboarded powel. con- 
ve r s ion  sys1rI.m (PCS) l oca t ed  a t  t h e  L e w i s  Research Center.  
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Tes t ing  by t h e  AEC of t h e  second S N A P - 8  r e a c t o r  f o r  7,000 hours  has; 
revea led  that: t h e  problem of f u e l  element c racking  found i n  t h e  f i r s t  
r e a c t o r  has  no t  been solved.  The test of t h i s  r e a c t o r  has  been terminated 
t o  in spec t  f o r  t h e  causes  of t h i s  problem. A s tudy  of t h e  test d a t a  i n d i c a t e s  
t h a t  adequate  c o r r e c t i v e  a c t i o n  can be taken i n  t h e  next  des ign .  I n  addi t ion , ,  
cons ide ra t ion  is being given t o  reducing t h e  PCS opera t ing  temperature i n  
o rde r  t o  increazie assurance  of achiev ing  long r e a c t o r  l i f e .  

For t h e  remainder of FY 1970 and i n  FY 1971, t h e  S N A P - 8  program w i I , . l  
cont inue  wi th  l i f e  and performance development of power conversion system 
components arid o t h e r  development necessary  f o r  t he  combined test of t h e  
power conver:;ioii system wi th  t h e  r e a c t o r .  Modi f ica t ions  w i l l  be  made t o  
c u r r e n t  compoaents as necessary  f o r  ope ra t ion  wi th  a reduced temperatlire 
r e a c t o r .  

NASA has undertaken the  development of Brayton cyc le  f o r  use  i n  spitce 
because of its p o t e n t i a l l y  h igh  energy conversion e f f i c i e n c i e s  and bec:ause 
the  s i n g l e  i n e r t  gas  phase working f l u i d  of t h e  Brayton cyc le  w i l l  eatie 
development problems. Development has  been i n i t i a l l y  aimed a t  an isoi1:ope 
system a t  a ‘power l e v e l  of 2-1OKWe where the  e f f i c i e n c i e s  ob ta inab le  w i t h  
convent ional  systems would r e q u i r e  i m p r a c t i c a l l y  l a r g e  quan t i t i e s ;  of i:xpen- 
sive,  hard t o  o‘stain i s o t o p e  f u e l .  The conversion equipment is clesigiied f o r  
a t u r b i n e  i n l e t  temperature  of 1600OF. 

I n  1969, s t a r t -up ,  shutdown, and performance tests were completed Ion t h e  
f i r s t  combined Brayton gas  bea r ing ,  turbo-alternator-compressor u n i t .  This  
u n i t  opera ted  f o r  1013 hours  demonstrat ing performance as p red ic t ed .  
complete i so tope  Brayton power conversion system w a s  assembled arid ha:% been 
run f o r  592 hours i n  t h e  Plum Brook Space Power f a c i l i t y  us ing  an e l e c t r i c a l  
hea t  source .  These tests, which w i l l  be cont inued through FY 1970, ace aimed 
a t  ob ta in ing  experimental  d a t a  on system c h a r a c t e r i s t i c s .  
e f f i c i e n c y  of 22 percen t  has  been demonstrated. I n  e a r l y  CY 1970, long term 
endurance development of t he  major power conversion system components w i l l  
be  i n i t i a t e d  i n  a s e p a r a t e  component f a c i l i t y  s p e c i f i c a l l y  designed f o r  t h i s  
purpose.  Based on test  r e s u l t s  t o  d a t e ,  some mod i f i ca t ion  t o  t h e  c u r r e n t  
equipment has been shown as necessary  t o  achieve  t h e  very  long l i f e  dlesired 
and t o  determine t h e  ope ra t ing  l i m i t s  of t h e  c u r r e n t  hardware. Also, work 
w i l l  be cont inued on t h e  development of those  components and s t r u c t u r a l  
elements assclciated w i t h  t h e  h igh  temperature  i s o t o p e  h e a t  source  which w i l l  
be needed f o r  test  of t h e  e x i s t i n g  power conversion system wi th  : isotope 
capsules  t o  b e  developed by t h e  Atomic Energy Commission. 

A 

A c o n v e r s i m  

I n  the  p a s t  yea r ,  estimates of even tua l  power needs f o r  t he  space  s t a t i o n /  
base  program have grown t o  100 t o  200 We. Because of t h e  importance of high 
conversion e f f i c i e n c y  i n  achiev ing  maximum power and t h e  very  long l i f e  
d e s i r e d  from t h e  r e a c t o r ,  and because of t h e  i n i t i a l  success  achieved i n  the  
i s o t o p e  Brayt:on program, i t  i s  be l i eved  t h a t  Brayton conversion is t h e  most 
appropr i a t e  approach f o r  t h i s  power range. Therefore ,  i n  FY 1971, t h e  Brayton 
cyc le  program w i l l  be expanded toward eva lua t ion  by test  of key high power 
components. 
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The advance'd, a l k a l i  metal Rankine program is  aimed a t  achiev ing  Low power 
system weights  f o r  power i n  t h e  hundreds of k i l o w a t t s  t o  t h e  few megawatts. 
Eventual a p p l i c a t i o n s  are f o r  very  h igh  power near -ear th  and e l e c t r i c :  p ropuls ion  
p l ane ta ry  e : sp lora t ion  miss ions .  
i n g  through progress ive  development phases which w i l l  even tua l ly  leatl t o  t h e  
t es t  of a comp.l.ete power conversion system wi th  a r e a c t o r .  C u r r e n t l j ,  t h e  
program is aimed a t  developing a sound component technology base .  

The development approach is based 0x1 proceed- 

I n  F'i 1970, 1700 hours were accumulated on a reworked three-s tage  potassium 
vapor t u r b i n e  ope ra t ing  a t  l 5 O O O F  i n  f u r t h e r  i n v e s t i g a t i o n s  of b l ade  e r o s i o n .  
3000 hours o., endurance test of an llOO'F potassium e lec t romagnet ic  b o i l e r  
feed pump ha:; been achieved wi thout  i n d i c a t i o n s  of d i f f i c u l t y .  A 3-loop 
boiler/t:ube : tac:i l i ty is near ing  complet ion,  and i n i t i a l  des ign  s t u d i e s  of a 
potassium vapor t u r b o a l t e r n a t o r  and r e a c t o r  loop e lec t romagnet ic  pump have 
been complet.ed. Tes t ing  of t h e  b o i l e r  f eed  pump and t h e  3-stage t u r b i n e  w i l l  
be continued through FY 1970. 

In FY 1971., t h e  major emphasis w i l l  b e  p laced  on t u r b i n e  and b o i l e r  r e l a t e d  
experimental  i n v e s t i g a t i o n s  necessary  t o  suppor t  subsequent f u l l s c a l e  compon- 
e n t  f i n a l  des i p s .  Support material and a l l o y  technology i n v e s t i g a t i o n s  w i l l  
be cont inued.  

Work a i m e d  a t  developing t h e  technology of thermionic  r e a c t o r  systlzms 
cont inued t o  make progress  dur ing  FY 1970. Important r e s u l t s  have be1.n 
obtained i n  a l l  areas of work o u t l i n e d  i n  t h e  FY 1970 budget r eques t .  These 
inc lude :  (1) a n a l y t i c a l  r e a c t o r  and e l e c t r i c  p rope l l ed  s p a c e c r a f t  s t i i d i e s  
of a system s u i t a b l e  f o r  a J u p i t e r  o r b i t e r  miss ion;  (2)  completion of two 
long-term thermionic  f u e l  i n - p i l e  tests a t  t h e  NASA Plum Brook Reactoir; (3 )  
a thermionic  diode k i n e t i c s  experiment a t  t h e  Jet Propuls ion  Laboratoi:y t o  
s tudy  f a s t  t n e r n i o n i c  r e a c t o r  system dynamics and c o n t r o l ;  and,  ( 4 )  oiit-of- 
p i l e  tests on the r e d i s t r i b u t i o n  and ven t ing  of uranium oxide  fue l ed  4:apsules. 

These problem so lv ing  e f f o r t s  w i l l  cont inue  i n  FY 1971 wi th  major c!mphasis 
on f u e l / e m i t t e r  technology and an i n v e s t i g a t i o n  of t h e  un insu la t ed  exl .ernal ly--  
fue l ed  diode zoncept.  The NASA program assists t h e  Nat iona l  Thermioni .~  
Technology p:mgi:am being undertaken by t h e  MC. 

Two SI\JAF'-:LO r ad io i so tope  t h e r m o e l e c t r i c  gene ra to r  (RTG) power un i t s ,  
supp l i ed  t o  2LiSA by t h e  AEC w e r e  launched aboard t h e  Nimbus B2  on A p r i l  14 ,  
1969, as an experiment t o  demonstrate  f e a s i b i l i t y  and t o  i n v e s t i g a t e  F:TG/ 
s p a c e c r a f t  i n t e g r a t i o n  and o p e r a t i o n a l  problems. While t h e  RTG performance 
w a s  s a t i s f a c t . o r y  f o r  t h e  purposes of t h i s  miss ion ,  d i f f e r e n c e s  have been 
observed b e t w e n  t h e  performance of t he  i s o t o p e  f u e l e d  u n i t s  i n  space and 
e l e c t r i c a l l y  hea ted  u n i t s  opera ted  i n  ground vacuum tanks .  S tud ie s  are  i n  
progress  t o  i d e n t i f y  t h e  reasons  f o r  t h e  observed d i f f e r e n c e s  i n  performance. 

An AEC: developed and fu rn i shed  SNAP-27 RTG power source  f o r  t h e  l u n a r  
s u r f a c e  experiment package (ALSEP) w a s  placed on t h e  moon dur ing  the Apollo 
12 miss ion .  Performance t o  d a t e  has  been as p red ic t ed  and s a t i s f a c t o r y .  
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Plans  t o  use  SNP9-27 RTG's on t h e  Apollo 13,  1 4  and 15 missions remain f i rm.  
Use of improved SNAP-27 u n i t s  f o r  subsequent Apollo missions is be ing  
eva lua ted  by the  AEC and NASA. 

i\lASA's Off i ce  of Space Science and Appl ica t ions  has  s e l e c t e d  R'TG's  t o  
power t h e  Pioneer  F and G missions and t h e  Viking Mars Lander. Arrangements 
have been made t o  o b t a i n  s u i t a b l e  u n i t s  through t h e  AEC. Severa l  requi red  
experiments t o  clef i n e  RTG/spacecraf t i n t e r a c t i o n s  i n  these  missions we re 
i d e n t i f i e d .  

During FY 1971 work w i l l  be  cont inued t o  i d e n t i f y  and r e so lve  RTG/space- 
c r a f t  i n t e r a c t i o n s  and o p e r a t i o n a l  problems, and w i l l  cont inue  tes t i n t ,  of 
RTG's f o r  sti&>i:Lity and long-term r e l i a b i l i t y .  

An u rgen t ly  needed f a c i l i t y  f o r  t h i s  work is the  I so tope  Thermoelectr ic  
Systems Appl ica t ions  Laboratory,  descr ibed  under t h e  FY 1971 construct . ion of 
f a c i l i t i e s  reques t .  This  f a c i l i t y  is e s s e n t i a l  t o  t h e  accomplishment of work 
v i t a l  t o  t h e  i n t e g r a t i o n  of r ad io i so tope  the rmoe lec t r i c  gene ra to r s  wit.h 
s c i e n t i f i c  ins t ruments  and o t h e r  s p a c e c r a f t  subsystems f o r  f u t u r e  mis:;ions 
t o  t h e  o u t e r  p l a n e t s .  

So la r  Power Generation 

Goals of t h e  So la r  Power System program cont inue  t o  be (1) i n v e s t i g a t i o n  
of methods f o r  compact stowage and r e l i a b l e ,  automatic  deployment: of Large 
area, l igh tweight  s o l a r  cel l  a r r a y s ;  (2) adap ta t ion  of such a r r a y s  t o  the  
requirements f o r  manned space s t a t i o n  power; (3)  understanding t h e  s t r u c t u r a l  
and f l i g h t  dynamic i n t e r a c t i o n s  of l a r g e ,  f l e x i b l e  s o l a r  c e l l  a r r a y s  w i t h  
guidance, c o n t r o l  and propuls ion  subsystems; (4) development of re l ia l~ le ,  
long l i f e  mechanical d r i v e  mechanisms f o r  l a r g e  s o l a r  ce l l  a r r a y s ;  (5)  
development ctf s o l a r  c e l l  a r r a y  des igns  f o r  a p p l i c a t i o n  t o  s p a c e c r a f t  f l i g h t s  
on Venus-Merc:ury f lybys ,  s o l a r  probes,  Mars l ande r s  and J u p i t e r  f l ybys  and 
o r b i t e r s ;  ( 6 )  s u b s t a n t i a l  improvement i n  the  r e s i s t a n c e  of s o l a r  c e l l s  t o  
degradat ion i n  t h e  space  r a d i a t i o n  environment; ( 7 )  b e t t e r  meta l - to-s i l icon  
contacts;  needed. t o  wi ths tand  new extremes of temperature and thermal cyc l ing ;  
and (8) new sol.ar cel ls  having g r e a t l y  improved e f f i c i e n c y  and reduced cos t .  

Fab r i ca t ion  of a 250 square  f o o t  (2.5KW) engineer ing  model of a f l e x i b l e  
r o l l u p  s o l a r  c e l l  a r r a y  is scheduled f o r  completion e a r l y  i n  FY 1971. The 
goa l  of 30 triitt:s p e r  pound f o r  t h i s  a r r a y  segment is  expected t o  be achieved 
f o r  p l ane ta ry  s p a c e c r a f t  a p p l i c a t i o n s .  For manned a p p l i c a t i o n s ,  e s p e c i a l l y  
f o r  a manned space s t a t i o n ,  t h i s  unmanned s o l a r  a r r a y  technology w i l l  r equ i r e  
adap ta t ion  t o  withs tand  t h e  more severe dynamic i n t e r a c t i o n s  wi th  the  veh ic l e  
during shutt:.Le docking, o r b i t  changes and a t t i t u d e  maneuvers. These mechan- 
ical  loads  ace es t imated  t o  be a n  o r d e r  of magnitude more severe than f o r  
t he  present  iinrnanned p l a n e t a r y  a p p l i c a t i o n .  Thermal cyc l ing  w i l l  be more 
extreme and the number of cyc le s  several o rde r s  of magnitude g r e a t e r .  
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Pre l iminary  s t u d i e s  have i n d i c a t e d  t h a t  a h igh  v o l t a g e  power d i s t r i b u t i o n  
system of fers  important advantages over  convent iona l  low v o l t a g e  systems f o r  
l a r g e  appl ica . t ions  sa te l l i t es  and space  s t a t i o n s .  Methods are being developed 
f o r  ob ta in ing  high v o l t a g e s  d i r e c t l y  from s o l a r  a r r a y s  wi th  v o l t a g e  r e g u l a t i o n  
devices mounted i n t e g r a l  t o  t h e  a r r a y .  A high  v o l t a g e ,  s e l f - r e g u l a t i n g  a r r a y  
should improve r e l i a b i l i t y  and minimize hea t  l oads  and power cond i t ion ing  
i n e f f i c i e n c y .  Work w i l l  cont inue  on t h e  e f f e c t  of i on ized  p a r t i c l e  r a d i a t i o n  
on s o l a r  c e l l s  a t  temperature and s o l a r  i l l u m i n a t i o n  l e v e l s  encountered o u t  
t o  t h e  planet. J u p i t e r .  Pre l iminary  f i n d i n g s  sugges t  t h a t  t h e  neax e a r t h  
s u p e r i o r i t y  of iu' on P s i l i c o n  s o l a r  cel ls  is  no longe r  v a l i d  a t  t he  J u p i t e r  
o r b i t  condit.i.orts of temperature and s o l a r  i n t e n s i t y .  Under these  f a r  from 
t h e  sun c o n d i t i o n s ,  P on N type doping appears  t o  o f f e r  s u p e r i o r  r a d i a t i o n  
r e s i s t a n c e .  These r e s u l t s  were unexpected and w i l l  be i n v e s t i g a t e d  f u r t h e r  
i n  FY 1 9 7 1 .  Work w i l l  cont inue  i n  FY 1971 on t h e  l i t h i u m  doped s o l a r  ce l l  
t o  determine i t s  p o t e n t i a l  r a d i a t i o n  r e s i s t a n c e  and e f f i c i e n c y  advantages 
f o r  use i n  wr t .h  o r b i t .  Work w i l l  cont inue  on t h i n  f i l m  cadmium s u l f i d e  ce l l s  
which have 1:he p o t e n t i a l  of reduced c o s t  and compact stowage, provid ing  environ- 
mental i n s  tabi. ' . ity problems can be so lved  and t h e  e f f i c i e n c y  inc reased  sub- 
s t a n t i a l l y .  

Chemical Power Generation 

The c:hem:ka.L Power Generation program is aimed a t  achiev ing  a new techno- 
l o g i c a l  p l a t e a u  f o r  b a t t e r i e s  , f u e l  ce l l s  and engine gene ra to r  systenis. 
Uatteries a:ce .required t h a t  are r e l i a b l e ,  e x h i b i t  a high energy/weigt t r a t i o  ,, 
and f u l E i l l  the  s p e c i f i c  requirements of t h e  va r ious  mis s ions ,  such :is long 
cyc le  l i f e ,  long s h e l f  l i f e ,  Iiigh power d e n s i t y ,  o p e r a b i l i t y  a t  extrcme 
temperature!;, o r  s t e r i l i z a b i l i t y  . Almost every launch v e h i c l e  and silacecraf 1: 
r e q u i r e s  one o r  more b a t t e r i e s ,  e .g . ,  t h e  Sa tu rn  V/Apollo uses  24 b a f t e r i e s .  
T r a d i t i o n a l  n a t e r i a l s  and methods of manufacture f o r  rechargeable  sp:ice f u e l  
cel ls  and ba t t i 2 r i e s  are be ing  i n v e s t i g a t e d  wi th  a view toward improvmg 
q u a l i t y  c o n t r o l  and upgrading t h e  e l e c t r o d e s  t h a t  go i n t o  n i cke l  oxiclel 
cadmium cel ls .  L i f e  t e s t i n g  of rechargeable  b a t t e r i e s  under t h i s  program has 
a l r eady  revea led  some of t h e  wearout modes of long-lived cel ls .  'The:;e tests 
have i n d i c a t e d  t h e  need f o r  improved s e p a r a t o r s  and more c l o s e l y  concro l led  
pore-size d i s t r i b u t i o n s  i n  e l e c t r o d e s  i n  o r d e r  t o  f u n c t i o n  f o r  yea r s  i n  
space. Usefu l  as t h e  p a s t  tests have been, t h e s e  r e s u l t s  have a l s o  Iiigh- 
l i g h t e d  s h o r t  comings and r evea led  t h a t  more c a r e f u l l y  chosen test p icocedures 
could r e s u l t  i n  more u s e f u l  d a t a  from f u t u r e  t e s t  e f f o r t s .  Work is ilmost 
complete on de f in ing  an improved tes t  procedure w i t h  a three- fo ld  purpose (1) 
i t  s h a l l  be an a c c e l e r a t e d ,  nondes t ruc t ive  tes t ,  consuming a t  most 1 percent  
of t h e  c e l l ' s  u s e f u l  l i f e ;  ( 2 )  i t  s h a l l  permit p r e d i c t i o n  of c e l ~ l  liEe wi th  
a high degree of confidence; (3)  i t  s h a l l  be  useable  (or  modi f iab le  Eor use) 
by any s p a c e c r a f t  eng inee r ,  s o  he can p i ck  and match cel ls  f o r  h i s  si3acecrafl: 
batteries . 

A l imitec.  t echno log ica l  c a p a b i l i t y  is expected t o  be i n  hand by t'ie end 
of FY 1970 for: (1) hea t  s t e r i l i z a b l e ,  impact r e s i s t a n t ,  s m a l l  primary 
s i l v e r  ox ide /z inc  cel ls ;  (2)  rechargeable  s i l v e r  ox ide /z inc  cel.Ls; and, (3 )  
n i c k e l  oxide/cadmium ce l l s .  I n  FY 1971, e f f o r e s  t o  f u r t h e r  improve these  
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c a p a b i l i t i e s  w i l l  cont inue  and emphasis w i l l  b e  p laced  on t h e  complete b a t t e r y  
( a  series group of c e l l s )  and b a t t e r y  monitoring and c o n t r o l  e l e c t r o n i c s .  
Remote ac:tiva.t.ion of b a t t e r i e s ,  as w e l l  as b a t t e r i e s  capable  of l o n g - l i f e  
under wet. s t a r a g , e  c o n d i t i o n s ,  is  be ing  s t u d i e d ;  b a t t e r i e s  f o r  p l a n e t a r y  
o r b i t e r s  are tieing designed and b a t t e r y  c o n t r o l  l o g i c  is  being developed t o  
o b t a i n  more infc l rna t ion  pe r  channel ,  t o  a i d  i n  c o n t r o l l i n g  t h e  b a t t e r y ,  and t o  
bypass f a u l t y  cel ls .  

The space  s h u t t l e  has  re-emphasized t h e  need f o r  f u e l  ce l l s ,  s o  t h a t  t h e  
c u r r e n t  modes, 1: ].eve1 of e f f o r t  on r e l a t i v e l y  b a s i c  e l ec t rochemis t ry  and 
engineer ing  is being inc reased  t o  meet t h e  a n t i c i p a t e d  s h u t t l e  needs.  Forc- 
most among tluise is  a long- l ived ,  maintenance f r e e  system. A promising 
candida te  is t h e  c a p i l l a r y  ma t r ix  type  f u e l  c e l l .  With f u r t h e r  improvements 
t h i s  system has a p o t e n t i a l  t o  m e e t  t h e  ruggedness,  v e r s a t i l i t y ,  and po ten t i a l .  
l ongev i ty  r equ i r ed  by s h u t t l e  miss ions .  A program w i l l  be  i n i t i a t e d  i n  l a t e  
FY 1970 f o r  nutjor engineer ing  improvements i n  such c a p i l l a r y  m a t r i x  sg stems. 

S u b s t a n t i a l  q u a n t i t i e s  of e l ec t r i ca l  and hydrau l i c  power w i l l  be r equ i r ed  
t o  o p e r a t e  tlie Jilignt systems on s h u t t l e  v e h i c l e s .  This  y e a r ,  an in-house 
s tudy  e f f o r t  i l t  t h e  L e w i s  Rescarch Center  has been i n i t i a t e d  t o  i d e n t i f y  
t h e  peak powe:c needs,  such as f o r  c o n t r o l  s u r f a c e s ,  j e t  engine  deploynient, 
e t c . ,  f o r  t h e  s h u t t l e ,  and t o  d e f i n e  promising chemically-powered auxj l i a r y  
power u n i t s  I(,WlJ's) t o  m e e t  t h e s e  needs. 

During FY 1971, a combined in-house and c o n t r a c t  e f f o r t  w i l l  be  coriducted 
t o  study s p e c i f i c  APU c o n f i g u r a t i o n s ,  develop p re l imina ry  des igns ,  idcbntify 
technology p:cob.Lem areas and i n i t i a t e  component procurement f o r  development 
tes t ing  . 

Power Process ing  and D i s t r i b u t i o n  

The h i g h s t  'capacity space  e lec t r ica l  power system flown t o  dalte i:; r a t e d  
only about f o u r  k i l o w a t t s  and tlie l o n g e s t  miss ion  d u r a t i o n  p rev ious ly  demon- 
s t r a t e d  f o r  m y  man-rated s p a c e c r a f t  is  less than  one month. This  coripares 
t o  an e l e c t r i c a l  power l e v e l  of 25-100 k i l o w a t t s  es t imated  f o r  space  : ; t a t i on /  
base  a p p l i c a t i o n s  and ope ra t ing  l i f e  times of 5-10 y e a r s  f o r  bo th  stat:ion/base 
and s h u t t l e .  T h e  s h u t t l e  imposes a d d i t i o n a l  c o n s t r a i n t s  of weight s e i n s i t i v i t y ,  
onboard checkout and au tomat ic  i n f l i g h t  moni tor ing ,  no t  p o s s i b l e  w i t h i n  e x i s t -  
i ng  power process ing  and d i s t r i b u t i o n  technology. I n  a d d i t i o n ,  an important 
e a r l y  o b j e c t i v e  i s  t o  i d e n t i f y  e l ec t r i ca l  power process ing  and d i s t r i 1 ) u t i o n  
concepts permitting tlie f u l l e s t  p o s s i b l e  degree of commonality betweei-r shut t l le  
and s t a t i o d b a s c .  

So l id  s t a t e  d i s t r i b u t i o n  systems, c i r c u i t s  and d e v i c e s  r e q u i r e  f u r t h e r  
i n v e s t i g a t i o n  and development t o  extend t h e  technology t o  meet t h e  nei2ds of 
t h e  s h u t t l e  and s t a t i o n j b a s e .  Work w i l l  be  inc reased  i n  e l e c t r i c a l  f , nu l t  
i d e n t i f i c a t i o n ,  i s o l a t i o n  and energy management, w i th  an  o b j e c t i v e  of onboard 
e l e c t r i c a l  s y s t e m  checkout and au tomat ic  i n f l i g h t  monitoring-primary opera t -  
i ng  c h a r a c t e r i s t i c s  sought f o r  t h e  space  s h u t t l e .  This  n e c e s s i t a t e s  a con t in -  
ua t ion  of a n a l y t i c a l  and experimental  work t o  i d e n t i f y ,  measure and c o n t r o l  
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t h e  thermal, e l e c t r o s t a t i c  and o t h e r  stresses which induce f a i l u r e  i n  lpower 
process ing  conponents and c i r c u i t s .  A developmental  wide-band wat.trnetl?r 
r e s u l t i n g  f r o n  ea r l i e r  work under t n i s  program has proven t o  be a very  
u s e f u l  d i a g n o s t i c  instrument  f o r  t h i s  purpose.  

Ongoing work n i l 1  b e  cont inued i n  t h e  s p e c i a l i z e d  areas of power process-  
i ng  f o r  u se  wi th  i so tope- fue led  the rmoe lec t r i c  gene ra to r s  (goal  is  unat tended 
l i f e  of 12  yea r s  o r  more) and f o r  use  i n  e l ec t r i c  propuls ion  a p p l i c a t i m s  
(goa l  i s  a weight of one kilogram pe r  k i l o w a t t  o r  l e s s ) .  The u s e f u l n e ; ~  of 
the previous ly  developcd s t anda rd ized  multi-purpose c o n t r o l  modulc f o r  power 
p rocesso r s ,  i s  being f u l l y  v e r i f i e d  through a p p l i c a t i o n  t o  both of t hese  
programs. 

