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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENE PAL STATEMENT 

T h e  Nat ional  Aeronaut ics  and Space  Adminis t ra t ion  program of r e sea rch  
and development: i s  d i r e c t e d  toward 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 space.  The major prcigram 
elements  f o r  achievinR t h i s  o b j e c t i v e  are: 

-I_-- MANNED SPACE FLIGHT: A program f o r  t h e  development of a c a p a b i l i t y  f o r  
peacefu l  manned space  o p e r a t i o n s  and t h e  u t i l i z a t i o n  of t h a t  c a p a b j l i t y  
f o r  e i l r th  o r b i t  and luna r  miss ions .  

~ - - -  SPACE SCIE:\JCIS AND APPLICATIONS: An unmanned space f l i g h t  propram 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 ,  t h e  atmosphere,  t h e  moon, 
t h e  sun,  ithe p l a n e t s ,  t h e  stars and i n t e r p l a n e t a r y  space:  and t h e  tlevelop- 
ment of technology and s p a c e c r a f t  systems which can be u t i l i z e d  fol. 
meteorology, communications and geode t i c  and e a r t h  r e sources  obse rva t ions .  

ADVANCED RESEARCH AND TECHNOLOGY: An e f f o r t  r equ i r ed  t o  provide tht! 
fundamentiifimowledge and t h e  t echno log ica l  base f o r  f u t u r e  aeronar i t ics  
and m a c e  programs. 

TRACKING ,4ND DATA AC9UISITION: The worldwide a c t i v i t y  requi red  t o  :;upport 
t h e  NASA manned and unmanned f l i g h t  programs. 

TECHNOLOGY UTILIZATION:  A program t h a t  provides  f o r  t h e  expeditiou:;  
p u b l i c  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 engineexing 
informat ion  and concepts  which f low from NASA's  work. 

MANNED SPACE FLIGHT: ---___ 
The Manned Space F l i g h t  budget r eques t  p rovides  f o r  cont inuing  pro;;:ress 

i n  t h i s  a r e a  of space  o p e r a t i o n s  as t h e  program evolves  from an emphasis on 
luna r  exp lo ra t ion  t o  focus  on e a r t h  o r b i t  miss ions  t h a t  produce direc:t and 
p r a c t i c a l  b e n e f i t s  f o r  man. 

The Apollo 11 and 1 2  l u n a r  landinps  have r e s u l t e d  i n  much new knowledge 
about t h e  moon. The moon has  been d iscovered  t o  be a f a s c i n a t i n g  and 
complicated body, and i t  has  preserved i t s  h i s t o r y  w e l l .  S c i e n t i s t s  now 
expect  t h a t  e x p l o r a t i o n  of t h e  moon could provide keys t o  t h e  chronology 
of our  s o l a r  system s i n c e  i t s  formation over  4 .6  b i l l i o n  y e a r s  ago. With 
every major d i scovery ,  t h e r e  is  t h e  unant ic ipa ted  and t h e  unexpected, and 
s c i e n t i s t s  a r e  now s tudying  why e a r t h  p l a n t s  t h r i v e  i n  l u n a r  s o i l ,  aad 
why some hardy microorganisms r a p i d l y  d i e  i n  i t .  

The Apollcl 1 3  mission s u f f e r e d  a n e a r l y  c a t a s t r o p h i c  r u p t u r e  of an oxygen 
The a s t r o n a u t  c r e w  was a b l e  tank wh i l e  en r o u t e  t o  t h e  moon i n  A p r i l  1970. 

t o  use t h e  Lunar Module as  a l i f e b o a t  and through t h e  dedica ted  e f f o r t s  of 
t h e  Apollo t.eam re tu rned  t o  a s a f e  landing  i n  t h e  P a c i f i c .  
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Four more Apollo l and ings  are scheduled,  two i n  1971 and two i n  1972. 
The las t  t h r e e  l and ines  w i l l  have s p a c e c r a f t  and hardware w i t h  inc reased  
c a p a b i l i t i e s  ts provide f o r  g r e a t e r  s c i e n t i f i c  r e t u r n s  from t h e  miss.i.ons. 

Space F l i g h t  Operat ions i s  t h e  name a p p l i e d  t o  t h a t  p o r t i o n  of t h e  manned 
space  f l i g h t  eEfo r t  d i r e c t e d  toward t h e  development of  a c a p a b i l i t y  [:hat w i l l .  
a l low man t o  journey i n t o  space r o u t i n e l y  and economically and t o  use  space  
f l i g h t  i n  a r o u t i n e  manner t o  inc rease  h i s  knowledge and understandiiig of 
t h e  e a r t h  and universe .  Major e lements  of Space F l iRht  Opera t ions  inc lude  
Skylab, t h e  space s h u t t l e ,  t h e  space s t a t i o n  and a s s o c i a t e d  experiments ,  and 
l i f e  s c i ences .  

Skylab, a n  e a r t h  o r b i t  workshop, scheduled f o r  launch i n  e a r l y  1973, 
w i l l  be used dur ing  an  e i g h t  month per iod t o  conduct over  f i f t y  experiments  
i n  a broad range of s c i e n t i f i c  and t echno log ica l  d i s c i p l i n e s ,  but  wiith 
s p e c i a l  emphasis on e a r t h  r e sources ,  s o l a r  astronomy, and biomeclicin~iz. 

The space s h u t t l e  r e p r e s e n t s  t h e  key element i n  achiev ing  a low c o s t  space  
t r a n s p o r t a t i o n  system. As a r e u s a b l e  v e h i c l e ,  i t  w i l l  be  a b l e  t:o cairry 
passengers  and cargo  i n t o  space i n  an  a i r l i n e  type  of  o p e r a t i o n .  Pre l iminary  
des ign  s t u d i e s  of t h e  space  s h u t t l e  and i t s  engine  are now undeiway, wi th  
des ign  and development of t h e  engine scheduled t o  begin  i n  mid 1L971. P r e -  
l iminary  des ign  s t u d i e s  of t h e  space  s t a t i o n  are a l s o  being conducted. Thest? 
s t u d i e s  are expected t o  r e s u l t  i n  s e l e c t i o n  of t h e  o p t i o n a l  des ign  aiid 
o p e r a t i o n a l  conf igu ra t ion  from t h e  v a r i o u s  conceptua l  a l t e r n a t i v e s .  L i f e  
Sciences r e p r e s e n t s  a conso l ida t ion  of NASA's e f f o r t s  i n  t h e  areas oE 
human f a c t o r s ,  near  e a r t h  b io logy ,  and biomedicine.  

Advanced Missions S tud ie 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  cont inued.  The a i m  iof 
t h i s  e f f o r t  i s  t o  provide t e c h n i c a l  in format ion  upon which t o  base  f u t u r e  
program dec i s ions .  

SPACE SCIENCE -- AND APPLICATIONS: 

The FY 1972 budget emphasizes Space App l i ca t ions  and P l a n e t a r y  Exp lo ra t ion  
and cont inues  a s t r o n g  e f f o r t  i n  t h e  area of Phys ics  and Astronomy. 

I n  t h e  Appl ica t ions  a r e a ,  t h e  f i r s t  Ea r th  Resources Technology S a t ' e l l i t e  
w i l l  be completed, checked o u t  and launched t o  conduct experiments  t o  test 
t h e  u t i l i t y  of spaceborne senso r s  f o r  a p p l i c a t i o n  t o  problems re la ted  t o  
t h e  e a r t h  n a t u r a l  and man made r e sources .  The s p a c e c r a f t  i n  sun-synchronous 
o r b i t  w i l l  c a r r y  ins t ruments  desipned t o  m e e t  t h e  requirements  o f  u s e r s  f o r  
s p a t i a l  and mul t i - spec t r a l  r e s o l u t i o n  and r e p e t i t i v e  coverage.  
program w i l l  be  supplemented by c o n t i n u a t i o n  of t h e  a i r c r a f t  e a r t h  r e sources  
survey pro  j Emct. 

The s a t e l l i t e  

Space a p p l i c a t i o n s  e f f o r t  i n  t h e  f i e l d  of meteorology w i l l  cont inue .  
F i n a l  p r e p a r a t i o n s  w i l l  be underway f o r  launch of a Synchronous Meteorological  
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Satellite to provide an operational prototype of a geostationary meteoro- 
logical satellite to permit continuous observation of major weather systems. 
Work will proceed toward launch in late 1972 of the next Nimbus satellite 
carrying new instrumentation designed to extend determination of the vertical 
structure o.E the atmosphere into cloudy areas. 

Work will allso continue on Application Technology Satellite F and (; which 
will flight test a space erectable parabolic antenna thirty feet in (Iiameter, 
demonstrate hi:sh pointing accuracy and flight test a number of scientific 
and technology experiments. A Cooperative Applications Satellite wit1 be 
initiated in conjunction with the Canadian Department of CommunJ:cations 
to provide (data on the use of frequency ranges above 10 GH,. 

The Lunar and Planetary Exploration program in N 1972 encompasses an 
effort which will eventually lead to initial observations of all. planets 
from Mercury to Pluto while continuing to expand our knowledge of Venus 
and Nars. Two Mariner spacecraft launched in FY 1971 will orbit: Mare; and 
return data about a variety of Martian characteristics during F7' 1972. 
Preparation will be underway on the Mariner mission to Venus and Fler1xn-y 
to be launched in 1973, and a major program will be in progress on the 
Viking spacecraft designed to both orbit and land on Mars in 19'15. ?ioneer 
F will be launched and Pioneer C, will be in preparation to prov-ide our 
first observations and measurements beyond the orbit of Mars, flying through 
the asteriod belt and into the vicinity of Jupiter to provide initial space- 
craft observations of that planet. Work will be in proqress during FY 1972 
on the U.S. experiment to be carried on the West German Helios spacecraft 
t o  be launched by the U.S. in 1974 and 1975 to investigate the interplanetary 
medium two-thirds the distance to the sun. Also during FY 197:2, initial 
development effort will be undertaken on a lone duration spacecraft suitable 
for a variety of missions t o  the outer planets. Initiation of ithis effort 
is intended to take advantage of the unique alignment o f  the outer planets 
in the late 1970's which will make possible gravity assisted flybys of three 
planets with a single spacecraft. A possible Jupiter orbiter mission will 
also be studied. 

In Physics and Astronomy, experimentation with the improved Orbiting 
Solar Observatory, OSO-H, will continue while a new series of OSO's is 
under development. An Orbiting Astronomical Observatory, OAO-C, with the 
primary mission of studying interstellar gasses, will be launched during 
1972. Deve1.opment effort will be initiated on a High Energy Astronomical 
Observatory,, HEAO, with instrumentation for identification and observation 
of gamma ray, X-ray and cosmic ray sources. Explorer spacecraft, scamding 
rockets, ba!.lcrons, airborne instrumentation and ground-based research will 
supplement the major spacecraft projects. 

ADVANCED REI!;EARCH AND TECHNOLOGY: ---- 

The FY 19'72 program consists of three major catepories of effort: 
Aeronauticit Research and Technology, Space Research and Technology, and 
Nuclear Power and Propulsion. 

SUM 3 



Aeronauticxil Research and Technology invo lves  a con t inu ing  program 
coordinated w i t h  o t h e r  government agenc ie s  t o  expand t h e  t e c h n o l o g i c a l  base  
i n  aeronautical .  r e s e a r c h  t o  f a c i l i t a t e  t h e  development and product ion of 
improved civ:Ll and m i l i t a r y  a i r c r a f t .  
t h a t  w i l l  i n c r e a s e  t h e  s a f e t y  of a e r o n a u t i c a l  systems and reduce u n d e s i r a b l e  
environmenta.L e f f e c t s .  

Emphasis is being placed on technology 

Research \rll:L be continued i n  aerodynamics, f l i g h t  dynamics, propuJsion,  
o p e r a t i n g  systems, v e h i c l e  systems, l i f e  s c i e n c e s ,  e l e c t r o n i c s ,  materials 
and s t r i i c t u r e s ,  and n o i s e  r e d u c t i o n  f o r  a p p l i c a t i o n  t o  f u t u r e  general  i o n s  
of aeronaut:l.ca:l v e h i c l e s .  Program emphasis i n  1972 w i l l  be on Shor t  Take-Off 
and Landing (STOL) and Vertical Take-Off and Landing (VTOL) a i r c r a f t  systems 
f o r  Short-hillJl t r a n s p o r t a t i o n  and on improvements f o r  medium and long-haul 
j e t  t r a n s p o r t s .  Work t o  be undertaken i n  1972 i n c l u d e s  des ign  and i r i i t i a l  
f a b r i c a t i o n  'of experimental  STOL tu rbofan  t r a n s p o r t  r e s e a r c h  a i r c r a f l . .  
The e s s e n t i a l  o b j e c t i v e s  of t h i s  program are t o  v a l i d a t e  t h e  predict t id  
performance 3f powered l i f t ,  i nc lud ing  engine q u i e t n e s s ,  and t o  permit  t h e  
e s t ab l i shmen t  of r e a l i s t i c  c r i t e r i a  f o r  en r o u t e  and t e rmina l  o p e r a t i o n s  
and criteria f o r  c e r t i f i c a t i o n  of STOL je t  t r a n s p o r t  t ype  a i r c r a f t .  

I n  Space Research and Technology, r e s e a r c h  w i l l  be conducted i n  thc! areas 
of material:; and s t r u c t u r e s ,  power and p ropu l s ion ,  machine i n t e l l i g e n c e ,  
information sc i ences ,  guidance, c o n t r o l  and communications. E f f o r t  w i l l  
con t inue  on laser communications and on r e l i a b l e ,  l o n g - l i f e  and high--speed/ 
d e n s i t y  components f o r  space e l e c t r o n i c s  systems. Research e f fc l r t  w:l.11 a l s o  
focus on advancing t h e  technology needed t o  produce l a r g e  amounts of electric 
power in space  and t o  develop high s p e c i f i c  impulse p ropu l s ion  systerns. 
S p e c i f i c  technology requirements  f o r  near-term o b j e c t i v e s ,  i nc lud ing  t h e  
space s h u t t l e  (and p l a n e t a r y  f l i g h t  programs, w i l l  con t inue  t o  be supported 
i n  t h e  c r i t i c a l  areas of thermal p r o t e c t i o n ,  aerothermodynamics, c o n f i g u r a t i o n  
development, e n t r y  technology and l o n g - l i f e  componerttry. 

Nuclear power r e s e a r c h  w i l l  i n v e s t i g a t e  advanced r e a c t o r  and i s o t o p i c  power 
systems. Research w i l l  con t inue  on advanced n u c l e a r  p ropu l s ion  concepts  
o f f e r i n g  high performance p o t e n t i a l .  Work w i l l  con t inue  on s e l e c t e d  long- 
l ead  t i m e  components f o r  t h e  Nuclear Engine f o r  Rocket Vehicle  App1ii:ation 
(NERVA) f l i g h t  weight engine.  

TRACKING AND DATA ACOUISITION: 

The o b j e c t i v e  of t h i s  program is  t o  provide t h e  t r a c k i n g  and d a t a  
a c q u i s i t i o n  support  r e q u i r e d  by t h e  NASA space f l i g h t  programs. 
d i r e c t i o n  of t h e  program has evolved from one of implementing a g l o b a l  
support  c a p a b i l i t y ,  t o  one p r i m a r i l y  of ma in ta in ing  and o p e r a t i n g  t h i s  world- 
wide c a p a b i l i t y ,  r ecen 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 , s l  
n a t u r e  of t h e  program. Support of t h e  Apollo missions w i l l  con t inue  
du r ing  FY 1972. A c t i v i t y  I n  support  of t h e  p l a n e t a r y  program wit11 i n c r e a s e  
in p r e p a r a t i o n  f o r  t h e  workload i n  t h e  e a r l y  t o  t h e  mid-seventies.  

As the 
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The FY 1972 f'unding r eques t  f o r  purchase of equipment r e f l e c t s  emphasis 
on main ta in ing  c u r r e n t  c a p a b i l i t i e s ,  completing c u r r e n t  procurement,  and 
purchasing only  t h e  a d d i t i o n a l  equipment necessarv  t o  suppor t  t h e  increase 
i n  t h e  p l ane ta ry  and a p p l i c a t i o n s  program. Support ine Research and 
Technology ~ 7 : i l I .  con t inue  t o  emphasize s t u d i e s  f o r  a Tracking and Datal Relay 
S a t e l l i t e  System (TDRSS) . 
TECHNOLOGY IJT I I, I2 AT I ON : 

The Technology U t i l i z a t i o n  prop;ram provides  f o r  exped i t ious  p u b l i c  
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 inp  information and 
concepts  which r e s u l t  from NASA programs. Th i s  promotes a maximum r e t u r n  
from pub l i c  investment i n  NASA's r e sea rch  and development t o  t h e  non-aero- 
space 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  i n d u s t r y .  
To a s s u r e  fu.Lfil lment of t h i s  o b j e c t i v e ,  t h e  propram provides  f o r  e s t a b l i s h -  
ing  e f f e c t i v e  mechanisms f o r  a s su r ing  t h a t  a l l  new knowledge i s  i d e n t i f i e d ,  
c o l l e c t e d  arid eva lua ted ;  and announcing and d i s semina t inc  t h i s  new kriowledpe 
t o  assure it::; wide a p p l i c a t i o n  and u t i l i z a t i o n .  

The FY 1972 Research and Development program p lan  d i scussed  i n  t h i s  budget 
t o t a l s  $2,5:L'7,700,000, a reduc t ion  of $37,300,000 below t h e  FY 1971 program 
of $2,5.55,000,000. 

Research and 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  at: $2,610,000,000, and a t  $2,411,000,000 f o r  FY 1972, a r educ t ion  
of $199,000,~')00. 
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NATIONAL AERONAUTICS AND SPACE ADPIIPJISTRATION 

FISCAL YEAR 1972 ESTINATES 

SUMMARY OF RESEARCH AND DEVELOPMENT UUDGET PLAN GY PROGRAM bY CO(;i\lIZAIJT OFFICE --- I__- ~ - - _ -  

BUDGET 
ACTIVITY -- OFF I C E  /YROGW.l 

MANNED SPACE FLIGHT.. .... ---- 
la  Apollo...... ........... 
lb Space f ’ l i g h t  ope ra t ions  
IC Advanced miss ions . ,  .... 

SPACE SC.IENCE AND ---- 
APPLICPJIONS.. ......... 
---I- 

2a Physics and astronomy.. 
2b Lunar and p l ane ta ry  

expl c1ra.t ion .  ......... 
2c Bioscience.  ............ 
3 Space app l i ca t ions .  . , . . 
** Launch v e h i c l e  

procurement .......... 
U N I V E R S I T Y  AFFAIRS ---- 

6b Sus t a i r i ing  u n i v e r s i t y  
prog,ram. ............. 

ADVANCED RESEARCH AND 
TE CHNC~TEX ............. ---- 

5 A e  r oniiu t i. cal  res ear c ti 

4 Space iresearch and 

4 Nucleair power and 

and 1:ec:hnology. ...... 
te ct-~nol.ogy. .......... 
prop i  Is ion .  .......... 