Spacecraf t  and experiment 

Agena (Launch Vehicle  
development. .................... $ 1  ,SO0 ,000 $50O,c)OO $27 j ,000 

Procurement Program) ............ (794,090) ____-- (150,000) (---I - -- -I 

i ' o t a l  ( inc luding  launch 
v e h i c l e ) .  .............. $(2,294,000) S ( 6 5 0 , O O O )  $(275,000) 

_I --I_- 

T h e  o b j e c t i v e  of SCKT 11, t h e  second f l i g h t  i n  t h e  SERT ser ies ,  i s  the  
v e r i f i c a t i o n  c i  long-term i o n  t h r u s t e r  performance in space .  S L N  I ,  a sub- 
o r b i t a l  f l i g h t ,  launched i n  J u l y  1964, proved t h e  b a s i c  f e a s i b i l i L y  of i o n  
propuls ion .  

' ine  SLKT I1 s p a c e c r a f t  is t o  be launched i n  t h e  f i r s t  q u a r t e r  of CY 1970 
from t h e  Western Test Range i n t o  a near  p o l a r  s u n l i t  o r b i t  by a Tliorad-Agena. 
Primary power from a 1 . 5 K i  s o l a r  a r r a y  w i l l  be  used to s e q u e n t i a l l y  ponrer two 
lkw t h r u s t e r s .  'The major goal  is t o  accumulate G months ope ra t ion  on one 
of these thrus  t e r s .  Lxpeririients aimed a t  eva lua t ing  t h e  i n t e r a c t  ions between 
the  e l ec t r i c  1 ropuls ion  system and s p a c e c r a f t  are a l s o  c a r r i e d .  ' C l i l i s  f l i g h t  
is consiaered t o  be the  next  major s t e p  i n  primary e l ec t r i c  propuls ion .  

The 1a.unch d a t e  w a s  changed from CY 1969 t o  the  f i r s t  q u a r t e r  Iof CY 1970 
t o  a l low addi t . iona1 t e s t i n g  of t h e  power cond i t ione r  and t h r u s t e r .  T h e  
expected long-durat ion ope ra t ion  of t he  s p a c e c r a f t  w i l l  r e q u i r e  F'J 1971 
funding f o r  da t a  a n a l y s i s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

NUCLEAR ROCKETS PROGRAM OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY -- 
PROGRAM --- OBJECTIVES AND JUSTIFICATION: 

The o v e r a l l  a i m  of t he  Nuclear Rockets program i s  t o  provide ,a s i g n i f i c a n t  
The p r i n c i p a l  i nc rease  i n  propuls ion  c a p a b i l i t y  f o r  f u t u r e  space a c t i v i t i e s .  

o b j e c t i v e  i s  t o  develop a 75,000 pound t h r u s t  engine,  NERVA, f o r  i nco rpora t ion  
i n  a rerisab1.e nuc lear  s t a g e .  Apart from NERVA development, t he  program in-  
c ludes c e r t a i n  suppor t ing  r e sea rch  and technology a c t i v i t i e s .  The ob jec t ives  
of t hese  act:ivl.ties are: (1) t o  provide suppor t  t o  t h e  NERVA engine design 
and developnimt:, (2)  t o  provide f o r  t h e  continued improvement of nuc lea r  
rocke t  perfommance, (3) t o  provide t h e  base of information f o r  t h e  develop- 
ment of a nuc lear  s t a g e ,  and (4) t o  i n v e s t i g a t e  the  f e a s i b i l i t y  of advanced 
propuls ion concepts.  

The advantages of nuc lea r  propuls ion  over  chemical propuls ion restilt from 
i ts  high pa!rLoi3d performance, propuls ion  e f f i c i e n c y ,  and v e r s a t i l i t y ,  I n  
the  types o:E m:Lssions involv ing  high energy and l a r g e  payloads,  spec!l.fic 
impulse becomes an extremely important  performance requirement.  The f i r s t  
genera t ion  iiuclear rocke t  engine,  NERVA, on which work i s  now underway w i l l  
provide approximately twice t h e  s p e c i f i c  impulse of t he  b e s t  che:mica'l rocket:;. 
A s  an i n t e g r a l  p a r t  of a new c a p a b i l i t y  for space t r a n s p o r t a t i o n ,  t h i s  engine 
incorpora ted  i n  a reusable  nuc lea r  s t a g e  can be used t o  move men, s p x e c r a f t  
and supp l i e s  between e a r t h  o r b i t  and l u n a r  o r b i t  and between lotr earth o r b i t  
and geosynchronous o r b i t .  It a l s o  o f f e r s  major advantages f o r  t r anspor t ing  
heavy payloads i n t o  deep space.  The increased  propuls ion energy i t  inakes 
a v a i l a b l e  can be  used f o r  any of a v a r i e t y  of purposes i n  such m i s s i i m s ,  
e.g., t o  i nc rease  payloads,  t o  reduce t r i p  t i m e s  and t o  provide g r e a t e r  
r e l i a b i l i t y  f o r  t h e  completion of the  mission. 

Development of t he  NERVA engine is being accomplished using i3 base of 
technology which took nea r ly  f i f t e e n  yea r s  of extensive a n a l y t i c a l  and 
experimental. research  t o  acqui re .  Through t h i s  technology phase,  t he  im-  
portant.  aspects of nuc lea r  rocke t  ope ra t ion  requi red  t o  develop a f l i g h t  
engine were i n v e s t i g a t e d .  This  work has  now been completed, and a l l  
technol.ogy goa ls  have been met. I n  the  course of t h i s  r e sea rch ,  twelve 
r e a c t o r s  and engines  were t e s t e d ,  from which more than fou r t een  houxs of 
power ope ra t ing  experience were obtained.  Approximately four  hours of t h i s  
experience was a t  high power. 
t a ined  i n  opera t ing  nuc lea r  rocke t  r e a c t o r s ,  engines ,  and f a c i l i t i e s ,  t hese  
tests provided a pre l iminary  assessment of t he  more obvious needs of a nuclear  
rocket  system,,  e.g., r a p i d  s t a r t u p ,  sh i e ld ing ,  l i q u i d  hydrogen p r o p e l l a n t ,  
high power dens i ty ,  long endurance and se l f -energ ized  s t a r t u p s  (boot - 
s t r app ing)  ,, 

I n  a d d i t i o n  t o  t h e  va luab le  experience ob- 



The NERVA engine is  being designed as a t h r o t t l e a b l e ,  r e s t a r t a b l e ,  and 
r eusab le  systern so t h a t  i t  can be a p p l i e d  t o  a ' ' shu t t l e "  s t a g e .  
is being designed s o  t h a t  any improvements i n  r e a c t o r  f u e l  element capsibil i  t y  , 
and thereby i n  l i f e t i m e ,  which are t h e  r e s u l t  of t h e  cont inuing  AEC res;earch 
and technology pi:ogram, can be inco rpora t ed .  

The engine  

The NEliVA engine w i l l  be approximately 34 f e e t  i n  l eng th  from t h e  bcgttom 
of t h e  propelLm1: tank t o  the  e x i t  p lane  of t h e  nozz le .  Its l a r g e s t  djameter 
w i l l  be  appro:rimately 10 f e e t .  The engine r e a c t o r  w i l l  have a r a t i n g  <If 
1,500 megawatt:;. Engine weight w i l l  be approximately 20,000 pounds, i r i -  

c luding  a s h i e l d  weight of approximately 3,000 pounds. 
a d d i t i o n a l  s h i e l d i n g  may be r equ i r ed ,  depending upon t h e  des ign  of the pay- 
load  and the cmnnand module s t r u c t u r e .  Engine performance goa l s  a r e  a:; 
follows : 

For cer ta in  miss ions ,  

Thrus t  
Spe'cif fc  Impulse 
Endurance 
Ope r a t i n g  Cycles 

75,000 pounds 
825 seconds 

Up t o  10 hours 
Up t o  60 cyc le s  

The primary func t ion  of NERVA w i l l  be t o  power a r eusab le  nuc lea r  s t a g e .  
This s t a g e  i s  being s t u d i e d  i n  t h e  conceptual des ign  phase by several icon- 
t r a c t o r s  under t h e  supe rv i s ion  of t h e  Marshall  Space F l i g h t  Center.  BI:ith 
engine and s t a g e  w i l l  be man r a t e d ,  have an extended endurance c a p a b i l i t y ,  
and inc lude  m a i n t a i n a b i l i t y  f e a t u r e s .  The s t a g e  w i l l  be a b l e  
over a per iod  of years i n  space.  

SUMMARY OF RESOURCES REOUIREMENTS: 

1969 19 70 

Supporting r e sea rch  and 
technolog). .................. $6,002,000 $8,000,000 

N E R V A . . . . . . . . . . . . . . . . . . . . . . . . .  23,000,000 27,085,000 
NRDS opera t  j.0n.s. 4,500,000 1,415 , 000 .............. 

Total.. ...................... $33,502,000 $36,500,000 

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

Marshall  !;pace F l i g h t  Center $860,000 $1,575,000 

Space NuCLear Propuls ion  
L e w i s  R e s ~ a r c h  Center..  ..... 1,145,000 1,000 , 000 

Ofl:1ce. - .  ..................... 31,497,Oi)O 33,925,OOG 

1971 
----_I_ 

$3 , 000 , 000 
32,000,000 
1 000 000 

-2-L $38 000 000 ----- 

$1 !, 6 OCI , 000 
800 , 000 



BASIS OF FUND RKQUIREMENTS: 

Supporting Research and Technology 

19 71. --- 1969 19 70 

Rocket r e a c t o r  research . .  ..... $3,751,000 $3,300,000 $1,500,, 000 

Safe ty .  ....................... 15,000 200,000 200 looo 
Nuclear rocfke t engine systems . 1,236,000 2,900,000 1,700., 000 

Vehiclle technology.. 1,000,000 1,600,000 - 1.,600,,000 - .......... 
Tota l .  ...................... $6,002,000 $8,OOO,OOO - $3 000 ltooo -L= 

Rocket Reactor Research 

The funding i n  t h i s  p o r t i o n  of t h e  program suppor ts :  (1) the  research  and 
t e s t i n g  of nonreac tor  components f o r  r e a c t o r  t e s t i n g  (nozzles ,  turbopimps, 
c o n t r o l s ,  e t c . )  inc luding  t h e  p r o p e l l a n t s  necessary f o r  experimental  (analyses;, 
and (2) t he  i n v e s t i g a t i o n  of advanced concepts and design s t u d i e s  of ce- 
a c t o r s  f o r  f u t u r e  app l i ca t ion .  

A s i g n i f i c a n t  po r t ion  of t he  funds app l i ed  i n  t h i s  area are used t o  provide 
p rope l l an t  and nonnuclear Components, such as p rope l l an t  feed systems, f o r  t he  
Los Alamos S c i e n t i f i c  Laboratory s e r i e s  of PEWEE and nuc lea r  furnace  test bed 
r e a c t o r s .  The second PEWEE r e a c t o r  i s  scheduled f o r  t e s t i n g  i n  the  autumn of 
1970. The first nuc lea r  furnace is  scheduled f o r  t e s t i n g  i n  the  win te r  of 
19 71. 

While the NEiRVA class of nuc lea r  rocke t  is  c l e a r l y  the  f i r s t  type of nuc lear  
rocke t  which w i l l  be used, exp lo ra to ry  research  w i l l  cont inue i n  FY 1971 on 
advanced nuc:l.eair p ropuls ion  concepts ,  such as gas core  r e a c t o r s ,  which have 
t h e o r e t i c a l  performance c a p a b i l i t i e s  more than twice t h a t  of t he  s o l i d  core 
NERVA type reac:tors.  These r e a c t o r s ,  i f  shown t o  be f e a s i b l e ,  would opera te  
wi th  the  nuc:l.ear f u e l  i n  a gaseous s ta te  and would t r a n s f e r  thermal energy 
from the  u l t r a  high temperature uranium plasma t o  t h e  p r o p e l l a n t ,  by thermal 
r a d i a t i o n .  Therefore ,  t he  research  emphasis w i l l  be placed on determining 
the  high temperature behavior  of materials and f l u i d  dynamic sys tems,  and 
i n  improving: t he  r a d i a n t  hea t  t r a n s f e r  t o  seeded p rope l l an t  streams. 

Nuclear Rocket Engine Systems 

The resezuch conducted i n  t h i s  area provides  information f o r  s p e d  fy ing  
characteris1::Lcs f o r  improved nuc lea r  rocke t s  as w e l l  as e s t a b l i s h i n g  a genera l  
base of information on the  des ign  and ope ra t ion  of components and engines .  
Therefore ,  t h e  FY 1971 research  w i l l  cont inue t o  be d i r e c t e d  toward l.he 
enhancement of t he  b a s i c  des ign  r e l i a b i l i t y  of s e l e c t e d  components oj' a 
nuclear  rocklet engine such as t h e  nozz le ,  turbopump, va lves ,  a c t u a t o r s  and 
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instrumenitaticln. S p e c i f i c a l l y ,  work on nozz le  coa t ings ,  nozzle  s k i r t s ,  
and r o t o r  dyn.amics are t y p i c a l  of t h e  types of act ivi t ies  t o  be supported.  

Other importa.nt e f f o r t s  are d i r e c t e d  toward improved in s t rumen ta t ion ,  
f l u i d i c  c o n t r o l  system components and t h e  a n a l y s i s  of engine t r a n s i e n t s .  
E f f o r t  i s  a l s o  c:onducted on t h e  e f f e c t s  of r a d i a t i o n  on nuc lea r  engine 
components, materials and systems. The purpose of t h i s  work is  t o  de f ine  
the behavior  of materials i n  a combined r a d i a t i o n  and cryogenic  environment, 
Such informat::ion suppor t s  a l l  Nuclear Rockets program a c t i v i t i e s  arid 3 s  
essent ia l t  for  t h e  des ign  e f f o r t .  

Sa fe ty  

The e f f o r t  i n  t h i s  area i s  d i r e c t e d  toward t h e  base  of knowledge rclquired 
t o  de f ine  anti r e so lve  t h e  new and unique s a f e t y  problems a s s o c i a t e d  wj  t h  
nuc lea r  rocket propuls ion  system development. While most of t h i s  information 
stems from th: mainstream a c t i v i t i e s  of t h e  Nuclear Rockets program, c:ertain 
s p e c i a l l y  d i r e c t e d  research  and a n a l y s i s  must be conducted 0utsid.e of t hese  
d i s c i p l i n e s .  
ward i d e n t i f i c a t i o n  of t h e  nuc lea r  f l i g h t  system s a f e t y  requirements iind 
w i l l  inc lude  information on the  s a f e t y  requirements o r i g i n a t i n g  from 
ope ra t ions  and i n t e r a c t i o n s  wi th  o t h e r  sys  t e m s  (nonnuclear) during a Ikypical 
mission. 
be i d e n t i f i e d ,  and t h e i r  e f f e c t s  on t h e  nuc lea r  f l i g h t  system s a f e t y  irequire- 
ments would b e  analyzed. 

Work i n  p rogres s  o r  planned f o r  FY 1971 w i l l  be  d i ree te (1  to- 

For example, b l i n d  s p o t s  i n  t h e  t r ack ing  network ( i f  any) would 

Vehicle  Technology 

A twofold approach i s  being followed i n  the  v e h i c l e  technology are ,s  -- 
provis ion  of t e c h n i c a l  in format ion  t o  suppor t  a des ign  of a nuc lea r  s t a g e ;  
and c o n c e p t u d / f e a s i b i l i t y  s t u d i e s  of nuc lea r  s t a g e s  f o r  a varielty of 
a p p l i c a t i o n s ,  wi th  primary emphasis on e a r t h  and l u n a r  o r b i t  f e r r y  a c t i v i t i e s ,  

A continuing, technology program has  been underway a t  Marshal l  Space F l i g h t  
Center f o r  a. number of y e a r s ,  concen t r a t ing  mainly on r a d i a t i o n  e f f e c t s  t e s t i n g  
and p r o p e l l a a ~ t  h e a t i n g  ana lyses  and experiments.  These i n v e s t i g a t i o n s  w i l l  be  
continued t o  extend t h e  ope ra t ing  t i m e  c a p a b i l i t i e s  of the  nuc lea r  s t a g e ,  
i .e . ,  a stagy l i f e t i m e  which inc ludes  exposure t o  f u l l  power engine r a d i a t i o n  
f o r  a t  least :  10 hours.  

The c o n c a p t u a l / f e a s i b i l i t y  s t u d i e s  are cont inuing,  extending the  r e s u l t s  
of previous y e a r s '  a c t i v i t y ,  t o  i nc lude  the  e f f e c t s  of longer  ope ra t ing  t i m e s .  
Examination wi1.1 be made of o r b i t a l  m a i n t a i n a b i l i t y  concepts ,  and a niinimum 
c o s t  development, manufacturing and test program based on f i r s t  f:Ligh t i n  the  
late 1970's., 
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NERVA 

1969 19 70 1971 

Engine sys  t e n i  c:omponent and 
subsystem ..................... $11,501,133 

Ground test and ope ra t ions  
support . .  . I O .  ................. 10,896,867 

P rope l l an t s .  ,,. .................. 602,000 

Tota l . .  . , .  ................... $23,000,000 

$16,728,000 

9,223,000 
1,134,000 

- $27,085,000 

$24,900,000 

5,7008,000 
- 1,4Oa,OOO 

$32,000,000 - -_- 
Engine System Development 

During FY :L'37:L, s p e c i f i c a t i o n s  f o r  a l l  of t h e  engine components w i l l  be  
completed, and the  pre l iminary  design review of t h e  engine system and com- 
ponents w:Lll  be conducted. 
engineer ing  and design which w i l l  be  a cont inuing  p a r t  of t he  development 
of t he  NERVA cmghe  . 

This  w i l l  involve  engine system ana lyses ,  

Component and Subsystem Development 

The fo1low:Lng i s  r e p r e s e n t a t i v e  of t h e  work t h a t  w i l l  be accomp1ishc:d i n  
t h i s  area: 

1. Reactor  subsystem: This  e f f o r t  is  l a r g e l y  funded by the  AEC ant1 w i l l  be 
c a r r i e d  o u t  b y  t h e  Westinghouse Ast ronuclear  Laboratory.  During FY l9.trl,  
work w i l l  be concentrated on s e l e c t e d  long l e a d  i t e m s ,  i nc lud ing  f u l l  :;tale 
r e a c t o r  test  ' ha rdware .  Development of c o n t r o l  drum a c t u a t o r s  a l s o  w i l l  be  
continued dur ing  t h e  f i s c a l  year .  

2.  Turbopump assembly: The d e t a i l e d  des ign ,  f a b r i c a t i o n  and t e s t i i i g  of thin: 
development hardware fo r  t h i s  assembly w i l l  be continued dur ing  FY 197:l. 
The emphasis i n  t h i s  area w i l l  be  on t h e  development of turbopump b e a r m g s  
t o  s a t i s f y  the  1 0  hour NERVA performance o b j e c t i v e ,  and t h e  design and 
a n a l y s i s  of t h e  pump impe l l e r  and t u r b i n e  d i s c .  

3. Thrust  chamber assembly: The b a s i s  f o r  t h e  design of the  NERVA nozzle  
is  t h e  r egene ra t ive ly  cooled,  U-tube nozz le  development under the  NERVA 
technology phase. Materials research  conducted under the  SR&T program a l s o  
suppor ts  t h i s  e f f o r t .  During FY 1971, t h e  pre l iminary  design review oE t h e  
nozzle  w i l l  be completed, and t h e  d e t a i l e d  des ign ,  f a b r i c a t i o n  and devi2lop- 
ment t e s t i n g  of c r i t i c a l  nozz le  p a r t s ,  e.g. ,  tubes ,  nozz le  s h e l l s . ,  w i l l  be  
i n i t i a t e d .  Design a c t i v i t i e s  a s s o c i a t e d  wi th  the  nozzle  ex tens ion  and 
g raph i t e  nozzle  s k i r t  w i l l  a l s o  be i n i t i a t e d .  

4. L i n e s ,  va lves  and a c t u a t o r s :  The design of l i n e s ,  va lves  imd a c t u a t o r s  
f o r  t h e  NERVA. engine will be cont inued i n  FY 1971. Line s i z e s  w i l l  be  



optimized wi th  r e spec t  t o  p re s su re  l o s s e s  and weight.  
i n  t h e  radiatfion environment, e . g . ,  check valves, blocking valves, bypass 
valves and t h e  m d n  p r o p e l l a n t  shutof f  va lve ,  w i l l  be s e l e c t e d  f o r  t h e i r  
a b i l i t y  t o  fuiict:Lon over an extended, mul t icyc le  engine ope ra t ing  l i f e .  The 
pre l iminary  design review of t h e s e  components w i l l  be conducted, and lcing 
l ead  hardware procurement w i l l  he i n i t i a t e d .  The a c t u a t o r s  f o r  t hese  iralves 
w i l l  a l s o  undergo similar design and development. 

Valves f o r  ope ra t ion  

5. Thrust  s t r u c t u r e  and a t t i t u d e  con t ro l :  During FY 1971, the desi.gn 
of t h r u s t  s t r u c t u r e  and a t t i t u d e  c o n t r o l  components (gimbal, ac tua t tors ,  bel lows,  
etc.) w i l l  be continued and the  pre l iminary  design review w i l l  be clondricted. 

6 .  Engine system con t ro l :  The FY 1971 a c t i v i t y  i n  t h i s  area w i l l  :r.nclude 
the  des ign ,  t e s t  and eva lua t ion  of i n s t rumen ta t ion  and c o n t r o l s  f o r  tht! NERVA 
engine c o n t r o l  s y s t e m .  This  e f f o r t  w i l l  be based on information from Ithe XE 
ground experimental  test  program, LASL, Phoebus and PEWEE r e a c t o r  programs 
and l abora to ry  ana lyses  of subsystems and components eva lua ted  under Sli&T 
programs. 

Ground T e s t  Operat ions and Support 

The funding i n  t h i s  area provides  f o r :  con t inua t ion  of t he  design and 
modi f ica t ion  clf ETS-1 f o r  t h e  development t e s t i n g  of t he  NERVA engine;  
con t inua t ion  cif t he  design and modi f ica t ion  of GSE f o r  the  handl ing,  check- 
out  and maintenance of NERVA engine hardware a t  t h e  Nuclear Rocket Devillop- 
ment S t a t i o n  (NRDS); and t h e  o p e r a t i o n a l  suppor t  necessary t o  cont inue NERVA 
component test. a .c t ivi t ies  a t  NRDS. 

P r o p e l l a n t s  

Funding provi.ded under t h i s  heading w i l l  be used p r imar i ly  f o r  the  procure- 
ment of l i q u i d  hydrogen and l i q u i d  n i t rogen  f o r  use i n  the  turbopump bear ing  
test program, and f o r  a c t u a t o r  development and engine s imula t ion  tes ts  a t  
NRDS. 

-- Nuclear Rocket Development S t a t i o n  Operat ions 

1971 .-- 1969 19 70 

General s i t e  suppor t .  ............. $4,492,495 $1,412,000 $5195,000 
Capita:L equipnent .................. 7,505 3,000 - 5,000 

Total . . .  ........................ $4,500,000 $1,415,000 $1 (~00,000 ;& 

This  e s t i r n a t e  provides  f o r  NASA's s h a r e  of t h e  c o s t  of genera l  suppor t  and 
s t a t i o n  ope ra t ions  f o r  t he  Nuclear Rocket Development S t a t i o n .  NRDS j s the  
n a t i o n a l  site f o r  t he  ground s t a t i c  t e s t i n g  of nuc lea r  rocke t  reac tors '  and 
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engines.  
s t ages .  
Nuclear Propul.sion Off ice-Nevada Extension. 

Event.ua.lly, i t  w i l l  be used t o  tes t  the  propuls ion  modules o r  rocke t  
Overa.l.1 management of t he  s i t e  is  provided by the  AEC/NASA Space 

The major r e a c t o r  test a c t i v i t i e s  t o  be conducted a t  NRDS during N 1971 
are t h e  PEWEE-.:! and nuc lea r  furnace test programs. I n  a d d i t i o n ,  NERVA com- 
ponent tes t ing;  w i l l  cont inue.  

Maintenance, housekeeping, and management func t ions  must be provided, a t  the  
s i te .  These func t ions ,  taken toge ther ,  c o n s t i t u t e  gene ra l  s i t e  suppor t .  They 
inc lude  rou t ine  maintenance and ope ra t ion  of s i t e  f a c i l i t i e s ,  e .g . , cus, 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; t he  fu rn i sh ing  
of u t i l i t i e s ;  Eire p r o t e c t i o n ;  and c a f e t e r i a  services. Also included are the  
services of a support  con t r ac to r  t o  maintain and opera te  e l e c t r i c a l ,  plumbing, 
ca rpen te r ,  we:lding and machine shops.  



KESEARCII AID DEVELOPPIENT 

F I S C A L  YEAK 1971 ESTIPiATES 

O F F I C E  OF MC'MCEI)  RESEARCH ANI) TECHNOLOGY 
-----I- .____ll_l_ 

P R O G W 4  UBJECTIVES AIUD JUSTIFICATION : ----- _I--- 

The Chemical Propuls ion program is designed t o  provide t h e  engineer ing  
theory and experimental  d a t a  on which new and advanced propuls ion  cap ' i b i l i  tie:;, 
necessary t o  support  t h e  n a t i o n ' s  space goa ls  can be p r o j e c t e d .  The ~'rogram 
inc ludes  : (L) i d e n t i f i c a t i o n  of f u t u r e  mission propuls ion requiremenl:s, ( 2 )  
research  i n  Emdamental propuls ion concepts t o  m e e t  t h e  requirements ,  (3 )  
s t u d i e s  of p r i n c i p a l  des ign  parameters ,  ( 4 )  i n v e s t i g a t i o n  of key desig,n 
problems wi th  a view t o  sound t e c h n i c a l  s o l u t i o n s ,  (5) development of experi-  
mental  d e s i g n ,  f a b r i c a t i o n ,  and tes t  techniques,  ( 6 )  t e s t i n g  of component 
designs and tlt?monstrations of experimental  engines  and motors,  and ( 7 )  evalua-  
t i o n  of concepts and t e c h n i c a l  v e r i f i c a t i o n  of c a p a b i l i t y  t o  acconpl i sh  miss ic  n 
requirements .  l ' h i s  e f f o r t  i s  a precursor  t o  a c t u a l  system development. 

Research artd experimental  work i s  conducted on two p r i n c i p a l  types of 
propuls ion:  systems us ing  p r o p e l l a n t s  i n  l i q u i d  form, and motors which use 
cast  s o l i d  p r c p e l l a n t s .  Thrus t  l e v e l s  range from mil l ipounds , used i n  a t t i t u d e  
s t a b i l i z a t i o n  of s p a c e c r a f t ,  t o  m i l l i o n s  of pounds f o r  f i r s t  s t a g e  boo'ster 
a p p l i c a t i o n .  The goals of t h e  f u t u r e  space program demand exterisivn oE both 
t h e  performance and long service l i f e  of propuls ion systems,  and t.hese must 
n o t  j e o p a r d i z e  r e l i a b i l i t y  of t h e  o p e r a t i o n a l  system. 

Propuls ion processes ,  performance improvements, combustion, engine (Lesign, 
engine materials and f a b r i c a t i o n  technology are major c a t e g o r i e s  o f  a c t i v e  
research .  Pro2e.Llant p r o p e r t i e s ,  gas  dynamics, hea t  t r a n s f e r ,  f l u i d  artd 
s o l i d  meclianic:;, e l a s t i c  p r o p e r t i e s ,  and chemical r e a c t i o n  are s t u d i e d ,  bo th  
t h e o r e t i c a l l y  ,md exper imenta l ly ,  i n  t h e i r  r e l a t i o n s h i p  t o  chemical propul- 
s i o n .  b a s i c  theory and experimental  f i n d i n g s  are supported by complementary 
demonstrat.ions t o  e s t a b l i s h  t h e  v a l i d i t y  and p r a c t i c a l i t y  of the propuls ion  
systems concepts generated by t h e  program. 

The t e c h n i c a l  p r o j e c t s  under t h e  Chemical Propuls ion program are managed 
by dASA f i e l d  c e n t e r s  and t h e  J e t  Propuls ion Laboratory ( J P L )  , using, in-house 
research  and engineer ing personnel  and unique equipment a v a i l a b l e  at  t h s s e  
f a c i l i t i e s .  T h e i r  work i s  supplemented by c o n t r a c t e d  work w i t h  s e v e r a l  
i n d u s t r i a l  and u n i v e r s i t y  groups s p e c i a l i z i n g  i n  t h e  f i e l d s  t h a t  apply LO 

chemical propuls ion  rcsearcn  and technology development. 

The informarion developed by t h e s e  e f f o r t s  is  published as ;USA tecl i i i ical  
r e p o r t s  o r  i n  c o n t r a c t u a l l y  r e q u i r e d  r e p o r t s  a v a i l a b l e  a t  major tec1inic;il 
l i b r a r i e s  <and tnrough government publ i sh ing  services. It is  a l s o  di:?.cu:;sed 



a t  technical. meetings sponsored by p r o f e s s i o n a l  o rgan iza t ions  and by JANNAF 
( J o i n t  Arniy, Navy, NASA, A i r  Force) Chemical Propuls ion  Group. 
s e n t a t i o n s  are u s u a l l y  publ i shed  i n  t e c h n i c a l  j o u r n a l s .  Coordination of t h e  
program w i t h  Department of Oefense agencies  is  c a r r i e d  ou t  f o n n a l l y  through 
t h e  Aeronautics and As t ronau t i c s  Coordination Board and through JiLXNAF , and 
informal ly  by f r equen t  in format ion  exchanges. 

These pre- 
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di.  r e c  t ed _ . _  

toward propuls ion  requirements c o n s i s t e n t  w i t h  f u t u r e  space program g o a h .  
The program i n  appl ied  r e sea rch  .includes key component technology, advaiicenient 
i n  r e l i a b i l i t y  (of components, t h e i r  space o p e r a t i o n ,  and improved capab:i.lity 
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i n  engineer ing d a t a  and d i s c i p l i n e s  p e r t i n e n t  t o  t h i s  work. It  covers  
research  i n t o  combustion, h y d r a u l i c s  , mechanics , and materials f a b r i c a t i o n .  
lioughly one- th i rd  of t h i s  work is  conducted under c o n t r a c t  w i t h  i n d u s t r y  
and w i t h  u n i v e r s i t i e s .  

The e f f o r t  on component r e l i a b i l i t y  responds t o  problems of opera1:ing 
space s t a t i o n  components f o r  per iods  of y e a r s ,  and of f l y i n g  unmannetl space- 
c r a f t  f o r  f l i g h t s  of over  t e n  y e a r s .  Future  unmanned propuls ion :;yst.ems 
designed f o r  t hese  long d u r a t i o n s  r e q u i r e  new methods of a c c e l e r a t e d  meaning- 
f u l  t e s t i n g .  iblanned v e h i c l e  problems w i l l  focus on des ign  of cornponclnts f o r  
easy re Eurbishrnent from w i t h i n  t h e  s p a c e c r a f t  , with  emphasis on f a c i l i t a t i n g  
onboard checkout. 

Space opera t ion  of components is  a n  a l l i e d  f i e l d .  To avoid f u t u r e  opera- 
t i o n a l  probl.r?ms w e  are i n v e s t i g a t i n g  space i g n i t i o n ,  vent ing ,  ant i  similar 
problems w i t : i l  t h e  high energy p r o p e l l a n t s  t h a t  can f u l f i l l  our  fu t .u re  mission 
requirements . 

Supporting, technology e f f o r t  f o r  t h e  s h u t t l e  v e h i c l e  engines w i l l  2lso 
be conducted under t h i s  p r o j e c t .  This  e f f o r t  w i l l  i n c l u d e  c l a r i f i c a t i o n  of 
t h e  r o l e  of high speed turboyump inducers  i n  "Pogo-type" low f recluencir 
i n s t a b i l i t y ,  i n j e c t o r  improvements and t h r u s t  chamber h e a t  t r a n s f e r  iiiprove- 
ments t o  o b t a i n  maximum performance, and improved des ign  cri teria f o r  re l i -  
a b i l i t y  of l a r g z  cryogenic v a l v e s .  Some of t h i s  e f f o r t  w i l l  invctlve ';he 
l a r g e  engine v e r i f i c a t i o n  of design parameters der ived  on smaller  engmes  
such as those f o r  a c o u s t i c  absorbers  t o  c o n t r o l  h igh  frequency i n s  tab1 l i t y .  

Work on en,;incering problems such as combustion, i g n i t i o n ,  irijectic 11, 

combustion stab:i l i ty and h e a t  t r a n s f e r  cont inue  t o  make s teady  proi;res#s. 
S i g n i f i c a n t  I) cogress has  been nade i n  designing a c o u s t i c  l i n e r s  f o r  cont ro l -  
l i n g  combustion s t a b i l i t y .  Parameters a f f e c t i n g  t r a n s p i r a t i o n  cool ing are 
b e t t e r  def ined.  

12 s p e c i f i c  t i i ru s t  of 535 seconds w a s  measured i n  an  a l t i t u d e  f a c i l i t y  
with t h e  high eiiergy t r i p r o p e l l a n t  s y s  t e r n ,  l i th ium-f  luorine-hydrogen. This 
is t h e  highest  chemical rocke t  performance e v e r  recorded,  t o  our  knowlzdge. 
Further  work c'n t r i p r o p e l l a n t s  w i l l  be h e l d  i n  abeyance u n t i l  funding is 
a v a i l a b l e  and a s u i t a b l e  mission has  been i d e n t i f i e d .  

Liquid Rocket Experimental Engineering 

The Liquid Rocket Experimental Engineering p r o j e c t  has been e s t a b l i s h e d  
to  t r a n s l a t e  t he  improved components from t h e  Research and Advanced Te(:hnology 
p r o j e c t  i n t o  working systems. 11rawing on mission s t u d i e s  and p r i o r  de.cwlop- 
ment expe r i encz  , advanced propuls ion  s y s  tems are def ined , f a b r i c a  t etl , and 
then testI'd o m r  a wide range of o p e r a t i n g  condi t ions .  New o r  u n a n t i c i p a t e d  
problems o r  l h i t a t i o n s  are f r c q u e n t l y  i d e n t i f i e d  dur ing  t h e s e  tests wl-lich 
r e q u i r e  atlditi-onal work a t  t h e  component l e v e l .  I n  a d d i t i o n  such t e s t s ,  
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i den t i f : r  real  performance p o t e n t i a l ,  d e f i n e  ope ra t ing  l i m i t s ,  assess des ign  
and f a b r i c a t i o n  methods and g ive  an i n s i g h t  i n t o  probable  schedule ,  c o s t ,  
and fac.i.lity requirements of a p o t e n t i a l  hardware development program. 
Perform-ng these s e r v i c e s  wi thout  t h e  i n h e r e n t  p r e s s u r e s  i n  a schedule- 
or ien te t l  harldware development program is  very  e f f i c i e n t .  

Launc:h Ve,iicle Propuls ion  Systems - A s i g n i f i c a n t  p a r t  of t.he Chemical 
Propuls.i.on budget f o r  FY 1 9 7 1  is i d e n t i f i e d  w i t h  a r eusab le  space tramsporta- 
t i o n  sy8;tern. I t  c o n s i s t s  of s e v e r a l  v e h i c l e s  which provide rciuti.ne t r ans -  
p o r t a t i o n  af men, materials,  and experimental  hardware t o  o r b i t  around t h e  
e a r t h  aiid t o  t h e  s u r f a c e  of t h e  moon. The f i r s t  l i n k  i n  t h i s  c h a i n ,  t he  
Ear th- to-urb i t  S n u t t l e  is  conceived as a two s t a g e  launch v e h i c l e  which 
would bt! laumched t o  o r b i t  v e r t i c a l l y  l i k e  a rocke t  and r e t u r n  t o  e a r t h  by 
accompl:i.shin,g a h o r i z o n t a l  l anding  on convent iona l  a i r f i e l d s .  

>lain Engiaes - I n  such an a p p l i c a t i o n ,  where t h e  t r u e  paylclad o r  cargo 
i s  a re.l.atively s m a l l  f r a c t i o n  of t h e  t o t a l  weight placed i n  o r b i t ,  engine 
performiince Ibecomes an ove r r id ing  cons ide ra t ion .  The performance of t h e  
5-2 eng.i.ne which is  used i n  t h e  S I V B  and SI1 s t a g e s  of Sa tu rn  V, is t o t a l l y  
inadequitte f o r  t h e  s h u t t l e  v e h i c l e s .  Fo r tuna te ly ,  t h e  work on t h e  h igh  
pressurr! engine which has been pursued i n  prev ious  y e a r s ,  p rovides  t h e  b a s i s  
f o r  conj’idence t h a t  t h e  r equ i r ed  engine  performance can be obta ined .  

The most recent  h igh  performance engine  program c a r r i e d  through t o  pro- 
duc t ion  was i n i t i a t e d  i n  1960. hieanwhile t h e  s ta te -of - the-ar t  fclr hydrogen- 
oxygen c!ngines has  been cons iderably  advanced by technology cclntr a c t s  i n  
the  d i s t : i p l ines  of combustion s t a b i l i t y ,  advanced f a b r i c a t i o n  tec.hniques, 
and expf!rimental hardware work wi th  turbopumps and combustion cha.mbers . The 
t a s k  of developing a new engine which meets t h e  performance a t d  weight 
requirerients of t h e  s h u t t l e  and which has  t h e  o p e r a t i o n a l  f l e x i b i l i t y  and 
long l i j ’e  d e s i r e d  w i l l  b e n e f i t  from an  e a r l y  s tar t  and a sustadned high 
l e v e l  oi’ e f f o r t .  De ta i l ed  des ign  of s e v e r a l  conceptua l  approaches w i l l  be 
c a r r i e d  out  i n  compet i t ive  c o n t r a c t s  funded by t h e  O f f i c e  of Nann.ed Space 
F l i g h t .  Supporting technology e f f o r t  w i l l  be conducted under t h e  Chemical 
Propuls:.on program. 

I n  a t id i t ion  work w i l l  cont inue  a t  a modest pace on f u t u r e  FroFulsion 
sys ten is  I n  p a r t i c u l a r ,  advanced f a b r i c a t i o n  methods w i l l  be used  t o  b u i l d  
segment:; of $3 very  l a r g e  t h r u s t  chamber which promises t o  s u s t a i n  high 
performimce .at  r e l a t i v e l y  low development and procurement c o s t .  

Spacc: Propuls ion  Sys terns - Development of advanced space s t o r a b l e  pro- 
pe l lan t : ;  w i l l  al low s i g n i f i c a n t l y  h ighe r  payloads when used on upper s t a g e s  
of exisl . ing launch v e h i c l e s .  The high performance p o t e n t i a l  demcnstrated 
i n  t h e  las t  y e a r ,  along wi th  high d e n s i t y  and o t h e r  d e s i r a b l e  phys i ca l  
c h a r a c t t ! r i s t i c s ,  makes t h e s e  p r o p e l l a n t s  a t t r a c t i v e  f o r  p l ane ta ry  o r b i t e r s ,  
l a n d e r s ,  a s c e n t  v e h i c l e s ,  and e a r t h  r e t u r n  s t a g e s .  
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Work d i r e c t e d  toward assembly of propuls ion  modules, i nc lud ing  engines ,  
tankage and c o n t r o l  sys tems,  is underway f o r  both t h e  oxygen d i f l u o r i d e -  
diboranc: and mixed fluorine-oxygen (FLOX) and methane p r o p e l l a n t  combina- 
t i o n s .  These two e f f o r t s  are complementary, inasmuch as t h e  Fressure  fed  
oxygen tlif l uo r ide -d ibo rane  combination opt imizes  a t  a sinal1 s i z e  (1000 
pounds 1.hrus t )  and t h e  pump fed  FLOX-methane combination optir. i z e s  a t  l a r g e r  
s i z e s  (riore than 5000 pounds t h r u s t ) .  Complete propuls ion  systems w i l l  be 
t e s t e d  3.11 e x i s t i n g  f a c i l i t i e s  which allow s imula t ion  of t h e  space environ- 
ment. 

Auxi:.iary Propuls ion  - I n  a d d i t i o n  t o  t h e  s m a l l  t h r u s t  requirements f o r  
a t t i t u d c :  c o n t r o l  of o r b i t i n g  and p l a n e t a r y  s p a c e c r a f t ,  a u x i l i a r y  propuls ion  
requi re r ien ts  of t h e  space s h u t t l e  v e h i c l e  have been shown t o  invc lve  a 
number of very  l a r g e  t h r u s t e r s .  I n  o r d e r  t o  s i m p l i f y  l o g i s t i c s  problems 
and inci.ease commonality, hydrogen-oxygen has been chosen as t h e  p r o p e l l a n t  
combinaiion for  bo th  maneuvering propuls ion  and a t t i t u d e  c o n t r o l  of boos t e r  
and orb] ter .  

'The Ilroblems w i t h  t h e  a u x i l i a r y  propuls ion  system of t h e  s h u t t l e  a r e  not  
i n  the  t h r u s t e r  development b u t  i n  t h e  l ayou t  of t h e  system i t s e l f .  A l a r g e  
number clf i n d i v i d u a l  t h r u s t e r s ,  approximately 4 0 ,  must be supp l i ed  wi th  
cryogenic p r o p e l l a n t s  c a r r i e d  t o  t h e  e x t r e m i t i e s  of t h e  v e h i c l e  system. 
These tl rusters must be  capable  of provid ing  b r i e f  t h r u s t  pu l se s  f o r  a t t i t u d e  
c o n t r o l  and docking of t h e  s h u t t l e  w i th  a space s t a t i o n .  They m u s t  a l s o  
provide substzantial  changes i n  v e h i c l e  v e l o c i t y ,  which r e q u i r e s  long burning 
du ra t io r  , i n  o r d e r  t o  e f f e c t  rendezvous, a d j u s t  o r b i t a l  p lane  o r  a l t i t u d e ,  
and accc mp1i:;h r e t r o - o r b i t  and r e e n t r y  maneuvers. 

Systcm l a y o u t s  t o  d e f i n e  t h e  system c h a r a c t e r i s t i c s  have been undertaken 
by the  (,hemica1 Propuls ion  program. These s t u d i e s  along wi th  hardware 
experimentation have t h e  purpose of d e f i n i n g  an adequate system i n  terms 
of systclm weight ,  redundancy, l i f e ,  ease of re furb ishment ,  and i n i t i a l  c o s t .  
Such woik w i l t 1  b e  continued i n t e n s i v e l y .  

Technology e f f o r t s  i n  t h e  f i e l d  of cryogenic p re s su re  v e s s e l s ,  v a l v e s ,  
control:, , i n s u l a t i o n ,  p r e s s u r i z a t i o n  sys tems,  hea t  exchangers and t h r u s t e r s  
w i l l  be supported.  Seve ra l  fundamental choices  - between low p res su re  and 
high presssure s y s t e m s  f o r  i n s t a n c e  - w i l l  have t o  be made e a r l y  i n  t h e  o v e r a l l  
l ayou t  clf t h e  s h u t t l e  v e h i c l e s .  

York w i l l  cont inue  t o  demonstrate 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 
monoprorlellant and e a r t h  s t o r a b l e  b i p r o p e l l a n t  a u x i l i a r y  propuls ion  s y s t e m s .  

So l id  Propuls ion  Research and Advanced Technology 

'i'ne Firincipal goa l  of t h e  So l id  Propuls ion  Research and Advanced Technology 
p r o j e c t  dur ing  t h e  next  s e v e r a l  y e a r s  is  t o  i n s u r e  t h e  proper u t i l i z a t i o n  of 
s o l i d  propell-ant motors i n  t h e  space  environment. For some a p p l i c a t i o n s  t h e  
use of s ,o l id  p r o p e l l a n t  motors is excep t iona l ly  a t t r a c t i v e  because of t h e i r  
compactness and t h e i r  r e l a t i v e l y  low development c o s t  and s h o r t  development 
schedules .  
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Lmpha:;is w i l l  be placed on improving t h e  technology base  f o r  vax iab le  
t h r u s t  motors;  f o r  long burn t i m e ,  low a c c e l e r a t i o n  motors; f o r  s t . e r i l i z a b l e  
systems; f o r  wide temperature range c a p a b i l i t y ;  and f o r  t e n  year  stora.ge 
l i f e  i n  :;pace. 

IIajor improvements i n  nozz les  f o r  h o t t e r  p r o p e l l a n t s  , long ciurationl 
rnotors aiid r e s t a r t a b l e  systems are needed. 
f o r  new 1,ropellants w i l l  be s t u d i e d .  

L ine r  and i n s u l a t i o n  materials 

S t r u c t x r a l  composite materials, i n s u l a t i n g  polymers and fuel. polymers 
need imp toved p o l y d i r e c t i o n a l  s t r e n g t h  and b e t t e r  characterizat , i .cn t o  p r e d i c t  
t h e i r  beliavior over long d u r a t i o n s  i n  space.  P r o p e l l a n t  dcveloprrent e.mphasis 
w i l l  be on b inde r  development , process ing  and handling of more e n e r g e t i c  
systems, and mission s u i t a b i l i t y .  Also r equ i r ed  are lower ra te  p r o p e l l a n t s  
t h a t  do iiot s a c r i f i c e  performance. These are important f o r  plane t.ary space- 
c r a f t  a p l ~ l i c a t i o n .  

Conibu:;tion and k i n e t i c s  r e sea rch  w i l l  be d i r e c t e d  t o  b e t t e r  d a t a  on. flame 
:;tructurc:s and p rocesses ,  and on improved modeling t o  make the  informa.tion 
i i v a i l a b h  i n  a form u s e f u l  t o  t h e  des ign  engineer .  

So l id  p r o p e l l a n t  a p p l i c a t i o n  t o  emergency systems and anc i l l . a ry  appl ica-  
i;ions--g4is gene ra t ion ,  a u x i l i a r y  o r  emergency power gene ra t ion ,  % e l d i n g ,  and 
metal cul:ting, antenna and experiment deployment dev ices ,  and emergency 
j e t t i s o n . i n g  w i l l  be given a t t e n t i o n .  

S o l i d  Rocket Experimental Engineering 

'I'his 1.f f o r t  i nc ludes  t h e  advanced technology and v e h i c l e  systems texhnology 
necessary  t o  b r ing  s o l i d  motors t o  a po in t  where enough d a t a  is ,  a v a i l a b l e  t o  
a l low delielopment f o r  s p e c i f i c  miss ions .  

The picimary e f f o r t  i n  FY 1971 w i l l  be toward improved p1anet:ary prclpulsion 
i:echnolo:,:y . 
w i l l  be l,:ontinued t o  prove ou t  t h e  d e t a i l s  of r e - i g n i t i n g  a water '  quenched 
motor and then  quenching i t  a second t i m e .  
a f i r i n g  w i t h  a high expansion r a t i o  nozz le  a t  a s imula ted  al t i . tu .de f a . c i l i t y .  
This moti:ir, weighing 3,000 pounds w i t h  a 15,000 pound t h r u s t  level.,  w i . 1 1  
develop ..LO2 more s p e c i f i c  impulse than t h e  s o l i d  motors c u r r e n t l y  be ing  used 
:in t h e  s:,)acecraf t .  
i3 c o a s t  :,)eriod t o  a h ighe r  a l t i t u d e  b e f o r e  r e - i g n i t i o n ,  thereby e l i m i n a t i n g  
t h e  need f o r  an a d d i t i o n a l  s t a g e .  These f e a t u r e s  are va luab le  t c  f u t u r e  
:;pacecra.Et propuls ion  systems. 

i'he h igh  energy r e s t a r t a b l e  motor which w a s  i n i t i a t d  l a s 8 t  year  

The program w i l l  be aimed toward 

The quench and restart c a p a b i l i t y  should a l . 1 ~ ~ ~  thi .s  motor 

Another s p a c e c r a f t  p ropuls ion  system c u r r e n t l y  i n  pro to type  tes t ing ;  is 
ithe low chrust-to-weight, long burning system. This motor w i l l .  b e  use.d i n  
spacecrali t  t h a t  have deployed experiments and t h e r e f o r e  are semi t:ive t o  
a c c e l e r a t i o n .  Technology advances are r equ i r ed  t o  prove t h a t  hig,h energy 
propel la i . i ts  can be  burned e f f i c i e n t l y  a t  very  low rates and a t  low combustion 
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pressure. 3'ne nozz les  must be developed t o  wi ths tand  t h e  high flame tempera- 
ture  f o r  t h r e e  o r  four  minute burning du ra t ion .  Typica l  of near-apace system 
tectinolo ;y is the  work t o  suppor t  e f f i c i e n t ,  l o w  c o s t  sounding rc1c:lcets. A 
program ias been s t a r t e d  t o  t e s t  a pro to type  model of a dua l  t h r L s t ,  s i n g l e  
s t a g e  s o  inding rocket  capable  of boos t ing  250 pound payloads t o  e l t i t u d e s  of 
230 statiite m i l e s .  This system employs p r i o r  technology advances i n  n o z z l e s ,  
p r o p e l l a n t ,  and case f a b r i c a t i o n  techniques .  It w i l l  r ep l ace  t w o  s t a g e  
:;ystems. Such motors should be of va lue  t o  t h e  s o l a r  phys ics  anc. astronomy 
exper i m e  i i  ters . 

Llec t ro-explos ives  (pyro technic)  devices  are used extensive]-y i n  al.most 
a11 manned and unmanned f l i g h t  programs. A p a r t  of t h i s  program is t o  
:improve t h e i r  long term, seve re  environment r e l i a b i l i t y  f o r  futur 'c  f l i .gh t  
programs. 
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IUSEARCH AiW DEVELOPMENT 

FISCAL YEAR 1971 ESTIPMTES 

UPPICE d F  .---- NJVAJCED RESEARCH AND TECHNOLOGY AERONAUTICAL VISIIIC,LES I’ROG€’&*~ 

PROGiWl O U J I  CT LVKS AND JUST1 FICAT ION : --.-- 

‘I’he r o l e  of t h e  Aeronaut ica l  Vehicles  program is t o  provide leadei:*ship 
i n  t h e  app1:ication of p r i n c i p l e s  developed i n  b a s i c  r e sea rch  programs f o r  
improvements i n  s a f e t y ,  e f f i c i e n c y  and u t i l i t y  of a l l  classes of milj : . tary 
and c i v i l  a i r c r a f t .  I n  o r d e r  t o  provide t h i s  l e a d e r s h i p  necessa.ry f o r  t h e  
United :States  :to r e t a i n  i t s  pre-eminent p o s i t i o n  i n  a e r o n a u t i c s ,  t h e  NASA 
conducts a very  broad program aiined a t  t h e  a p p l i c a t i o n  of v e h i c l e  orji.ented 
d i sc ip l . i na ry  technologies  of a i r c r a f t  aerodynamics, a i r c r a f t  l oads  and 
s t ruc tu . res  , a i r c r a f t  p ropuls ion ,  ope ra t ing  environment problems and a i r c r a f t  
f l i g h t  dynamic:; t o  t h e  fo l lowing  classes of v e h i c l e s  : g e n e r a l  a v i a t i o n  
a i r c r a f  t , v./ 3’roL a i r c r a f t  , subsonic  a i r c r a f t  , supe r son ic  a i r c r a f t  and hyper- 
s o n i c  aircraft  - both  c i v i l  and m i l i t a r y .  I n  t h e  Advanced Kesea.rch program, 
t h e  d i s c i p l i n a r y  technologies  are no t  focused on any one s p e c i f i c  cl:iss of 
v e h i c l e  whe:r8eas i n  t h e  Vehicle  Technology program t h e s e  d i s c i p l i n a r y  
approacl.ies i3re focused on s p e c i f i c  v e h i c l e s .  To f u r t h e r  r e i n f o r c e  tiLe 
researc1.i and t o  assist i n  f e r r e t i n g  o u t  problems which may be  overlocilted 
o r  no t  (evident i n  a n a l y t i c a l  and s m a l l  scale experimental  approa.cl1e.s :, 
emphasis is placed,  as r equ i r ed ,  on f l i g h t  test programs and proof-of’-concept 
o r  l a r g e  sciale experimental  hardware e v a l u a t i o n s .  This  combined d i s c i p l i n a r y  
and experirnentiil hardware approach provides  t h e  advanced d a t a  wh.ic1i nay  be 
app l i ed  by 1: tie a i r c r a f t  i n d u s t r y  and government agencies  t o  t h e  development 
of s a f e r  and s u p e r i o r  c i v i l  a : i rcraf  t , advanced a i r c r a f t  concepts ,  r e l p l a t o r y  
c r i t e r i - a ,  new o p e r a t i o n a l  concepts  and t h e  i n t e g r a t i o n  of t h e  p i l o t / i t i r c r a f  t 
s y s t e m  i n t o  the  t o t a l  a i r  t r a n s p o r t a t i o n  network. 