6c TEQINOLO(;Y UTILIZATION.. . ---- 
TOTAL IiUIIGET PLAN. ..... 

Fiscal  Year F i s c a l  Year Fi! ;cal  Year 
1972 - ----- 19 70 1971 

$2,029,96 7,000 $l,431,1OO,OOO !;1,281; ,475,000 ---- 

1,684,36 7,000 914,400,000 612,20O,OOI3 

L,500,000 
343,100,000” 515,200,000 67?,775,00lJ 

2,500,000 1,500,000 

750,400 ---- 565,700,000 519,529,000 

112,851,000 116,000,000 11 ),300,001:) 

150,900,000 144,900,000 311,500,0013 

128,304,000 167,000,000 182,500,000 

107,819,000 124,900,000 141j,100,000 

- - 

19,655,000 12,900,000 --. _- 

--- 7,000,000 - 

2 70,9 31,000 264,200,000 - 212,825,000 _- 

95,685,000 102,000,000 113,000,000 

119,977,000 107,000,000 75,105,000 

55,269,000 55,200,000 27,720,000 

278,OOO,OOO 290,000,000 I 264,000,000 - 

5,000,000 4,000,000 4,000,000 

$3,110,427,000 $2,555,000,000 - .  $2,517,700,000 - I - -- 
*Includes a p p l i c a t i o n  of $117,473,000 reserved  from apportionment i n  1969 pur-  

suan t  t o  t i i t ?  Revenue and Expenditure Cont ro l  A c t  of 1968 (P.L. N-364, 82 
S t a t .  251). 

Vehicle 5)roc:ui:ement is s t a t i s t i c a l l y  d i s t r i b u t e d  t o  unmanned f l i g h t  programs 
(e.g., Piiys.ics and Astronomy, Space Research and Technology) and the  u n d i s t r i -  
buted p o r t i o n  is i d e n t i f i e d  as A c t i v i t y  2d. 

**In t h e  Uudgt?t Appendix, page S35, t h e  v e h i c l e  hardware p o r t i o n  3f  Launch 
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NATIU4AL AERONAUTICS AND SPACE ADMNISl'P.ATION 

FISCAL Y U R  1972 ESTIWTES 

DISTRIBLRICH OF RESEARCH AND OWELOPUZM BMGFT P U N  BY INSTALUTICH AND PISLAL .(LAN 

( T h o u s a n d s  of d o l l a r s )  

v) 
C 
3 

P R W U  OFFICE 

O f f i c e  of Hanned S p a c e  F l i e h r  

1970 ...................... 
1971 ...................... 
1972 ...................... 

O f f l c e  of Space  S c i e n c e  and 
A p P l i C a f i o n s  

1970 ...................... 
1971 ...................... 
1972 ...................... 

O f f i c e  of  U n i v e r S i t y  Atfa& 

1970 ...................... 
1971 ...................... 
1972 ...................... 

O f f l c e  of Advanced R e s e a r c h  
- and TechnoloKy 

1970 ...................... 
1971 ...................... 
1972 ...................... 

Office of Tracking and Data  
AC9tniSiCiOn 

1970 ...................... 
1911 ...................... 
1972 ...................... 

Office of Techno logy  
, U t I l i L a t i o "  

1970 ...................... 
1971 ...................... 
1972 ...................... 

T o t a l  Budget P l a n  

1970 ...................... 
1911 . . . . . . . . . . . . .  
!972 ...................... 

- 
' O r a l  - 
029.967 
431.100 
286.475 

519.529 
565,700 
750.400 

1,000 ..- _ _ _  

2 70.931 
264,ZOC 
212,825 

278,OOC 
290.00C 
2 6 4 ,  OOC 

5,OOC 
4,OOC 
4 * ooc - 

.110.423 
555.00( 

.511,70f 

Kennedy Manned H a r s h a l l  Goddard J e t  A W O  E l e c t r o n i c s  P l i g h t  L a n g l e y  Levis Space  N u c l e a r  
Space S p a c e c r a f t  S p a c e  F l i g h t  Space F l i g h t  Propulsion U a l l o p b  R e s e a r c h  Research R e s e a r c h  R e s e a r c h  R e s e a r c h  S y s t e m s  NASA 
c e n t e r  c e n t e r  c e n t e r  C e n t e r  L a b o r a t o r y  S t a t i o n  C e n t e r  C e n t e r  Center C e n t e r  C e n t e r  Office I l e a d q t i a r l P r r  

996, 790 
592,275 
445.890 

14,166 
13.812 
12,000 

_ _ _  
__. 
.-- 

8.705 
6 , 2 8 2  
1,300 

..- _ _ _  _ _ _  

.-- 
--. 
--_ 

714.441 
599,875 
~ 9 5 . 4 0 5  

2,663 
4.655 

15,740 

_ _ _  
-.- _ _ _  

13,683 

13,095 
13.644 

1.560 
400 
300 

_.- _ _ _  _ _ _  

200 
200 
.-. 

217,916 
251.731 
251.506 

- _ _  
... 

, - _ _  

9.540 
6.753 
4,535 

204,367 
205.200 
189.200 

-._ 
~ . -  _ _ _  

10 8 6 9  
4 70 
175 175 

-.- 

87,328 1.682 
68,382 2,894 

133.779 3.300 

20,938 1.734 
18,854 100 
18,890 _ _ _  

52,258 6.456 
64.300 6.250 
55,000 6 , 2 5 0  

7 
--. 

457 
6,525 
8.380 .-- 

32.566 596 
40,485 _ _ _  
24,410 ..- 

31.644 6,651 
34.288 _ _ _  
3 4 . 2 6 5  __. 

... 

.-. 
300 

... _ _ _  
-.. 

__. _ _ _  
..- 

8,980 
10.720 
18,750 

1.875 
1,850 
1,500 

_ _ _  _ _ _  
__. 

1. 762 
650 

5.970 

49.477 
43,400 

1% ,445 

- - _  _ _ _  
- - _  

54.632 

45,105 
58.553 

880 
1.250 
950 

- - _  
- ~ -  
- _ _  

800 
25 
... 

48,773 
67.664 
78.587 

_ _ _  
__. 
.-- 

62,071 
64.758 
56.005 

_- -  
_ _ -  
.__ 

_ _ _  _ _ _  
..- 

... 47,571 

36. iun 
..- 5 1 . 4 7 5  .._ 

.._ 64.362 

.-. 69.682 

.._ 7 3 . 5 5 q  

33.568 18.7R1 
35.300 14.94R 
13.325 7.55: 

_ _ _  10.604 
.-- 10.750 
.-. 10,800 

261,040 1,019,661 732.347 432,023 161.393 9.902 64,667 7.254 1 0 , 8 5 5  106.751 111.648 33,168 153,118 
182.580 612.369 618.574 463.884 152.006 9.244 81.298 _ _ _  12,570 103.853 132,467 35.300 I5O.Si5 
196,475 459,190 624,540 445.241 207.844 9.725 67.055 -.- 20.550 206.470 134.592 13,325 132.69) 

U 



O??ICC OF II&KVKD 
nI(iRI. TOIAL 1' 70 

1'11 
1'72 

*po l l0  1, 70 
1 '71 
1'72 

Lamch vehicle pri'eurernf 1570 
I5 71 
I572 

gmca O? vllnraaslrr 
1170 
1571 
1572 

Spcr research .nil 
technology 1570 

1571 
1512 

luc1c.r p-r and 
propY1.lon 19 70 

1971 
1972 

WKcE O? n*CaWCA?4 1970 

1971 
1972 

DATA ALXlVlSlTIal 

RIICZ OP TEIWchCm 
1970 
1971 
1972 

T O I N  S W W T  P U N  1970 
1971 
1972 

I)mIZATIM 

- 
T O I N  

!,029.961 
.431.10( 
,286.41: 

,684,361 
914.40c 
612,ZOC 

343,ICi 
515.2M: 
672,175 

2.5M: 
1.5N 
1.5OC 

- 

519,529 
865.70C 
750.40C - 
112.851 
116.OM 
110.30C 

150,900 
144,900 
311,500 

19.655 
12,9W ... 
128.304 
161,OW 
182 , IW 

107.819 
126.9W 
146,100 

7.0W _._ 
_._ 

270,931 
264,200 
212.825 

95.685 
102,WO 
l l0.WO 

119.977 
101.WO 

75,105 

55.269 
55.200 
27.720 

278.0W 
290.0W 
26A.000 

5.WO 
4 . m  
*.m 

,555,000 
.517,7W 

- 
,110,521 

... 7 117.571 ... il.495 
.-- l , l ' , ,  800 

2 5  16.780 
6'11, 

'67.040 996.790 714.441 2W 869 30 457 

300 :.9W -.- zoo 470 - - -  6.525 
175 I15 8,380 

79.585 592.275 599.875 
93,400 4L5.890 595.405 

30 7 17.661 
'9.390 

- - -  9 m  - - -  

... 19.135 
41111 - - -  

200 869 50 '58.350 813.393 513,047 
70,WO 411..500 259.400 ZOO 
70.900 230.040 191.725 

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

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

... ... ... ... ... .__ _.. _.. 470 - - -  

... ... ... 9.160 
'1.901 
L7.1)41 

350 
200 _ _ _  _ _ _  zoo 

... ... ... ... ... _._ 807 800 
2111 

300 >,9 'C - - -  ... ... ... 
..- _._ 407 

6.525 
175 175 8.380 

.._ 8.690 122,007 200.634 
9.485 137.275 339.115 

22.400 215.210 403.080 

_._ 1.390 760 
1W 500 700 
100 600 600 

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

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

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

... ... d.362 
19.682 
3 . 5 5 8  

... ... ... 
45.4,r  0 8 7 7 3  

156.4LI 18 587 ... ... ... --- 
43.4110 67 664 

-.. 14,166 2.661 217.916 87,328 1,682 32.566 596 
2,995 13.812 4.655 251.731 68,382 2,894 40,485 
3,075 12,000 15,740 251,506 133,779 3,300 24.410 

... 2 5  165 
272 

5) ' l  

495 
1.0Wll 
l,0',', 

... ... 

... ... 
400 1.534 84.906 875 650 2.773 
220 2,940 85.659 335 1,674 3.820 
200 14.010 68.290 350 2.000 1.860 

... 2 2 e . 9 1 ~  I68 
.._ 2 3 . l b h  039 

... .__ 133.500 900 100 800 6.800 i31.500 

30 7,774 9.368 
85 9,410 1.519 100 1,501 - - -  

643 88 4.841 81,618 21.636 

11,900 
42 685 400 4.438 64,659 34,471 

-.. 328 364 50 1,614 

... -.. __. ... ... ... ... 197 __. 
.-. 

277 10.931 ... 16.207 
... 18.550 

... 292 13.6'111 67,153 9,730 __. ... 14.DLI 66.27I 6.694 

12.798 150 92,450 2.731 1,002 383 
12.710 280 128,%6 1.087 1.220 675 

200 140,450 1,300 1.300 1.650 

--. 521 35,669 490 

629 .-. .-. 16.2LlI 14,987 4,613 
950 33,188 800 2.953 

3.07s 690 35.966 

... ... ... ... ... ... ... _._ __. ... ... 7.004 
... ... ... ... ... ... -.. ... ... ... ._. ... _ _ _  

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

-- 
... 8,781 

'4.948 ... ... 10.720 5 8 . 5 5 3  64,758 35.300 
... 1.300 13.095 4.535 18.890 - - -  34.265 .__ 18.750 45,10!, 56.105 13.325 7.555 

8.705 13.683 
6.282 13.64k 

9.540 20.938 1.734 31.644 6,651 8.980 54,637 62,175 33.568 
6.753 18.854 100 34.288 

... 8.605 

... 6.282 

... 1.300 

... 9,276 
6, 502 

18,708 3.095 7.291 27.351. 11.996 
--. 8,665 32,803 10,300 _ _ _  17.750 29,200 30,725 3.&95 

.-. 741 --- 
715 --- 21.586 
750 --- 26.355 

__. 
... ... 
_ _ _  1.223 

1.369 
1.725 

... 8.935 

.-. 7.528 ... 4.060 

9.190 16.513 1.7Y 12.686 3,556 1.689 26,977 19,501 
.-. 2.055 25,17!. 21.788 
.._ 1.000 I 5 . 3 R O  16.145 

10.6441 
10.675 6.540 I4 ,YS  100 12.362 
10.370 4.475 14,940 --- 7,435 

... ... 3%<! 14,578 33,568 570 
_.. 5 0 )  12,170 35,300 918 _.. .._ 575 9.135 13.325 ... 

... 10.604 

.-. 10,750 

._. 10.800 

... 1.819 350 3,684 --- 250 
1.600 213 3.594 --- N O  

475 I,  000 60 3.200 --- 

1.160 204,367 52.258 6.456 --- _.. 1.875 880 
- - -  1.850 1.2% .-- 

1,500 950 .-- __. 4W 205,200 W.3W 6.250 --- 
300 189,200 55.WO 6.250 --- 

... ... ... ... ... ... ._. -.. -.. -.. _._ ... 5,000 _ _ _  _.. 4.000 
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... ... ... ... ... ... ... ... _ _ _  .__ 
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96.475 459,190 624.YO 445.241 207.845 9.725 67.055 ... 20.550 206.47C8 134,592 13.325 132.693 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

RESEARCH AIW DEVELOPMENT BUDGET PLAN FOR 

MANNED SPACE FLIGHT PROGRAMS 

Y ro gr an! 1970 1971 19 72 - 
Apollo......,... ........... $1,684,367,000 $914,400,000 $612,200,000 

Space f l i gh t :  opera t ions . .  . . 343,100,000* 515,200,000 672,775,000 

1,500,000 Advanced missions.  . . . . . . . . . 
,, . . . . . . . . . . . $2,029,967,000 $1,431,100,000 -_I__ $1,286,475,000 

1,500,000 - - 2,500,000 

T o t a l . .  . . 

* Inc ludes  $117,473,000 of FY 1969 funds app l i ed  to FY 1970 budget plan.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

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

Americans have walked on t h e  moon, deployed s c i e n t i f i c  experiments,  c o l l e c t e d  
and r e tu rned  t o  e a r t h  samples of l u n a r  rocks and s o i l  t h a t  seem t o  da1.e from 
t h e  very beginning of o u r  solar system. 

As a r e s u l t  of  t h e  a n a l y s i s  of  t h e  l u n a r  samples, p r e s e n t  i n d i c a t i o n s  are t ' h a t  
t h e  moon w a s  formed more than  4.5 b i l l i o n  yea r s  ago, approximately thI2 same t i m e  
as t h a t  e s t ima ted  f o r  t h e  formation of t h e  e a r t h .  

During t h e  f i r s t  b i l l i o n  and a h a l f  y e a r s  i n  i ts  h i s t o r y ,  t h e  moon'~3 s u r f a c e  
became p a r t i a l l y  molten a t  l ea s t  once and perhaps several t i m e s .  As yet, 
because of t h e  l i m i t e d  e x p l o r a t i o n  of t h e  moon, t h e r e  has  been no de te rmina t ion  
of t h e  ex ten t  o f  area t h a t  w a s  melted o r  t h e  cause o f  t h e  melting--whether i t  
w a s  from m e t e o r i t i c  impact o r  from i n t e r n a l  h e a t  produced by r a d i o a c t i v e  decay. 
The h e a t i n g  had t o  be on a l a r g e  scale t o  accomplish t h e  degree of  d i f f e r e n t i a -  
t i o n  found in t h e  rocks,  and t h e r e  is s u b s t a n t i a l  agreement t h a t  t h e  luna r  seas, 
o r  maria, r e p r e s e n t  l a v a  flows of molten rock t h a t  s o l i d i f i e d .  The maria  thus  
f a r  sampled were f i l l e d  wi th  l a v a s  approximately 3.4 - 3.7 b i l l i o n  y e a r s  ago. 
Age d a t i n g  i n d i c a t e s  t h a t  t hey  d i d  n o t  form simultaneously,  b u t  came i n t o  be ing  
as d i s t i n c t  even t s  over  a per iod of  s e v e r a l  hundred m i l l i o n  y e a r s .  

An important  o b j e c t i v e  of f u t u r e  l u n a r  l a n d i n g  missions w i l l  be  t o  date t h e  
s u r f a c e  age  cif t h e  l u n a r  highlands.  I f  t h e  h igh lands  d a t e  from ithe very begin- 
ning of t h e  mocm, and t h e  maria were formed la te r  du r ing  t h e  f i r s t  b i l l i o n  or 
more yea r s ,  s c i e n t i s t s  should be a b l e  t o  observe a d i s t i n c t ,  w e l l  preserved 
record of t h w  e v e n t s  t h a t  occurred du r ing  t h e  f i r s t  b i l l i o n  y e a r s  o f  t h e  h i s t o r y  
o f  t h e  s o l a r  system. 

There are very few p laces  on e a r t h  where any rocks can be found d a t i n g  back 
Most o f  t h e  e a r t h ' s  s u r f a c e  can  b e  d a t e d  a s  being less 

The dynamic p rocesses  of the  e a r t h ' s  
t o  3.5 b i l l i o n  years .  
t han  several .  hundred m i l l i o n  y e a r s  o l d .  
environment such as weather,  e ros ion ,  displacement and movement (of l a n d  masses, 
and volcanic: a c t i v i t y ,  have destroyed and a l t e r e d  most of t h e  h i s t o r i c a l  record.  
S c i e n t i s t s  now know t h a t  t h e  moon, whose p a s t  h i s t o r y  has  n o t  been s i g n i f i c a n t l y  
a f f e c t e d  by such dynamic processes ,  has preserved its record w e l l ,  and may become 
t h e  archival.  r e f e r e n c e  as man seeks t o  understand t h e  h i s t o r y  of t h e  e a r t h  and 
t h e  s o l a r  syi;tem. 
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There has  been no evidence t h a t  water has  ever been p r e s e n t  a t  t h e  Apollo 11 
and 1 2  l and ing  sites, and i t  appears  t o  be i n c r e a s i n g l y  doub t fu l  t h a t  water t o  
any s i g n i f i c a n t  e x t e n t  has ever been p r e s e n t  on t h e  moon. 

No evidence o f  v i a b l e  l i f e  has y e t  been uncovered i n  t h e  a n a l y s i s  of' t h e  l u n a r  
material. The r e c e n t l y  announced discovery o f  amino a c i d s  being p r e s e n t  i n  a 
m e t e o r i t e  from t h e  Asteroid B e l t  and t h e  widespread presence o f  0rgan:i.c compounds 
d e t e c t e d  throughout t h e  un ive r se  i n d i c a t e s  t h a t  t h e  moon may be an iniraluable  
s i t e  t o  search f o r  evidence o f  e a r l y  s t a g e s  towards t h e  beginning o f  l i f e .  This 
is especial1:y so s i n c e  t h e  moon is be l i eved  by some t o  c o n t a i n  a r e l a t . i v e l y  h igh  
abundance o f  material from carbonaceous c h o n d r i t e  m e t e o r i t e s ,  t h e  claris in which 
amino a c i d s  were d e t e c t e d .  This m e t e o r i t i c  form is q u i t e  rare on eart:h, as i t :  
u s u a l l y  i n c i n e r a t e s  on e n t e r i n g  t h e  atmosphere. 