As has  be?n noted i n  prev ious  program j u s t i f i c a t i o n s  t h e  XV-5A fart-in-wing 
a i r c r a f t ,  tlx t i l t -w ing  XC-142A V/STOL t r a n s p o r t  and t h e  variable-swc:ep wing 
F-111 a r e  examples of promising NASA r e sea rch  concepts  developed by t he 
mil i tary in:D o p e r a t i o n a l  v e h i c l e s .  I n  t h e  r e c e n t  p a s t  t h e  NASA ha5, mounted 
a concer ted  e fEor t  t o  s o l v e  the  a i r c r a f t  n o i s e  problem and has  provitied t h e  
government and t h e  a i r c r a f t  i n d u s t r y  wi th  t h e  background informat  ion necessai:y 
f o r  airlsrafi: s t e e p  approaches,  optimized take-off and landing  p r o f i l t s  and 
noise  a l l e v i a t i o n  f o r  f o u r  en);ine commercial t r a n s p o r t  a i rc raf t ,  as we11 as 
the  teclinology f o r  q u i e t  m i l i t a r y  h e l i c o p t e r s  and observa t ion  aircraj’t .  Other 
promising m,i j o  c &\SA a e r o n a u t i c a l  v e h i c l e s  r e sea rch  programs now i n  Iirogress 
and schedulerl Eor con t inua t ion  i n t o  FY 1971 inc lude  f l i g h t  tes ts  of i i  super- 
c r i t i c a l  wing t o r  improved performance and maneuverabi l i ty ,  t h e  desi i ;n  and 
cons t ruc t ion  oE a q u i e t ,  experimcntal  r e sea rch  engine ,  a r o t a t i n g - c y l i n d e r  
f l a p  system fo  c improving t h e  STOL performance of p r o p e l l e r  d r iven  a:i.rcraft 
and a jet-augmentor wing concept f o r  j e t  powered STOL a i r c r a f t .  
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The t o t a l  program is t o  be  c a r r i e d  o u t  by means of ana ly t ica l .  s t u ' i i e s ,  
wind tunnel  t es t s ,  s imula t ion  and f l i g h t  i n v e s t i g a t i o n s .  Such studi1.s are  
a l s o  used t o  a i d  i n  t h e  s o l u t i o n  of problems of a developmental  natuice i n  
suppor t  of m i l i t a r y  and c i v i l  a i r c r a f t  procurements and i n  response IIO 

r eques t s  f o r  s p e c i f i c  a s s i s t a n c e  from o t h e r  government agencies . .  T h :  s t u d i e s  
of developmental problems are  an e s s e n t i a l  element i n  NASA's researcli s i n c e ,  
l i k e  the  experimental  hardware programs, they i d e n t i f y  areas where f i r t h e r  
gene ra l i zed  r e sea rch  is  requ i r ed .  

The a e r o n a u t i c a l  v e h i c l e s  technology programs f o r  FY 1971 w i l l  in : lude 
the  con t inua t ion  of s t u d i e s  t o  improve the  s a f e t y  of gene ra l  a v i a t i o i  a i r -  
c r a f t ,  s t u d i e s  of l i gh twe igh t  propuls ion  systems and advanced propul  ; ion  
concepts  f o r  Sl'OL a i r c r a f t ;  s t u d i e s  of advanced r o t o r s  f o r  h e l i c o p t e r s  and 
ro tor -dr iven  V/STOL' s ;  con t inua t ion  of q u i e t  engine r e sea rch  i n t o  exi,eri- 
mental  harddare phases ; s t u d i e s  of a i r b r e a t h i n g  propuls ion  systcms a id 
t h e i r  i n t e g r a t i o n  and dynamic problems f o r  a p p l i c a t i o n  t o  supe r son ic  and 
hypersonic  a i r c r a f t ,  and f l i g h t  dynamics s t u d i e s  f o r  each c l a s s  of vt2hicle 
t o  i n s u r e  increased  c o m p a t i b i l i t y  of t he  p i l o t - v e h i c l e  systeni,  I-ncluliing 
te rmina l  a r e a  and a l l -weather  ope ra t ions .  

Experimental  r e sea rch  and development a i r c r a f t  and engineer ing  t e : ; t - p i l o t  
p ro f i c i ency  a i r c r a f t  necessary  t o  c a r r y  o u t  and suppor t  t h e  t o t a l  aeronaut ics ;  
e f f o r t  are included i n  t h i s  program. 

Advanced r e s e a r c h . . . . . . . . . . . . , . . . .  $16,857,000 $31,005,000 $31,565,000 
General a v i a t i o n  a i r c r a f t  

technology 507,000 950,000 !l25,000 
V/S'roL a i r c r a f t  technology ........ 8,060,000 9,560,000 15,030,OOO 
Subsonic a i r c r a f t  technology. .  .... 19,291,000 9,425,000 11,900,000 
Supersonic a i r c r a f t  technology..  .. 20,348,000 18,900,000 21,9OS ,009 .... 5 775 000 

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

Hypersonic a i r c r a f t  technology -&-- 9 685,000 -_ 6,060,000 --)_I- 

T o t a l  ........................... $74,748,000 ~ - -  $75,900,000 $ ~ , 1 0 0 , 0 0 0  __--- 

d i s t r i b u t i o n  of Program Amount> - ~ . _ _ _ -  I n s t a l l a t i o n :  -- -.--I_- 

iiarshall Space P l i g h t  Center . .  .. $445,030 $1,225,000 ;goo ,  000 
Jet  Propuls ion  Laboratory ....... 181,000 200,000 
h e s  kesearch Center . .  .......... 10,100,000 13,810,000 17,580,300 
E l e c t r o n i c s  Research Cen te r . . . . .  --- 200 ,003 --- 
F l i g h t  Res e a r  cli Center .......... 12,220 , 000 7,800,009 10,465,000 
Langley 1:esearch Center .  ........ 27,460,000 23,167,030 27,135,000 
L e w i s  :<esearch Center . .  ......... 22,145,000 26,630,53i) 28,770,030 
dL1SA i leadquarters .  .............. 2,378,000 2,887,000 2,050,000 
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BASIS OF --- FU111) €LEQUIRF,MENTS : 

Advanced Research 

1969 1970 1971 

A i r c r a f t  aerodynamics.. . . . . . . . . . . . $2,461,000 $2,190,000 $2,350,000 
A i r c r a f t  1-oads and s t r u c t u r e s .  . . . . 1,403,000 3,110,000 4,380,000 
A i r  breath:ing propuls ion . .  . . . . . . . . 3,466,000 3,515,000 2,800,000 
A i r c r a f t  c ~ p e r a t i n g  environment. . . . 3,373,000 6,057,000 6,205,000 
A i r c r a f t  f:tig;ht dynamics. . . . . . . . . . 1,456,000 830,000 1,310,000 
Suppoirt of f a c i l i t i e s  and a i r c r a f t  4,698,000 15,303,000 -14,,520,000 

T o t a l . .  . -.. . . . . . . . . . . . . . . . . . . . . $16,857,000 $31,005,000 $31,565,000 

A i r c r a f t  Aerodynamics 

Advanced r e sea rch  informat ion  and techniques are requ i r ed  f o r  b e t t e r  
p r e d i c t i n g  and improving t h e  aerodynamic c h a r a c t e r i s t i c s  of v a r i o u s  a l i r c r a f t  
types .  A cont inuing  in-house and c o n t r a c t  a c t i v i t y  is c a r r i e d  o u t ,  no t  only 
f o r  achiev ing  aerodynamic ref inement  of convent iona l  a i r f r ames ,  bu t  a l s o  f o r  
f o s t e r i n g  advanced aerodynamic concepts  l ead ing  t o  r evo lu t iona ry  aeronaut ica l .  
v e h i c l e s .  The scope of t h e  work inc ludes  c r i t i c a l  i n v e s t i g a t i o n  of t h e  shock. 
wave flow fi.elds genera ted  by supe r son ic  l i f t i n g  wings and wing-body combina- 
t i o n s ,  of t h e i r  propagat ion from t h e  sou rce  through t h e  atmosphere,  and of 
minimizing thejir  e f f e c t s  ( son ic  boom) on t h e  e a r t h .  

T h e o r e t i c a l  and exper imenta l  aerodynamic i n v e s t i g a t i o n s  of components and 
r e sea rch  cod , ina t ions  w i l l  be made throughout t h e  speed range f o r  u w f u l  
atmospheric Ellight. S tud ie s  w i l l  be cont inued of subsonic  and supersonic  
boundary 1a:rera , boundary l a y e r  s e p a r a t i o n  on complex shapes ,  and voi t e x  
and inttrrfercm:e f lows.  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 t o  t h e  l a t te r  
flow phenomena a t  t r a n s o n i c  speeds where adequate  theory  is  n o t  a v a i l  a b l e  
f o r  s o l u t i o n  of p r a c t i c a l  problems ; f o r  example, suppress ion  of aircx a f t  
d rag  rise and buff e t  due t o  shock-induced boundary-layer s e p a r a t i o n  and 
excess ive  t i r ~ n s o n i c  wave drag  a s s o c i a t e d  w i t h  b l u f f  a i r c r a f t  conf igu i  a t i o n s  . 

Computer ;;raphic techniques w i l l  be  developed f o r  r ap id  assessment of 
supersonic  des ign  v a r i a t i o n s  w i t h  r e s p e c t  t o  t h e i r  i n f l u e n c e  on perfarmance, 
s t a b i l i t y ,  and s o n i c  boom c h a r a c t e r i s t i c s .  Ways of extending a v a i l a b l e  
methods t o  h ighe r  supersonic  and hypersonic  mach numbers w i l l  be  soupht .  The 
e f f e c t s  of a tmospheric  tu rbulence  and winds,  and focus ing  due t o  t e r x a i n  o r  
a i r c r a f t  manizuvers on s o n i c  boom pres su re  s i g n a t u r e s  w i l l  be pursued. 
a c t i v i t y  of s o n i c  boom gene ra t ion  and propagat ion  w i l l  be planned and coordi--  
na ted  c.Lose:Ly wi th  t h e  Interagency A i r c r a f t  Noise Abatement Program IANAP) . 

Research 

A i r c r a f t  Loads and S t r u c t u r e s  

Increased  e f f o r t  w i l l  be placed on a t t a i n i n g  automation of t h e  a i r c r a f t  
wing structuca:L des ign  process  by u t i l i z a t i o n  of l a r g e ,  high-speed cclmputers., 
The necessar*y computer programs are be ing  developed t o  f u r n i s h  minimum weight 
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des igns  which s imul taneous ly  s a t i s f y  requirements  of s t a t i c  and dynamic 
s t r e n g t h ,  s t i f f n e s s  and freedom from f l u t t e r .  The development of similar 
automated prclgrams f o r  o t h e r  a i r c r a f t  components such as t h e  fuse l age  w i l l  
a l s o  be i n i t i a t e d .  The longer  range goa l  is  t h e  achievement of autom(3ted 
s t r u c t u r a l  des ign  of t h e  e n t i r e  a i r f r ame  on a r a t i o n a l ,  e f f i c i en t :  b a s i s .  

Prevent ior .  of f l u t t e r  is a des ign  problem f o r  a l l  a i r c r a f t  and i n  'nost 
des igns  e n t a i  Is compromises and s t r u c t u r a l  weight  p e n a l t i e s .  Analyti i-a1 and 
experimental  s t u d i e s  w i l l  be cont inued ,  d i r e c t e d  toward improved understanding 
and represent  a t i o n  of t h e  aerodynamic f o r c e s  and moments on o s c i l l a t i i i g  
l i f t i n g  s u r f a c e s ,  wi th  p a r t i c u l a r  emphasis on the  t r a n s o n i c  speed range,  and 
on more accurate means f o r  p r e d i c t i n g  t h e  s t a t i c  and dynamic behavior  of 
a i r c r a f t  s tmctures .  

Resea.rch s, t u d i e s  w i l l  be  cont inued t o  develop t h e  technology wherel>y 
t h e  a i r p l a n e  c o n t r o l  system can be used t o  suppress  o r  a l l e v i a t e  t h e  idynamic 
s t r u c t u r a l  response f o r  f l i g h t  throagh turbulence .  Such suppres s ion ,  p a r t i c -  
u l a r l y  f o r  l a r g e  a i r p l a n e s ,  w i l l  g r e a t l y  reduce p i l o t  and passenger  d iscomfort: 
and inc rease  s t r u c t u r a l  r e l i a b i l i t y .  I n  a d d i t i o n  t o  s t u d i e s  t o  develi3p 
improved a n a l y t i c a l  methods of c a l c u l a t i n g  a i r c r a f t  response ,  wind t u i m e l  
tests of a f l e x i b l e ,  dynamically s c a l e d  model w i l l  be made i n  a wind tunnel  
i n  which the  model w i l l  be sub jec t ed  t o  a gus t  environment. 

Bas i c :  s t r u c t u r a l  s t u d i e s  of h igh  s t r e n g t h  and high s t i f f n e s s  boron f i l a -  
ments bonded t o  convent iona l  metallic s t r u c t u r e s  have confirmed t h e  promising 
weight savin.€; p o t e n t i a l  of t h i s  concept .  This  r e sea rch  w i l l  be extenlded t o  
inc lude  des ign  and manufacturing of r e p r e s e n t a t i v e  a i r c r a f t  component,s t o  
o b t a i n  r e a l i s m t i c  assessment of t he  f a b r i c a t i o n ,  r e l i a b i l i t y  and c o s t  aspec ts .  

Research on t h e  engineer ing  aspects of  s t r u c t u r a l  f r a c t u r e  under r spea ted  
loadings  ( f a t i g u e )  w i l l  be cont inued.  The emphasis w i l l  be  on c rack  propaga- 
t i o n  and, r e s i d u a l  s t r e n g t h  of s h e e t - s t i f f e n e r  conf igu ra t ions  t y p i c a l l y  used 
i n  a i r p l a n e  c:onstruct ion as a f f e c t e d  by loading ,  choice  of mater : ia l ,  s t r u c t u r a l  
geometry and t h e  atmospheric environment. S tud ie s  w i l l  a l s o  be undertaken of 
t h e  fat i .gue c .ha . rac te r i s t ics  of metal l ic  s t r u c t u r e s  r e in fo rced  wi th  boron o r  
graphite:  f i l a m e n t s .  

A i r  Breathing Propuls ion  

The object . ive of t h e  r e sea rch  i n  t h i s  program area is t o  examine advanced 
energy c:onversion processes  and problems e i t h e r  i d e n t i f i e d  over  a broad range 
of a i r c r a f t  a p p l i c a t i o n s  o r  else no t  r e a d i l y  i d e n t i f i e d  wi th  s p e c i f i c  a i rc raf t :  
appl ica t . ions .  Ana ly t i ca l  and experimental  s t u d i e s  w i l l  be conducted on 
advanced beax-icgs and l u b r i c a t i o n  systems,  high speed s h a f t i n g  and gea r ing ,  
and engi.ne s e a l s .  Limited r e sea rch  w i l l  be  conducted on s e l e c t e d  engine  
components , where t h e  emphasis w i l l  be on s a f e t y  and r e a c t o r  containment , t o  
provide t h e  informat ion  necessary  f o r  a t echno log ica l  assessment of nuc lea r  
power f a r  a i r c r a f t  use .  Advanced propuls ion  system concepts  w i l l  a l so  be 
examined t o  v e r i f y  t h e  f e a s i b i l i t y  of s m a l l  gas  t u r b i n e  engines  , which i n d i c a t e  
promise f o r  good performance, s i m p l i c i t y  and low c o s t .  



h i  r c r a f  t Ope r a t i n g  Cnvironmen t 

The p r o g r a m  i n  t h i s  r e sea rch  area are aimed a t  so lv ing  problems r e l a t e d  
t o  runway s u r f a c e  and atmospheric  environment,  o p e r a t i o n a l  hazards ,  f l i g h t  
instrumentat i .on,  n o i s e  and s o n i c  boom e f f e c t s .  They involve  t h e o r e t i c a l  
ana lyses  and l a b o r a t o r y  and f l i g h t  test experiments t o  v a l i d a t e  c u r r e n t  
engineer ing  proc:edures and t o  exp lo re  s o l u t i o n s  t o  a i r c r a f t  o p e r a t i o n a l  
problems.. T11e r e s u l t s  w i l l  provide both  t h e  b a s i c  technology f o r  s a f e r  and 
q u i e t e r  a i r c r a f t :  ope ra t ions  and t h e  b a s i c  environmental  d a t a  f o r  a p p l i c a t i o n  
t o  des ign  of :;p<!cific classes of a i r c r a f t .  

Atmospheric cnvironmental  r e sea rch  inc ludes  l a b o r a t o r y  s t u d i e s  and theo- 
re t ical  i n v e s t i g a t i o n s  of warm fog  mod i f i ca t ion  concepts ,  t h e  a n a l y s i s  and 
c o r r e l a t i o n  wi th  atmospheric  parameters of tu rbulence  and temperature  d a t a  
c o l l e c t e d  on c e a t  a i r c r a f t  and from sa te l l i t es ,  and t h e  e lec t romagnet ic  
c h a r a c t e r i s t i c s  of s eve re  s torms.  Runway s u r f a c e  r e sea rch  inc ludes  ti re 
t r a c t i o n  experir ients  planned t o  assess t h e  a b i l i t y  of v a r i o u s  s u r f  aces ,  t i re  
cons t ruc t ion  m t l  b rak ing  devices  t o  improve a i r c r a f t  b rak ing  and a i r c r a f t  
c o n t r o l  on the  ground. 

I n  t h e  ope r a t i o n a l  hazards  area, p r o t e c t i o n  schemes t o  avoid c r i t i c  a1 
a i r p l a n e  s t r u c t u r a l  damage from j e t  engine r o t o r  d i s k  f a i l u r e s  w i l l  be 
eva lua ted .  :die e f f e c t s  of l i g h t n i n g  s t r i k e s  on a i r c r a f t  e lec t r ica l  s y s t e m s  
w i l l  be iaSse:;:;ed i n  l abora to ry  experiments .  Research is planned t o  p iov ide  a 
c a p a b i l i t y  t o  measure atmospheric  winds froin a remote l o c a t i o n  and thcise 
r e sea rch  r e s u l t s  are expected t o  have a p p l i c a t i o n  t o  t h e  a l l e v i a t i o n  c l f  the  
t r a i l i n g  vo r t ex  and clear a i r  turbulence  hazards .  

LiASA aircicaf;:. no i se  r e sea rch  is  a cont inuing  e f f o r t  d i r e c t e d  pr imai3 ly  a t  
means of min:iini:zing engine n o i s e  a t  i t s  source .  A b e t t e r  understandi1.g of 
t h e  fundamenixl:; of compressor and f a n  n o i s e  gene ra t ion  is sought .  Fimda- 
mental iiifona3t.ion on t h e  gene ra t ion  and propagat ion of n o i s e  from t n r  
exhaust  .jets 3f tu rbofan  engines  having high r a t i o s  of bypass t o  primary m a s s  
f lows w i l l  be  obta ined .  P a r t i c u l a r  emphasis w i l l  be  placed on the  low 
exhaust  v e l o c i t y  range where t h e  turbulence  level  of exhaust  j e t s  may be  a 
dominant f a c t 3 r  i n  n o i s e  gene ra t ion .  The experimental  s t u d i e s  w i l . 1  be con- 
ducted under c a r e f u l l y  c o n t r o l l e d  l a b o r a t o r y  cond i t ions  wi th  j e t  ve1oc:ity 
and j e t  turbuleiicc l e v e l  as t h e  main v a r i a b l e s .  

Eesearch , s i r c r a f t  o f t e n  need new o r  improved s e n s o r s  t o  measure thc! 
r equ i r ed  parane ters and a program f o r  t h e  des ign ,  development and tes l . ing  
of advanced :sensors f o r  f l i g h t  r e sea rch  programs is planned. Example:, of 
needed senso r s  are altimeters f o r  use a t  high speeds and a l t i t u d e s ,  m:i.niature 
p re s su re  t r ansduce r s  t o  wi ths t and  h igh  s t a g n a t i o n  tempera tures ,  a d  i i i s t ru-  
ments t o  measur13 p r e s s u r e  and flow d i r e c t i o n  i n  a dynamic envirorirnent 

The s o n i c  boom re sea rch  w i l l  i d e n t i f y  and q u a n t i f y  detr imental .  e f f i x t s  
of t h e  overpressure  on ground s t r u c t u r e s  and equipment. Sonic boom iiiduced 
v i b r a t i o n s ,  noise  t ransmiss ion  and b u i l d i n g  s t r u c t u r e  daniages due t o  -1:epeated 

RD 17-5 



loads  a r e  of p a r t i c u l a r  concern.  T h e o r e t i c a l  s t u d i e s ,  and l a b o r a t o r y  
s imula to r  expc:ri.ments w i l l  be used t o  a c q u i r e  t h e  needed da ta .  T'ne informa- 
t i o n  w i l l  be use.ful i n  f u t u r e  s t r u c t u r a l  des igns  and i n  the  development of 
o p e r a t i o n a l  pi:oc.edures devised  t o  minimize de t r imen ta l  e f f e c t s .  

A i r c r a f t  F l i g h t  Dynamics 

Research i.n t h i s  area i s  aimed a t  achiev ing  inc reased  knowledg'e and under- 
s t and ing  of t.he b a s i c  e lements  which i n f l u e n c e  a i r c r a f t  handl ing q u a l i t i e s  
and p i l o t i n g  performance, a t  ob ta in ing  expanded fundamental knowledge on t h e  
f l i g h t  behavi.or of a i r c r a f t  , arid a t  developing,  eva lua t ing  and applying 
improved t h e c ~ r i e s  , c o n t r o l  techniques and p i l o t i n g  a i d s  p e r t i n e n t  t o  a 
v a r i e t y  of a i r c r a f t  t ypes .  This  r e sea rch  involves  t h e o r e t i c a l  ana lyses ,  
ground based s in iu la tor  tests, wind tunne l  s t u d i e s  and i n - f l i g h t  i n v e s t i g a t i o n s  
wi th  v a r i a b l e  s t a b i l i t y  a i r c r a f ' t  . The r e sea rch  program a l s o  inc ludes  s t u d i e s  
t o  evolvct improved f l i g h t - t e s t  a n a l y s i s  techniques and cont inued compilat ion 
and codificat::ion of a i r c r a f t  f l i g h t  dynamics c h a r a c t e r i s t i c s  arid handl ing 
q u a l i t i e s  d a t a .  

Among t he  s t u d i e s  planned are i n v e s t i g a t i o n s  t o  determine t h e  e f f e c t s  of 
motion cueing on p i l o t  perforniance dur ing  ins t rument  and v i s u a l  f l i g h t  r u l e  
o p e r a t i o n s ,  1.0 e s t a b l i s h  t h e  i n f l u e n c e  of erroneous motion and v i s u a l  cues 
and c o n t r o l  system dynamics on t h e  e f f e c t i v e n e s s  of v a r i a b l e - s t a b i l i t 3  a i r -  
c r a f t  , and t o  e v a l u a t e  the  use fu lness  of an a c t i v e  v i b r a t i o n  isolati iori  s y s t e m  
i n  mi t iga t in l ;  adverse e f f e c t s  of v i b r a t i o n  on p i l o t  performance. Stuclies of 
t h e  f l i g h t  baliavior of a i r c r a f t  w i l l  i nc lude  a n a l y s i s  of optiiiium maneuvers 
f o r  t ac t i ca l  a i r c r a f t  us ing  d i f f e r e n t i a l  game theory  and g r a d i e n t  techniques ,  
and cont  h u e d  i n v e s t i g a t i o n  of t he  fundamental n a t u r e  of a i r c r a f t  s p i l l s .  
P i l o t e d  s imu.h tor  tests w i l l  b e  made t o  determine t h e  e f f e c t s  of unsynmetrical. 
aerodynamic c h a r a c t e r i s  t i c s ,  degraded s t a b i l i t y  and gyroscopic  cross-c oupl ing  
on a i r c r a f t  f l i g h t  a t  and beyond s t a l l .  Aew c o n t r o l  techniques  and p j  l o t i n g  
a i d s  wi1.L be  ; tudied f o r  improving a i r c r a f t  f l i g h t  behavior  and p i l o t i n g  
performance . i l l  s eve re  a txosphc r i c  t u rbu lence ,  and r e sea rch  on the  basj c 
i n t e r a c t  ions (of t u rbu lence ;  a i r c r a f t  responses  and handl ing  q u a l i t i e s  w i l l  
be con t inued ,  Theories  r e l a t e d  t o  p i l o t  ve l i ic le  dynamic response behzivior 
will be eva lua ted  t o  develop improved s imula t ion  techniques and optimtim 
mot ion  wash -o J t  s y s  t e m s  . 

Support of F a c i l i t i e s  and A i r c r a f t  

In  a d d i t i o n  to t h e  advanced r e s e a r c h ,  s p e c i f i c  wind tunne l  , propul5,ion 
and s i m u l a t i o a  t e s t s  are conducted i n  suppor t  of o t h e r  government agericy 
programs and these  r e q u i r e  t h e  expendi ture  of funds f o r  model i n s  trumc:ntation , 
changes i n  tunne l  and ba lance  conf igu ra t ions  , d i s p l a y s  and compute r pi'ograms 
f o r  s imula t ion  (and occasionalLy s p e c i a l  f l i g h t  o r  model drop tests.  ilASA 
suppor t  3f Uepartment of Uefense new m i l i t a r y  a i r c r a f t  and missile sys tems,  
t e s t i n g  r e l a t e d  t o  Department of T ranspor t a t ion  h igh  speed ground t rar isporta-  
t i o n  program.;, (and ae ronau t i c s  suppor t  t o  F M  are covered i n  t h i s  funtling 
ca tegory .  
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NASA's a e r o n a u t i c a l  r e s e a r c h  f a c i l i t i e s  are key t o  t h e  r e s e a r c h  e f f o r t  as 
w e l l  as beink; e s s e n t i a l  f o r  t h e  support  of o t h e r  agenc ie s .  Thus i t  i s  
necessary tcl con t inue  t o  provide f o r  t h e  upgrading of t h e s e  f a c i l i t i e s  i n  
terms of new equipment, i n s t r u m e n t a t i o n ,  and computer izat ion of d a t a  acqu i s i -  
t i o n  r educ t ion  and a n a l y s i s .  

The NASA r e s e a r c h  c e n t e r s  u se  v a r i o u s  a i r c r a f t  i n  d i r e c t  support  O E  
advanced resear'ch and technology programs. The maintenance, s p a r e  p a r t s  
and ground support  equipment f o r  t h e s e  R&D a i r c r a f t  and chase and proEiciency 
a i r c r a f t  whic:h are used f o r  v a r i o u s  missions are a l s o  included i n  t h i s  funding 
ca t egory .  

General  Aviat ion A i r c r a f t  Technology 

1971 -- 1969 1970 

Disc i p l i n a  1-y technology . . . . . . . . . . . $507,000 $950,000 -A $925 000 

To ta l . . . . . . . . . . . . . . . . . . . . . . . . . . .  $507,000 $950,000 - $9 25,000 

The emphasis i n  t h e  g e n e r a l  a v i a t i o n  technology e f f o r t  i s  on aerodynamics, 

-- 

f l i g h t  dynamics and d e s i g n ,  w i th  s p e c i f i c  a t t e n t i o n  being pa id  t o  s a f e t y  
a s p e c t s .  The major t h r u s t  of t h e  e f f o r t  con t inues  t o  be on f l i g h t  dynamics 
t o  improve handl ing c h a r a c t e r i s t i c s  of f u t u r e  g e n e r a l  a v i a t i o n  aircraEt. 
S tud ie s  w i l l  be made of t h e  e f f e c t  of decoupling and/or s u i t a b l e  recoupl ing 
of l i f t ,  drag,, t h r u s t  and l o n g i t u d i n a l  c o n t r o l  on t h e  ease of f l a r e  and pre- 
c i s i o n  of touchdown. The approach t o  be used is  t o  equip a Navion a i r p l a n e  
wi th  v a r i a b l e  s t a b i l i t y  equipment t o  provide v a r i o u s  l o n g i t u d i n a l  coupl ing 
modes and t o  i n v e s t i g a t e  a v a r i e t y  of f l i g h t  cond i t ions  and coup:ting inodes 
i n  f l i g h t  during approach and landing.  

The l e v e l s  of s t a b i l i t y  and c o n t r o l  and handl ing q u a l i t i e s  t h a t  a n  needed 
t o  a l low t h e  g e n e r a l  a v i a t i o n  p i l o t  t o  complete a mission s a f e l y  w i l l  be 
de f ined ,  based upon e x t e n s i v e  f l i g h t  t e s t i n g  of a t y p i c a l  l i g h t ,  twin-engine 
a i r c r a f t  equipped wi th  a v a r i a b l e  s t a b i l i t y  system, as w e l l  as o t h e r  (selected 
g e n e r a l  a v i a t i o n  a i r c r a f t .  

A f l i g h t  i n v e s t i g a t i o n  t o  e s t a b l i s h  t h e  c h a r a c t e r i s t i c s  of a typ ic ,a l  
execu t ive  j e t  a i r c r a f t  w i l l  be  conducted using t h e  NASA Lear Jet  whicli, du r ing  
FY 1970, has  been instrumented t o  provide documentation of both statil: and 
dynamic f l i g h t  c h a r a c t e r i s t i c s .  S p e c i a l  a t t e n t i o n  w i l l  be d i r e c t e d  t o  
determining t h e  e f f e c t s  of t u rbu lence  f o r  a l l  normal f l i g h t  regimes. Advance1:l 
f l i g h t  d i s p l a y s  w i l l  be s t u d i e d  f o r  t h e i r  p o t e n t i a l  i n  providing s i g n i f i c a n t  
r educ t ion  i n  p i l o t  workload. 

I n  t h e  aerodynamics and des ign  area, a n a l y s i s  and wind tunne l  test:; of 
a i r f r ame  c o n f i g u r a t i o n s  unique t o  t h e  g e n e r a l  a v i a t i o n  class of a i r c r , s f t  
w i l l  be  conducted, and broad summaries of a l l  information from r e l a t e l l  aero- 
dynamic tests w i l l  be prepared f o r  use by t h e  i n d u s t r y .  

F l i g h t  tests of p i l o t  warning i n d i c a t o r  systems w i l l  be continued (snd 
a c c e l e r a t e d  a s  t h e  equipment developed i n  t h e  a v i o n i c s  program become:; 
a v a i l a b l e .  



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

Discip 1ina:cy technology. .......... 
Rotat ing-cyl inder  f l a p  .......... 
Jet augmentor wing.. ............ 
Advanced li E t  f an .  .............. 
DO-31 a i r c r a f t . . . . . . . . . . . .  ...... 
T i l t  r o t o r  $ s i r c r a f t . .  ........... 
J e t - f l a p  r o t o r  a i r c r a f t .  ........ 
Externally-blo-wn f l a p .  .......... 
Rotor tes t  v e h i c l e . .  ............ 

Experiinental hardware : 

1969 

$6,700,000 

1,150,000 
210,000 

1970 

$5,950,000 

300,000 
1,500,000 

600,000 
810,000 
300,000 
100,000 

--- 
--- 

1971 ---- 

-I- 

--- 
1.100 ,000 

-- ~~:oo,ooo 

T o t a l . .  ......................... $8,060,000 $9,560,000 $l5,(130,000 

I n  t h e  d i s c i p l i n a r y  technology area , emphasis is being s h i f t e d  t o  xncrease 
b a s i c  experimental  and a n a l y t i c a l  s t u d i e s  l ead ing  t o  improved understzinding 
of h e l i c o p t e r  r o t o r  performance, loading ,  and f l u t t e r  c h a r a c t e r i s t i c s ,  These 
s t u d i e s ,  i n i t i a t e d  p a r t l y  i n  response t o  o p e r a t i o n a l  problems encountcired by 
t h e  Army, inc lude  examination of improved a i r fo i l s - - such  as t h e  s u p e r c x i t i c a l  
p r o f i l e ,  be ing  considered f o r  o t h e r  convent iona l  a i r c r a f t  app1icattion:;--rotor 
p la t form and geometry, and new r o t o r c r a f t  con f igu ra t ions .  E f fo r t  on itdvanced 
r o t o r c r a f t  concepts  enabl ing  performance h ighe r  than t h a t  possib1.e wi":h a 
"pure1' h e l i c o p t e r  w i l l  a l s o  be  inc reased .  Some a d d i t i o n a l  models3 (of 'TTUL 
conf igu ra t ions  u t i l i z i n g  t h e  l i f t  fan--expected t o  provide a good coml)romise 
between t h e  requirements  of h igh  speed c r u i s e ,  good hover capabi l . i ty ,  and low 
noise--wil l  b e  t e s t e d  a t  l a r g e  scale i n  t h e  NASA 40- by 8O-foot wind [tunnel. 

I n  t h e  f l i g h t  dynamics area,  s t u d i e s  r e c e n t l y  i n i t i a t e d  t o  examine VTOL 
o p e r a t i o n a l  problems i n  t h e  descent  and landing  phases of f l i g h t  w i l l  be 
augmented. This r e sea rch  is aimed a t  provid ing  des igne r s  and u s e r s  w i t h  
informat ion  on v e h i c l e  c o n t r o l  and handl ing q u a l i t i e s  p l u s  s t a b i l i t y  .iugmenta-. 
t i o n  and p i l o t  d i s p l a y  equipment r equ i r ed  t o  permit  s a f e  l and ings  und1.r poor 
v i s i b i l i t y  weather cond i t ions ,  i n  as s h o r t  a t i m e  as p o s s i b l e  t o  niiniinize 
f u e l  expendi ture  and reduce use of congested airspace near  t h e  termin,al ,  and 
wi th  accep tab le  p i l o t  workloads.  Primary new v e h i c l e s  planned t o  be [used 
inc lude  the  X-22 t i l t - d u c t  a i r c r a f t  ( i n  a j o i n t  program wi th  t h e  Navy and 
Air Force) whose power and s i z e  enable  cons ide ra t ion  of new re sea rch  {areas ; 
and t h e  CX-84 a i r c r a f t  ( i n  a j o i n t  program wi th  t h e  Canadian Government), 
which w i l l  enable  ex tens ion  of s tudy  of t he  t i l t -w ing  concept and also provide 
a s u i t a b l e  c a . r r i e r  f o r  planned s t u d i e s  of p i l o t  d i s p l a y  requi rements ,  and of 
examining components of av ion ic s  systems aimed a t  provid ing  an eventu( i1  auto-  
matic landing, c a p a b i l i t y .  

Continued r e sea rch  is planned i n  t h e  loads  and s t r u c t u r e s  area, in ,qes t iga t - -  
i n g  i n  p a r t i c u l a r  t h e  a e r o e l a s t i c  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i z s  of 
h i n g e l e s s  r o t o r s .  Rela ted  s t u d i e s  of t h e  tilt r o t o r ,  t h e  s topped-and-fold 
r o t o r ,  and the v a r i a b l e  geometry r o t o r  w i l l  a l s o  cont inue .  I n  the  arlea of 
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V/STOL propuls ion  r e s e a r c h ,  emphasis is  be ing  placed on advancement of t h e  
technology base  f o r  l i f t  f a n s .  Study of d i r e c t - l i f t  j e t  engines  w i l l  ' i l so  
con t inue ,  p a r t i c u l a r l y  t o  provide  an understanding of adverse  r e c i r c u l i i t i o n  
e f f e c t s  and m e t h ~ d s  of avoiding them. 

The jet-augmentor wing program is aimed a t  provid ing  technology app . i cab le  
t o  t h e  des ign  of improved S'LOL t r a n s p o r t s  w i t h  both c i v i l  and m i l i t a r y  miss ions .  
Based on t h e  promise shown by the r e s u l t s  of prev ious  wind tunne l  test:; and 
des ign  f e a s i b i l i t y  s t u d i e s ,  a j o i n t  program wi th  t h e  Canadian Depar tmel i t  of 
Indus t ry ,  T r a d e  and Commerce w i l l  be cont inued t o  provide  a research a i r c r a f t  
t o  demonstrate t h e  v a l i d i t y  of t h e  wind tunnel  tests and t o  uncover po . ; s ib le  
o p e r a t i o n a l  problems. I n  t h i s  program, Canada w i l l  p rovide  t h e  requirl?d 
propuls ion  system and t h e  XASA w i l l  modify i t s  CV-7A a i r c r a f t  t o  i n c o r , ) o r a t e  
an augmentor h ing  and t h e  Canadian propuls ion  package. It i s  anticipalzed 
t h a t  about 90 percent  of t h e  NASA funding needed f o r  t h e  mod i f i ca t ion  ! J i l l  
be r equ i r ed  i n  FY 1970 and 1971, w i th  t h e  remainder i n  FY 1972. The f l i g h t  
r e sea rch  program w i l l  be c a r r i e d  ou t  j o i n t l y  a t  t h e  NASA Ames Kesearch Center  
beginning i n  E Y  1973. Another j e t  S'IOL concept which provides  less STIL 
perfonnance c a p a b i l i t y  than  t h e  augmentor wing b u t  which may have o t h e r  i n s t a l -  
l a t i o n  and c o s t  advantages is  t h e  external ly-blown f l a p  now rece iv ing  zx tens ive  
wind tunne l  mcldel s tudy .  Based on t h e  promising r e s u l t s  of t hese  t e s t s ,  a 
des ign  f e a s i b i l i t y  s tudy  w i l l  bc conducted i n  FY 1971 of t h e  p o s s i b i l i t y  of 
modifying an e x i s t i n g  t r a n s p o r t  a i r c r a f t  t o  provide  a r e sea rch  v e h i c l e  f o r  
NASA eva l  ua  t i on. 

The o b j e c t i v e  of t h e  advanced l i f t - f a n  a i r c r a f t  program is t o  advance 
informat ion  cri l i f t - f a n  technology t o  t h e  p o i n t  where des ign  of a commercial 
l i f t - f a n  V/SlOL t r a n s p o r t  can be i n i t i a t e d  wi th  confidence.  Resu l t s  of 
previous JASP, sponsored l i f t - f a n  des ign  s t u d i e s  i n d i c a t e  t h a t  technology is 
ava i lab le :  t o  rmsrble t h e  des ign  of t h e  advanced high p r e s s u r e ,  low n o i s e  l eve l ,  
l i f t - f a n $ ,  r equ i r ed  f o r  such t r a n s p o r t s .  I n  FY 1971, des ign  s t u d i e s  w i l l  be 
undertaken t o  i n d i c a t e  t h e  f e a s i b i l i t y  of modifying a small t r a n s p o r t  a i r c r a f t  
t o  incorporat .e  l i f t - f a n s  t o  v a l i d a t e  t h e  prev ious  wind tunne l  and s t a t i c ,  
ground tests of t h e  f ans  and t o  i n v e s t i g a t e  t h e  i n t e g r a t i o n  of l i f t - f a n s  i n t o  
prac t ica l .  t r a n s p o r t  des ign  . 

I n  o rde r  t:o o b t a i n  rea l i s t ic ,  f i n a l  eva lua t ions  of t he  c h a r a c t e r i s t i c s  of 
t h e  advanced i:ot:or concepts  evolved from wind tunne l  model and w h i r l  tower 
s t u d i e s  , f l i g h t  i n v e s t i g a t i o n s  w i l l  b e  r equ i r ed .  Based on a f e a s i b i l i t y  
s tudy  supportxd i n  FY 1971, i t  is  planned t h a t  an e x i s t i n g  h e l i c o p t e r  w i l l  be 
modified i n  I"[ 1.972 t o  provide  t h i s  c a p a b i l i t y .  

Subsonic A i r c r a f t  Technology - - - - ~ -  
1971 1970 - ----- 1969 ----- . 

I)iscip.Linaiy technology..  ......... $3,721,000 $855,030 ! i l ,400 ,000 
Experirnenta L hardware : 

Acou:; t i c  t rea tment .  ............. 8,070,000 1 , 500 , 000 2' 50 ,000 
Quie t eng intr .................... 7,500,000 5,900,090 :LO,(lOO ,000 ............. 17170,Oo~- 250 7 000 Sup e rc  r i 1: icial wing. 

T o t a l . .  ......................... $19,291,000 - 9 , 4 2 5 , 0 0 0  $11 ,~~00 ,000  

---- - - - ~ -  

-----I_- _ _ ~ -  -_- 
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A s  dur ing  'tne p a s t  s e v e r a l  y e a r s ,  t he  primary concen t r a t ion  i n  subscmic 
a i r c r a f t  technology is on r educ t ion  of n o i s e ,  w i th  a cont inuing  bu t  moc.est 
e f f o r t  maintained i n  t h e  remaining subsonic  d i s c i p l i n e s .  The no i se  re t luct ion 
programs have s u c c e s s f u l l y  demonstrated s u b s t a n t i a l  a l l e v i a t i o n  by n a c t d l e  
a c o u s t i c  t r e a t s e n t  and provided va luab le  d a t a  f o r  des ign  as w e l l  as r e l ;u l a to ry  
purposes .  Design and development of t h e  experimental  q u i e t  engine are progres-  
s i n g  s a t i s f a c t o r i l y .  Vigorous concen t r a t ion  w i l l  be  maintained on t h e  combined 
a c t i v i t y  i n  t h i s  v i t a l  area. I r r e s p e c t i v e  of t h e  SST developments, a :;ubstan- 
t i a l  p o r t i o n  of passenger and cargo t r a n s p o r t  over t h e  next  two decade:, w i l l  
be i n  subsonic  jet  t r a n s p o r t s .  It is  e s s e n t i a l  t h a t  U.S. a i r c r a f t  conl.inue 
t o  show s u p e r i o r i t y  i n  t h i s  f i e l d  t o  cap tu re  a hea l thy  s h a r e  of t h e  woi'ld 
market . 

Progress  i n  development of t h e  s u p e r c r i t i c a l  wing concept has  warraii ted a 
concer ted  e f f o r t  t o  i n t e g r a t e  t h i s  technology along wi th  new s t ruc tu i - a1  
and propulsioin concepts  i n t o  an  o v e r a l l  s u p e r c r i t i c a l  des ign  technology 
a p p l i c a b l e  t o  a new fami ly  of near-sonic  t r a n s p o r t s .  Analysis  and wintl 
tunnel  i n v e s t i g a t i o n s  w i l l  be  d i r e c t e d  toward t h i s  end,  and w i l l  l e a d  :;ub- 
sequent ly  t o  s y s t e m  s t u d i e s  pe rmi t t i ng  t h e  de te rmina t ion  of experimentid 
hardware requireinents f o r  e s t a b l i s h i n g  f e a s i b i l i t y  of new concepts i n  t h e  
f l i g h t  environment. The near-sonic  t r a n s p o r t  o f f e r s  t h e  promise of inc:reased 
a i r c r a f t  p r o d u c t i v i t y  and lower ope ra t ing  c o s t s .  

Pre l iminary  s tudy  is be ing  d i r e c t e d  t o  t h e  p o s s i b i l i t i e s  of improveriient 
i n  low speed f l i g h t  c a p a b i l i t y  and p r e c i s i o n  f l i g h t - p a t h  c o n t r o l  t.o reciuce 
runway l e n g t h  requirements  and improve t h e  s a f e t y  of a l l  weather operaKion 
under congested cond i t ions .  A n a l y t i c a l  programs i n  t h i s  area, t o  be followed 
even tua l ly  by wind tunne l  and f l i g h t  r e sea rch  and s imula t ion ,  w i l l .  covc:r means 
of i n c r e a s i n g  high l i f t  c a p a b i l i t y ,  low speed c o n t r o l  e f f e c t i v e n e s s ,  aiid 
i n t e g r a t e d  control/display/guidance c a p a b i l i t y  f o r  both automatic  arid iaanual 
f 1 igh  t . 

Supersonic  A i r c r a f t  Technology 

Disc ip l ina ry  technology ........... $13,993,000 $17,510,000 $16,7'J5,000 

XB-70.. . . . . . . . . . . . . . . . .  ......... 3,020,000 --- --- 
F-111.. ......................... 550,000 550,000 500 ,000 
YF-12. . . . . . . . . . . . . . . . .  .......... 2,785,000 840,000 4 , 6  LO ,OOO_ 

Experimental  hardware: 

To ta l . .  ......................... $20,348,000 $18,900,000 $21,91:)5,000 --- ~ 

The des ign  of advanced m i l i t a r y  and commercial supe r son ic  a i r c r a f t  v i t h  
high performance l e v e l  is dependent upon f a c t o r s  such as inc reased  aerc~dynamic 
e f f i c i e n c y ,  decreased s t r u c t u r a l  weight ,  improvement of power p l a n t  cha rac t e r -  
i s t i c s  (by dec reas ing  consumption of f u e l  and t h e  s p e c i f i c  weight  of the 
e n g i n e ) ,  and improving t h e  dependab i l i t y  of a l l  t h e  systems. A wide m n g e  
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of r e sea rch  $ a c t i v i t y  i n  t h e  va r ious  technologies  i s  being carried out  t o  
achieve  these  p a l s  and t o  provide t h e  knowledge f o r  t h e  concept ion 0:: 
advanced superscmic v e h i c l e s .  

Ana ly t i ca l  and experimental  s t u d i e s  of t h e  aerodynamic charac t  e r i s i l i c s  
of promising conf igu ra t ions  and components of proposed supersonic  t ra r i spor t s  
w i l l  be continued over  t h e  range of speeds from subsonic  t o  a Xach nunber of 
3 .  Perf onnaince, s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  of supersclnic !:ram.- 
p o r t s  a t  subsonic  speeds w i l l  be explored t o  o b t a i n  s a t i s f a c t o r y  take  o f f  
and landing  c h a r a c t e r i s t i c s  by adjustment  of a i r c r a f t  geometry a n d  by the  use 
of a r t i f i c i a l  s t a b i l i z a t i o n  equipment. 

h cont inuing  r e sea rch  e f f o r t  is  concerned wi th  provid ing  t h e  aerod:,rnamic 
technology needed f o r  tlie concept ion and des ign  of advanced and high1;r 
maneuverable n i l i t a r y  a i r c r a f t .  Aerodynamic d a t a  w i l l  be der ived ion :;uch 
items as h i g h  l i f t  dev ices ,  e f f e c t s  of engine power, engine-airframe : .ntegra- 
t i o n ,  b u f f e t ,  and e f f e c t s  of v # i r i a t i o n s  i n  wing geometry. 

ti numoer (of m e t a l l i c  and nonnietal l ic  materials t h a t  may be suitable! f o r  
use i n  supe r son ic  a i r c r a f t  s t r u c t u r a l  a p p l i c a t i o n s  are being inves  t igzited.  
This  r e sea rch  involves  long-t  i ine e l eva ted  temperature  tes ts  of cur reni. and 
advanced mater ia l s  t o  determine s t a b i l i t y  and ox ida t ion  r e s i s t a n c e  untler a 
s imula ted  sup~r : ;on ic  a i r c r a f t  environment. S t r u c t u r a l  specimens o f  t:i.taniuin 
r e in fo rced  w i t h  boron o r  grap i i i t e  f i b e r s  w i l l  a l s o  be sub jec t ed  t o  an exper i -  
mental  progran inc luding  loading  and environmental  exposure.  

The development of propuls ion  s y s  tern technology f o r  advanced m i  l i t i i r y  and 
comrnercisl a i r c r a f t  w i l l  cont inue .  I n  tlie area of i n l e t s  and n o z z l e s ,  
p a r t i c u l a r  eiiiphasis w i l l  be p laced  on t h e  s t a b i l i t y  problems of t h e s e  higii 
perf  onna~.icc c3mponents a t  t h e i r  des ign  speed ,  on t h e  performance and i r a r i ab le  
seometry conEigiirations dur ing  of f -des ign  ope ra t ion ,  and on the  mutual i n t e r -  
a c t i o n  probleris t h a t  r e s u l t  when i n t e g r a t i n g  t h e s e  components i n t o  a (:omplete 
a i r f r ame  and propuls ion SysteliI. A i t  t r a n s o n i c  speeds ,  t h e  ground tes t  f a c i  L- 
i t i e s  a r e  coinplemented by a f l i g l i t  test program which uses  a F-106 a i l - c r a f t  
w i t h  unique modi f ica t ions  f o r  . i n l e t  and nozz le  r e sea rch .  

Severa l  approaches t o  reduce compressor and f a n  component weich t axtd 
improve 7Serformance w i l l  be i n v e s t i g a t e d .  These components must prov:i.de 
e f f i c i e n t  compression, t h e  necessary  s t a l l  margin and d i s t o r t i o n  tolei .ance 
over  the  ran;;? of flow rates imposed by va r ious  f l i g h t  cond i t ions .  Compressoi: 
b lades  w i l l  1112 designed t o  ope ra t e  a t  h igher  flow iIach numbers encountered a t  
increased  roi:(st:ional s p e e d s  made p o s s i b l e  by improved mater ia ls .  'Jar;i.ous 
approachcs t o  de lay  end w a l l  s t a l l  w i l l  be s t u d i e d .  F lu l t i s tage  comprctssors 
w i l l  incorpo:rate the most promising advanced concepts  i n v e s t i g a t e d  i n  s i n g l e  
s t a g e  coinpres so'cs . 

liesearch wi1.L cont inue  i n  the areas of primary combustors,  augmcnti.ng 
burners  and Z ie:Ls f o r  advanced engines .  Primary combus t o r s  w i l l  be dcsigned 
t o  g ive  r a p i t i  mixing and i n t e n s e  burning i n  t h e  forward end t o  provide! s n o r t e r ,  
more durdble  l i n e r s  w i th  low smoke and uniform high temperature  p r o f i l e s  a t  
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t h e  combusto;r e x i t .  The a f t e r b u r n e r  r e s e a r c h  program w i l l  e v a l u a t e  and improve 
t h e  performanice, s t a b i l i t y  , and l i f e  of a f t e r b u r n e r s  designed f o r  h igh  tempera- 
t u r e  eng ines .  Research on f u e l s  w i l l  be  d i r e c t e d  toward u t i l i z i n g  t h e m  as h e a t  
sinlcs f o r  cooli-ng h o t  engine  components. 

The t u r b i n e  i s  undergoing a g r e a t e r  change than  any o t h e r  componer t i n  
rnodern engines  ,, The t u r b i n e  i n l e t  t empera tures  are s t e a d i l y  i n c r e a s i n g  and 
high work tuirbi-nes are be ing  in t roduced  i n  o r d e r  t o  reduce  t u r b i n e  weight  
and s i z e .  IJndc:r t h e  t u r b i n e  aerodynamics r e s e a r c h  programs, i n v e s t i g a t i o n s  
w i l l  be  made 011 t h e  e f f e c t s  of coo l ing  a i r  d i scha rge  on t u r b i n e  performance 
€o r  both  s i n g l e  and m u l t i s t a g e  t u r b i n e s ,  on t h e  performance of bo th  f i x e d  
and v a r i a b l e  geometry turbines, and on a number of methods of i n c r e a s i n g  
b l ade  loading  I-n o r d e r  t o  reduce t u r b i n e  s i z e  and h e a t  t r a n s f e r  s u r f a c e  area. 
Turbine cool.:ing r e sea rch  i s  d i r e c t e d  a t  developing methods f o r  pred ic  t i n g  
t h e  cool-ing perfonnance of a i l -  cooled t u r b i n e  b l ades  cooled by a v a r i e t y  of 
methods . 

F l i g h t  dynamics r e s e a r c h  i s  be ing  conducted t o  develop c r i t e r i a  fclr a i r -  
c r a f t  ~>7ste111:; t h a t  id11 al low t h e  p i l o t  t o  e a s i l y ,  economical ly ,  and s a f e l y  
c o n t r o l  and riarieuver supe r son ic  a i r c r a f t  i n  accordance w i t h  o p e r a t i o n a l  
requi re r icn ts  . S p e c i f i c  r e sea rch  is  d i r e c t e d  a t  t h e  improvement of: a i r c r a f t  
under des ign  such a s  t h e  supe r son ic  t r a n s p o r t ,  and t h e  F-14 arid E'--15 super-  
s o n i c  f igh tc ; r s ,  A l s o ,  a coope ra t ive  r e sea rch  program is d i r e c t e d  t o  provid ing  
t h e  informat-:on necessary  f o r  t h e  FAA t o  e s t a b l i s h  c e r t i f i c a t i o n  regL l a t i o n s  
f o r  supers on.,^ t r a n s p o r t s  and f o r  developing r e v i s i o n s  i n  c e r c i f  i c x t i o n  test 
inaiieuveiis . 

i'di F-111;~ a i r c r a f t  is being; flown t o  provide  f l i g h t  dyriamics informat ion  
a p p l i c a b l e  t.o t:he des ign  and development of advanced m i l i t a r y  a i r c r a f t  . 
program cona.;st:s of t h r e e  s e p a r a t e  i n v e s t i g a t i o n s .  The f i r s t  p u r s u i t  i s  
concerned w i t h  a handl ing  q u a l i t i e s  f l i g h t  c o n t r o l  system s tudy  with d i f f e r e n t  
.Levels of st .abj. l i ty augmentation systeiil s o p h i s t i c a t i o n .  

The 

The second o b j e c t i v e  w i l l  e s t a b l i s h  t h e  re la t ive inpor t ance  of v a r i o u s  
landing  approach v a r i a b l e s  inc lud ing  d i r e c t  l i f t  c o n t r o l  and approacl power 
conpensat ion 0 1 1  t h e  l and ing  t a s k  of a high performance a i r c r a f t .  The t h i r d  
s tudy  wi-11  wal .ua te  t h e  e f f e c t s  of v a r i o u s  f a c t o r s  such as b u f f e t ,  b t f f e t  
i n t e n s i t y ,  and s t a b i l i t y  augnenta t ion  complexity on p i l o t i n g  p r e c i s i o n  of 
closed-loop t r a c k i n g  c a p a b i l i  t:y . 

The LJ,?ISA--lJSiiY YF-12 f l i g h t  r e sea rch  program is  o b t a i n i n g  des ign  informa- 
t i o n  a p p l i c a b l e  t o  a i r c r a f t  t h a t  have a h igh  s u s t a i n e d  supe r son ic  PIach number. 
c a p a b i l i t y .  1ij-r Force i n t e r e s t s  are o r i e n t e d  p r i m a r i l y  toward a f u r t h e r  
def i n i tLon  of t h e  t ac t i ca l  performance and suppor t  requirements  of  an advance.d 
i n t e r c e p t o r .  
s t r u c t u r a l  c1iai :acter is t ics  , f l i g h t  l oads  and deformat ions ,  a e r o e l a s t i c  
e f f e c t s  on s t a b i l i t y  and c o n t r o l ,  p ropu l s ion  a i r f r a m e  i n t e r a c t i o n ,  i c , t e r n a l  
d i f f u s e r  dynamics, and aerodynamic boundary l a y e r  c h a r a c t e r i s t i c s  e Throughout 
t h e  course  of t h e s e  s t u d i e s ,  i t  is expected t h a t  equipment and ins t rLmmenta t ion  
changes and a1t :erat ions as we1.1 as mod i f i ca t ions  t o  t h e  a i r c r a f t  w i l l  be 
r equ i r ed .  