There are s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  and r e l a t i v e  itbundance 
o f  elements on the  moon as compared t o  t h e  e a r t h  w i t h  t h e  moon being r e l a t i v e l y  
r i c h  i n  r e f r a c t o r y  metals such as t i t an ium,  and r e l a t i v e l y  dep le t ed  i i i  v o l a t i l e  
metals such .as lead and bismuth. S c i e n t i s t s ,  i n  s tudy ing  t h e  processc!s of 
formation f o r  some o f  t h e  l u n a r  rocks,  have sea rched  f o r  analogs h e r e  on earth 
and have found them, t h e i r  s c i e n t i f i c  s i g n i f i c a n c e  unrecognized befort? t h i s  
t i m e .  This  p a r t i c u l a r  phase o f  s t u d y  could be exceedingly v a l u a b l e ,  :for i n  
promoting a g r e a t e r  understanding o f  t h e  g e o l o g i c a l  p rocesses  hexe on e a r t h ,  
t h e  p o t e n t i a l  f o r  d i scove r ing  new o r e  s u p p l i e s  is p r e s e n t  through inc reased  
i n s i g h t  i n t o  t h e  processes  t h a t  create them. 

A seismometer placed on t h e  l u n a r  s u r f a c e  by t h e  Apollo 1 2  astronau1:s has 
recorded more than  200 e v e n t s  of n a t u r a l  o r i g i n  du r ing  t h e  f i r s t  e i g h t  months 
of ope ra t ion .  A t  least  26 were shal low moonquakes t h a t  occu r red  w i t h l h  t h r e e  
days o f  t h e  t i m e  when t h e  moon comes c l o s e s t  t o  t h e  e a r t h  du r ing  i ts  monthly 
o r b i t  cyc le .  Some o f  t h e s e  even t s  may be r e l a t e d  t o  t h e  sugges t ion  t h a t  t h e  
moon is becoming more c i r c u l a r  as i t  slowly draws away from t h e  e a r t h  and its 
t i d a l  bulge is reduced. A primary source  o f  t h e s e  even t s  is considered t o  be 
i n  t h e  v i c i n i t y  o f  t h e  crater Fra Mauro, n e a r  t h e  Apollo 14 mission l a m d i n g  
s i te .  

Lunar seismic s i g n a l s  are very complex and d i f f e r e n t  from t h o s e  on Izarth. 
During t h e  Apollo 1 3  mission, t h e  s p e n t  S-IVB s t a g e  impacted on t:he l i inar 
s u r f a c e  a t  a d i s t a n c e  o f  85 miles from t h e  Apollo 1 2  s i t e  wi th  art approximate 
f o r c e  of 11.5 tons  o f  TNT. The d a t a  from t h i s  w e l l  c a l i b r a t e d  s i g n a l  i n d i c a t e s  
t h a t  t h e  l u n a r  material is  f r a c t u r e d  t o  depths  of approximately :!O mi'les and 
shows no evidence of t h e  major d i s c o n t i n u i t i e s  which are a s t r i k i n g  cl iaracter-  
i s t i c  of t h e  s o l i d  e a r t h .  No deep i n t e r i o r  moonquakes have as yet  be?n d e t e c t e d  
and t h e r e  is no evidence of t h e  kind of c r u s t a l  movement and mountain b u i l d i n g  
t h a t  is so important  i n  t h e  formation o f  t h e  e a r t h ' s  topography and which is 
a s s o c i a t e d  wi th  t h e  e a r t h ' s  molten core.  The S-IVB s t a g e  from t h e  Apollo 14 
mission impacted 110 m i l e s  from t h e  Apollo 1 2  s i t e  t o  provide a d d i t i o n a l  r e f e r -  
ence d a t a  on t h e  s u b s t r u c t u r e  of t h e  moon. Both Apollo 1 2  and 14 p a w i v e  
seismometers recorded t h e  impact o f  t h e  Apollo 1 4  Lunar Module a s c e n t  s t a g e  
and a l s o  a s i g n i f i c a n t  l u n a r  s e i smic  even t  t h a t  occurred w h i l e  t h e  Apl>llo 14 
crew w a s  r e t u r n i n g  t o  e a r t h .  
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A magnetometer w a s  deployed by t h e  Apollo 1 2  crew t o  measure t h e  magnetic 
f i e l d  o f  t h e  moon. A very  small l u n a r  magnetic f i e l d  was a n t i c i p a t e d  b u t  
t h e  ApolXo l:! magnetometer showed an unexpected s t e a d y  f i e l d  about 10  times 
t h e  p red ic t ed  s t r e n g t h .  The Apollo 1 4  a s t r o n a u t s  c a r r i e d  a p o r t a b l e  niagneto- 
meter on thei.c second t r a v e r s e ,  and t h e  i n i t i a l  r e s u l t s  i n d i c a t e  a s i p n i f i c a n t  
magnetic fie1.d l o c a t e d  a t  t h e  F ra  Mauro s i te .  Analys is  of  t h e  samples i n d i -  
c a t e s  t h a t  t h e  moon w a s  sub jec t ed  t o ,  o r  possessed a much s t r o n g e r  maE1,netic 
f i e l d  i n  i t s  e a r l y  days,  a f i e l d  one-tenth as s t r o n g  as t h a t  o f  t h e  e a r t h .  
S tud ie s  o f  t h e  l u n a r  magnetic d a t a  i n d i c a t e s  t h a t  t h e  moon may have a s m a l l  
c e n t r a l  c o r e  wi th  a temperature  o f  from 800' t o  1,000' c e n t r i g r a d e .  ' Jh i s  co re  
is no t  be l i eved  t o  be l i q u i d  as is t h e  e a r t h ' s  c e n t e r .  

The Laser Itinging Retro-Reflector  deployed a t  T r a n q u i l i t y  Base by t t ,e  
Apollo 11 a s t r o n a u t s ,  cont inues  t o  perform s a t i s f a c t o r i l y .  I t  s e r v e s  as a 
t a r g e t  f o r  point: t o  p o i n t  d i s t a n c e  measurements from e a r t h .  These measure- 
ments are peirEoirmed by record ing  t h e  round t r i p  t r a v e l  t i m e  o f  s h o r t  I lulses  
of  laser  raditatnon t r ansmi t t ed  from a t e l e scope ,  r e f l e c t e d  from t h e  d t v i c e ,  
and rece ived  approximately two and one-half seconds l a t e r  by t h e  same 
t e l e scope .  Sevcxal measurements pe r  week, w i t h  a p r e c i s i o n  o f  l e s s  ttlan a 
f o o t  i n  t h e  e3rl:h-moon d i s t a n c e ,  are be ing  made by t h e  McDonald Obseriratory 
s t a f f  i n  t h e  Jairis Mountain area i n  Texas. Measurements t o  d a t e  have s i g n i f i -  
c a n t l y  improved ou r  knowledge of  l u n a r  motion and expected r e s u l t s  from longer  
per iods  of  moiit:oring w i l l  re la te  no t  on ly  t o  l u n a r  motions,  b u t  t o  f l u c t u a -  
t i o n s  i n  t h e  ia i r th 's  dynamics, i nc lud ing  measurements of  c o n t i n e n t a l  t ' r i f  t .  
It is hoped that: t h e  d i s t a n c e  between t h e  e a r t h  and moon can be  calcu:l.ated as 
p r e c i s e l y  as one inch.  This p r e c i s i o n  would be  h e l p f u l  i n  a s s e s s i n g  t h e  
hypothes is  t h a t  t h e  moon is p u l l i n g  away from t h e  e a r t h  a t  a r a t e  o f  one inch 
a yea r ,  and t h a t  t h e  moon is  becoming more c i r c u l a r  as i t  does s o .  Tliese laser 
measurements may a l s o  assist i n  determining t h e  n a t u r e  and ex ten t  of  !he  hy- 
po thes i s  knowq as t h e  Chandler Wobble of  t h e  e a r t h ' s  a x i s .  It is sugl;ested 
t h a t  t h i s  wobble is r e l a t e d  t o  major ear thquakes ,  and t h a t  during 197: t h e r e  
w i l l  be  a cyclic: peaking o f  t h e  wobble. A f u l l e r  unders tanding  of  suc:h a 
phenomenon co u l t l  he lp  i n  making ear thquakes  p r e d i c t a b l e .  The Laser Ringing 
Retro-ReflecltDr deployed on Apollo 1 4  and planned f o r  Apollo 1 5  w i l l  ( ! s tab l i sh  
a network o f  instruments  which w i l l  a l l ow s c i e n t i s t s  t o  con t inue  t h e  s tudy  o f  
dynamics of  t n e  earth-moon r e l a t i o n s h i p .  S ince  many o b s e r v a t o r i e s  do n o t  
have t e l e scopes  o f  s u f f i c i e n t  s i z e  t o  range on small a r r a y s ,  t h e  refld!cting 
s u r f a c e  o f  t h e  Apollo 15 a r r a y  w i l l  be  t h r e e  times l a r g e r  than t h e  r e : : l ec to r s  
deployed on  Apo.Llo 11 and 14  and i ts  o p t i c a l  e f f i c i e n c y  w i l l  b e  incre ' ised t o  
fou r  t i m e s  t h a t  of t h e  Apollo 11 l u n a r  r e f l e c t o r .  The f u l l  explaitat:i.on o f  
t hese  reflectlDrs w i l l  permit  extended l u n a r  ranging measurements from a number 
of  observ ing  s t a t i o n s  around t h e  world.  

Some s c i e n t i s t s  who have s t u d i e d  t h e  l u n a r  rocks b e l i e v e  they  hlave t i i s -  
covered i n d i c a t i o n s  of  t h e  e x i s t e n c e  o f  new very  heavy elements  i n  thd? 
t r a n s u r a n i c  series, unknown o r  e x t i n c t  on e a r t h .  These n a t u r a l l y  occr i r r ing 
elements would D e  more complex than  t h e  h e a v i e s t  e lements  known cln e a r t h  
which a r e  a r t i f  Lc ia l ly  c r e a t e d  us ing  n u c l e a r  r e sea rch  f a c i l i t i e s .  Th(5se 
i n d i c a t i o n s  are t h e  product o f  unusual tracks found i n  t h e  l u n a r  samp les. 
Other  s c i e n t i s t s  have suggested t h a t  t h e s e  t r a c k s  are t h e  r e s u l t  of  m#ignetic 



monopoles, whose e x i s t e n c e  has  been hypothesized.  I f  monopoles do e x i s t  and 
could b e  c o n t r o l l e d ,  t h i s  would produce a r e v o l u t i o n a r y  development i n  t h e  
a r e a s  of  h igh  energy physics  and power sources .  

The moon's s u r f a c e  appears  t o  have preserved  a record  o f  t h e  si in 's  ,act ivi . ty  
f o r  many hundreds of  m i l l i o n s  of yea r s .  The sun ' s  e f f e c t  upon t h e  e a r t h ' s  
weather is w e l l  known and a h i s t o r i c a l  c o r r e l a t i o n  between changes i n  t h e  
e a r t h ' s  w e a t h e r  and f l u c t u a t i o n s  i n  s o l a r  a c t i v i t y  could a l low man t o  make 
b e t t e r  p r e d i c t i o n s  of t h e  long  term c l i m a t i c  t r ends .  Analys is  of t h e  
r e tu rned  Surveyor p a r t s ,  which absorbed r a d i a t i o n  from t h e  sun f o r  n e s r l y  t h r e e  
yea r s ,  has  been o f  g r e a t  a s s i s t a n c e  i n  de te rmining  t h e  r e l a t i v e  i n t e n s i t y  and 
composition of  p a r t i c l e s  given o f f  by t h e  sun. 

The Apollo 1 2  a s t r o n a u t s  v i s i t e d  t h e  Surveyor 111 s p a c e c r a f t  du r ing  t h e i r  
second EVA on November 19 ,  1969, and r e tu rned  p o r t i o n s  o f  t h e  s p a c e c r a f t  which 
had been on t h e  l u n a r  s u r f a c e  and exposed t o  s o l a r  and cosmic r a d i a t i o n  f o r  a 
per iod o f  31 months. Engineers and s c i e n t i s t s  have been e v a l u a t i n g  tlie e f f e c t s  
o f  space environment on t h e  Surveyor p a r t s  a t  f a c i l i t i e s  i n  t h e  IJnited Stat:es 
and Europe. Most of  t h e  components, materials,  o p t i c s ,  and o t h e r  devices  fair 
exceeded des ign  requirements and surv ived  t h e  extremes of  vacuum, r a d i a t i o n ,  
and temperature  t o  which they were sub jec t ed .  One type  of  terrestr ia l  bact:erium 
a l s o  survived t h i s  long  exposure on t h e  moon. The d e t a i l e d  r e s u l t s  w i l l  be 
used t o  reduce t h e  performance u n c e r t a i n t i e s  a s s o c i a t e d  wi th  t h e  e f f e c t s  of 
o p e r a t i o n  and lengthy  s t o r a g e  of hardware i n  space ,  and t o  h e l p  in  reducing 
t h e  c o s t  of  space  hardware. One conclus ion  from t h e s e  s t u d i e s  is t h a t  no p a r t  
f a i l e d  a s  a r e s u l t  of  exposure, bu t  f a i l u r e s  occurred  as a resuli: of  prelaunch 
product ion a rd  checkout a c t i v i t i e s .  

Explora t ior  i n t o  a new world o r  new area o f t e n  produces unexpected and 
s u r p r i s i n g  results.  One unexpected r e s u l t  from t h e  a n a l y s i s  of  .Lunar m a t e r i a l  
has been t h a t  t e r res t r ia l  p l a n t s  t h r i v e  i n  i t ,  growing s i g n i f i c a n t l y  l a r g e r  
and greener  than t h e i r  coun te rpa r t s  p l an ted  i n  e a r t h  s o i l .  Add i t iona l  s t u d i e s  
by NASA i n  cc l l labora t ion  wi th  t h e  Department o f  A g r i c u l t u r e  are underway t o  
i n v e s t i g a t e  t h i s  phenomenon. These s t u d i e s  may l e a d  t o  a new unders tanding  
of t h e  c h e m i s t r y  of  p l a n t  growth, o r  i n t o  t h e  use of s e l e c t e d  minerals as ix 

stimulus to growth. 

A second d iscovery  has  been t h a t  c e r t a i n  very  hardy microorganisms, i nc lud ing  
staphylo'coccus,  are quick ly  k i l l e d  when pu t  i n  c o n t a c t  wi th  c e r t a i n  l u n a r  s o i l  
s amples .  T h e  reason  f o r  t h i s  is under s tudy ,  bu t  t h e  r e s u l t s  could l e a d  t h e  
way t o  t h e  cclntrol  of harmful b a c t e r i a  and v i r u s e s .  

Analysis  01' t h e  l u n a r  samples has  been undertaken i n  t h e  s p i r i t  o f  i n t e r -  
na t iona l  coopera t ion .  S c i e n t i s t s  from 16  f o r e i g n  c o u n t r i e s  have a l r eady  
s t u d i e d  t h e  Apallo 11 and 1 2  samples, and t h e  a p p l i c a t i o n s  o f  s c i e n t i s t s  i n  
many o t h e r  coun t r i e s  are being reviewed. The United S t a t e s  and the  Sov ie t  
Union have j u s t  concluded an agreement t o  exchange l u n a r  samples,  wi th  t h i s  
country t o  r e c e i v e  l u n a r  s o i l  from t h e  Sea of P len ty ,  r e tu rned  t o  earl:h by 
the '  unmanned Sov ie t  s p a c e c r a f t  Luna-16. 
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I n  September 1970 NASA reduced t h e  number of  remaining l u n a r  missions from 
s i x  t o  four .  A l l  approved experiments  unique t o  t h e  d e l e t e d  f l i g h t s  w i l l  be  
flown on t h e  remaining miss ions ,  and those  Apollo 13 experiment:; n o t  c a r r i e d  
on t h e  Apollo 1 4  mission are planned f o r  o t h e r  l u n a r  landings .  The (decis ion 
makes Apollci hardware a v a i l a b l e  f o r  p o s s i b l e  use  i n  f u t u r e  n a t i o n a l  programs 
r equ i r ing  manned o p e r a t i o n s  o r  a very  heavy payload c a p a b i l i t y .  The p resen t  
plan i s  t o  c.omplete Apollo miss ions  i n  1972. 

Two l u n a r  l and ing  miss ions  w e r e  i n i t i a l l y  planned i n  1970; however, a f t e r  
t he  aborted Apollo 13 mission,  t h e  scheduled launch of Apollo 1 4  w a s  changed 
t o  January 1971 t o  i n c o r p o r a t e  modi f ica t ions  t o  t h e  Command and Se rv ice  Module:; 
requi red  as a r e s u l t  o f  t h e  major problem t h a t  occur red  dur ing  Ishe Apollo 1 3  
f l i g h t .  The t h r e e  remaining CSM's t o  be  flown i n  t h e  Apollo program inc lude  
modif i c a t i o r s  t o  minimize t h e  p r o b a b i l i t y  of  a recur rence  of t h e  oxygen tank  
problem. Vcldifications inc lude  adding another  oxygen tank;  changing t h e  i n -  
tank wir ing  i n s u l a t i o n ;  us ing  s t a i n l e s s  s teel ,  r a t h e r  than  aluminum f o r  t h e  
q u a n t i t y  sens ing  gauges; removing t h e  h e a t e r  assembly thermal  swi t ch ;  adding 
a temperature  senso r  and a t h i r d  h e a t e r  element;  r e p l a c i n g  f u e l  c e l l  r e a c t a n t  
shut-off va lves  wi th  va lves  having i s o l a t e d  e l e c t r i c a l  c i r c u i t s :  and changing 
t h e  cau t ion  and warning system. 

To f u r t h e r  u t i l i z e  t h e  exper ience  recorded on t h e  Apollo 1 3  mission,  a 
s tudy  was undertaken t o  i d e n t i f y  t h e  s p a c e c r a f t  modi f ica t ions  t h a t  could be 
made t o  provide a d d i t i o n a l  consumables and emergency equipment and increase 
t h e  p o t e n t i a l  o f  t h e  CS?l and LM s e r v i n g  i n  a " l i f e b o a t "  mode. Two approaches 
were s tudied- - re ten t ion  o f  t h e  LM a s c e n t  s t age ,  and improvement o f  t i e  r e t u r n  
c a p a b i l i t y  clf t h e  CSM. An a n a l y s i s  w a s  made of  each approach based 'on overa:Ll 
o p e r a t i o n a l  c o n s i d e r a t i o n s ,  l and ing  s i t e  o p p o r t u n i t i e s ,  a d d i t i o n a l  csnsumables 
r equ i r ed ,  and t h e  weight f a c t o r s .  It w a s  concluded from these  ,analyses t h a t  
modi f ica t ions  of t h e  CSM t o  improve t h e  r e t u r n  c a p a b i l i t y  o f f e r e d  t h e  most 
advantage in terms of s a f e t y .  The major modi f ica t ions  t o  t h e  C!;M i nc lude  t h e  
a d d i t i o n  of a b a t t e r y ,  i s o l a t i o n  of  t h e  newly i n s t a l l e d  t h i r d  c ryogenic  oxygen 
tank i n  t h e  Se rv ice  Module, and a d d i t i o n  of  more consumable w a t e r  c o n t a i n e r s  
i n  t h e  Commnd Module. The LE.1 w a s  provided wi th  a d d i t i o n a l  emergency capabi l -  
i t ies  shoulcl a. f a i l u r e  occur  du r ing  t h e  miss ion  when t h e  LM cou.Ld be used. 