The XASA programs are o b t a i n i n g  d a t a  i n  areas such as a i r p l a n e  
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Hypersonic A i r c r a f t  T e c h n o 1 9  -- -- ----I- - 

1969 1970 1971 --____ ---- -- 
U i s  ciplini2.y technology.  . . . . . . . . . . 
Exper imenlxl hardware : 

$3,085,000 $4,OGO,OOC) $3,775,000 

Hypersonic r e sea rch  engine . .  . . . . 6, GOO ,090 - -.-L- 2 000,000 2:,000,O00 

The tecliiiology is being developed from cont inuing  t h e o r e t i c a l  and exper i -  
mental s t u d i e s  i n  t h e  va r ious  d i s c i p l i n e s  f o r  long range hypersonic  a i r c r a f t  
systems sui tab. te  f o r  t r a n s p o r t s  and r euseab le  b o o s t e r s .  Basic  exper j  mental  
d a t a  have been obta ined  on an e a r l y  gene ra t ion  of hypersonic  air-brea th ing  
conf igu ra t ions  , on promising l i gh twe igh t  s t r u c t u r a l  concepts ,  and i n  t h e  
areas oE f u e l  :injection and combustion. These d a t a  are be ing  used t c  v e r i f y  
the  adequacy of t h e  t h e o r i e s .  These ana lyses  and tests f u r t h e r  serve' t h e  
h igh ly  u s e f u l  purpose of exposing problems and of formula t ing  a p lan  t o  s o l v e  
these  and o t h e r  p r o b l e m .  

The progi:an i n  p r e d i c t i o n  techniques  w i l l  be expanded whereby cur1 e n t  
t h e o r i e s  wi:L L be improved and new ones developed and cor robora ted  wi th  appro- 
p r i a t e  czxper irnents . The t h e o r e t i c a l  and experimental  eva lua t ions  of a i r f rame-  
in l e t - eng ine  i n t e g r a t i o n  e f f e c t s  w i l l  be  cont inued and va r ious  s i rnuls ted 
propuls ion  systems i n  combination wi th  wing-body models w i l l  be t e s t e d .  
I n i t i a l  s t u d i e s  of cool ing  systems have i d e n t i f i e d  a t t r ac t ive  methods, t o  
reduce both Lht? s t r u c t u r a l  weight  and aerodynamic drag  of hypersonic  a i r c r a f t . .  
Fu r the r  anal.yti.ca1 and experimental  r e sea rch  are r equ i r ed  t o  eva lua te  these  
methods when app l i ed  t o  complete a i r c r a f t .  

Because 0:. t h e  extremes i n  temperature ,  -423'F i n  t h e  cryogenic  f u e l  tanks , 
n e a r  1500'F over  major p o r t i o n s  of t h e  s u r f a c e ,  arid up t o  about 4090'F i n  
s t a g n a t i o n  i:egI.ons , var ious  concepts  f o r  s t r u c t u r e s  and thermal  p r o t e c t i o n  
are be ing  explored.  Conceptual des igns  f o r  wing l ead ing  edges w i l l  tie t e s t e d  
i n  t h e  irunnc:.L and i n  t h e  s t r u c t u r e s  l abora to ry .  Tests of a carbon d ioxide  
f r o s t  thennal p r o t e c t i o n  concept w i l l  be  cont inued us ing  l i q u i d  nitrclgen t o  
s imula t e  cryogcmic f u e l .  A s  a follow-on t o  an indepth  s tudy  of wing s t r u c t u r e s ,  
an experimeni:al. program w i l l  be i n i t i a t e d  t o  e v a l u a t e  promising concepts  f o r  
wing panels  under realis t i c  hea t ing  and loading .  

Cxperiment:al. and a n a l y t i c a l  r e sea rch  programs on t h e  technology of a i r -  
b r e a t h i n g  hypersonic  propuls ion  engines  w i l l  be  broadened emphasizing, super- 
s o n i c  combustion and s t u d i e s  of t h e  a s s o c i a t e d  aerothermodynamic process  . 
Uoth l a r g e  and s m a l l  s c a l e  supe r son ic  combustor tests w i l l  be conducted. A 
s i g n i f i c a n t  p o r t i o n  of t h e  i n l e t  r e sea rch  e f f o r t  w i l l  be  d i r e c t e d  t o  t h e  
development of des ign  techniques s u i t a b l e  f o r  h igh  performance s y s t e m  and 
t o  t h e  assessment of t h e  performance p o t e n t i a l  of va r ious  conf igu ra t ions  . 
The feasibil . : i ty of reducinp combustor l e n g t h s  by i n j e c t i n g  f u e l  on the i n l e t  
compression s u r f  aces w i l l  be s t u d i e d  exper imenta l ly .  
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The Hypeic,;onic Research Engine program has progressed through the defini- 
tion and design of all of the components. Assembly of both the aerothermo- 
dynamic intt?gration model which has internal passages designed for high 
propulsion eEficiency, and the structural assembly model, which has le- 
generatively cooled surfaces designed to maintain structural integrity at 
high operating temperatures, is continuing. 

The ~~erot:hemmodynamic integration model will be water cooled, and will be 
investigated at: the Lewis Research Center's Plum Brook facility to demonstrate 
overall operating performance and stability with hydrogen fuel inject ion and 
either subsonic or supersonic combus tion. 

The :;truci:ui:al assembly model will have liquid hydrogen regeneratively 
cooled surfaces;, and will be tested without combustion in the Langley Research 
Center's 8-I:oot: High Temperature Structures Tunnel to determine the s tructura.1 
adequacy of this type of construction when operating in a hypersonic environ- 
men t . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971 ESTIMATES 

OFFICE OF TILACKING AND DATA ACQUISITION --- TRACKING AND I'IATA 
ACQUISITIONPROGRAM 

PROGRAM OBJI3CT:CVES AND JUSTIFICATION: --- 

The purpose of t h i s  program i s  t o  provide responsive and e f f i c i e n t  t r a c k i n g  
and d a t a  a c q u i s i t i o n  suppor t  t o  m e e t  t h e  requirements of a l l  NASA f l i g h t  pro- 
jects.  I n  i lddft ion,  support  is  provided,  as mutually agreed,  f o r  p r c j e c t s  of 
the Department of Defense, o t h e r  Government agenc ie s ,  and o t h e r  count ries 
and i n t e r n a t  Loxia1 o r g a n i z a t i o n s  engaged i n  space r e sea rch  endeavors.  

Support is provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r a f t ,  
sounding r o c k e t s ,  and r e sea rch  a i r c r a f t  ; f o r  e a r t h - o r b i t a l  and s u b o r b i t a l  
missions;  f o r  l u n a r  and p l a n e t a r y  missions;  and f o r  space probes.  

Types  of support  provided inc lude :  ( a )  t r a c k i n g  t o  determine the  p o s i t i o n  
and tra:jecto:ry of v e h i c l e s  i n  space ,  (b) a c q u i s i t i o n  of s c i e n t i f i c  daita from 
onboard experiraents,  ( c )  a c q u i s i t i o n  of eng inee r ing  d a t a  on t h e  perfclrmance 
of s p a c e c r a f t  and launch v e h i c l e  s y s  t e m s ,  (d) t r ansmiss ion  of commandls from 
ground statJ.onr; t o  s p a c e c r a f t ,  (e) communication wi th  a s t r o n a u t s  and 
a c q u i s i t i o n  of medical d a t a  on t h e i r  p h y s i c a l  c o n d i t i o n ,  ( f )  communication 
of information between v a r i o u s  ground f a c i l i t i e s  and mission c o n t r o l  c e n t e r s ,  
and (g)  processing of d a t a  acqu i r ed  from t h e  space v e h i c l e s .  Such support  
is es sen t i a l .  f o r  ach iev ing  t h e  s c i e n t i f i c  o b j e c t i v e s  of a l l  f l i g h t  missions,  
f o r  execu t ing  t h e  c r i t i ca l  d e c i s i o n s  which must be made t o  a s s u r e  the 
success  of t h e s e  f l i g h t  missions,  and, i n  t h e  case of manned missions,  t o  
i n s u r e  t h e  s a f e t y  of t h e  a s t r o n a u t s .  

Tracking imcl d a t a  a c q u i s i t i o n  support  is provided by a worldwide network 
of NASA ground s t a t i o n s  supplemented by a p p r o p r i a t e  i n s t rumen ta t ion  s h i p s ,  
a i rc raf t : ,  arid ground s t a t i o n s  of t h e  Department of Defense. These f a c i l i t i e s  
are intercorinec:ted by a network of ground communications l i n e s ,  undersea 
c a b l e s ,  high frequency r a d i o  l i n k s ,  and communication s a t e l l i t e  c i r c u i t s  
which provide t h e  c a p a b i l i t y  f o r  i n s t an taneous  t r ansmiss ion  of d a t a  and 
cr i t ical  conmiarids between s p a c e c r a f t  and t h e  c o n t r o l  c e n t e r s  i n  the United 
S t a t e s  from which t h e  f l i g h t s  are d i r e c t e d .  
t o  p rocess  i n t o  meaningful form t h e  l a r g e  amounts of s c i e n t i f i c  and 
eng inee r ing  d a t a  which are c o l l e c t e d  from f l i g h t  p r o j e c t s .  I n  alddition, 
i n s t rumen ta t ion  f a c i l i t i e s  are provided f o r  support  of sounding rocket  
launchirigs and f l i g h t  t e s t i n g  of r e s e a r c h  a i r c r a f t .  

F a c i l i t i e s  a l s o  are provided 

The Resealrchi and Development a p p r o p r i a t i o n  p rov ides  funds : (a) f o r  the 
o p e r a t i o n  and maintenance of t h e  worldwide f a c i l i t i e s ;  (b)  f o r  the procurement 
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of equipment and f o r  mod i f i ca t ions  t o  f a c i l i t i e s  t o  suppor t  cont.inuiiig, 
new, and changing f l i g h t  p r o j e c t  requirements;  and ( c )  f o r  t h e  i n v e s t i g a t i o n  
and developiaent of advanced t r a c k i n g  and d a t a  a c q u i s i t i o n  equipment itnd 
techniques.  T h e  subsequent  s e c t i o n s  d e s c r i b e  p l ans  and r e l a t e d  funding 
requirements  t o  cont inue  t h e  Tracking and Data Acqu i s i t i on  program i i i  each 
of t hese  a r e a s  dur ing  IT 1971. 

SLJMMARY --- OF RES3URCES REQUINPIENTS : 

1969 1 9  70 

Operat ions ................... $229,354,000 $233,400,000 
Equipment .................... 39,162,000 32,200,000 
Supporting research  and 

technolDgy ................. 11,156,000 12,400,000 

Tota l . . . . .  ................. $279,672,000 $275,000,000 

___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 :  

Nanned Spacecraf t  Center . . .  $5,300,000 
Marshal l  Space F l i g h t  

Center . . . . . . . . . . . . . . .  .... 300,000 
Goddard Space F l i g h t  

Center . . . . . . . . . . . . . . . . . . .  208,221,000 
Jet Propuls ion  Laboratory. .  47,694,000 
Wallops S ta t ion . . . . . . . . . . . .  5,409,000 
E l e c t r o n i c s  Research Center  100,000 
F l i g h t  Research Center . .  ... 2,000,000 
Langley Research Center . .  .. 1,450,000 
NASA H e  adq u a r t  e rs .......... 9,198,000 

BASIS OF FUND REQUIREMENTS : 

Operat ions 

Nanned space f l i g h t  network.. $83,493,000 
S a t e l l i t e  network. . . . . . . . . . . .  43,520,000 
Deep spacle network.. ......... 32,231,000 
Other i n s t rumen ta t ion . . . . . . . .  5 ,62 7,000 
Communications... . . . . . . . .  .... 48,480,000 
Data process ing  .............. 16,003,000 

Tota l . . . . . . . . . . . . . . . . . . . . . .  $229,354,000 

$1,660,000 

206,405,000 
51,150,000 

5,985,000 
60,000 

1,875,000 
845,000 

10,020,000 

$86,380,000 
42,370,000 
36,000 , 000 
6,090,000 

45,080,000 
17,480,000 

$233,400,000 

$ 2  29,000,000 
55,!l00,000 

$1‘~00,000 

2 12,:1.27,0O0 
66,:1.43,000 

6 ,  :!40,000 

1 ,h30,000 
--- 

1 ,:l.GO, 000 
10, :)oo, 000 

$79, : ! 00 ,  000 
44,000,000 
39,  tjoo, 000 
5 , :100,000 

4 2 ,  1!00, 000 
18 ,!io0 ,000 

$ 2  29, 00 , 000 
-I__ 
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Manned Space F l i g h t  Network Operat ions 

The Manned Space F l i g h t  Network w a s  designed t o  c o l l e c t  and communicate 
real-time i n  Eoirmation r ega rd ing  t h e  p r e c i s e  l o c a t i o n  of both t h e  Command 
and Lunar Modu:Les as w e l l  as t h e  Sa tu rn  launch v e h i c l e s ,  t h e  s t a t u s  of t h e  
onboard equipment and experiments ,  and most impor t an t ly ,  t h e  physical  con- 
d i t i o n  of t h e  a s t r o n a u t s .  The Manned Space F l i g h t  Network p r e s e n t l y  c o n s i s t s  
of 12 prime s t a t i o n s ,  one i n s t r u m e n t a t i o n  s h i p ,  and f o u r  instrumented je t  a i r -  
c r a f t .  The network is configured t o  provide d a t a  i n  real t i m e  t o  the Mission 
Control  Center a t  Houston, Texas, so  t h a t  immediate d e c i s i o n s  a f f e c t i n g  t h e  
mission may be made. I n  a d d i t i o n ,  information from s c i e n t i f i c  experiments 
both onboard t h e  s p a c e c r a f t  and on t h e  s u r f a c e  of t h e  moon is  c o l l e c t e d  and 
processed f o r  p o s t - f l i g h t  a n a l y s i s .  

This wor:Ldwtw:ide network of s t a t i o n s  w a s  e s t a b l i s h e d  i n i t i a l l y  f o r  support  
of t h e  Mercury program i n  e a r l y  1959 and has  been c o n t i n u a l l y  updatecl and 
modified t o  meet the  requirements  of t h e  several manned space progran s . 
A s  t h e  progicam:; became more complex, t h e  levels of p r e c i s i o n  involvecl i n  
program support: r equ i r ed  increases i n  t h e  o v e r a l l  l e v e l  of c a p a b i l i t y  and 
ope ra t ions  .in the network. Consequently, t h e  Manned Space F l i g h t  Network 
has evolved i n t o  a h igh ly  s o p h i s t i c a t e d  e l e c t r o n i c  t r ack ing ,  command, 
communieation, and t e l eme t ry  system which has  been s u c c e s s f u l l y  ope ra t ed  
i n  an outstand.ing manner. Throughout t h e  manned space program, t h e  r.etwork 
has c o n t i n u a l l y  supported t h e  e x a c t i n g  requirements f o r  t r a c k i n g  acciiracy 
and high q u a l i t y  communications , i n c l u d i n g  real-time t e l e v i s i o n .  Thj s 
accurac:y and q u a l i t y  has  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  p r e c i s e  n a v i g a t i o n  
r equ i r ed  f o r  t h e  pin-point  l u n a r  l and ings .  

The network c o n s i s t s  o f :  (a) n i n e  30-foot-diameter antenna s t a t i o n s  
l o c a t e d  a t  Cape Kennedy; Bennuda; Ascension I s l a n d ;  Grand Canary Xslzind; 
Carnarvon, ,4us t ra l ia ;  Guam; Kauai, H a w a i i ;  Guaymas , Nexico; and Corpiis 
C h r i s t i ,  TeKas; and (b) t h r e e  85-foot-diameter antenna s t a t i o n s  local.ed 
a t  Xadrid,  Spain; Canberra, A u s t r a l i a ;  and Goldstone, C a l i f o r n i a .  111 
a d d i t i o n ,  one i n s t rumen ta t ion  s h i p  and f o u r  a i r c r a f t  , opera t ed  by thc! 
Pepartment of Defense, and t h r e e  85-foot-diameter antenna s t a t i o n s  01 t he  
NASA Deep Space Network provide suppor t  f o r  Apollo. 
provides  support  p r i m a r i l y  f o r  manned missions,  s e l e c t e d  s t a t i o n s  of t he  
network alsis provide support  t o  unmanned deep space and e a r t h  o r b i t a l  
p r o j e c t s  of NASA and the  Department of Defense. 

While t h e  n,etwoi*k 

Along w i t h  the scheduled Apollo missions , t h e  network is  c u r r e n t l y  
suppor t ing  t h e  Apollo Lunar Surface Experiment Package (ALSEP) l e f t  on 
the  moon's s u r f a c e  by the  Apollo 1 2  a s t r o n a u t s .  The f u t u r e  landing r i iss ions 
w i l l  a l s o  c a r r y  ALSEPs r e s u l t i n g  i n  a con t inu ing  and s i g n i f i c a n t .  worlcload 
on the  network. During FY 1971, t h e  network w i l l  be  r equ i r ed  t o  sup1)ort 
two l u n a r  l and ing  mis s ions ,  each i n c l u d i n g  an  ALSEP, p l u s  two AISEPs  l e f t  
by previous landing mis s ions ,  and a l a r g e  number of unmanned mission:;. 
This o v e r a l l  workload is dep ic t ed  on t h e  a t t a c h e d  c h a r t .  

Rl!) 18- 3 



MANNED SPACE FLIGHT NETWORK WORKLOAD 
I FY-70 FY-71 I FY-72 I FY-73 F\, 

5 APOLLO 15 

6 APOLLO 16 

* 7 ! APOLLO l! 
I 8 AAP 1 and 2 I 

I IO I AAP 4 I 1:; 1 ROVERS 

~ ~ 1 ALSEP 1 
ALSEP 2 

I IS I ALSEP 4 I 
I I 

16 1 ALSEP5 I 
17 ALSEP 6 

18 APOLLO 18 

I9 APOLLO 19 
0 0 0  0 0 0  00 

20 UNMANNED MISSIONS 0 0 0  0 0 0 0  0 

7~ /%GiEj p/y//k Program Checkout & Readiness Testing 
Mission Status Time U 

lzm~-.-h Time 4 m - .  ,. .Y.l”. l l  1 1 1 S 1 ”  

i c y  187i ^. , rn-n 
1.1 l Y l L  

,.\I In-,_ ,... ._... 
LT l Y l U  

I I I 

74 I 

E WA 
% @A 

0 0 0 0 0 0  0 0 0 00 00 00 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 000 0 0 0  0 0 0 0 0 0 0  . . - -  - 24 Hour S U P ~ ; ~  

o o Unmanned Program Suooort 

P NASA HQ TV70-15284 
Rev. 1-14-70 



Network Operat ions during EY 1971 w i l l  be a t  a reduced level from N 1970. 
Operations experience gained through t h e  l u n a r  missions t o  d a t e  has allowed 
a phaseout of t h r e e  in s t rumen ta t ion  s h i p s ,  f o u r  a i r c r a f t ,  and two l and  
s t a t i o n s .  The e f f e c t  of t h e s e  dec reases  is  somewhat o f f s e t  by allowances f o r  
cost-of-- l iving i n c r e a s e s .  

S a t e l l i t e  Network Operat ions 

The princ:ipal f u n c t i o n  of t h e  S a t e l l i t e  Network is  to  suppor t  NASP,'s 
unmanned 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  programs. The network in -  
c ludes t h e  cCLectronic s t a t i o n s  of t h e  Space Tracking and Data Acqu i s i t i on  
Network (STADAN) ope ra t ed  by t h e  Goddard Space F l i g h t  Center ,  supplemented 
by t h e  opti(:ill t r a c k i n g  network operated by t h e  Smithsonian As t rophys ica l  
Observatory+ ::he STADAN s t a t i o n s  provide a ground system which (a) t r a c k s  
each satellirte (b) determines t h e  s t a t u s  of onboard systems, (c)  commands 
t h e  satellittr. f u n c t i o n s ,  and (d) a c q u i r e s  s t o r e d  or  real-time d a t a  from t h e  
sa te l l i t e .  The o p t i c a l  s t a t i o n s  provide s p e c i a l i z e d  s e r v i c e s  i n  p r e c i s i o n  
o r b i t a l  t r a c k i n g .  

The ISTADAN c o n s i s t s  of t e n  ground s t a t i o n s  l o c a t e d  a t  F o r t  Myers, F l o r i d a ;  
Mojave, Ca1i:Eoirnia; Rosman, North Caro l ina ;  Fairbanks,  Alaska; Quito,  Ecuador; 
Sant iago,  Ch:ilt:; Winkfield,  England; Johannesburg, South Af r i ca ;  Tanmar ive ,  
Madagascar; imd O r r o r a l ,  A u s t r a l i a .  

F i s c a l  yea r  1970 and p r i o r  y e a r  budget c o n s t r a i n t s  have r e s u l t e d  j n  t h e  
cu r t a i lmen t  and c e s s a t i o n  of o p e r a t i o n s  a t  s e v e r a l  l o c a t i o n s .  The S'l ADAN 
s t a t i o n s  a t  Lima, Peru,  and Toowoomba, A u s t r a l i a ,  have been c losed  arid t h e  
s t a t i o n  a t  !;t. John ' s ,  Newfoundland, w i l l  be c losed  i n  March 1970. S t a f f i n g  
a t  t h e  Hojave ;and Rosman s t a t i o n s  i n  suppor t  of ATS has been reduced. 
a d d i t i o n ,  t h e  o p t i c a l  network has  been s e v e r e l y  c u t  back i n  both c a p a b i l i t y  
and level of o p e r a t i o n s .  

I n  

These r educ t ions  and c u r t a i l m e n t s  have been made p o s s i b l e  by a con t inu ing  
review of t h e  s c i e n t i f i c  requirements f o r  t h e  a c q u i s i t i o n  of d a t a  frcim t h e  
s p a c e c r a f t .  A s  a r e s u l t  of t h i s  review, d a t a  a c q u i s i t i o n  from a number of 
hea l thy  b u t  .Lower p r i o r i t y  sa te l l i tes  has  been e i t h e r  completely terminated 
o r  s e v e r e l y  cuir ta i led.  

The c u r r e n t  network workload, c o n s i s t i n g  of some 45 sa te l l i t es ,  cont inues 
t o  r e q u i r e  around-the-clock o p e r a t i o n s .  Ten new sa te l l i t es  scheduled. f o r  
launch i n  F1I 1971 w i l l  f u r t h e r  impact t h e  o v e r a l l  workload and w i l l  rr .ecessitate 
cont inuing adjustments  i n  suppor t  p r i o r i t i e s  w i t h i n  t h e  cons t r a i n e d  network 
c a p a b i l i t y .  

During F I  1971, i n i t i a l  a c t i v i t y  a s s o c i a t e d  wi th  t h e  ERTS c o n t r o l  c e n t e r  
and support  of OAO-B w i l l  be undertaken. These project-unique requirements ,  
as w e l l  as im allowance f o r  cos t -o f - l i v ing  i n c r e a s e s ,  are included i n  t h e  
EY 1971 r e q u e s t  f o r  funds t o  o p e r a t e  t h e  network a t  t h e  c u r r e n t l y  cor.strainecl 
level. 



Deep Space Network Operat ions 

The primary func t ion  of t h e  Deep Space Network is  t o  suppor t  l u n a r  and 
p l a n e t a r y  space f l i g h t  miss ions .  The network: ( a )  provides  t r a c k i n g  d a t a  
which a r e  used t o  determine and make c o r r e c t i o n s  and changes t o  spacec:raft 
t r a j e c t o r i e s ,  (b )  acqu i re s  engineer ing  t e l eme t ry  d a t a  concerning performance 
of t h e  spacelnraEt, (c)  t r a n s m i t s  commands t o  t h e  s p a c e c r a f t ,  and (d )  xe- 
ce ives  and records  t h e  s c i e n t i f i c  d a t a  which are acqui red  from tk,e sp i i cec ra f t .  
The netw'ork : s t a t ions  are l o c a t e d  a t  Goldstone, C a l i f o r n i a ;  Woomera anti 
Canberra,  Au:; t r a l i a ;  Madrid, Spain; Johannesburg, South Af r i ca ;  smld C;tpe 
Kennedy, Flo r ida .  

The c o n t r o l  (center  f o r  t h e  Deep Space Network i s  t h e  Space F l i g h t  Operat ions 
F a c i l i t y  (SFOF) l o c a t e d  a t  t h e  Je t  Propuls ion  Laboratory i n  Pasadena, C a l i f o r n i a .  
The SFOF: (a) receives informat ion  t r a n s m i t t e d  via  ground communicat:i.ons from 
s t a t i o n s  of tne Deep Space Network, (b) p rocesses  the  d a t a ,  ( c )  displ i tys  the  
r e s u l t i n g  inEmna t ion  s o  t h a t  mission d i r e c t o r s  and a s s o c i a t e d  project  personnel 
can anal-yze mission performance and make c r i t i c a l  d e c i s i o n s  i n  near-rfbal-time 
concerning func t ions  t o  be executed by t h e  s p a c e c r a f t ,  and (d)  sends 2 n- 
s t r u c t i o n s  t o  t h e  s t a t i o n s  f o r  commands t h a t  must be t r ansmi t t ed  t o  ttle space-- 
c r a f t .  

During Ey 19 70 the  Deep Space  Network is  suppor t ing  fou r  P ioneer  srlacecraf t:, 
t he  two Hariiier 1969 s p a c e c r a f t  i n  t h e  extended mission phase,  and thc Apollo 
manned l u n a r  miss ions .  This  on-going workload, r e f l e c t e d  i n  t h e  attac.hed 
workload c h a r t ,  w i l l  cont inue  on i n t o  FY 1971 along wi th  p r e p a r a t i o n  f o r  
suppor t  of t h e  Nar iner  19 7 1  launch.  