Another l u n a r  landing  mission,  Apollo 15, is scheduled i n  197.1, w i t h  t h e  
f i n a l  two, Apollo 16  and 1 7 ,  i n  1972. The Apollo 1 7  miss ion  is planned f o r  
December 1972, f i v e  months la ter  than t h e  prev ious  p lan ,  t o  i n s u r e  t h a t  
s c i e n t i f i c  exFeriments t h a t  were o r i g i n a l l y  t o  be  flown on t h e  now cancell.ed 
Apollo 18 arid 19 miss ions  w i l l  b e  f u l l y  a v a i l a b l e .  Th i s  de l ay  also helps  
minimize t h e  FY 1972 funding requirement .  

The Apollcl 1 4  mission wi th  Alan Shepard as Commander, S t u a r t  Roosa as Command 
Module P i l o t ,  and Edgar Mi tche l l  as Lunar Module P i l o t  w a s  launched on Janu- 
a r y  31, 1971. The landing  s i t e  w a s  Fra  Mauro, which w a s  t h e  intended site f o r  
Apollo 13. T h i s  l anding  w a s  t h e  f i r s t  Apollo landing  a t  o t h e r  'than a l u n a r  
mare. The major o b j e c t i v e  of t h e  mission w a s  t o  i n v e s t i g a t e  t h e  Fra Mauro 
formation, an ex tens ive  geo log ica l  u n i t ,  which l u n a r  g e o l o g i s t s  b e l i e v e  i s  
composed of mater ia l  b a l l i s t i c a l l y  e j e c t e d  and c a r r i e d  by a su rqe  of gas and 
d e b r i s  produced by t h e  g i a n t  impact t h a t  c r ea t ed  t h e  Imbrium bas in .  I t  is 
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hoped t h a t  rock.s found i n  t h e  Fra Mauro formation w i l l  p r eda te  t h e  gene ra l  
age o f  rocks, from previous  miss ions ,  and w i l l  d a t e  from t h e  t i m e  of  formation 
o f  t h e  moon imci perhaps from t h e  o r i g i n  o f  o u r  s o l a r  system. The Apollo 1 4  
a s t r o n a u t s  r e tu rned  approximately 100 pounds o f  l u n a r  material which is 
p r e s e n t l y  undergoing pre l iminary  a n a l y s i s .  

The Apollo 1L. crew deployed an Apollo Lunar Sur face  Experiments Package 
(ALSEP) simi:lar t o  t h e  one p rev ious ly  placed a t  t h e  Ocean o f  Storms. Tw'o mew 
experiments were added t o  t h a t  package. One w a s  an a c t i v e  se i smic  erperiment 
which gcmeratecl and monitored a r t i f i c i a l l y  s t imu la t ed  seismic w a v e s  i n  t h e  lunar 
s u r f a c e  and near  subsur face .  The o t h e r  is a low energy s o l a r  w i n d  erperiment 
t o  record pro ton  and e l e c t r o n  f l u x  d a t a  f o r  e v a l u a t i o n  of  s o l a r  wind and cosmic 
rays .  

The astroniiut.s, whi le  on t h e  l u n a r  s u r f a c e ,  deployed t h e  fo l lowing:  a laser 
ranging r e t r o - r e f l e c t o r  t o  enable  p r e c i s e  earth-to-moon measurements ; a Pass ive  
Seismometer sir i i lar  t o  t h a t  i n  use a t  t h e  Apollo 1 2  s i t e ;  a s o l a r  wirid composi- 
t i o n  experinwnt. t o  determine t h e  i s o t o p i c  composi t ion o f  noble  gases  i n  t h e  
s o l a r  wi.nd :I<: t h e  l u n a r  su r face ;  a p o r t a b l e  magnetometer t o  measure t h e  magnetic 
f i e l d  of t h e  moon a t  t h e  landing  s i te ;  a co ld  ca thode  i o n i z a t i o n  gauge t o  measure 
t h e  d e n s i t y ,  temperature ,  and changes i n  t h e  l u n a r  atmosphere; and a suprathermal  
ion  d e t e c t o r  t o  s tudy  changed p a r t i c l e s  i n  t h e  l u n a r  atmosphere. The ALSEP 
package a t  t h e  Fra Mauro s i t e  is working as designed,  and complement: t h e  ALSEP 
o p e r a t i n g  on t h e  Ocean of Storms. These two experiment s t a t i o n s  r e p i e s e n t  the 
beginnings o E ;I geophysical  network of  experiments  provid ing  informat i o n  over  
long pe r iods  oF t i m e  on phys ica l  phenomena and cond i t ions  on and near t h e  s u r f a c e  
of t h e  moon. 

A mobile t?qu:.pment t r a n s p o r t e r ,  a l i g h t  weight two wheel v e h i c l e  rc sembling 
a Chinese ri.i:k:;haw, w a s  used t o  c a r r y  cameras, hand t o o l s ,  and samplc bags f o r  
use by t h e  ast i -onauts  and t o  assist i n  t h e  use  o f  t h e  p o r t a b l e  megnetometer. 

During t h e  mission,  o r b i t a l  s c i e n c e  photography and remote geophysj cal  sens ing  
w a s  conductec. from t h e  CSM. Photographic  s u b j e c t s  inc luded  candida te  l and ing  
si tes,  speciEic: segments of t h e  l u n a r  s u r f a c e  i n  e a r t h  s h i n e  and i n  low level. 
l i g h t  near t h e  te rmina tor ,  and o t h e r  l u n a r  s u r f a c e  areas of  prime s c i . e n t i f i c  
in te res l t .  A r ada r  experiment examined t h e  l u n a r  s u r f a c e  b u l k  e l e c t r j  ca l  prop- 
erties i1S w e l l  as determining t h e  average  r e g o l i t h  depth and s u r f a c e  roughness.  

The last t h r e e  Apollo miss ions  are t h e  most s o p h i s t i c a t e d  and compi.ehensive 
of  t h e  ent i ic?  series. A whole new a r r a y  of  e x p l o r a t i o n  procedures  arid i n s t r u -  
mental  concepts  open new o p p o r t u n i t i e s  f o r  r e sea rch  on t h e  moon t o  s c i e n t i s t s  
from a l l  over  t h e  world. A t o t a l  o f  62 s u r f a c e  and o r b i t a l  experinexits w i l l  
be conducted on t h e  Apollo 15-17 miss ions .  Of these ,  18 w i l l  be new exper i -  
ments. In  a d d i t i o n ,  t h r e e  new photographic  t a s k s  w i l l  b e  conducted irom l u n a r  
o r b i t ,  and t h e s e  t a s k s  w i l l  be performed on each mission.  Changes h i  t h e  LP1 
and l u n a r  s u r f a c e  hardware w i l l  a l low t h e  a s t r o n a u t s  t o  remain on tht! l u n a r  
s u r f a c e  f o r  ~p t o  66 hours;  t h e  landed s c i e n t i f i c  payload w i l l  b e  doitbled t o  
approximate.Ly :L , 000 pounds; and t h e  range and e f f i c i e n c y  o f  s u r f  ace  ciperatioxis 
w i l l  be  inc;tea:;ed through improved s u i t  mob i l i t y ,  improved l i f e  suppor t  system, 
and a l u n a r  roving veh ic l e .  
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Fur the r ,  CSM changes are being made t o  add n e a r l y  1 ,000 pounds of  lameras, 
o t h e r  remote sens ing  s c i e n t i f i c  equipment, and a d d i t i o n a l  consumable!; t o  
i n c r e a s e  tiie c a p a b i l i t y  t o  s tudy  t h e  moon from o r b i t .  Findings from the 
widely sepa ra t ed  l and ings  can then  be t i e d  t o g e t h e r  and f i t t e d  i n t o  3 t o t a l  
p i c t u r e  of t h e  moon. 

Many of t h e  o r b i t a l  experiments  t o  be  conducted dur ing  t h e  l a s t  tritree Apo1l.o 
missions w i l l  b e  opera ted  from an i n t e g r a t e d  ins t rument  package localred i n  tlie 
Serv ice  Plodule. l i is t ruments  sclieduled inc lude  a mapping camera syst1.m which 
w i l l  provide a c a p a b i l i t y  f o r  high r e s o l u t i o n  panoramic metrl c photo :raphy 
laser a l t i m e t r y  arid r e fe rence  s t e l l a r  photograpliy. The inf0rmat.i on obtained1 
w i l l  permit a more d e t a i l e d  s tudy  of t h e  moon's s i z e ,  shape, sui-f'ace topog- 
raphy, and t h e  i n t e r r e l a t i o n s h i p  between t h e  g r a v i t a t i o n a l  f i e l d  and luna r  
s u r f a c e  f e a t u r e s .  Other  o r b i t a l  experiments  i n c l u d e  a var ie ty  of  senso r s  f o r  
examining tlie geochemical and phys ica l  p r o p e r t i e s  of  l a r g e  a reas  of ;ne lunai- 
s u r f a c e ,  anc f o r  s tudying  t h e  f i e l d s  and p a r t i c l e s  environment o f  this moon. 

Apollo 15 and 17 missions w i l l  eacli d e l i v e r  s m a l l ,  self-powered S U I I -  
s a te l l i t es  t o  l u n a r  o r b i t ,  T h e  s u b s a t e l l i t e s  w i l l  moni tor  t h e  v a r i a t i o n  of  
magnetic f i e l d s  and i n t e r p l a n e t a r y  charged p a r t i c l e  streams i n  tlie v i c i n i t y  
of t h e  moon t c  determine t h e  e lec t r ica l  body p r o p e r t i e s  of tiie moon and i n f e r  
i n t e r n a l  p l i ) r s i c a l  cliaracteris t i c s .  T h e  s u b s a t e l l i t e s  are equipped with tr'ans- 
ponders whick w i l l  provide f o r  ref inement  and ex tens ion  of mass concentrat . ion 
and m a s s  tlef'ic.iency d a t a .  

Of ya r t i c .u l a r  in te res t  i n  t h e  l a t te r  miss ions  is  t h e  inc reased  s u r f a c e  
mobi l i ty  whj.ch w i l l  b e  provided t o  t h e  a s t r o n a u t s  by t h e  l u n a r  roving  v e h i c l e .  
This  vtihic1.e w i l l  g r e a t l y  i n c r e a s e  t h e  mob i l i t y  and range of  ttie a s t r o n a u t s "  
It can c a r r y  tloth a s t r o n a u t s ,  t h e i r  equipment (and the  c o l l e c t e d  s u r f a c e  
samples.  A wide v a r i e t y  of s a m p l e s  w i l l  be c o l l e c t e d  dur ing  ea1211 of t h e  
t h r e e  HVA's t o  u e  conducted dur ing  eacli miss ion  t o  provide  a more conp le t e  
underst:andi.ng of t h e  c h a r a c t e r i s t i c s  and f e a t u r e s  o f  the landinq  s i t e .  

The f1poll.o 1.5 crew w i l l  have David S c o t t  i n  Command, Al f red  Worden as Command 
Module Pilolr, and James I rwin  as Lunar Module P i l o t .  I t  is scheduled f o r  
launch i n  J u l y  1971 ,  and w i l l  l and  i n  t h e  Hadley-Apennine mountain xegion on 
t h e  edge of tlie Sea of Rains. Near t h e  l and ing  p o i n t ,  t h e  Apenni.ne Mountains 
rise up t o  (3,000 f e e t  above t h e  mare f l o o r  which inc ludes  sinuou.; i kd ley  R i l l e ,  
a canyon 600-:,,000 f e e t ,  1 / 2  m i l e  wide and 50 m i l e s  long.  

A t  tlie Hadlay-Apennine s i t e ,  ano the r  ALSEP w i l l  be  emplaced. A nev experiment 
t o  be  emp1o:jeti dur ing  t h i s  miss ion  w i l l  be  t h e  hea t  flow experiment which w i l l  
b e  placed i n  i ioles d r i l l e d  about t e n  f e e t  i n t o  t h e  su r face .  The measurement 
of heat flow from tlie i n t e r i o r  of  t h e  moon i s  a fundamental geophys ica l  measure-  
ment needed to i n t e r p r e t  t h e  p re sen t  i n t e r n a l  c o n s t i t u t i o n  of t h e  mcon as well 
as i t s  his i : l~ry and evo lu t ion .  Tnis  experiment was o r i g i n a l l y  schedtiled on 
Apollo 13,  In a d d i t i o n ,  ano the r  pas s ive  seismometer and magnetomete r,  both  
of wiiich w i l l  p rovide  informat ion  about t h e  i n t e r i o r  of t h e  moon, a long w i t i i  
several in:;t;rurnents tiiat ana lyze  t h e  l u n a r  atmosphere w i l l  b e  deplo j  ed t o  
cont inue  tlie es tab l i shment  of an ins t rument  network on t i i t  moon. 
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S p e c i f i c  1.antiing sites f o r  Apollo 16  and 1 7  have n o t  been s e l e c t e d .  Three 
si tes are considered primary cand ida te s .  They are t h e  Marius H i l l s ,  a major 
r i d g e  system of appa ren t ly  vo lcan ic  o r i g i n ;  Descartes, a highland area; and 
t h e  6 0 m i l e  d iameter  c r a t e r  Copernicus wi th  i t s  2,500 f o o t  high c e n t r a l  peak. 

A l u n a r  soimder and l u n a r  se i smic  p r o f i l i n g  experiment w i l l  be  flown on 
Apollo :L7. Data a n a l y s i s  from t h e  Apollo 1 2  seismometer implies  t h a t  moon- 
quakes i3re mal.agous t o  ear thquakes genera ted  by s l i p p a g e ,  bu t  they always 
appear t o  s l i p  i n  t h e  same d i r e c t i o n .  Th i s  is very l i k e l y  caused by a source 
of  s t r a i n  accumulating w i t h i n  t h e  moon and be ing  r e l eased  by t h e  addi tionaX 
t i d a l  f o r c e s  t h a t  occur  a t  t h e  t i m e  of  c l o s e  earth-moon proximity.  P t  p r e s e n t ,  
s c i e n t i s t s  can only  s p e c u l a t e  as t o  t h e  source  of s t r a i n .  Fu r the r  d a t a  from 
the  l u n a r  se isrnic p r o f i l i n g  experiment may provide  a c l e a r e r  i n s i g h t  i n t o  
t h i s  phenomeiion. 

The l u n a r  rounder, a r a d i o  sounding device ,  w i l l  b e  used t o  probe geolog.ica.1 
s u b s t r a t a  firom high a l t i t u d e s .  It w i l l  be  inc luded  as p a r t  of t h e  o i b i t a l  
s c i e n t i f i c  ('Kperiment package on Apollo 1 7 .  This  l u n a r  sounder has ;I long 
development time and would no t  have been a v a i l a b l e  f o r  ear l ie r  f l i g h t  schedules .  
The dev ice  i 8 3  s i m i l a r  t o  r a d a r  i n  i t s  t r ansmiss ion  of a s i g n a l  and sens ing  t h e  
r e t u r n  from the  t a r g e t  area. However, t h e  use of  m u l t i p l e  frequencicls and t h e i r  
known p e n e t r a t i o n  v a r i a t i o n s  make i t  p o s s i b l e  t o  e x t r a p o l a t e  t h e  d e m i t y  and 
makeup of th2  subsur face .  

Completion oE t h e  Apollo f l i g h t  program has  been extended f i v e  months t o  
December 19'72, t o  improve t h e  s c i e n c e  r e t u r n  on t h e  l a s t  mission and t o  
enhance t h e  o p p o r t u n i t i e s  t o  i n c o r p o r a t e  t h e  r e s u l t s  of  prev ious  l u n a  f l i g h t s  
i n t o  t h i s  l i 1 3 t  f l i g h t .  Experience wi th  prev ious  l u n a r  exp lo ra t ion  dc1monstrat:e.s 
t h e  desirability f o r  a d d i t i o n a l  t i m e  f o r  t h e  s c i e n t i f i c  community t o  a s s i m i l a t e  
t h e  d a t a  rece ived  from each f l i g h t .  This  can be accomplished by a mure compl-ete 
and thorough a n a l y s i s  o f  t h e  r e s u l t s  of each miss ion  and incorporat i r ig  t h i s  
knowledge i n t o  t h e  i n v e s t i g a t i v e  p lans  f o r  t h e  n e x t  mission.  

S ince  ApoLlo 16  and 1 7  a r e  planned as t h e  l a s t  o p p o r t u n i t i e s  i n  th:i.s decade 
f o r  manned e x p l o r a t i o n  of tne moon by t h i s  count ry ,  it i s  important  J 'or  
t h e  n a t i o n  i t o  o b t a i n  t h e  g r e a t e s t  p o s s i b l e  s c i e n t i f i c  r e t u r n s  from tkiese 
f l i g h t s .  This  reschedul ing  o f  Apol lo  launches i n c r e a s e s  t h e  in t e rva l  between 
missions and a d e l i c a t e  ba lance  must b e  maintained between t h e  launcki i n t e r v a l s  
and t h e  s c i e n t i f i c  r e t u r n s  from t h e s e  f l i g h t s .  Opera t iona l  e f f i c i e n c y  and 
s a f e t y  ,are  t l i r l i c t ly  r e l a t e d  and depend on a launch rate s u f f i c i e n t  t c l  main ta in  
an e f f e c t i v e  l e v e l  of competence i n  t h e  Apollo team. The new Apollo schedule  
maintains  t h i s  d e l i c a t e  ba lance  whi le  a l lowing  t h e  s c i e n t i f i c  re turns ,  t o  be 
expanded. 

SUMMARY --- OF RESOURCES REQUIREMENTS : 

1'172 -- 1970 1971 - 
Spacecraf t . .  ................. $775,608,000 $411,086,000 $164,1112,000 
Sa tu rn  V . . . . . . . . . . . . . . . . . . . . .  486,691,000 237,700,000 186,0O3,000 
MSF operat ioi is . .  ............. 422,068,000 265,614,000 _262,045,000 

Total . . . . . . . . . . . . . . . . . . . . . .  $1,684,367,000 $914,400 * 000 
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---- Distributi1x-i of  Program Amount by I n s  t a l l a t i o n :  

John F. Ceiinedy Space Center  

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

Manned !j ?ac:ecraf t Center . .  .. 