Extensive network engineer ing ,  programming, and computat ional  suppclrt i s  
necessary  t o  meet t h e  suppor t  requirements  of Mariner 1971. The complexity 
of t h i s  suppor t  i s  r e l a t e d  t o  t h e  requirement f o r  t he  network t o  siippclrt two 
o r b i t i n g  spac:eciraft s imul taneous ly  f o r  an extended pe r iod  of time imd a t  
extreme d i s t a n c e s .  S u b s t a n t i a l  amounts of v i s u a l  imaging and o t h e r  s c i e n t i f i c :  
d a t a  must be acqui red  from t h e  s p a c e c r a f t  as they o r b i t  Mars. 
p r e c i s e  orbit: in format ion  must be a v a i l a b l e  i n  real-time f o r  both s p a c e c r a f t .  
The handl ing imd select ive d i s p l a y  of t h i s  d a t a  r e q u i r e s  s i g n i f i c a n t  pro- 
gramming and computat ional  suppor t  p a r t i c u l a r l y  i n  t h e  SFOF. 
t h e  engineer ing  e f f o r t  assocint:ed wi th  equipment changes,  mod i f i ca t ions ,  
and implement:i2tion w i l l  r e q u i r e  i n c r e a s i n g  emphasis i n  FY 19 7 1 .  

In  a d d j t i o n ,  

Correspclndingly, 

The FY 197:L r eques t  i n c l u d e s  funds f o r  t h e  inc reased  suppor t  f o r  Fleriner 
1971. It  a l s o  inc ludes  funds f o r  t h e  engineer ing  and computational1 support: 
i n  prepara t icm f o r  t he  Pioneer- F and G missions t o  J u p i t e r  and the  Venus/ 
Mercury !!9 73, 
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Other Ins t rumenta t ion  Operat ions 

Ins t rumenta t ion  systems are opera ted  and maintained i n  support  of :;ounding 
rocke t  programs conducted by Wallops S t a t i o n ,  V i r g i n i a ;  and f o r  f l i gh i :  re- 
sea rch  programs of t h e  F l i g h t  Research Center ,  C a l i f o r n i a .  Genexal piirpose 
t r ack ing ,  te lemet ry ,  d a t a  handl ing,  record ing ,  t iming,  p l o t t i n g ,  and c:ommuni- 
c a t i o n s  systems are provided as w e l l  as s p e c i a l  purpose f i x e d  and. mobile 
o p t i c a l  and .sound ranging ( a c o u s t i c a l )  equipment. 

The i n s t r ~ ~ m e n t a t i o n  a t  Wallops S t a t i o n  is opera ted  by NASA cont rac1:ors 
and by o t h e r  Government agencies  such as the  Environmental Science S e w i c e s  
Adminis t ra t ion ,  t he  Nat iona l  Bureau of Standards,  t he  U. S. Navy, the U. S.  
A i r  Force , and the M i l i t a r y  Sea Transpor t a t ion  Serv ice .  Funds requirf!d 
f o r  FY 1 9 7 1  w i l l  permit  approximately t h e  same level of e f f o r t  as i n  I i r io r  
years .  

S p e c i a l i m d  mobile t e l eme t ry  and o p t i c a l  equipment are maintained imd 
opera ted  a t  s e l e c t e d  s i tes  a long  t h e  e a s t e r n  seaboard,  a t  White Sands 
Missile Range, and on t h e  Bermuda I s l a n d s  t o  suppor t  rocke t  f l i g h t s  fimom 
Wallops S t a t i o n .  Much of t h i s  down-Range suppor t  is funded by t h e  Larigley 
Research Center . 

The F l i g h t  Research Center  o p e r a t e s  t he  Aerodynamic T e s t  Range con: , i s t ing  
of f a c i l i t i e s  a t  the  Edwards A L r  Force Base and the  up-Range s i t e  a t  I:ly, 
Nevada. These Eacilities are composed of p r e c i s i o n  r a d a r  t r a c k i n g ,  
te lemet ry  and communications equipments which are used t o  support  Iiigti 
performance a i r c r a f t  r e sea rch  and development programs of bo th  NASA arid 
t h e  A i r  Force. Programs suppor ted  by t h e  Aerodynamic T e s t  Range incl i ide 
va r ious  airc.cafit and l i f t i n g  body Dro jec t s ,  some of which are the E'-111, 
C-5A, F-104, HL-10, X-24A, and YF-12. 

Communications Operat ions 

NASA's g1oba:L communications system (NASCOM) i n t e r c o n n e c t s  t he  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 e s  i n  o p e r a t i o n a l  suppor t  of a l l  NASA prcl jects  
and p r o j e c t s  sf o t h e r  agencies  t h a t  are supported by NASA networks.  1 t in te r -  
connects such f a c i l i t i e s  as t e l eme t ry  and command c o n t r o l  sites, launch areas, 
t es t  sites, i ~ i d  mission c o n t r o l  c e n t e r s .  The Goddard Space F l i g h t  C e r . t e r  
ope ra t e s  t he  system and s e r v e s  as i t s  major swi tch ing  p o i n t .  I n  t h e  j n t e r e s t  
of economy, irc:l:iability, and f u l l  u t i l i z a t i o n  of c i r c u i t r y ,  subswitching 
c e n t e r s  have been e s t a b l i s h e d  a t  London , Honolulu, Canberra,  Madrid , (urn, 
Pasadena, and Ciipe Kennedy. 

NASCO:4 has  provided ou t s t and ing  suppor t  f o r  a l l  f l i g h t  p r o j e c t s  sirice i t s  
incep t ion  and w i l l  aga in ,  i n  FY 1971, be c a l l e d  upon t o  suppor t  a l l  nclw 
launches along wi th  t h e  l a r g e  on-going workload of s p a c e c r a f t  remafnirig i n  
ope ra t ion  from launches i n  prev ious  y e a r s .  The network cont inues  t o  nlake 
use of new coinmimications s a t e l l i t e  technology as w e l l  as conventional means 
of communi ca 1::L oils . 
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The FY 1971 communications budget shows an o v e r a l l  decrease  from t h e  FY 1970 
budget.  Although a scheduled p r i v a t e  l i n e  rate i n c r e a s e  w i l l  s i g n i f i c a n t l y  
impact NASCON'S domestic c i r c u i t s ,  o t h e r  economies i n  t h e  network r e s u l t  i n  a 
lower o v e r a l l  budget.  During FY 1971, two Apollo miss ions  w i l l  be supported 
whereas i n  FY 1970 t h r e e  Apollo miss ions  are be ing  supported.  S t a t i o n  c lo-  
s u r e s  have a l s o  con t r ibu ted  t o  t h e  reduct ion .  

Data Process ing  Operat ions 

Information rece ived  i n  t h e  form of t r a c k i n g  and te lemet ry  d a t a  frclm 
sa te l l i t es  and space probes mus t  be processed i n t o  a form t h a t  is useEul both 
t o  those  performing the  real-time c o n t r o l  of t he  space v e h i c l e  arid thlilse re- 
spons ib l e  f o r  ana lyz ing  t h e  s c i e n t i f i c  d a t a  acqui red  by the  spacecrafl:.  
Support must be given t o  a wide v a r i e t y  of programs which vary  from tlie 
small Explorer  s a t e l l i t e s  t o  t h e  l a r g e  and complex S o l a r ,  Geophysical ,  and 
Astronomical Observa tor ies ,  and Appl ica t ions  Technology S a t e l l i t e s .  

Tracking d a t a  are processed t o  provide o r b i t a l  e lements  which are iised 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  pas ses  of t h e  s p a c e c r a f t ,  ,md t o  
provide p o s i t i o n  informat ion  t h a t  can be used by t h e  s c i e n t i f i c  exper:i.menters 
t o  determine where i n  t h e  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. 

Telemetry d a t a  must be processed t o :  ( a )  s e p a r a t e  t h e  informat ion  obta ined  
from t h e  va r ious  s c i e n t i f i c  experiments  aboard t h e  s p a c e c r a f t  , (ti) coi lsol idate  
informat ion  froin each experiment ,  ( c )  apply t h e  necessary  s c a l i n g  facl':ors and 
c a l i b r a t i o n s ,  ( d )  determine s p a c e c r a f t  a t t i t u d e ,  and (e) c o r r e l a t e  tht!se 
measurements with t h e  p o s i t i o n  d a t a  mentioned above. Processed d a t a  itre the  
primary product of t he  s p a c e c r a f t  missions and i t  i s  through reductio11 and 
ana lyses  of these d a t a  by t h e  experimenters  t h a t  a b e t t e r  understandirtg of 
e a r t h  and space i s  achieved.  

Upcoming p r o j e c t s ,  p a r t i c u l a r l y  those  i n  t h e  observa tory ,  r a d i o  asl:ronomy, 
and geode t i c  c l a s s e s ,  r e q u i r e  e x t e n s i v e  premission o r b i t  s t u d i e s ,  inclluding 
s p a c e c r a f t  p o s i t i o n  p r e d i c t i o n s  and mutual v i s i b i l i t y  ana lyses .  S tud ie s  are 
also r equ i r ed  t o  work ou t  o p e r a t i o n a l  methods and procedures  t o  be uscbd during 
t h e  a c t u a l  m:Lss:ion ope ra t ions .  

The FY 19'71 budget r eques t  i s  based upon t h e  workload which w i l l  rc isul t  
from p rev ious ly  launched sa te l l i t es  t h a t  w i l l  r e q u i r e  cont inued s u p p o i t ,  
p l u s  add:Lt iond satel l i tes  t h a t  are scheduled t o  be launched during the 
per iod .  This  workload inc ludes  an i n c r e a s e  i n  t h e  number of high datzi rate 
satel l i tes  such as t h e  Nimbus-I), OAO-B, OSO-H, and IMP-I, which w i l l  1 ,esu l t  
i n  addit:Lona:t t e lemet ry  d a t a  p rocess ing  and mission r e l a t e d  computer E,upport. 
There wi:L1 a:L:;o be an i n c r e a s e  i n  o r b i t  and a t t i t u d e  computations due t o  
g r e a t e r  s p a c e c r a f t  complexity . 
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The d a t a  process ing  workload is under cont inuing  s c r u t i n y  a long  w i t h  
t he  s c i e n t i f i c  requirements  f o r  a c q u i s i t i o n  of d a t a  from s p a c e c r a f t .  ' lur ing 
t h e  f i r s t  ha l f  of FY 1970 d a t a  a c q u i s i t i o n  from a number of hea l thy  but  
lower p r i o r i t y  s p a c e c r a f t  w a s  e i t h e r  completely te rmina ted  o r  s eve re ly  cur- 
t a i l e d  as a r e s u l t  of t h i s  cont inuing  review. These r educ t ions  w i l l  a l low 
f o r  suppor t  of t e n  new sa te l l i t es  t o  be launched i n  FY 1971 wi thout  major 
i nc reases  i n  cata process ing  c a p a b i l i t y .  

Equipment 

1969 

Manned space f l i g h t  network.. . . .  $9,223,000 
S a t e l l i t e  wtwork . .  ............. 8,676,000 
Deep space network .............. 14,291,000 
Other i n s t rumen ta t ion .  .......... 3,439,000 
Communications. ................. 1,742,000 
Data process,in.g ................. 1,791,000 

To ta l . . . . . . . . . . . . . . . . . . . . . . . . .  $39,162,000 

19 70 

$7,600,000 
8,800,000 

3,000,000 
1,700,000 

10,100,000 

1,000,000 

$32,200,000 

19 7 1  

$9,80l),OOO 
:L6,4013,000 
:!1,701), 000 

2,8013,000 

---- -. 

3,10~3,000 

1 700 000 --LL 

--L $55 5013,000 ---- -. 

Manned Space F l i g h t  Network Equipment 

The Manned Space F l i g h t  Network equipment program encompasses the procure- 
ment of equipn1en.t and s e r v i c e s  necessary  f o r  i nco rpora t ion  of add L t  i o n s 1  
systems i n  t h e  e x i s t i n g  network t o  meet new requirements  f o r  mann1.d space 
f l i g h t  missions and a p p r o p r i a t e  unmanned miss ions ,  f o r  mod i f i ca t ion  of 
e x i s t i n g  equipment t o  improve t h e  network's o p e r a t i o n a l  e f f e c t i v e n e s s  and 
ef f ic ienc :y ,  arid f o r  s u s t a i n i n g  t h e  network 's  cont inuing  c a p a b i l i t y  f o r  
r e l i a b l e  mission suppor t .  

During FY 1.97'0, t h e  network has  been heav i ly  engaged i n  Apollo missFon 
suppor t .  A c t i v i t y  i n  t h e  equipment program has  been s o l e l y  devoted, t o  
main ta in ing  t h e  network i n  a cont inuing  s t a t e  of r ead iness  f o r  suppor t  
of changing !,pol l o  mission requirements  as t h e  program has  progressed  from 
the  successf t~ l .  accomplishment of t h e  f i r s t  manned l u n a r  landing  t o  the  
more v a r i e d  a c t i v i t i e s  of l u n a r  e x p l o r a t i o n .  F i s c a l  y e a r  1970 funding 
requirements  tiere reduced from t h e  o r i g i n a l  p l an  as a r e s u l t  of the  
pos tponenient of AAP and through u t i l i z a t i o n  of equipment which became 
a v a i l a b l e  as ;I r e s u l t  of s h i p  d e a c t i v a t i o n s  fo l lowing  t h e  s u c c e s s f u l  
Apollo 11. mission.  This  equipment has  been used i n  l i e u  of plannlicl 
procurements of s p a r e s  and of replacements of o b s o l e t e  systems.  

The network 's  suppor t  of Apollo l u n a r  miss ions  w i l l  cont inue  i n  FY 
1971 and, i n  adcl i t ion,  v i r t u a l l y  cont inuous ope ra t ions  w i l l  be refquired 
i n  suppor t  of t h e  Apollo Lunar Surface  Experiment Packages (ALSEP) . 
Although p rov i s ion  of t h e  basic: c a p a b i l i t y  f o r  t h i s  suppor t  has  been 



completed i n  p r i o r  y e a r s ,  a con t inu ing  e f f o r t  w i l l  be necessa ry  t o  maiii tain 
a r e l i a b l e  support  c a p a b i l i t y  throughout t h e  year .  Accordingly, funds are 
requested f o r  equipment t o  be used i n  v e r i f i c a t i o n  of s y s  t e m  pe r f  ormanc:e , 
f o r  c o r r e c t i o n  of o p e r a t i o n a l  d e f i c i e n c i e s ,  f o r  replacement of f a i l u r e  
prone equipment with more r e l i a b l e  u n i t s ,  and f o r  some minor f a c i l - i t y  
mod i f i ca t ions  and r e p a i r s .  Funds are a l s o  requested f o r  t he  engirieeriiig 
e f f o r t  r equ i r ed  i n  system performance e v a l u a t i o n ,  f o r  p r o v i s i o n  arid moclifica- 
t i o n  of test equipment, f o r  c o n t i n u a t i o n  of t h e  Test and Tra in ing  S a t e t l i t e  
c a p a b i l i t y ,  and f o r  equipment mod i f i ca t ions  r e s u l t i n g  from changes i n  :;up- 
p o r t  requirements from one mission t o  t h e  nex t .  

Apollo App l i ca t ions  missions w i l l  i nvo lve  a sequence of revisit: mis:iions, 
each r equ i r ing  network suppor t  of t h e  o r b i t i n g  workshop s imultaneously with 
support  of manned rendezvous s p a c e c r a f t .  Network support  of ALSEI’ explximents 
w i l l  be r equ i r ed  a t  t h e  same t i m e .  Since t h e  d a t a  systems employed on the  
workshop, t h e  rendezvous s p a c e c r a f t  , and ALSEP d i f f e r  f u n c t i o n a l l y ,  ch,mges 
w i l l  be r equ i r ed  i n  s t a t i o n  suppor t  conf igu ra t ion .  Also,  s i n c e  i r id iv i  l u a l  
network s t a t i o n s  w i l l  be  r equ i r ed  t o  support  t h e  AAP v e h i c l e s  and ALSEI’ 
i n  r ap id  sequence , t h e  c a p a b i l i t y  f o r  r a p i d  reprogramming and quick coli- 
f i g u r a t i o n  t u r n  around w i l l  be r e q u i r e d  i n  t h e  network s t a t i o n s .  Pro- 
v i s i o n  of systems t o  provide t h e s e  c a p a b i l i t i e s  w a s  i n i t i a t e d  i n  1Y 19i59; 
however, t h e  delay i n  t h e  Apollo App l i ca t ions  mission schedule  and funlling 
r educ t ions  r e s u l t e d  i n  a s t r e t c h - o u t  of p a r t  of t h e  e f f o r t .  AccoirdingLy, 
funds a r e  r eques t ed  f o r  completion of t h e s e  c a p a b i l i t i e s  i n  FY l!I;Tl. 

The Ap0110 App l i ca t ions  schedu le  de l ay  a l s o  permit ted postponement rof 
t h e  procurement of a d d i t i o n a l  p u l s e  code modulation (PCM) decommutation 
systems r equ i r ed  t o  m e e t  t h e  inc reased  d a t a  handl ing needs of t h e  AAP 
missions.  Pulse  Code Modulation decommutators are used i n  t h e  network 
s t a t i o n s  t o  prepare d a t a  f o r  i n p u t  t o  t h e  t e l eme t ry  d a t a  p rocess ing  sy1;tems 
where f l i g h t  c:ontrol parameters are s e l e c t e d  and formatted f o r  cornmunit-a- 
t i o n  t o  t h e  Nission Control  Center.  Accordingly,  i t  i s  requested t h a t  
funds be provided f o r  t h e s e  systems i n  FY 1971. 

S a t e l l i t e  Network Equipment 

A s  i n  previous y e a r s ,  t h e  equipment program f o r  t h e  S a t e l l i t e  Network 
i n  FY 1971 is d iv ided  i n t o  t h r e e  major c a t e g o r i e s  w i th  t h e  fol lowing 
o b j e c t i v e s :  (1) s u s t a i n i n g  t h e  b a s i c  c a p a b i l i t y  of t h e  network t o  
support  on-going; missions , (2 )  improving t h e  u t i l i z a t i o n  of e x i s t i n g  
equipment: t o  j.nc:rease o p e r a t i n g  e f f i c i e n c y  , and (3) adding network 
systems t:o m e e t  new requirements of approved missions.  

Under t h e  s u s t a i n i n g  category i n  FY 1971, funds are requested € o r  t n e  
completion of command system replacements which w e r e  d e f e r r e d  from FY 
1970 due t o  fund c o n s t r a i n t s .  
command sys tcnis wi th  multi-mission c a p a b i l i t y  which can gene ra t e  ,and 
v e r i f y  a wide: v a r i e t y  of commands t h a t  must be s e n t  t o  the  s p a c e c r a f t  

Operat ing experience has  shown the  need f o r  
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by t h e  network: s t a t i o n s .  Commands are necessary  t o  maneuver the  space-  
c r a f t ,  t o  swit:ch s c i e n t i f i c  experiments  on and o f f ,  and t o  i s s u e  co r re ' z t ive  
in s t ruc t i . ons  t:o onboard e l e c t r o n i c  sys  t e m s  . 

Complementary wideband r ece iv ing  and d a t a  handl ing subsys tems are a l s o  
planned f o r  Fr-ocurement i n  FY 1371. A s  t h e  s p a c e c r a f t  have become more 
complex i n  t e r m s  of d a t a  rates and onboard experiments ,  t he  r ece iv ing  
and d a t a  handl ing func t ions  of t h e  s t a t i o n s  have a l s o  become more complex 
i n  o r d e r  t o  r ece ive  and handle  i n c r e a s i n g  amounts of both recorded and 
real- t ime d a t a  from t h e  s p a c e c r a f t .  The requirement f o r  rea l - t ime d a t a  
has  been s i g n i f i c a n t l y  i n c r e a s i n g  due t o  t h e  more sophis  t icatecl  onboard 
experiments which n e c e s s i t a t e  t h a t  qu ick  look d a t a  be t r ansmi t t ed  from 
the  s t a t i o n s  t.0 t he  c o n t r o l  c e n t e r  i n  real-time f o r  s t a t u s  monitor ing 
and dec i s ion  riak i n g  purposes .  

I n  FY 1971., f'unds are inc luded  f o r  t h e  on-going func t ions  asso1z:iated 
wi th  main ta in ing  a g l o b a l  netwo.rk. These inc lude  t h e  procurement of t e s t  
and c a l i b r a t i o n  equipment necessary  t o  i n s u r e  a high performance Level 
of t h e  el.ectz'oni c systems and subsystems, p rov i s ion  f o r  minor f a c i l i t y  
r e p a i r s  and a l - t e r a t i o n s ,  procurement of s p e c i a l i z e d  nonexpendable s p a r e  
components and modules, and procurement of s t a t i o n  maintenance v e h i c l e s  
such as ainteruia s e r v i c e  cranes, 

To improve t h e  u t i l i z a t i o n  of e x i s t i n g  equipment, S t a t i o n  Technical  
Operatioris Cont ro l  (STOC) consoles  w i l l  be procured i n  FY 1971. Although 
t h i s  item has; been d e f e r r e d  by funding c o n s t r a i n t s  i n  p r i o r  y e a r s ,  t he  
need f o r  t h i s  o p e r a t i o n a l  improvement cont inues  t o  i n c r e a s e  as support  
requirements  grow i n  complexity.  S t a t i o n  t e c h n i c a l  ope ra t ions  c o n t r o l  
w i l l  provide t h i s  improvement by c e n t r a l i z i n g  r o u t i n e  ope ra t ions  at. 
s t a t i o n s  and prcwiding a r a p i d  checkout c a p a b i l i t y .  I t  w i l l  a l s o  a l low 
s t a t i o n  equipnent  t o  be made a v a i l a b l e  more quick ly  t o  suppor t  success ive  
s a t e l l i t e  pas ses ,  thereby i n c r e a s i n g  t h e  u t i l i z a t i o n  of e x i s t i n g  equipment. 

The new c a p a b i l i t y  ca tegory  inc ludes  those  equipments which are needed 
t o  meet new i:eqtiirements f o r  r e c e n t l y  approved p r o j e c t s .  I n  FY 1 9 7 1 ,  
augmentat5on :?or ERTS w i l l  be e s s e n t i a l l y  completed wi th  the  purchase 
of c o n t r o l  c e n t e r  p e r i p h e r a l s ,  d i sp l ay  and c o n t r o l  equipment, and on - s i t e  
wideband r eco rde r s  t o  handle  both PCN and video s i g n a l s .  Also,  i n  FY 
1971 low n o i s e  RF equipment and s p e c i a l  decoding equipment w i l l  be 
purchased f o r  t h e  l u n a r  RAE-B mission.  S imi l a r ly ,  funds are requested 
f o r  modificat::ion of e x i s t i n g  s t a t i o n  equipment f o r  Nimbus D and f o r  new 
o r  modified d i s p l a y s ,  computer i n t e r f a c e  equipment, and ope ra t ions  con- 
s o l e s  i n  t h e  c o n t r o l  c e n t e r s  f o r  OAO-C and O S O - I ,  J ,  and K. 

Deep Space Network Equipment 

I n  FY 1971., cont inued emphasis w i l l  be p laced  on provid ing  t h e  Deep 
Space Network wi th  a mult i -mission suppor t  c a p a b i l i t y  f o r  p l a n e t a r y  pxo- 
jects i n  t h e  e a r l y  t o  mid-1970's. I n i t i a t e d  i n  Fy 1970, t h i s  c a p a b i l i t y  
is incrernenta:lly phased t o  m e e t  t h e  suppor t  requirements  of such apprclved 
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p r o j e c t s  as Nari.ner 1971, P ioneer  F and G ,  Venus/Mercury 1973, He l ios ,  and 
Viking. As i.n IY 1970, t h e  FY 1971 r e q u e s t  a l s o  c o n t a i n s  t h e  necessary 
funding f o r  s,ust:aining t h e  e x i s t i n g  network which is  c u r r e n t l y  suppor t ing  
f o u r  P ionee r s ,  two Mariners, and t h e  on-going Apollo miss ions .  

Approximately th ree -qua r t e r s  of t h e  FY 1971 r eques t  i s  keyed t o  provid ing  
a combined mult i -mission suppor t  c a p a b i l i t y  f o r  upcoming miss ions .  Thi? 
workload assoc:iated w i t h  t h e s e  miss ions  i s  c h a r a c t e r i z e d  by requirements  
f o r  t h e  network t o  work wi th  s p a c e c r a f t  a t  extreme d i s t a n c e s  (up to 5511 
m i l l i o n  mi l e s )  , t o  s imul taneous ly  handle  c r i t i ca l  e v e n t s  from mort? than  one 
s p a c e c r a f t ,  and t o  a c q u i r e  l a r g e  amounts of v i s u a l  imaging and o t h e r  
s c i e n t i f i c  da t a .  

To meet such requi rements ,  g e n e r a l  purpose command and d a t a  handlin,; 
systems which can work w i t h  a v a r i e t y  of s p a c e c r a f t  are be ing  impl-emenl:ed 
i n  t h e  network. Implementation of t h e  network systems needed f o r  t h e  
Mariner 1971 program was i n i t i a t e d  i n  FY 1970. This  inc luded  t h e  pro- 
v i s i o n i n g  of t h e  210-foot an tenna  a t  Goldstone w i t h  d u a l  receivers and 
d a t a  handl ing  systems t o  work wi th  both Mariner  1971 s p a c e c r a f t  simul- 
taneous ly .  T h i s  i n i t i a l  implementat ion phase w i l l  be  completed w i t h  F'i! 
1971 funds,  i nc lud ing  complet ion of t h e  210-foot an tenna  h igh  power 
t r a n s m i t t i n g  system which w a s  p a r t i a l l y  d e f e r r e d  from EY 1970. 

I n  a d d i t i o n ,  t h e  FY 1971 r e q u e s t  c o n t a i n s  funds f o r  t h e  second implt!- 
menta t ion  phase which c o n s i s t s  of provid ing  g e n e r a l  purpose d a t a  hlandlmg 
systems at t h e  two 210-foot overseas  an tennas  which are p r e s e n t l y  under  
cons t ruc t ion .  The remaining 85-foot antennas are be ing  augmented t o  siipport 
t h e  on-going pro,gams,  i n c l u d i n g  p ionee r  F and G ,  Venus/Mercury 1973, imd 
Hel ios .  This  equipment w i l l  a l s o  provide  t h e  base  t o  which f u t u r e  systems 
can be added t 3  provide  suppor t  t o  Viking miss ions .  

Concurrent:ly wi th  t h e  s t a t i o n  augmentat ions,  a phased implementatiori 
p l an  is  a l s o  iunderway a t  t h e  network c o n t r o l  center a t  Pasadena, C a l i f c r n i a .  
I n i t i a l l y  r e q u i r e d  f o r  Mariner 1971 , equipment augmentations are be ing  made 
to  provide  t h e  c a p a b i l i t y  f o r  s imul taneous ly  computing p r e c i s i o n  o r b i t s  
f o r  t h e  two spaccicraf t ,  t o  retrieve and d i s p l a y  TV d a t a ,  and t o  process, 
and d i s p l a y  inEoirmation on t h e  a t t i t u d e  and c o n d i t i o n  of t h e  two space- 
c r a f t .  F:Lsca:L y e a r  1971 funds are r equ i r ed  t o  complete t h i s  i n i t i a l  phase 
and to  provide  t h e  a d d i t i o n a l  c a p a b i l i t y  needed f o r  s imultaneous suppoi t 
t o  t h e  p1aneta;ry miss ions  planned dur ing  t h e  1972-75 t i m e  pe r iod .  