Je t  P r o p ~ l s i o n  Laboratory. .  . 
Wallops (Stat ion. .  ........... 
he:; Re:; earch Center .  ....... 
E l e c t r o n i c s  Research Center.  
Langley Research Center. .  ... 
NASA Heillilqua r t ers ........... 

19 70 - 
$258,350,000 

873,393,000 
513,047,000 

200,000 
869,000 

30,000 
50,000 

7,000 
960,000 

37,461,000 

BASIS OF FUN3 REQUIREMENTS : 

Spacec ra f t  

Spacecraf 1:. ................... $775,608,000 

Tota l . .  ..................... S775,608,000 

19 7 1  

$170,000,000 
454,500,000 
259,400,000 

470,000 
200,000 

- -- 
--- 
--- 

440,000 
29,390,000 

$411,086,000 

$411,086,000 

The Command and Serv ice  Modules and Lunar Modules r equ i r ed  t o  conclude t h e  
Apollo El ight  program w i l l  be  e s s e n t i a l l y  complete by t h e  end of  FY 1971. 
The spac:ecriaEt c o n t r a c t o r s ,  North American Rockwell f o r  t h e  Command and Se rv ice  
Module and Grurnman Aerospace Corporat ion f o r  t h e  Lunar llodule, have cleliverecl 
t h e  Apollo :L5 s p a c e c r a f t  t o  t h e  Kennedy Space Center  (KSC). The s p a c e c r a f t  
f o r  t h e  Apo:lLo 16  and 1 7  missions are i n  checkout,  wi th  t h e  Apollo 1 f  hardware 
scheduled f o r  d e l i v e r y  b e f o r e  t h e  end o f  FY 1971. 

Work on  CSY':j and L H ' s  in tended  f o r  missions now cance l l ed  has  beer1 suspended. 
The CSM's a r s  be ing  placed i n  long  term s t o r a g e  f o r  p o s s i b l e  f u t u r e  ctarth 
o r b i t a l  missioiis.  Hardware from t h e  LM's w i l l  be  used t o  support  thc remaining 
Apollo Inissimx;, a f t e r  which t h e  LM's w i l l  be  d isposed  o f  i n  accordance wi th  
n a t i o n a l  i n t e r e s t s .  No follow-on Apollo s p a c e c r a f t  p roduct ion  capabj l i t y  is 
planned; t o o l i n g  f a c i l i t i e s  and o t h e r  equipment f o r  product ion  w i l l  t e disposed 
of  i n  t h e  most economical manner. 

The Lunar Roving Vehicle  tes t  program is  n e a r l y  complete, w i th  qual i f i c a t i o n  
t e s t i n g  scheldu:Led t o  be  f i n i s h e d  i n  January 1971. Fabr i ca t ion  and assembly o f  
t h e  f l i g h t  inii:s is underway, w i th  t h e  f i r s t  f l i g h t  u n i t ,  t o  b e  flow1 on 
Apollo 15, will be de l ive red  t o  KSC i n  March 1971. The f i n a l  f l i g h t  u n i t  Wil.1 
be  completed e a r l y  i n  Fy 1972. 

The Apollo 1.1 mission c a r r i e d  fou r  experiments t o  t h e  l u n a r  sur fac t ! ,  and 
n ine  l u n a r  s u r f a c e  experiments were c a r r i e d  by Apollo 12.  The Apollci 14 crew 
performed or deployed e leven  l u n a r  s u r f a c e  experiments ,  i n  a d d i t i o n  t o  conduc:t- 
i ng  f o u r  o r b i t i d  experiments.  While t h e  number o f  l u n a r  s u r f a c e  expcmriments 
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w i l l  no t  change s i g n i f i c a n t l y  f o r  t h e  Apollo 15, 1 6 ,  and 1 7  l and ings ,  t h e  type  
of experiment t r i l l  va ry  depending upon s i t e  c h a r a c t e r i s t i c s ,  and t o  provide 
t h e  oppor tun i ty  t o  t ake  a range o f  s c i e n t i f i c  measurements. Among t h e  exper i -  
ments t o  be deployed on t h e  l u n a r  s u r f a c e  w i l l  be seismometers,  heat flow 
experiments,  va r ious  geology ins t ruments ,  g r a v i t y  experiments ,  magnetometers 
and atmospheire and p a r t i c l e  d e t e c t o r s .  

The AI,SEP for Apollo 1 5  w i l l  be  de l ive red  t o  KSC i n  FY 1971, w i t h  t h e  
Apollo 1 6  &,!;El’ d e l i v e r y  scheduled f o r  e a r l y  FY 1972. Work is now urderway 
on t h e  f~pol1.0 1.7 ALSEP which w i l l  be  d e l i v e r e d  t o  KSC i n  t h e  l a t t e r  p a r t  o €  
FY 1972,  T h i s  experiment package con ta ins  fou r  new experiments:  the s e i s m i c  
p r o f i l i n g ,  I.unar e j e c t a  and meteoroid,  a tmospheric  composition, and s u r f a c e  
gravimeter .  Other  new s u r f a c e  experiments t o  be  c a r r i e d  on Apollo 1 7  a r e  a 
t r a v e r s e  gravir ie ter  and a s u r f a c e  e l e c t r i c a l  p r o p e r t i e s  experiment.  

The o r b i t a l  experiments f o r  t h e  Apollo 1 5  and 16 missions w i l l  b e  celiverecl 
i n  FY 1971, Work is now underway on t h e  experiments f o r  t h e  Apollo 1 7  f l i gh t : .  
This mission w i l l  be t h e  f i r s t  f l i g h t  f o r  t h e  u l t r a v i o l e t  (W) spec t rometer ,  
i n f r a r e d  (111) scanning rad iometer ,  and l u n a r  sounder.  These experiments are 
scheduled t o  be d e l i v e r e d  i n  FY 1972. 

Funding i n  FI 1972 is requi red  t o  suppor t  t h e  p repa ra t ion ,  f l i g h t ,  and post: 
f l i g h t  a n a l y s i s  of Apollo miss ions .  It a l s o  provides  f o r  modif icat ic lns ,  
f ac to ry  chec’cout and d e l i v e r y  of  s p a c e c r a f t ,  and procurement o f  scier ice  pay- 
loads  and eqd.pment t h a t  is r equ i r ed  t o  suppor t  t h e  remaining Apollo f l i g h t s .  
Included is El ight  equipment such as t h e  s p a c e s u i t s ,  t h e  p o r t a b l e  l i f e  suppor t  
systems, and t h e  Lunar Communication Relay Unit  (LCRU) which w i l l  prcivide t h e  
a s t r o n a u t  wl th  a d i r e c t  communications l i n k  t o  t h e  e a r t h  when he is ciut o f  
s i g h t  oE t h e  Lunar Module. The LCRU w i l l  be  used i n  a s s o c i a t i o n  w i t t i  t h e  Lunar 
Roving Vehic le ,  and w i l l  a l s o  f e a t u r e  a c o l o r  t e l e v i s i o n  camera. Thc, LCRU i s  
a new development and w i l l  have i t s  f i r s t  f l i g h t  on Apollo 15.  The 2pacesuit:s 
and t h e  l i f e  suppor t  systems have a l s o  been upgraded f o r  t h e  l a s t  thi ,ee  Apol1.0 
missions.  

A most e s s e n t i a l  and c r i t i c a l  requirement inc luded  i n  t h e  funding I’equest 
f o r  FY 1972 is t h e  c o n t r a c t o r  engineer ing  e f f o r t  necessary  t o  support t h e  
f l i g h t  progrsm. It is t h i s  c o n t r a c t o r  eng inee r ing  t e a m  t h a t  cont r ib i i ted  s o  
s i g n i f i c a n t l y  to  t h e  s a f e  r e t u r n  o f  t h e  Apollo 13 crew. Necessary l t !ve ls  o f  
c r i t i c a l  sk i l l ! ;  w i l l  b e  maintained t o  a s s u r e  f l i g h t  s a f e t y  and t o  prcwide a 
rap id  response i n  r e so lv ing  any problems which arise dur ing  t h e  1aunc:h prepa- 
r a t i o n  and f l i g h t  phases of a mission.  Tasks t o  b e  performed by c o n t r a c t o r  
personnel  a t  t he  p l a n t s  and a t  Manned Space F l i g h t  c e n t e r s  i nc lude  mission 
suppor t ,  f i e l d  and f l i g h t  problem r e s o l u t i o n ,  f a i l u r e  a n a l y s i s  , and ;my 
necessary  rcepair and subsequent r e t e s t i n g  of  f a i l e d  components. I n  i tddit ion. ,  
personnel  a r e  requi red  t o  main ta in  and c a l i b r a t e  s p e c i a l  test equipmcmt and 
main ta in  r equ i r ed  t o o l i n g  and documentation. 
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Sa tu rn  V 

1972 - 1970 1971 - 
Sa tu rn  V . . . . . . . . . . . . . . . . . . . . . . . .  $486,691,000 $237,700,000 S186,003,00I  

Tota l . . . . . . . . . . . . . . . . . . . . . . . . .  $486,691,000 $237,700,000 .$186,003,0@ 

A l l  Sa tu rn  V launch v e h i c l e s  s t a g e s  have completed manufacture and s t a t i c  
tes t .  T n e  vi?hil-le f o r  Apollo 15  has  been d e l i v e r e d  t o  KSC wi th  t h e  f j n a l  
e lements  of t he  Sa turn  V v e h i c l e s  f o r  both Apollo 1 6  and 1 7  t o  be d e l j v e r e d  
t o  KSC d a r i n g  Fi 1972. All t h e  s t a g e s  f o r  t h e s e  miss ions  a re  p r e s e n t l y  i n  
s t o r a g e .  The S-IC s t a g e s  manufactured by Boeing A i r c r a f t  Corpora t ion  are 
l o c a t e d  a t  t h e  l\Zichoud Assembly F a c i l i t y  and M i s s i s s i p p i  T e s t  F a c i l i t j  . The 
S-I1 s t a g e s  were b u i l t  by North American Rockwell and a l l  t h e  S- I1  s t z g e s  a r e  
i n  s t o r a g e  a t  t h e  Kennedy Space Center .  The McDonnell Douglas Corpor:.tion 
S-IVB s t a g e s  f o r  t h e s e  two miss ions  are  a t  t h e  Kennedy Space Cen te r ,  2nd t h e  
Instrument  Unit:; assembled by IBM are  l o c a t e d  a t  H u n t s v i l l e ,  Alabama. Check- 
o u t  of t h e  Instrument  U n i t s  f o r  t h e  Apollo 1 6  and 1 7  miss ions  w i l l  be  completed 
i n  FY 197.1, wi th  manufacturing and checkout of  t h e  l a s t  Sa tu rn  V Insti-ument 
Unit  scheduled t o  b e  completed i n  FY 1972. Th i s  w i l l  complete t h e  product ion  
of  t h e  1 5  Sa tu rn  V launch v e h i c l e s  purchased f o r  t h e  Apollo program. 

Fundin4 i n  ET 1972 w i l l  p rovide  f o r  t r a n s p o r t a t i o n  o f  t h e  S-IC stagcms and 
ins t rument  unit:; t o  KSC; systems engineer ing ,  i n t e g r a t i o n  and conf igui .a t ion  
suppor t ;  eng.ineering and t e c h n i c a l  suppor t  a t  t h e  Marsha l l  Space F l i g k t  Center  
l a b o r a t o r i e s  i n  suppor t  of  t h e  f l i g h t  program; maintenance and o p e r a t j o n  of  
t h e  S l i d e l l ,  La. computer f a c i l i t y ;  and maintenance of t h e  I4iss iss ippJ T e s t  
F a c i l i t y  and t h e  Michoud Assembly F a c i l i t y .  

A s  wi th  t h e  Spacec ra f t ,  an  e s s e n t i a l  arid c r i t i c a l  Sa tu rn  V requirem6:nt 
included i n  itie funding r e q u e s t  f o r  FY 1972 is  t h e  c o n t r a c t o r  in-plant  
eng inee r ing  e f f o r t  necessary  t o  suppor t  t h e  f l i g h t  program. The requ: red 
levels  o f  c r i t i c a l  s k i l l s  w i l l  b e  maintained t o  a s s u r e  f l i g h t  s a f e t y  :.nd 
t o  r e s o l v e  prDblems which a r i se  d u r i n g  t h e  launch  p r e p a r a t i o n  and f l i j , h t  
phases o f  a inis:;ion. Tasks t o  be  performed by c o n t r a c t o r  personnel  ai t h e  
p l a n t s  i nc lude  miss ion  suppor t ,  f i e l d  and f l i g h t  problem r e s o l u t i o n ,  i a i l u r e  
a n a l y s i s ,  and r e p a i r  and subsequent  re tes t .  I n  a d d i t i o n ,  c e r t a i n  perE onnel  
are r e q u i r e d  t o  main ta in  and c a l i b r a t e  s p e c i a l  test  equipment and mairl tain 
r equ i r ed  too  .I in;; and do cumen t a t i o  n . 

Fundinq is  31:jO included f o r  s t o r a g e  and maintenance o f  product ion  t o o l i n g  
and f a c i l i t i e s  so t h a t ,  i f  r equ i r ed ,  Sa tu rn  V p roduc t ion  could be  r e s t a r t e d  
a t  some f u t u r e  d a t e .  I n  a d d i t i o n ,  v ideotapes  and o t h e r  g raph ic  r eco rcs  of  
manufact Jrin;;  techniques,  tes t  and checkout procedures ,  and assoc ia tec  
product ion  t a s k s  w i l l  be  made t o  f a c i l i t a t e  any f u t u r e  restart and t o  reduce 
t h e  cos t  of resuming product ion.  Funding w i l l  a l s o  be  used t o  inventc ' ry  and 
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assess trie f u t u r e  use fu lness  of equipment and materials, and t o  perfo1.m 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  p r t s e r v i n g  
t h e  c a p a b i l i t y  €or f u t u r e  resumption. 

MSF Operat ions 

19 70 - 19 7 1  1972 

Launch, f l i g h t  and recovery . . . . . .  $371,365,000 $230,133,000 $234,7&5,000 
Techn ica l . . . . . . . . . . . . . . . . . . . . . . . .  50,703,000 35,481,000 27: 300,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  $422,068,000 $265,614,000 $262,045,080,  - --. 
I n  a d d i t i o n  t o  provid ing  f o r  t h e  conduct o f  a c t u a l  Apollo miss ions ,  MSF 

Operat ions funding provides  f o r  t h e  b a s i c  c a p a b i l i t i e s  i n  c r e w  t r a i n i i i g ,  
launch,  f l i g ' h t ,  recovery and program-wide t e c h n i c a l  and Department of Defense 
support  requi red  f o r  manned space  f l i g h t s  r e g a r d l e s s  o f  program. 'L'he:,e a c t i v i -  
t i es  are l o c a t e d  p r imar i ly  a t  t h e  Kennedy Space Center ,  F lo r ida  and tlie Manned 
Spacecraf t  Center ,  Texas. 

The major o p e r a t i o n a l  c o s t s  o f  t h e  Kennedy Space Center  are as soc ia t ed  wi th  
t h e  checkout o f  t h e  s p a c e c r a f t  and launch v e h i c l e s ,  and t h e  launch suppor t  
requirements.  Support i s  supp l i ed  by both NASA c o n t r a c t o r s  and t h e  A1.r Force 
Eastern T e s t  Range. Included are t h e  a c t u a l  prelaunch checkout,  asseinbly and 
launch of t h e  space v e h i c l e s ,  management and o p e r a t i o n  of  launch complexes: 
systems engineer ing  s e r v i c e s ;  t e c h n i c a l  shop o p e r a t i o n s  ; p r o p e l l a n t  sczrvices 
and p r o p e l l a n t  systems maintenance; l a b o r a t o r y  o p e r a t i o n s ;  and ordnan-e  
s to rage .  Also included are engineer ing  des ign  and f a b r i c a t i o n  serv ic l?s  f o r  
t h e  ground suppor t  equipment systems t h a t  suppor t  t h e  launch c a p a b i l i  i:y ; 
modif 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 o f  launch f a c i l i t i e s ;  
and pos t  launch f a c i l i t y  re furb ishment .  

Other o p e r a t i o n a l  c o s t s  a t  KSC i n c l u d e  those  a s s o c i a t e d  wi th  comput ,ation 
and in s t rumen ta t ion  suppor t ,  involv ing  t h e  o p e r a t i o n  and maintenance of  com- 
put ing  systerrs,  high speed p l o t t e r s ,  magnetic t a p e  d a t a  t r ansmiss ion  iequipmenf:, 
and p e r i p h e r a l  computer equipment. Addi t iona l  o p e r a t i o n a l  suppor t  p r w i d e d  
under t h i s  ca t e g o 7  inc ludes  t h e  o p e r a t i o n  and maintenance o f  te:Lemet ry ,  
antenna,  and t r a c k i n g  systems t h a t  r e c e i v e  and process  d a t a  from prelaunch 
tests and launches o f  NASA space  v e h i c l e s .  

The Manned Spacecraf t  Center  i n  Houston is t h e  headquar t e r s  f o r  a l l  crew, 
f l i g h t ,  and recovery ope ra t ions .  The a s t r o n a u t s  are based a t  t h i s  center 
a long  with 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  prof  i c i ency  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 t r a i n e r  , ze ro  "G" s i m u l a t o r ,  systems t r a i n e r ,  l u n a r  l a c d i n g  t r a i n i n g  
veh ic l e s  and t h e  miss ion  s i m u l a t o r s .  The Manned Spacec ra f t  Center  is a l s o  
r e spons ib l e  for miss ion  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  equipment 
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l oca t ed  a t  t'ie Kennedy Space Center .  Also a t  MSC is  t h e  Mission Cont ro l  Center  
with i t s  computer complex and communications l i n k s  t o  t h e  t r a c k i n g  ntltwork arid 
o t h e r  worldwide d a t a  sources .  The Center  c o n t r o l s  f l i g h t  ope ra t ions  from 
s h o r t l y  a f t e r  :Lif toff  t o  recovery.  

I n  a d d i t i o n  1:o b a s i c  expenses i n  suppor t  o f  t h e s e  o p e r a t i o n s ,  t h e n ,  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 missiori 
planning,  i nc lud ing  t r a j e c t o r y  a n a l y s i s  ; f a i l u r e  a n a l y s i s  and evaluat  i o n  of  
o p e r a t i o n a l  performance; and t h e  funding o f  recovery ope ra t ions  whicli encomp-- 
asses t h e  p Lanning, development and o p e r a t i o n a l  phases o f  recovery ac : t i v i  t y  
i nc lud ing  t h e  Location and r e t r i e v a l  of t h e  a s t r o n a u t s  and spacecraf t  follow- 
ing  touchdown. The DOD provides  most of t h e  recovery o p e r a t i o n  elemtmts 
requi red  by VASA i n  t h i s  suppor t  ca tegory .  Reimbursement is made foi. a l l  DO11 
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 ,  communication:, f a c i l i t i e s  
and t r a i n i n g  personnel  deployed, and on t h e  number of  days these  resources  are 
used. 

Technica l  

Technical  opera t ions  provides  f o r  t h e  systems engineer ing  needed f o r  
i n t e g r a t e d  t e c h n i c a l  suppor t ,  review, and a n a l y s i s ;  advanced deuelopriient, 
c o n t r a c t  admin i s t r a t ion ,  a u d i t ,  and p rope r ty  a d m i n i s t r a t i o n  provided by t h e  
Department of Defense on a reimbursable  b a s i s ;  and f o r  t h e  nonrecur r1 .q  
maintenance and r e h a b i l i t a t i o n  of  government-owned indus t r i a l  p l  a n t s  

RI'l 1-17 



RESEARCH AND DEVEL0P:ZNT 

FISCAL YEAR 1972 ESTIT,tATES 

SPACE FLIGHT OPERATIONS P R O G W I  ---- OFFICE OF T4A'JNIiD SPACE FLIGIlT 
I_-- 

P R O G W I  OBJECT LVES ANL J U S T I F I C A T I O N :  - --- 
Space F l ig . i t  Operat ions employs t h e  s c i e n t i f i c ,  t echno log ica l ,  and 

o p e r a t i o q a l  c a p a b i l i t y  developed i n  t h e  Apollo program t o  e x p l o i t  spzlce f o r  
d i r e c t  p rac i t ica l  b e n e f i t s ,  and t o  f u r t h e r  expand m a n ' s  e x p l o r a t i o n  oj t h a t  
domain. The p r i n c i p a l  goa l  of t h e  p a s t  decade w a s  t o  demonstrate  t h i s  
n a t i o n ' s  a b i l i t i e s  i n  space by accomplishing a manned l u n a r  l and ing  zind 
r e t u r n  IDefore the  end of t h a t  decade. This  c a p a b i l i t y  can now be  d i i -ec ted  
toward t h e  Ibeneficial  u t i l i z a t i o n  of  space  i n i t i a l l y  through the  e ig l l t  month 
f l i g h t  of Skylab,  a p recu r so r  space  s t a t i o n ,  and la te r  through t h e  o i le ra t ion  
of a r eusab le  t r a n s p o r t a t i o n  system, and long  d u r a t i o n  space  s t a t i o n , ,  This 
reusablle t r . ans .?or ta t ion  system, o r  space  s h u t t l e ,  w i l l  b e  a b l e  t o  cai-ry 
s c i e n t i s t s ,  t e c n n o l o g i s t s  and s p e c i a l i s t s  of  d i f f e r e n t  s k i l l s  a n d  d i s , c i p l i n e s ,  
as passengers  i n t o  space  wi thout  t h e i r  having t o  q u a l i f y  as a s t r o n a u l s .  The 
f l i g h t  c l i a r a c t e r i s t i c s  o f  t h e  s h u t t l e  as a passenger  t r a n s p o r t  system would 
a l low men and 'domen from any i n t e r e s t e d  country t o  t rave l  i n t o  space. ,  The 
s t a t i o n  and s h u t t l e  would suppor t  a wide range of experiments  a n d  exl 'eriment 
d i s c i p l i n e s .  

Space F l i g h t  Operat ions ac t iv i t i e s  w i l l  commence w i t h  t h e  Sky1 ab p.-ogram 
formerly known as Apollo App l i ca t ions ,  i n  which t h e  S-IVB s t a g e  of tlie Saturn 
launch v e h i c l e  is veing modified t o  s e r v e  as an o r b i t a l  workshol:. SlLylab is 
a necessary  f i r s t  s t e p  toward developing a c a p a b i l i t y  f o r  long  ciurat.i.on 
manned ope ra t ions  i n  e a r t h  o r b i t .  Three success ive  teams of a s t  ronaii ts  w i l l  
occupy t h i s  exper imenta l  l a b o r a t o r y  f o r  pe r iods  of  up t o  two months. They 
w i l l  use t h e  i n s t a l l e d  equipment t o  perform s c i e n t i f i c  and a p p l i c a t i o n  
experiments ,  conduct s o l a r  obse rva t ions ,  and determine t h e  phys io logbca l  and 
psychologica l  e f f e c t s  of long d u r a t i o n  f l i g h t  on t h e  h e a l t h  of  t.he aiitronaut:; 
and on crew morale and e f f e c t i v e n e s s .  Exe rc i se s ,  h a b i t a b i l i t y  f a c t o r s ,  and  
o t h e r  ame l io ra t ing  cond i t ions  and ac t iv i t i e s  t h a t  reduce any adverse  e f f e c t s  
w i l l  be  i n v e s t i g a t e d .  

I n  t h e  l a t t e r  pa r t  of t h e  decade, t h e  space  s h u t t l e ,  a f u l l y  reusal l le  
v e h i c l e  capable  of c a r r y i n g  l a r g e  payloads,  composed of passengers ,  :argo 
o r  a combination of t h e  two, t o  and from e a r t h  o r b i t ,  w i l l  p rovide  a1 
economical space  t r a n s p o r t a t i o n  system designed t o  make n e a r  eai-t h s ,ace 
more r e a d i l y  a c c e s s i b l e  f o r  a g r e a t  v a r i e t y  of manned and unmanned a i - t i v i t i e s .  

The primary o b j e c t i v e  of t h e  space  s h u t t l e  program is  t o  develop alid p l a c e  
i n t o  ope ra t ion  an ear t l i - to-ear th  o r b i t  and r e t u r n  space t r a n s p o r t a t i o n  
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system, wi th  cktracteris t i c s  which n o t  only reduce t h e  d i r e c t  c o s t  of 
t r a n s p o r t a t i o n  t:o e a r t h  o r b i t  but  permit  accompanying r educ t ions  i n  t h e  c o s t s  
of payloads.  It: is a n t i c i p a t e d  t h a t  t h e  r educ t ion  i n  t h e  c o s t s  of space 
ope ra t ions  made p o s s i b l e  by use  of t h e  s h u t t l e  w i l l  permit  f a r  g r e a t e r  use 
of space than has been previous ly  economically p o s s i b l e ,  and allow a sub- 
s t a n t i a l  i n c r e a s e  i n  t h e  scope and range of b e n e f i t s  der ived  from space 
ope ra t ious .  

The cat:egory, O r b i t a l  Systems and Experiments, c o n s i s t s  of  a c t i v i t y  i n  t h r e e  
areas : :;pace s t:at ion  modules, experiments ,  and space  l i f e  scienc’es .  

Space s ta t i .on  module and experiment s tudy  e f f o r t s  will cont inue t o  d e f i n e  
an advanced eart.h o r b i t a l  f a c i l i t y  , l o g i s  t i c a l l y  supported by t h e  s h u t t l e  , 
and character:.zad by r o u t i n e ,  long term, f l e x i b l e ,  p roduct ive  ope ra t i cns  , 
wi th  minimum ope ra t ing  c o s t s  and inc reased  c r e w  e f f i c i e n c y  and s a f e t y  . The 
experiments t:o Le conducted i n  a s s o c i a t i o n  wi th  s t a t i o n  and s h u t t l e  
operat ior is  encompass n e a r l y  a l l  t h e  s c i e n t i f i c  d i s c i p l i n e s .  

Complenienti.iig all space a c t i v i t i e s ,  underway and planned, is space l i f e  
s c i ences .  T h i s  i n t e g r a t e d  medical and b i o l o g i c a l  program provides  fo r  t h e  
s tudy  and i n v e s t i g a t i o n  of t h e  e f f e c t s  of space  on man and o t h e r  l i v i n g  
organisms, arid t.he t r a n s l a t i o n  of t h e s e  e f f e c t s  i n t o  meeting man’s requi re -  
ments t o  su rv ive  i n  space.  

3972 -- 19 70 1971 

Skylab ......................... $324,600,000 $405,200,000 $535,400,000 
Space $;hut t:.Le. ................ 12,500,000 80,000,000 100 ,  G O O ,  000 
Orbital-  sys  tenis and ................ 37,3 75,000 experiments ,  6,000,000 30,000,000 - 

Total-. ........................ $343,100,000 $515,200,000 $672 775 000 =A_, 

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

John F. Kennedy Space Center ,  
NASA. . .I .................. $8,690,000 

Manned Spilcecraf t Center.  ... 122,007,000 

J e t  1’ropu:Lsj.on Laboratory. .  . --- 
W a1 lops  S I: at: i on. ............ --- 
Ames Research Center..  ...... 407,000 
F l i g h t  Research Center.  ..... --- 

L e w i s  Research Center.  ...... 800 ,000 
9,760,000 

Marshal l  !;pace F l i g h t  Center 200,634,000 

Langley Iksearcli Center . .  ... 802,000 

NASA lle adquart  e r s ........... 

$9,485,000 
137,275,000 
339,775,000 --- 

--- 
6,525,000 --- 

210,000 
25,000 

21,905,000 

$22,400,000 
2 15,Z 50,000 
40 3 ,  C 80 ,000 

I 75 ,000 
175,000 

:loo ,000 
8,3 80,000 

5 ,  S 70,000 

17 ,Ci45 ,000 
--.- 
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BASIS OF FUND REQUIRENENTS : --- 

Skylab 

The Skylab p r o j e c t  has reached an  advanced s t a t e  of development. Cts 
p r i n c i p a l  o b j e c t i v e s  are t o  u t i l i z e  and apply space f o r  man's benefit: and 
bnowledge w h i l e  demonstrat ing man's c a p a b i l i t y  t o  l i v e  and work i n  s')ace f o r  
extended pe r iods  of t i m e .  

The f l i g h t  phase v i 1 1  commence e a r l y  i n  1973  w i t h  t h e  unmanned l a u ~ c i i  of tile 

O r b i t a l  Workshop. Operat ions w i l l  begin one day l a t e r  when t h e  f i r s :  of thxc:!e 
crews i n  an A p o l l o  Command and S e r v i c e  Nodule launched on a Sa tu rn  113 v e h i c l e  
will rendezvous and dock v i  t h  t h e  Workshop. The IJorkshop, c o n s i s t i n ;  of 
l a b o r a t o r i e s ,  work areas, c o n t r o l  s t a t i o n s ,  l i v i n g  q u a r t e r s ,  eai-th slznsors 
and a s o l a r  obse rva to ry ,  w i l l  be  used i n  performing astronomy, space physics , ,  
and e a r t h  r e sources  s t u d i e s  and experiments ; b iosc i ence  and medi-cal 2xperi- 
mentat ion;  :.nd nianuf a c t u r i n g  and engineer ing  technology demons t i - , i t i o~ i s .  

Tlie Ivorkshop with i t s  on-board in s t rumen t s  c o n s t i t u t e s  an orbi.ta1 researcli 
f a c i l i t y  t h z t  w i l l  L e  used t o  advance laowledge i n  many of t h e  areas t h a t  
have been i c e n t i f i e d  as a p p r o p r i a t e  f o r  space  o p e r a t i o n s .  Over :I, 201 
a s t r o n a u t  iiclurs w i l l  be  a l l o c a t e d  t o  experiment a c t i v i t i e s ,  more thai  t h r e e  
times t h e  amount a s s igned  i n  a l l  p r i o r  U.S. manned e a r t h  o r b i t  missims. 

Earth Z,cien.c.es : ---. 

The use  of- E,ensors and cameras from space t o  r eco rd  and monitor t h e  resources 
of t h e  e a r t h ,  man's i n t e r a c t i o n  w i t h  iiis xrorld, and t h e  n a t u r a l  p rocesses  and 
in t e rdependenc ie s  tliat c l i a r ac t e r i ze  and r e p r e s e n t  ou r  environment, provides  
an  opportunj ty  f o r  improving t h e  q u a l i t y  of l i f e  on e a r t h .  Tlie Lartii 
Resources lxperiment  Package, o r  LREP, t o  be flown i n  Skylab w i  1 1  demonstrate 
t h e  practic a1 a p p l i c a t i o n  of e a r t h  r e sources  surveys i n  providii ig t h e  d a t a  
base  f o r  mariaE,ement and conse rva t ion  of t h e  e a r t h ' s  resources .  

Sensors arid cameras can be used t o  s tudy  o u r  a g r i c u l t u r a l  and f o r e s t  
r e sources  Lly seek ing  and mapping t h e  p rogres s  of p l a n t  d i s e a s e s ,  and by 
surveying t.1ies.e r e sources ,  t o  p rov ide  assessments of p r o j e c t e d  and p o t e n t i a l  
y i e l d .  Land usage can be recorded t o  p rov ide  a comprehensive i n s i g h t  i n t o  
t h e  ways i n  which man uses  t h i s  l i m i t e d  resource.  Urban and delnographic 
p l anne r s  can assess relat ive popula t ion  d i s t r i b u t i o n s  , and examine t h e  
s t r u c t u r e  of r l e t ropo l i t an  areas. Cartographers  can c o n s t r u c t  c u r r e n t  map:: 
f o r  much of t h e  wor ld ' s  s u r f a c e  and c h a r t  areas f o r  which no  d e t a i l e d  maps 
e x i s t .  Geo.Lof;ists can l o c a t e  areas of promise i n  t h e  con t inu ing  e x p l o r a t i o n  
f o r  mineral. r e sources  t o  s u s  t n i n  t h e  economy and t o  r e p l e n i s h  diminishing 
s u p p l i e s .  l i yd ro log i s t s  can survey and ca t a logue  e x i s t i n g  water resclurces 
wh i l e  s eek ing  t h e  l o c a t i o n  of new s o u r c e s ,  and w i l l  be a b l e  t o  more e f f e c t i v e l y  
conserve arid manage t h e  s u p p l i e s  t h a t  are a v a i l a b l e .  The oceans car be 
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s t u d i e d  t o  b e t t e r  understand t h e  dynamics of  t h e  sea, i t s  c u r r e n i x ,  UIJ- 

we l l ings ,  and waves, p o t e n t i a l l y  enabl ing  man t o  more proper ly  and ef  E ic i en t ly  
h a r v e s t  t h e  resources  of t h e  sea, and p r o t e c t  t h e  l and  from e ros ion .  

High r e s o l u t i o n  coverage of a tmospheric  p rocesses  and phenomena can enable  
me teo ro log i s t s  t o  ga in  new i n s i g h t s  i n t o  t h e  n a t u r e  of  weather.  Eriviron- 
m e n t a l i s t s  ci.n monitor t h e  range and degree of t h e  p o l l u t i o n  t h a t  seeins t o  
permeate t h e  a i r  and waters of t h e  e a r t h ,  and q u a n t i t a t i v e  assessments  of t h e  
type  and  na tu re  of p o l l u t i o n  can be made. 

The Skylab mission w i l l  t r a v e l  i n  a high o r b i t a l  i n c l i n a t i o n  t o  provide  
e a r t h  s u r v e y  coverage between 50' l a t i t u d e  n o r t h  and south.  This w i l l  cover 
some 752 of t he  e a r t h ' s  a r ea ,  i nc lud ing  80% of  food producing areas, and 90% 
of t h e  Fopulat ion.  The coverage encompasses t h e  contiguous United S t a t e s ,  
and as a.n example has as i ts  nor thern  boundary a l i n e  s t r e t c i t i n g  from c e n t r a l  
Germany through southern iklgium and t h e  Engl ish cliannel ac ross  iilie N D r t h  
A t l a n t i c  t o  tlie G u l f  of S t .  Lawrence and ac ross  t h e  sou the rn  t i e r  of nlestcrn 
Canadian proL5r;ces. T h e  southern  boundary circles t h e  oceans no c t h  of  
An ta rc t i ca  arid c r o s s e s  land only a t  t he  southern  t i p  of Chi l e  and Argent ina,  

To take maxirum advantage of t h i s  h igh  i n c l i n a t i o n ,  t h e  ea r th -  Looking 
c a p a b i l i t i e s  of t h e  Workshop have been inc reased  by improving t h c  q u a l i t y  of  
t h e  mu1tispec:tral  camera array t o  provide f o r  h i g h e r  r e s o l u t i o n  over  an 
expanded range of wavelengths.  A second experiment ,  t h e  i n f r a r e d  spec t ro -  
meter, w i l l  analyze t h e  spectral  c h a r a c t e r i s t i c s  of e a r t h  phenomena without: 
s e r i o u s  atmc~s~ph e r i c  i n t e r f e r e n c e .  A 10-Band m u l t i s p e c t r a l  scanner  w i l l  
measure r a d i a t i o n  i n  var ious  reg ions  of t h e  spectrum r e f l e c t e d  o r  emi t ted  
from sel .ected test  sites. The remaining two experiments  are a microwave 
sca t t e romete r ,  altimeter, and radiometer ,  and a L-Band microwave radiometer  
and w i l l  s tudy t h e  use  of r a d a r  and pass ive  microwave systems. 'These two 
experiments car, ope ra t e  day or n i g h t  and are n o t  a f f e c t e d  by weather and 
clouds.  The i r  primary o b j e c t i v e s  w i l l  b e  t o  examine ocean s u r f a c e s  and 
ternperat .ures,  and on land  t o  record  t h e  presence  and e x t e n t  of w 2 t e r  o r  snow. 

The e a r t h  sens ing  Skylab instruments  w i l l  complement those  f l y i n g  i n  p o l a r  
o r b i t  on t h e  unmanned Earth Resources Technology Sa te l l i t e  (ERTS) during 
t h i s  per iod .  The ERTS satell i tes can supply cont inuous coverage on a dedi- 
ca ted  b a s i s  ,, whi le  t h e  Skylab viewing w i l l  be performed i n  c o n j m c t i c n  wi th  
o t h e r  experiment p r i o r i t i e s  and wi th  d i f f e r e n t  s p e c t r a l  coverage. T h i s  wi:L1 
p e r m i t  coorcli.nated measurements of  t h e  same area by d i f f e r e n t  systems. A i r -  
c r a f t  arid ground measurements of  s p e c i f i c  test  s i t e s ,  both i n  thje United 
S t a t e s  and of:her coun t r i e s  which are coopera t ing  i n  t h i s  a c t i v i t y ,  w i l l  a l s o  
b e  made f o r  t h e  purposes of c a l i b r a t i n g  and i n t e r p r e t i n g  t h e  d a t a  from t h e  
Workshop and ERTS. 

Astrononiy and Space Physics:  

The Apollo Telescope Mount (Ani) w i l l  b e  t h i s  coun t ry ' s  f i r s t  mannesd 
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as t ronomica l  observa tory  i n  space ,  I t  carries ins t ruments  a s soc ia t ed  wi th  
f i v e  experiments:  a whi te  l i g h t  coronagraph t o  monitor t h e  b r i g h t n e s s ,  form 
and p o l a r i z a t i o n  of t h e  s o l a r  corona in whi te  l i g h t ;  an X-ray spectrcjgraphic  
t e l e scope  f o r  s tudying  s o l a r  f l a r e  emissions i n  t h e  s o f t  X-ray wavelclngths; 
an u l t r a v i o l e t  spec t rometer  f o r  p h o t o e l e c t r i c a l l y  record ing  high rescblution 
s o l a r  images and surveying spectral  emissions of  s e l e c t e d  areas of ttle sun;  
a dua l  X-ray t e l e scope  f o r  ob ta in ing  t ime-h i s to r i e s  of t h e  dynamics c f  t h e  
s o l a r  atmosphere i n  s e l e c t e d  X-ray ranges ; and an u l t r a v i o l e t  spec t rc  graph 
and I ie l iogra?h f o r  recording high r e s o l u t i o n  images i n  t h e  u l t r a v i o l c  t 
wavelength. 