During N 1.971, a long l e a d  t i m e  development e f f o r t  w i l l  be  undertaken 
t o  provide  f o r  t h e  e v e n t u a l  o p e r a t i o n  of t h e  Goldstone 210-foot antenna 
a t  X-band frecpiericies. The X-band is a h i g h e r  r eg ion  of t h e  r a d i o  frequency 
spectrum, arotind 8,000 megahertz, compared wi th  ou r  p r e s e n t l y  used S-band 
f r equenc ie s  around 2,200 megahertz. We can achieve  s i g n i f i c a n t  improvements 
i n  space  commutriic:ations by use  of t h e  X-band f r equenc ie s  i n  terms (of g r e a t e r  
q u a n t i t i e s  of (1at.a ove r  g r e a t e r  d i s t a n c e s .  While t h i s  c a p a b i l i t y  w i l l  b e  
used i n i t i a l l y  i n  t h e  1973-74 pe r iod ,  i t  w i l l  have p a r t i c u l a r  s i g n i f i c a n c e  
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f o r  l a t e r  miss ions  t o  t h e  o u t e r  p l a n e t s .  With t h e  p o t e n t i a l  f o r  t h e  t r a n s -  
mission of  d a t a  a t  very  h igh  d e n s i t i e s ,  t h e  s c i e n t i f i c  r e t u r n  on p l a n e t a r y  
miss ions  cou:Ld be  s u b s t a n t i a l l y  improved wi th  t h i s  c a p a b i l i t y .  Funds are 
inc luded  i n  t h e  FY 1971 r eques t  f o r  i n i t i a l  antenna and receiver modif icat ions;  
a t  Goldstone €01: t h i s  e f f o r t .  

Also conta ined  i n  t h e  FY 19:71 r eques t  are funds f o r  s u s t a i n i n g  t h e  network 
i n  suppoict of t h e  on-going program c o n s i s t i n g  of s e v e r a l  P ionee r s ,  Mal i n e r  6 
and 7 i n  t h e  ext.ended miss ion  phases ,  and f o r  Apollo.  With t h e  advent of 
prolonged pei- iods of c r i t i c a l  miss ion  suppor t  such as t h e  Mariner It971 liars 
o r b i t a l  --ligti 1, t h e r e  w i l l  be an i n c r e a s i n g  dependency on t h e  i n t e g r i t y  of 
t h e  network. This  r e q u i r e s  a cont inuing  program t o  r e p l a c e  o b s o l e t e  cIr h igh  
maintenance components, modules, and subsys tems, and t o  update  equipment t o  
provide  t h e  necessary  r e l i a b i l i  t y .  Among t h e  items normally procured f o r  
t h i s  e f f o r t  are test and c a l i b r a t i o n  equipment,  c a b l i n g  assembl ies ,  pcwer 
d i s t r ibu t - ion  equipment, and e l e c t r o n i c  modules and assembl ies  f o r  t:he major 
equipment systems.  This  e f f o r t  a l s o  p rov ides  f o r  module s p a r e s  p rov i s ion ing ,  
minor mission--to-mission changes,  and s imula t ion  equipment f o r  mission 
checkout and t r a i n i n g  purposes ,  

Other  Ins t rumenta t ion  Equipment 

A wide vazj e t y  of f i x e d  and mobile equipment is  used t o  provide  in- 
s t rumen ta t io r  suppor t  of sounding r o c k e t s  and re -en t ry  v e h i c l e s  launched 
from Wallops S t a t i o n  and o t h e r  l o c a t i o n s ,  and f o r  f l i g h t  r e sea rch  p r o j e c t s  
conducted by the F l i g h t  Kesearch Center  and Langley Research Center .  

A t  Wallops S t a t i o n ,  t h e s e  funds i n  FY 1971 are r equ i r ed  t o  s u s t a i n  
e x i s t i n g  capat i l i t y  by t h e  p r o v i s i o n  of maintenance and s p a r e  par>::;, 
t he  procurement of nonrecoverable  f l i g h t  hardware (antennas,  tran:;pond?rs, 
suppor t  i n s t rumen ta t ion )  and t h e  accomplishment of t he  l a s t  phase of t ?e  
S-band te lemet ry  conversion scheduled f o r  completion i n  FY 1971, i nc lud ing  
s t . a b i l i z a t i o n  f o r  t h e  te lemet ry  antenna on board t h e  Kange Recovemr s l i ip .  

Two te lemet ry  ground s t a t i o n s  are r equ i r ed  by t h e  Langley Research 
Center  t o  suppor t  a e r o n a u t i c a l  r e s e a r c h  programs such as c o l l i s i o n  avo ldance 
and n o i s e  abatement.  The a i r c r a f t  used i n  t h e s e  programs are flown from 
t h e  Wallops and Langley a i r f i e l d s .  Funds are reques ted  i n  FY 137:- t o  
complete t h e  procurement of t h e s e  s t a t i o n s .  

The Aerodynamic T e s t  Range c o n s i s t s  of s t a t i o n s  a t  Edwards, Cal.i.foriia, 
and Ely,  Nevada, which suppor t  va r ious  a i r c r a f t  and l i f t i n g  body p r o j e  :ts 
such as t h e  F-111, C-5A,  F-104, HL-10, X-24A, and YF-12. 

During I7y 1971, funds w i l l  b e  r equ i r ed  f o r  t h e  procurement of niaintlznance 
and r e p a i r  p a r t s  and f o r  equipment mod i f i ca t ions .  Radar and te lemet ry  d i s -  
p l a y  equipments r e q u i r e  cont:j nuing mod i f i ca t ions  dur ing  t h e  course of Iflight 
test programs due t o  changing requi rements .  
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Communi c a t i o n s  Equipment 

The I?Y 19'71 budget r e q u e s t  con ta ins  funds f o r  t h e  on-going sus ta i r l ing  
e f f o r t  requj.iret1 t o  main ta in  t h e  i n t e g r i t y  and r e l i a b i l i t y  of t he  NASP, 
Communications Network (NASCOP-I) , and t o  m e e t  new requirements  f o r  approved 
p r o j e c t s .  

The :;usta:.nj.ng e f f o r t  i nc ludes  replacement s p a r e s ,  computer p e r i p b e r a l s  
such as t ape  u n i t s  and co re  modules, computer i n t e r f a c e  equipment t e s t  
and calibrat::.on equipment, and e r r o r  d e t e c t i o n  equipment f o r  r o u t i n e  
monitor ing of d a t a  c i r c u i t s .  

I n  t h e  category of meeting requirements  f o r  approved p r o j e c t s ,  hig,h 
d a t a  rate modenis w i l l  be procured i n  FY 1971 f o r  t h e  Deep Space Netwclrk 
t o  meet 1iari.ner 1 9 7 1  requirements .  
permit  PJASCON t:o handle  up t o  t h r e e  times as much d a t a  wi th  t h e  e x i s t i n g  
overseas  c i r c u i t s  t o  t h e  DSN sites. Also,  f o r  Mariner 1971, funds a r e  
r equ i r ed  f o r  p e r i p h e r a l  equipment a t  J P L  f o r  t h e  communications pro-  
cesso r  and f o r  t h e  procurement: of v o i c e ,  t e l e t y p e ,  and v ideo  equipment. 

These h igh  d a t a  rate modeins s w i l l  

The IT 1971 r eques t  a l s o  inc ludes  funds t o  i n i t i a t e  conversion of 
NASCOII t:o tk.e e i g h t  l e v e l  American Standard Code f o r  Inforniat ion 1:nter- 
change (ASCI.]:). This  is  a government-wide e f f o r t  t o  achieve s t a n c l a r d -  
i z a t i o n  of c:c)mmunication l i n e  t e rmina l s .  This  i t e m  w a s  d e f e r r e d  froxn EY 
19 70 due t o  bullget c o n s t r a i n t s  . 

Data Process ing  Equipment 

The opera t . ional  d a t a  p rocess ing  equipments r e q u i r e  a cont inuing  pro- 
gram of minor r edes ign ,  mod i f i ca t ion ,  and improvement, as well a s  normal 
maintenance and repair .  While t h e  d a t a  p rocess ing  l i n e s  are des  lgned 
t o  be as f l e x i b l e  as p o s s i b l e ,  changes and updat ing  are necessary  t o  
meet the  neb requirements  of  approved f l i g h t  p r o j e c t s  and t o  acclsmmodate 
mission- to-mission changes w i t h i n  e x i s t i n g  p r o j e c t s .  Some a d d i t i o n a l  
changes are r equ i r ed  t o  improve t h e  process ing  speed of t h e  d a t a  pro- 
ces s ing  systems and thus  minlmize t h e  need f o r  a c q u i s i t i o n  of new 
process ing  ecuipment. The FY 1971 budget i nc ludes  funds t o  provide 
the  components necessary  f o r  t h e s e  mod i f i ca t ions  and t o  provide Ear 
normal s u s t a i n i n g  i t e m s  such a s  l o g i c  modules and components, r ep lace -  
ment s p a r e s ,  and modi f ica t ions  a s s o c i a t e d  wi th  equipment r econf igu ra t ions .  
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Supporting Research and Technology 

New systems. .  ................... 
In t eg ra t ed  systems a n a l y s i s ,  

development and tes t . .  ....... 
Antenna s u k s y s t e m s  .............. 
Receiving 2 n d  t r a n s m i t t i n g  

s u b s y s t e m  .................... 
Data handl ing and c o n t r o l  ....... 
Data p roceming  and reduct lon . .  . 
Spacecraf t  subsystems ........... 
Network per f  o rmance and 

o p e r a t i c  rts t e chno logy ......... 
Tota l . . .  ...................... 

1969 

$387 , 000 

2 , 36 7,000 
1,420,000 

2,45 7 , 000 
1,619,000 
1,001,000 
1 , 173 , 000 

732,000 

$11,156,000 

19 70 

$1,250,000 

3 , 370,000 
1,220 , 000 

2 , 350,000 
1,440,000 

980,000 
1,220,000 

570,000 

$12,400,000 

3,2830,000 
1 2'50 , 000 

2 , 2130 , 000 

1 , 2130 , 000 
1 , 250,000 

1,410,000 

-I- 590,000 

The T r a c k  in@, and Data Acqu i s i t i on  Support ing Research and Technology (SRT) 
program provides  funds f o r  t he  advancements i n  telecommunicatj  on3 tech-  
nology rieedetl f o r  t r a c k i n g  and d a t a  a c q u i s i t i o n  suppor t  of f u t u r e  space 
miss ions .  The program is planned t o  provide t h e  s t u d i e s  and developments 
of advanced systems and techniques  which are requ i r ed  f o r  an o r d e r l y  
evo lu t ion  of network c a p a b i l i t y  t o  suppor t  f u t u r e  miss ions  and t o  achieve 
increased  r e ] - i a b i l i t y  and economy i n  network ope ra t ions .  

The e f for t :  planned f o r  FY 1.971 w i l l  emphasize developments f o r  the  
improvement ;.n t h e  o v e r a l l  tel~ecommunications c a p a b i l i t y  of t h e  Deep Space 
Network and for- more c o s t  e f f e c t i v e  approaches i n  provid ing  t h e  c a p a b i l i t i e s  
needed i n  t h e  S a t e l l i t e  and IIanned Space F l i g h t  Networks f o r  f u t u r e  rrlission 
suppor t .  T h e  primary o b j e c t i v e s  i n  deep space telecommunications a re  t o  
provide t h e  c a p a b i l i t y  t o  r ece ive  s p a c e c r a f t  t e lemet ry  a t  h ighe r  r a t e s  and 
a t  g r e a t e r  t1:s tances than now p o s s i b l e  , t o  receive p l a n e t a r y  lander telemetry 
d a t a  diirect1.y from t h e  l a n d e r  s p a c e c r a f t  , t o  a l low f o r  s imultaneous opera t ion  
of several  s p a c e c r a f t ,  and t o  provide t h e  techniques  f o r  ob ta in ing  g r e a t e r  
t r ack ing  accu rac i e s  needed f o r  advanced p l ane ta ry  miss ions .  I n  the Satel- 
l i t e  and Nartnetl Space F l i g h t  Network areas work w i l l  cont inue  on tecl-niques 
€or automation of s t a t i o n  o p c ~ a t i o n s  , on methods f o r  onboard d a t a  harldling 
and processj-ng., and on development of network subsystems t o  meet s p e c i f i c  
mission need:;. 

The 17Y 1971 r eques t  is based on con t inua t ion  of a cons t r a ined  Xevel of 
SRT wi th  a :;rna:ll i n c r e a s e  f o r  s t u d i e s  of a Tracking Data Relay S a t e l l i t e  
Sys tern (TDRSS) and f o r  suppor t  of an X-band telecommunications experiment 
i n  t h e  :L973 t i n e  per iod .  
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The progrian €o r  SRT comprises e f f o r t  i n  e i g h t  t a s k  areas as fol:low:i: 

New Systems 

The e f f o r t  i n  t h i s  ca tegory  c o n s i s t s  p r i m a r i l y  of s t u d i e s  t o  definc: t he  
conf igu ra t ion  and ope ra t ion  of a Tracking Data Relay S a t e l l i t e  Sys t e m  (TDRSS) 
and t o  i d e n t i f y  p o t e n t i a l  needs f o r  technology development. The TDRSI; would 
use relay s a t e l l i t e s  i n  synchronous o r b i t  t o  g a t h e r  d a t a  from lower a l t i t u d e  
e a r t h - o r b i t i 3 g  spacec ra f t  t o  augment t h e  c a p a b i l i t y  and improve t h e  e!'ficiency 
of t h e  NASA t rack ing  and d a t a  a c q u i s i t i o n  networks.  S tud ie s  w i l l  con1:inue 
and expand i n  FY 1971 t o  d e f i n e  a system which can economically a m ?  rc!liabLy 
s a t i s f y  suppor t  requirements  of NASA f l i g h t  programs p r o j e c t e d  f o r  tht! 
m i d  t o  l a t e  1973's.  These s t u d i e s  inc lude  appropr i a t e  t e c h n i c a l  and c o s t  
t rade-off  ana lyses  t o  de f ine  the  TDRSS such as t h e  number, l o c a t i o n ,  iknd 
performance s p e c i f i c a t i o n s  of r e l a y  s a t e l l i t e s  and suppor t ing  ground 
s t a t i o n s ,  and t h e  c h a r a c t e r i s t i c s  of t h e  telecommunications subsystem:; of 
mission s p a c e c r a f t  f o r  which t h e  TDRSS is  t o  provide suppor t .  

I n t e g r a t e d  Systems Analysis ,  Development and T e s t  

The main purpose of t h i s  e f f o r t  i s  t o  prove t h e  a c c e p t a b i l i t y  of h x d -  
ware models and sof tware  concepts  i n  a real o r  s imula ted  network oper.3ting 
environment before  they are committed t o  f i e l d  ope ra t ion  of t he  netwo ck 
s t a t i o n s ,  c o n t r o l  c e n t e r s ,  and o t h e r  f a c i l i t i e s .  To be  cont inued i n  rh i s  
t a sk  area i n  FY 1971 i s  t h e  development of techniques  and computer p ro -  
gramming f o r  more p r e c i s e  o r b i t  de te rmina t ion .  E f f o r t  w i l l  a l s o  cont inue  
on the  u s e  of s h o r t e r  wavelengths f o r  p l a n e t a r y  r a d a r  and telcommunic4ations 
experiments and on r a d i o  frequency i n t e r f e r e n c e  problems. 

Antenna Subsystems 

E f f o r t  i n  t h i s  ca tegory  f o r  FY 1971 is aimed a t  t h r e e  primary 
o b j e c t i v e s  : t o  develop t h e  technology f o r  an X-band telecommunications 
c a p a b i l i t y  a t  a Deep Space Network s t a t i o n  f o r  suppor t  of r a d i o  s c i e n c e  
and t racking  experiments;  t o  develop m u l t i p l e  purpose antenna feed 
systems along, w i th  t h e  necessary  c o n t r o l  and monitor ing techniques t h a t  
a l low ra.pid c:hangeover of antenna modes from one miss ion  opera t ion  t o  
another ;  and t c  conduct t r ade -o f f  and des ign  s t u d i e s  on the  use  of 
a r rayed  s t e e r a b l e  antennas ve r sus  s i n g l e  l a r g e r  antennas f o r  suppor t  
of  f u t u r e  missions t o  the  o u t e r  p l a n e t s .  

Receiving a.nd Transmi t t ing  Subsystems 

The o b j e c t i v e s  of t h i s  ca tegory  are t o  des ign ,  c o n s t r u c t ,  t e s t ,  and 
demonstrate pro to type  v e r s i o n s  of  t r a n s m i t t e r s  and receivers needed t o  
meet the  recuirements  of approved f l i g h t  miss ions .  Most of t h e  e f f o r t  
i n  FY 1971 i s  focused on the  deep space mission requirement f o r  providing 
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simultaneous two-way r a d i o  communications wi th  o r b i t i n g  spacecraft:  anti 
l ande r  v e h i c l e s  a t  extreme d i s t a n c e s .  Development e f f o r t  w i l l  includm:? 
work on elements  of S-band and X-band r e c e i v e r  modules and ca1ibi:atio.n 
in s t rumen ta t ion .  

Data Handling and Cont ro l  Subsystems 

The o b j e c t i v e  of t h i s  e f f o r t  is  t o  develop t h e  necessary  d a t a  handl ing 
techniques t o  improve t h e  f l e x i b i l i t y  f o r  network managers and missioli 
d i r e c t o r s  i n  suppor t  of t h e  f l i g h t  miss ions .  E f f o r t  i n  FY 1971 wi.11 ')e 
d i r e c t e d  t o  t h e  c e n t r a l  monitor ing and c o n t r o l  of func t ions  of thc! 
S a t e l l i t e  Network and Deep Space Network s t a t i o n s .  These func t ions  i.1- 

c lude te lemet ry ,  command, t r ack ing ,  ranging,  t iming,  schedul ing ,  and 
communications. Primary o b j e c t i v e s  are:  more e f f i c i e n t  use of subsy:;tems 
and manpower i n  the  networks,  optimum use of NhSCObl broad-band cc)mmuni- 
c a t i o n s  l i n k s  t o  the  s t a t i o n s ,  and t h e  a p p l i c a t i o n  of computer technology 
t o  t h e  va r ious  s t a t i o n  func t ions .  

Data Process ing  and Reduction 

The o b j e c t i v e s  of t h i s  t a s k  area are t o  develop t h e  d a t a  subsystem:; 
needed t o  perform the  t e l e m e t r y ,  command, ranging,  and t r ack ing  f 'unct-ons.  
The e f f o r t  i n  FY 1971 w i l l  i nc lude  t h e  development of d i g i t a l  tec:hniqiies 
f o r  d e t e c t i n g  and synchroniz ing  extremely low l e v e l  s i g n a l s ,  and t h e  
development of new s i g n a l  decoding techniques  t o  suppor t  f u t u r e  missions 
cha rac t e r i zed  by h ighe r  b i t  rates and extreme p l a n e t a r y  d i s t a n c e s .  Work 
w i l l  cont inue on ob ta in ing  more e f f i c i e n t  methods of d i sp l ay ing ,  rleduc:ing, 
and process ing  l a r g e  volumes of da ta .  I n v e s t i g a t i o n s  w i l l  a l s o  he macle 
of techniques f 3r real-time conversion of e lec t r ica l  s i g n a l s  t o  an op.':ical 
format using o p t i c a l  d a t a  process ing  equipment. 

Spacecraf t  Subsystems 

The main Dbject ive of t h i s  e f f o r t  is  t h e  development of common usal;e 
s p a c e c r a f t  telecommunications subsys t e m s  t h a t  are compatible wi th  the 
ground s t a t i o n s  and which r ep resen t  optimum spacecraf t /ne twork  t r ade -o f f s .  
Development (Df genera l  purpose s p a c e c r a f t  subsystems w i l l  cont inue i n  
FY 1971, p r imar i ly  i n  the  area of onboard informat ion  process ing  and 
c o n t r o l ,  and on a u n i f i e d  d a t a  and r a d i o  frequency subsystem f o r  e,art l i  
s a t e l l i t f e s .  Work w i l l  cont inue  on min ia tu re  S-band and X-band sFacec:-aft  
t ransponders  r equ i r ed  f o r  f u t u r e  miss ions .  

Network Performance and Operat ions Technology 

The o b j e c t i v e s  of t h i s  t a s k  area are t o  determine t h e  performance 
and l i m i t a t i o n s  of t h e  networks as a whole and t o  i d e n t i f y  ways c f  
reducing rec1irr:Lng ope ra t ions  c o s t s .  I n  FY 1971, e f f o r t  w i l l  continu(! 
on improved t ~ c h n i q u e s  f o r  pos t - f l i g h t  a n a l y s i s  of t r ack ing  d a t a ,  ,and 
on t h e  m e t r i c :  e v a l u a t i o n  and c a l i b r a t i o n  of t r ack ing  systems used i n  
t h e  networks , 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1971  ESTIMATES 

TECHNOLOGY UTILIZATION PROGRAM ----- OFFICE OF TECHNOLOGY U T I L I U T I O N  - 

PROGRAEl OBJECTIVES AND JLSTIFICATION: 

--- 

--- 
The p r i m a r y  o b j e c t i v e s  of t h e  NASA Technology U t i l i z a t i o n  program ace: (1) 

t o  i n c r e a s e  t h e  r e t u r n  on t h e  n a t i o n a l  investment  i n  aerospace  r e sea rc , i  and 
development by encouraging a d d i t i o n a l  uses  of t h e  knowledge gained i n  :hose 
programs; ( 2 )  t o  s h o r t e n  t h e  time gap between t h e  d iscovery  of new knodledge 
and i t s  e f f e c t i v e  u s e  i n  t h e  marketplace;  (3 )  t o  a i d  t h e  movement of n2w 
knowledge a c r c s s  i n d u s t r y ,  d i s c i p l i n a r y ,  and r e g i o n a l  boundaries  ; ( ( 4 )  to  
c o n t r i b u t e  t o  t h e  knowledge of b e t t e r  means o f  t r a n s f e r r i n g  technology froni 
i ts  p o i n t s  of o r i g i n  t o  i ts  p o i n t s  of p o t e n t i a l  use.  

New techno1 o g i c a l  developments of u se  t o  t h e  aerospace i n d u s t r v  are app l i ed  
almost  au tomat i ca l ly  w i t h i n  that i n d u s t r y .  Nany of t h e s e  innovat  ions have 
p o t e n t i a l  b e r , e f i t  as w e l l  t o  t h e  nonaerospace community. It i s  the  primary 
purpose of t h i s  program t o  e s t a b l i s h  systems and mechanisms t o  i d ~ n  t i  f y ,  
e v a l u a t e ,  put 1-ish, and t r a n s f e r  t h e s e  t e c h n o l o g i c a l  innovat ions  t o  t he  
gene ra l  p u b l i c .  This  program provides  a s imi l a r  service wi th  reg4i*d  t o  
management t e  din iques  developed f o r  l a r g e  scale complex r e sea rch  a-d develop- 
ment acti  v i t i  (3s by c r e a t i n g  ai'zlreness o f  and g iv ing  wide spread  d i s semina t l  on 
t o  new systenis z,nd concepts  i n  t h i s  area. 

SUMMARY OF RI;SOURCES REOlJIREM1:NTS : 

1969 

New tec:hnol.ogy i d e n t i f i c a t i o n  and 
eva lua t ion .  ................ ,, ..... $1,350,000 

New tec:hnol.ogy disseminat ior i  ,, ..... 1,900,000 
P u b l i c a t i o n . .  ................ ,, ..... 550,000 

Program evil Luation. ........ *I #I 
--- ..... 

TotaIL.. ........................... $3,800,000 

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

NASA He.3dquarters.. ........... $3,800,000 

$1,300,000 $E 00 ,000 
1,100,000 ~ 0 0 , 0 0 0  
2,200,000 1, 5 00 ,000 

4 00 ,000 _- 400,000 . - ~  

$5,000,000 $4,C 00,000 

BASIS OF --- FUN) REQUIREMENTS: 

New Techno:Logy I d e n t i f i c a t i o n  and Evalua t ion  

Techn'3logy U t i l i z a t i o n  Off ic-ers a t  NASA f i e l d  i n s t a l l a t i o n s  and sp6:cial  ists 
from u n i v e r s i t i z s )  r e s e a r c h  i n s t i t u t e s ,  and p r i v a t e  i n d u s t r y  i d e n t i f y  and 



document those inven t ions ,  innovat ions  , improvements, and d i s c o v e r i e s  t ha t  
have p o t e n t i a l  u t i l i t y  t o  t h e  nonaerospace s e c t o r  of t h e  economy. 

P u b l i c a t i o n  

Trans fe r  of technology is accomplished through p u b l i c a t i o n s  ranging from 
r e p o r t s  cf s i r g l e  innovat ions  t o  surveys of c o n t r i b u t i o n s  t o  t h e  s t a t e -o f - the -  
a r t  i n  broad technology areas. These are prepared by both p r i v a t e  and 
nonprof i t  c o n t r a c t o r s .  

N e w  Techno logy D i s s  eminat i o n  

Regional d i sseminat ion  c e n t e r s  s t o r e ,  r e t r i e v e ,  and i n t e r p r e t  clie new 
teclinoloE,y clel7e1oped by NASA f a r  l o c a l  i ndus t ry .  Biomedical a p p l i c a t i o n  
teams arc a l s o  employed t o  assist r e s e a r c h e r s  i n  de f in ing  and s o l v i n g  
medical 11roLIr:ms by adap ta t ion  of  NASA technology. In  a d d i t i o n ,  government- 
developed computer sof tware  i s  eva lua ted  and disseminated t o  indus t ry .  
Techno1og;y aFpli c a t i o n s  teams are a s s i s t i n g  i n  developing coopera Live programs 
w i t l i  s e v e r a l  o t l  er agencies  such as t h e  Nat iona l  A i r  P o l l u t i o n  Cont ro l  
Adminis t r'a t i o n  , Federa l  Water F o l l u t  i on Cont ro l  Adminis t ra  t i o n  , L ziw Enforce- 
ment A s s i  s tar.c:e Adminis t ra t ion ,  S o c i a l  R e h a b i l i t a t i o n  Se rv ice  of ' IEW,  S m a l l  
Business Adniixiis t r a t i o n ,  and o t h e r s .  These j o i n t  e f f o r t s  are designed t o  
b r i n g  app l i czb le  aerospace  teclinology t o  bear  on t e c h n i c a l  protilein:$, i n  areas 
of major na t iona l  concern sucii as environmental  q u a l i t y ,  l a w  enforcement,  
and reiialiilit z i t i  on of t h e  hantii capped. 

-- Program Evalua t ion  

Research j.iist:itute personnel. e v a l u a t e  technology t r a n s f e r  mechanisrrs anti 
f u r n i s h  I-ecoruneridations f o r  t h e i r  improvement. 
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