Man has been l i m i t e d  i n  h i s  s tudy  of t h e  sun because our atmospherc o b s t r u c t s  
observa t ion  D f  t h e  u l t r a v i o l e t ,  extreme u l t r a v i o l e t ,  X-ray, and most i n f r a r e d  
r a d i a t i o n  fxDm t h e  sun and d i s t o r t s  o p t i c a l  images. Fu r the r ,  c louds and 
atmospheric  p o l l u t i o n  o f t e n  i n t e r r u p t  and prec lude  viewing. Operatir ,g above 
t h e  atmosphere a t  an a l t i t u d e  of 235 m i l e s ,  t h e  manned observa tory  wJ 11 b e  
f r e e  from t h i s  i n t e r f e r e n c e  and w i l l  have t h e  c a p a b i l i t y  f o r  selectiire 
poin t ing .  'Triese ATM obse rva t ions  w i l l  provide a f a r  g r e a t e r  understzmding 
i n t o  t h e  dynamic processes  t h a t  t a k e  p l a c e  i n  and around t h e  sun,  whj ch can 
b e  of d i r e c t  p r a c t i c a l  a p p l i c a t i o n .  M i i l e  t h e  e f f e c t  of s o l a r  flare: i n  
c r e a t i n g  au ro ra ' s  and i n  d i s r u p t i n g  t h e  ionosphere and t h e  earth 's  mzignetic 
f i e l d  has been observed f o r  many y e a r s ,  l i t t l e  i s  known of  t h e  effec1.s of  
high energy s o l a r  particles on t h e  e a r t h ' s  upper atmosphere and t h e n i f o r e  on 
t h e  weather.  

Another p o t e n t i a l  p r a c t i c a l  b e n e f i t  is t h a t  a b e t t e r  i n s i g h t  i n t o  1:he 
e n e r g e t i c  processes  of t h e  sun may y i e l d  an understanding o f  the in tc t rac t ions  
of magnetic f i e l d s  and h igh  energy plasmas t h a t  could i n  t u r n  l e a d  t o  improved 
nuc lea r  power sources  f o r  l a r g e  scale use  on e a r t h .  The inc reased  dc:mand 
f o r  e l e c t r i c a l  power coupled wi th  a p o t e n t i a l  sho r t age  of f o s s i l  fue.;.s and 
t h e  growing concern f o r  environmental  p o l l u t i o n  could  make t h i s  a mai:ter of 
major importance before  t h e  end of t h e  century.  

The crews w i l l  a l s o  conduct o the r  as t ronomica l  and space physics  e::peri- 
ments. 
o b t a i n  u l t r a v i o l e t  and s o l a r  s p e c t r a  f o r  p r e d i c t i o n  of s o l a r  f l a r e s  (md t h e  
q u a l i t y  of r a d i o  communication a t  var ious  f requencies  dur ing  s o l a r  s :oms. 
Nuclear emulsions w i l l  i n t e r c e p t  cosmic r ays ,  whose p h y s i c a l  and cnei i ical  
c h a r a c t e r i s t i c s  can be measured and observed. A series of boxes w i l  L 
c o l l e c t  small micrometeoroids f o r  a n a l y s i s  i n  l a b o r a t o r i e s  back on e , i r t h .  
Sky surveys w i l l  be made by photographing l a r g e  areas of t h e  sky i n  lihe 
u l t r a v i o l e t  wavelength,  and surveying i t  f o r  X-ray sources .  One of lrhese 
is t h e  u l t r a v i o l e t  panorama experiment ,  being flown f o r  t h e  Laborato i r e  
d'Astronomic S p a t i a l e  (CRNS) of France which w i l l  measure t h e  UV c o l o r  index. 
of s te l la r  o b j e c t s  i n  our  galaxy. 

A complementary experiment t o  t h e  ATM w i l l  photograph t h e  sui and 

The requirement f o r  a b e t t e r  knowledge of  spec t rophotometr ic  c r i t e t i a  of 
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ear ly- type  s t a r s  i s  recognized as fundamentally impor tan t  d a t a  f o r  f u t u r e  
s t u d i e s  of t.ar:ly-type stars common t o  reg ions  i n  t h e  s p i r a l  arms of ti. galaxy,  

The b r igh txees  i n  t h e  n i g h t  sky w i l l  be  measured i n  an e v a l u a t i o n  clf t h e  
phenomena known as Gegenschein and Zodiacal  l i g h t .  Also a study of t h e  l ight .  
and t w i l i g h t  e a r t h  hor izon  l i g h t  and atmospheric  a i rg low w i l l  be undr r taken .  

Space Medicine -- and Bioscience:  

This  t h i r d  major experiment area p r i m a r i l y  a p p l i e s  t o  t h e  conduct of f u t u r e  
space a c t i v i t i l e s ,  al though i t  can provide new i n s i g h t  i n t o  b a s i c  phy::iologicixl 
p rocesses  oE men and animals, and c e r t a i n l y  some of  t h e  instrumentat: .on 
developed f o r  measurements of body processes  i n  space w i l l  f i n d  use :in e a r t h  
a p p l i c a t i o n s .  

The Skylab missions w i l l  p e r m i t ,  f o r  t h e  f i r s t  t i m e  i n  t h i s  cciuntry's 
program, t h e  conducting of ex tens ive  rea l  t i m e ,  c o n t r o l l e d ,  s e q t t e n t i # d ,  
i n f l i g h t  biomedical  and behav io ra l  measurements. This program wi 11 * d s o  
provide t h e  f i r s t  oppor tuni ty  f o r  a s c i e n t i s t - a s t r o n a u t  phys i c i an  t o  p a r t i c i - -  
p a t e  i n  on board obse rva t ions  and experiments  as a member of t h e  f l i ; : h t  c r e w ,  

Plan's phys io log ica l  responses  and a p t i t u d e s  i n  space  w i l l  be nieasuced and 
assessed  unde r  ze ro  g r a v i t y  condi t ions .  H i s  pos t  mission adap ta t ion  t o  t h e  
terrestrial environment will be examined through a series of progres: ; ively 
longer  miss ions ,  and t h e  increments by which mission du ra t ion  can be inc reased  
w i l l  a l s o  be determined. 

I n  a d d i t i c n  t o  space medicine,  s e v e r a l  b i o l o g i c a l  experiments w i l l  be  
conducted. These are a s tudy  of t h e  e f f e c t  of  ze ro  g r a v i t y  on l i v i n g  human 
ce l l s  i n  a t i s s u e  c u l t u r e ,  and t w o  experiments examining b io logxca l  rhythms. 
Living organisms possess  p e r i o d i c  rhythms, i n f luenced  by unknown f a c t o r s ,  
which govern t h e i r  l i f e  processes ,  a c t i v i t i e s ,  and behavior .  If t h e s e  rhythms 
are a l tered,  a cond i t ion  may develop among t h e  d i f f e r e n t  func t ions  of t h e  
organism, r e s u l t i n g  i n  metabol ic  confusion t h a t  may induce discomfort  and 
i l l n e s s .  Vinegar gnats and mice w i l l  b e  s t u d i e d  f o r  t h e  e f f e c t  o f  t i e  space 
environment on t h e s e  rhythms. 

Engineering -- and Manufacturing TKchnology: 

The f i n a l  s e t  of Skylab experiments is i n  t h e  area of  eng inee r ing  and 
manufacturing technology. Among the  experiments  t o  be performed are :  an 
a n a l y s i s  of aerosol d i s p e r s i o n  i n  z e r o  g r a v i t y ;  an e v a l u a t i o n  of var ious  
thermal. cont:rol c o a t i n g s ;  a s tudy  of  t h e  e f f e c t s  of  crew motion on t h e  dynam:lcs 
of a space vekdcle;  p r e c i s i o n  o p t i c a l  t r a c k i n g ;  and t h e  n a t u r e  and propagat ion 
of flame i n  zero  g rav i ty .  

An important: experiment w i l l  b e  t h e  e v a l u a t i o n  of t h e  f e a s i b i l i t y  of manu- 
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f a c t u r i n g  se: lected materials i n  space  u t i l i z i n g  t h e  space  vacuum and ze ro  
g r a v i t y  cond i t ions ,  This  w i l l  i n c l u d e  i n v e s t i g a t i o n s  i n t o  t h e  me l t ing  of  
metals, b raz ing  techniques ,  composite and s p h e r i c a l  c a s t i n g ,  and c r y s t a l  
growth. Fluch of t h i s  work shows g r e a t  promise and .may p rov ide  t h e  b a s i s  i n  
f u t u r e  yea r s  f o r  us ing  space  s t a t i o n s  as commercial f a c i l i t i e s  f o r  u se  i n  
manufacturing e i t h e r  p e r f e c t l y  formed products  o r  unique materials. 

Mission Desc.cir)tion: 

T h e  Skylab missions w i l l  beg in  i n  e a r l y  1973 w i t h  t h e  unmanned laurlcti of 
t h e  Workshop i n t o  a 50" o r b i t  of 235 m i l e s  a l t i t u d e  us ing  a two stage'  v e r s i o n  
of a Sa tu rn  'J veh ic l e .  The Apollo Telescope Mount (ATM) w i l l  be covered by 
a payload shroud forward of t h e  Workshop, i n  t h e  area occupied during: Apollo 
mission:; by the  Lunar Module and Command and S e r v i c e  Modules. The sttroud 
w i l l  a l so  p m t e c t  t h e  Air lock  and Mul t ip l e  Docking Adapter du r ing  latmch. 
Tile payload ;h:coud w i l l  Le j e t t i s o n e d ,  t h e  ATM w i l l  swing o u t  t o  t h e  s i d e ,  
and t h e  so lar  (arrays will be deployed. On t h e  day fo l lowing  launch of t h e  
Workshop, a Saturn I B  v e h i c l e  w i l l  launch a modif ied Apollo Command <tnd 
Se rv ice  Module whose t h r e e  man crew w i l l  rendezvous and dock wi th  the: 
Workshop t o  a1 Low completion of  t h e  o r b i t a l  assembly and commencemeci: of 
ope ra t ions .  

The i n i t i a l  manned mission w i l l  be  p r i m a r i l y  d i r e c t e d  toward t h e  ac:complish- 
ment of medica.1 experiments r e l a t e d  t o  p rov id ing  a s su rance  f o r  t h e  wc!ll-being 
of a s t r o n a u t s  dur ing  t h e  t h r e e  Skylab miss ions .  Other  areas of  focu:: w i l l  
b e  t h e  s o l a r  astronomy, e a r t h  r e sources ,  and t e c h n i c a l  experiments  wldch w i l l  
b e  conducted concur ren t ly  w i t h  t h e  medical  a c t i v i t y .  This  miss ion  i s ;  planned. 
t o  las t  up t o  28 days,  beginning wi th  t h e  launch of  t h e  manned f l ighi : .  

A t  completion of t h e  f i r s t  mission,  t h e  c r e w ,  b e f o r e  l e a v i n g ,  w i l l  p repare  
t h e  Workshop f o r  an unmanned p e r i o d  of two months, du r ing  which i t  w i l l  be  
maintained i n  a semi-act ive cond i t ion .  

The second manned mission,  w i th  a new c r e w ,  w i l l  b e  launched approximately 
3 months a f t e r  t h e  f i r s t  manned launch. This  r e v i s i t  miss ion  is plaiined 
f o r  a d u r a t i o n  of up t o  56 days. The mis s ion  w i l l  reoccupy t h e  SkyLIb 
Workshop a n d  g a t h e r  much g r e a t e r  amounts of  d a t a  from medical ,  t .echnica1, 
s c i e n t i f i c ,  e a r t h  r e sources ,  and s o l a r  astronomy experiments ,  w i t h  tlie focus 
on t h e s e  l a t te r  two areas. 

The rendezvous p r o f i l e ,  Sky l a b  Workshop a c t i v a t i o n ,  miss ion  o p e r a t  ions 
sequence, and CSM d e o r b i t  and recovery w i l l  b e  similar t o  those  i n  tlie f i r s t  
mission.  

The t h i r d  and f i n a l  c r e w  w i l l  be launched approximately 3 months a'fter t h e  
second manned launch. This  mission i s  also  planned f o r  a d u r a t i o n  oE up t.o 
56 days frou launch.  Again, t h e  crew's a c t i v i t i e s  w i l l  emphasize thiz 
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s c i e n t i f i c  a i d  a p p l i c a t i o n s  o b j e c t i v e s  of  t h e  experiments .  Af t e r  cor iplet ion 
of t h e  experiments and mission ac t iv i t i e s ,  t h e  Workshop w i l l  b e  prepitred 
f o r  o r b i t a l  s to rage  i n  t h e  s o l a r - i n e r t i a l  a t t i t u d e  ( p o i n t i n g  toward l.he sun) ,, 
The CSM w i l l  undock from t h e  Workshop and then  d e o r b i t  f o r  a planned recovery 
i n  t h e  mid-Pacific area. There are no p r e s e n t  plans f o r  any f u r t h e r  r e v i s i t s  
t o  t h e  'J0rk:~hop. 

A change i n  program p l a n  w a s  made i n  May 1970 t o  provide f o r  launctiing t h e  
Skylab Sa turn  IB v e h i c l e s  from Launch Complex 39. The t r a n s f e r  of  Sa l turn  I B  
launch ope ra t ions  t o  Complex 39 w a s  undertaken t o  reduce costs, t o  s 1 : r e a m l i n a  
Kennedy Space Center (KSC) opera t ions  by c o n s o l i d a t i n g  a l l  manned sp<ice 
f l i g h t  launches at one complex, and t o  improve r e l i a b i l i t y  througii u!;e of  t h e  
newer complex and i ts  f a c i l i t i e s  f o r  indoor  assembly of t h e  space  vei i ic le .  

Backup hardware, i nc lud ing  a Workshop, Mul t ip l e  Docking Adapter Ai,clock, 
Apollo Telescope Mount, and o t h e r  experiments ,  w i l l  be brought to th? p o i n t  
of  completion of manufacturing and systems i n s t a l l a t i o n ,  s o  that: f i n a l  
checkout and d e l i v e r y  can be exped i t ious ly  accomplished t o  conduct a backup 
mission i f  requi red .  

Sky l a b  

19 7 ;I --- 1970 1971 - 
Space vehic les . .  .............. $6 3,330,000 $7 7,300,000 $19 4,000,000 

.................... 34,500,000 
Payloads and experiments. .  .... 243,120,000 302,300,000 306,900,000 
Op erat i oris 18,150,000 25,600,000 -. --- 

Total.. . . . . . . . . . . . . . . . . . . . . .  $324,600,000 $405,200,000 -. $535,400,000 --_- 
-,---- 

Space Vehic les  

Four Apol.1.0 Command and Service Modules are be ing  modified fo r  Skylab use.  
CSM modificati .ons are requ i r ed  because t h e  unique o p e r a t i o n a l  and suppor t  
requirement::; of Skylab r e s u l t  i n  a longe r  miss ion  d u r a t i o n ,  new o r b i t a l  
rendezvous requirements ,  Workshop suppor t  requirements ,  mission a t t i  tude  
c o n t r a i n t s  ,, and increased  r e t u r n  payload c a p a b i l i t y .  Skylab s p a c e c r a f t  w i l l .  
opera t e  i n  a t r a d i t i o n a l  manner dur ing  a s c e n t ,  rendezvous,  and docking t o  
t h e  Workshop. When docked, however, much of  t h e  equipment i n  t h e  Cc'mmand 
and Se rv ice  Module w i l l  b e  s h u t  o f f  t o  conserve power and consumable's. 
Modi f ica t ions  t o  t h e  Command and Se rv ice  Module inc lude :  changes t c l  t h e  
on board computer t o  r e f l e c t  mission d i f f e r e n c e s  and t o  permit  a t t i t u d e  
contro:L whi Le docked; a l t e r i n g  t h e  environmental  c o n t r o l  system t o  ~ t l l o w  i t  
t o  be  :;hut dovn whi le  docked, as t h e  01's cabin  humidi ty ,  temperatui 'e, and 
gas l e v e l s  iJi.11 be c o n t r o l l e d  by t h e  Workshop; p rov id ing  f o r  an addj t i o n a l  
entry b a t t e r y  and e lec t r ica l  umbi l i ca l  connectors  w i t h  t h e  Workshop , whi le  
removing 011~2 Euel ce l l ;  i n s t a l l i n g  h e a t e r s  and c o n t r o l  w i r ing  i n  thc: Se rv ice  
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Module bo permit  long  d u r a t i o n  p r o p e l l a n t  s t o r a g e  a t  l o w  t empera tures ;  
d e l e t i n g  two Se rv ice  Module p r o p e l l a n t  t anks  t o  save weight ,  wh i l e  ac.ding 
p r o p e l l a n t  t,anlcs f o r  one s t a b i l i z a t i o n  and c o n t r o l  system t o  provide  a 
g r e a t e r  a t t i t u d e  c o n t r o l  c a p a b i l i t y .  Other  changes w i l l  be  made t o  i.he 
cau t ion  and laarning and communications subsystems. 

Manufacturing and assembly o f  t h e  Command and Se rv ice  Module t o  be  used 
i n  t h e  first manned Skylab mis s ion  w a s  completed i n  FY 1970. During FY 1971,, 
manufacturing and assembly w i l l  be  completed on t h e  remaining t h r e e  t ipacecraf t ,  
and systems i n s t a l l a t i o n  w i l l  be  i n  process  f o r  a l l  four .  

During FY 19 72, checkout a t  North American Rockwell's Downey, Cal i i 'o rn ia  
p l a n t  w i l l  3e completed on t h e  f i r s t  s p a c e c r a f t  and d e l i v e r y  w i l l  be  made 
t o  KSC. Thle remaining t h r e e  Command and Se rv ice  Modules w i l l  be  i n  Yrarious 
phases of systems i n s t a l l a t i o n  and checkout a t  t h e  end of t h e  f i s c a l  year .  

The f o u r  ,Saturn I B  l aunch  v e h i c l e s ,  which w i l l  b e  used t o  launch tile 
Command and Se rv ice  Modules, have been i n  s t o r a g e  a t  c o n t r a c t o r  loca1:ions. 
The Skylab S- IB  f i r s t  s t a g e s  are a t  t h e  Michoud Assembly F a c i l i t y .  IViscal 
Year 1972 funds w i l l  b e  provided t o  t h e  Chrys le r  Corpora t ion ,  b u i l d e c  of  t h e  
s t a g e s ,  f o r  removing t h e s e  from s t o r a g e  and beginning t h e  necessary  cefurbisli-  
ment, mod i f i ca t ions ,  and checkout .  The second s t a g e ,  tile S-IVL;, has been 
s t o r e d  i n  C a l i f o r n i a .  Refurbishment,  mod i f i ca t ions ,  and checkout of t h e  
i n i t i a l  S- IVB s t a g e s  is  c u r r e n t l y  i n  p rocess  by t h e  McDonnell-Dougla:; 
Corporat ion and n e a r  t h e  end o f  FY 1971, t h e  f i r s t  of  t h e  f o u r  s tage: ;  w i l l  be 
shipped t o  KSC f o r  a d d i t i o n a l  s t o r a g e  u n t i l  r equ i r ed  f o r  prelauricii oi )erat ions.  
F i s c a l  Year 1972 funding suppor t s  complet ion of  i n p l a n t  a c t i v i t i e s  0.1 t h e  
remaining three s t a g e s  and f o r  d e l i v e r y  t o  KSC. During FY 1972,, mod i f i ca t ion  
and checkout of t h e  Ins t rument  Uni t s  (IU) f o r  t h e  Sa tu rn  I B  w i l l .  b e  ,>erformed 
wi th  t h e  f i r s t  IU d e l i v e r y  t o  KSC n e a r  t h e  end of  t h e  f i s c a l  y e a r .  

I n  a d d i t i c n  t o  t h e  funding r equ i r ed  t o  suppor t  t h e  hardware f o r  th l?  manned 
launch phases of t h e  Skylab program, funding is  a l s o  r equ i r ed  i n  FY 1971 
and FY 1972 f o r  mod i f i ca t ions  t o  t h e  Sa tu rn  V launch v e h i c l e ,  which launches 
t h e  WorkshoF. The primary v e h i c l e ,  Sa tu rn  513, w i l l  receive require13. 
mod i f i ca t ions  and w i l l  b e  a v a i l a b l e  f o r  shipment n e a r  t h e  end of FY 1972. 

Payloads and Experiments 

The O r b i t d  Workshop is a modif ied S-IVIS s t a g e  which has  been t ransformed 
t o  provide  for long-durat ion manned h a b i t a t i o n  i n  space .  It is  d iv ided  
i n t o  two levels which c o n t a i n  t h e  necessary  c r e w  p rov i s ions ,  l i v i n g  q u a r t e r s ,  
and food prc:pa.ration and waste management f a c i l i t i e s  t o  suppor t  a crlew of 
t h r e e  nlen f o r  t h r e e  pe r iods  of up t o  56 days each. Some of  t h e  experiments 
t o  be  c:onduc:ted du r ing  t h e  miss ion  and t h e  necessa ry  suppor t  f a c i l i t i e s  f o r  
t h e i r  ope ra t ion  are a l s o  i n s t a l l e d  i n  t h e  O r b i t a l  Workshop. Other  subsystems 
a s s o c i a t e d  wi th  t h e  Workshop are t h e  p ropu l s ive  co ld  gas t h r u s t e r  a t t i t u d e  
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c o n t r o l  system, which r ece ives  c o n t r o l  commands from e i t h e r  t h e  Instrument 
Unit  o r  s o l a r  t.elescope e l e c t r o n i c s ,  and main ta ins  t h e  proper  d i r e c t i o n  and 
a t t i t u d e  f o r  tE.e c l u s t e r ;  and t h e  s o l a r  a r r a y  p a n e l s  which gener,ate n e a r l y  
12,000 watts, i n  t h e  sunshine.  The Workshop i s  a l s o  capable  of unmanned on- 
o r b i t  st:orage, r e a c t i v a t i o n ,  and reuse .  

The Air lock hlodule provides  a p re s su r i zed  passageway between t h e  M u l t i p l e  
Docking Adapter and t h e  O r b i t a l  IJorkshop. It  con ta ins  an air locic  t o  enable  
a s t r o n a u t s  to perform ex t r a -veh icu la r  a c t i v i t y  and i s  a l s o  t h e  supply ,  
d i s t r i b u t i o n , ,  and c o n t r o l  cen te r  f o r  t h e  c l u s t e r  atmosphere and t h e r m a l  
cont ro l , .  I n  acldit ion,  i t  con ta ins  t h e  equipment f o r  e lectr ic  power c o n t r o l  
and dis t : r ibul : im t o  a l l  elements of t h e  c l u s t e r .  The Air lock Module a l s o  
provides  support  f o r  c l u s t e r  communications and d a t a  handl ing ,  i nc lud ing  
delayed-time voice  communications w i t h  t h e  ground. Other func t ions  inc lude  
thermal  cont:irol. of t h e  Apollo Telescope Mount c o n t r o l  and d i sp lay  console  
and support  .:or s e l e c t e d  experiments.  

The MultipiLe Docking Adapter provides  t h e  docking i n t e r f a c e  f o r  the Command. 
and Senrice I,!otiule t o  t h e  Skylab Workshop. It has  two docking p o r t s  - an 
a x i a l  p o r t  l i ~ x  normal CSM docking and a r a d i a l  p o r t  f o r  contingency me. 

Tile Miiltip.Le Docking Adapter is p r e s s u r i z e d  and con ta ins  t h e  Apollcl Telescope 
Mount c0ntro.L and d i sp lay  console ,  and t h e  Ear th  Resources Experiment Package! 
experiments and equipment. There is a l s o  p rov i s ion  f o r  i n t e r n a l  stox'age of 
hardware anti experiments t h a t  are c a r r i e d  and opera ted  i n  t h e  MDA. 

The Apollo Telescope Mount is t h e  f i r s t  use by t h e  United S t a t e s  of a manned 
s c i e n t i f i c  t e l e scope  i n  space.  The ATM is a s o l a r  observa tory  wi th  t h e  
c a p a b i l i t y  t o  observe,  monitor and record  t h e  s t r u c t u r e  and behavior  of  t h e  
sun, paxt iculair ly  during pe r iods  of s o l a r  f l a r e  a c t i v i t y .  The s y s t e n i  is 
designed t o  provide a t t i t u d e  c o n t r o l  and experiment p o i n t i n g  f o r  t h e  e n t i r e  
group o:E f i v e  ATM experiments.  Power is  provided through a s o l a r  pane l  a r r a y  
and b a t t e r y  systems. Tiiere is  p rov i s ion  f o r  r e t r i e v a l  and i n s t a l l a t i o n  of  
t h e  f i lm  use14 for  t h e  ATM by a s t r o n a u t  e x t r a v e h i c u l a r  a c t i v i t y .  The ATM w i l l -  
b e  p o s i t i o n d  whi le  i n  o r b i t  by a deployment assembly. 

I n  FY 197.L, much of t h e  f a b r i c a t i o n  o f  t h e  Workshop will L e  completed and 
most of t h e  subsystem and experiment i n s t a l l a t i o n  w i l l  have been accclmplishecl 
by t h e  end (>E t h e  year .  F i s c a l  Year 1972 funding provides  f o r  t h e  ccimpletion 
of f a b r i c a t b n ,  i n s t a l l a t i o n ,  systems checkout,  t e s t i n g ,  and shipmenr of  t h e  
f l i g h t  hardware t o  t h e  Kennedy Space Center  where i t  w i l l  be  mated t o  t h e  
Sa turn  V laiincli v e h i c l e  t o  begin  prelaunch checkout.  

Manuf actuxing of t h e  Mul t ip le  Docking Adapter s t r u c t u r e  w a s  cclmplef.ed a t  
t h e  1Yarshal.l Space F l i g h t  Center i n  October 1970 and w a s  d e l i v e r e d  t o  t h e  
Mart in-Mariet ta  Corporat ion,  Denver, Colorado f o r  i n s t a l l a t i o n  and ;,.ntegra- 
t i o n  of ope ra t ing  systems and experiments.  These a c t i v i t i e s  w i l l  b e  completed 
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i n  FY 1972. In FY 1972, t h e  f l i g h t  u n i t  w i l l  be  d e l i v e r e d  t o  t h e  McIlonne11- 
Douglas Corporat ion,  S t .  Louis ,  Missouri  f o r  i n t e g r a t e d  t e s t i n g  wi th  
t h e  Air lock  Module. Fabr i ca t ion  and major s t r u c t u r a l  assembly of tht! Ai r lock  
Module was also completed l a t e  i n  1970 and f i n a l  assembly ope ra t ions  are now 
underway. En EY 1972, t h e  f i n a l  assembly w i l l  l e  completed,  experimcnts will ,  
be i n s t a l l e d ,  and t h e  f l i g h t  u n i t  w i l l  be  mated w i t h  t h e  Mul t ip l e  Doc.king 
Adapter. I n t e g r a t e d  t e s t i n g  of t h e  Mul t ip l e  Docking Adapter  and t h e  
Air lock  is designed Lo v e r i f y  t h e  combined performance o f  t h e s e  two r ia jor  
modules and %ai11 inc lude  an a l t i t u d e  chamber t e s t .  A t  t h e  completiori of t h e  
S t .  Louis a c t i v i t i e s ,  nea r  t h e  end of  FY 1972, t h e  combined Ai r lock  lIodule/ 
Mul t ip l e  l)oc.ting Adapter w i l l  be d e l i v e r e d  t o  t h e  KSC f o r  premate cht.ckout. 

The A p o l l o  Telescope Plount is being manufactured a t  t h e  Har sha l l  Slsace 
F l i g h t  Center.  Fab r i ca t ion  and assembly, and i n s  t a l l a t i o n  o f  experin e n t s  
and sub:systeins are underway and are scheduled f o r  complet ion i n  FY 1Si72. 
Funding requirements ,  i n  a d d i t i o n  t o  t h o s e  f o r  complet ion of i n s t a l l a t i o n ,  
include:; checkout and v i b r a t i o n  t e s t i n g  a t  MSFC. The u n i t  w i l l  t hen  be shipped 
t o  t h e  IYanne~i Spacecraf t  Center  f o r  thermal-vacuum t e s t i n g ,  and then  d e l i v e r e d  
t o  Kennedy Space Center  f o r  premate checkout n e a r  t h e  end of FY 1972, 

Funding i n  F i s c a l  Year 1 9 7 1  and 1972 a l s o  provides  f o r  t h e  completion arid 
d e l i v e r y  of the  more than  50 major experiments  i n  tile Skylab program and 
f o r  t h e  f i n a l  e f f o r t s  r e l a t e d  t o  t h e  payload shroud. I n  a d d i t i o n ,  requi re -  
m e r i t s  e x i s t  throughout 1T 1972 f o r  payload i n t e g r a t i o n  and program sc ppor t  
requirements  of t h e  t o t a l  Skylab program. 

O D e  r a t  i o n s  

Funds i n  t h i s  category w i l l  s uppor t  unique requirements  of t h e  Skylab pro- 
gram at t h e  Kennedy Space Center  and t h e  Manned Spacec ra f t  Center  t h a t  are 
d i r e c t l y  involved wi th  Skylab pre launch ,  launch,  f l i g h t ,  crew, and rc'covery 
a c t i v i t i e s .  B a s i c  suppor t  under ly ing  t h e s e  requirements  and common t o a l l  
manned € l i g h t  a c t i v i t i e s  w i l l  be funded by t h e  Apollo program. S p e c i f i c  
Skylab requirerients i nc lude  miss ion  p lanning  and a n a l y s i s ,  Sa turn  Woi kshop 
s i m u l a t o r  des ign  and development, t r a i n e r / s i m u l a t o r  mod i f i ca t ions  t o  Apollo 
and Sky.Lab cqu;Lpment, development of Sa tu rn  I B  l aunch  c a p a b i l i t y  froni Pad 39; 
modi f i ca t ion  of launch clieckout equipment t o  accommodate Skylab uniqtie hard- 
ware; t r s  t p laiming and procedures  f o r  checkout o f  Skylab unique harclware; 
and space v e h i c l e  prelaunch ope ra t ions .  Also inc luded  are t h e  Sky lall program 
t e c h n i c a l  ope ra t ions  a c t i v i t i e s  which invo lve  s y s  t e m s  engineer ing  e f f o r t s  
r equ i r ed  f o r  program i n t e g r a t i o n  and t e c h n i c a l  e v a l u a t i o n ,  systems si e c i f  i-- 
c a t i o n s ,  nia:;ion p lanning ,  t r a j e c t o r y  a n a l y s i s ,  checkout review, and techn.icit1 
documentation and suppor t .  I n  a d d i t i o n ,  t h i s  ca tegory  provides  f o r  c o n t r a c t  
a d m i n i s t r a t i o n  and a u d i t ,  and p rope r ty  a d m i n i s t r a t i o n  services provicled f o r  
t h e  Sky:Lab program by t h e  Department of Defense on a re imbursable  b a s i s .  

I n  FY 197;! t h e  Kennedy Space Center  w i l l  complete mod i f i ca t ion  e f f c i r t s  
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requi red  t o  provide a Sa turn  I B  launch c a p a b i l i t y  a t  Launcli Comp:Lex 30; 
modif ica t ions  t o  Launch Complex 39 t o  accommodate t h e  checkout arid launch of 
t h e  Workshop hardware; f o r  i n t e g r a t i o n  and checkout of t h e  ground and f l i g h t  
systems; and f a r  t h e  suppor t  and t r a i n i n g  equipment assembly r equ i r ed  f o r  
t r a i n i n g  of Sky l ab  launch crews. 

The Manned Spacecraf t  Center w i l l  r e c e i v e  d e l i v e r y  of t h e  Sa turn  Workshop 
Simulator  which. w i l l  f u n c t i o n a l l y  s imula t e  many o f  t h e  workshop on-orb i t  
systems and experiments ,  inc luding  t h e  ATM s o l a r  experiments.  Ei 1 9 7 2  funds 
are requ i r ed  fctr support  of mission p lanning  and a n a l y s i s ,  f l i g h t  planning 
and f l i g h t  c:irew procedures development which w i l l  cont inue  t o  relceive heavy 
emphasis duri-ng t h e  premission t i m e  frame. 

Space  S h u t t l e  

The key t o  economical space  ope ra t ions  i n  t h e  forthcoming decades of  space 
exp lo ra t ion  :is t h e  space s h u t t l e ,  a r eusab le  space  t r a n s p o r t a t i o n  system. 
It can revoj-ut ionize p re sen t  day space ope ra t ions  by provid ing  a n  a i r l i n e - t y p e  
a c c e s s i b i l i t y  to space a t  l o w  o p e r a t i o n a l  c o s t s .  

Costs t o  :;upport planned a p p l i c a t i o n s ,  s c i e n t i f i c ,  and defense s a t e l l i t e s  
could be reduced subs t a n t i a l l y  below those  a s s o c i a t e d  wi th  c u r r e n t  expendable. 
s y s t e m s .  I~JID major sources  of c o s t  r educ t ion  are a s s o c i a t e d  w i t h  the u s e  of  
t h e  s h u t t l e  :;ystem. I n  a d d i t i o n  t o  t h e  s u b s t a n t i a l  o p e r a t i o n a l  sav ings  
generated by naving r eusab le  hardware, t h e r e  are s i g n i f i c a n t  economic's t h a t  
can be r ea l i zed  i n  payload des ign ,  development, procurement,  and t e s t  i n g  whic:h 
r e s u l t  from relaxed weight and volume c o n s t r a i n t s ,  t h e  c a p a b i l i t y  t o  r e t u r n  
payload:; thil t  iiave malfunctioned o r  f o r  re furb ishment ,  and i n - f l i g h t  checkout: 
of payloads t o  a s su re  t h e i r  proper  o p e r a t i o n  be fo re  tiieir long term c eploynent .  

The siiutt . le is planned as a two s t a g e  v e h i c l e ,  comprised of an o r b j t e r  and 
booster .  I t  w i l l  possess an a l l  azimuth c a p a b i l i t y  and have an operzt t ional  
a v a i l a b i l i t y  such t h a t  i t  can be launched on s h o r t  n o t i c e  wi th in  two hours  
i f  necessary.  Tlie s h u t t l e  w i l l  t ake  o f f  v e r t i c a l l y  under rocket  powf:r w i t h  
t h e  boos t e r  a c c e l e r a t i n g  t h e  o r b i t a l  s t a g e  t o  t h e  o u t e r  f r i n g e  c f  tht! e a r t h ' s  
atmosphere where s e p a r a t i o n  w i l l  occur .  The boos te r  w i l l  then  c,ecelf:rate and 
c r u i s e  t o  a des igna ted  landing  f i e l d .  The o r b i t e r  w i l l  proceed t o  01-bit, 
powered by its own rocket  engines ,  t o  d e l i v e r  t h e  payload and p ~ r f o r r i  t h e  
ass igned  miss ions ,  Af t e r  spending up t o  seven days i n  o r b i t ,  t h e  o r l j i t e r  
w i l l  r e -en ter  and r e t u r n  t o  a convent iona l  a i r p o r t  runway and a l s o  Lind 
h o r i z o n t a l l y .  Af t e r  a s h o r t  turnaround pe r iod  of approximately two  lieeks 
b o t h  s i i u t t l e  s t a g e s  w i l l  b e  ready f o r  another  mission. 

The s h u t t l e  w i l l  b e  designed f o r  100 o r  more f l i g h t s  with a rninirnuii of 
ground maintenance. 
a i r l i n e  p r a c t i c e .  The o r b i t e r  w i l l  con ta in  a l a r g e  compartment of a l o u t  
10,000 cubic f e e t  t o  accommodate a vary ing  payload mix of s a t e l l i t e s ,  

Payload t r a n s p o r t a t i o n  w i l l  be s imilar  t o  c:ommeircial 
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passengers ,  and cargo. I n  a passenger mode, t e n  people  p lus  a crew 01 two can 
be accommodated, Moderate G loads  and a s h i r t  s l e e v e  environment w i l l  a l low 
average people i n  good h e a l t h  t o  f l y  i n t o  space  without  ex tens ive  f l i E h t  
t r a i n i n g .  

Once developed, t h e  s h u t t l e  can r e p l a c e  e s s e n t i a l l y  a l l  t h e  p re sen t  day 
launch vehic:Lzs except  f o r  very s m a l l  v e h i c l e s  of  t h e  Scout c l a s s ,  anci t h e  
Saturn V. It:; .Low o p e r a t i o n a l  c o s t  and i ts  v e r s a t i l e  c a p a b i l i t y  make i t  
s u i t a b l e  f o r  a wide v a r i e t y  of missions inc luding:  

1. --- :Sate.Llite Placement and Return - Sate l l i t es  w i l l  be t r anspor t ed  t o  
low e a r t h  orbit i n  t h e  cargo bay where they w i l l  b e  given a f i n a l  ctieckout 
a t  t h e  des i r ed  o r b i t  before  beginning t h e i r  ass igned  mission.  Sate1 l i t es  
can a l s o  b e  r e t r i e v e d  by t he  s h u t t l e  and re turned  t o  e a r t h  f o r  modif ' ication 
o r  s e r v i c i n ? .  

2. .Ln-Orljit: Repair and Se rv ic ing  S a t e l l i t e s  - The s h u t t l e  w i l l  bel ab l e  --- 
t o  v i s i t  o r b i t i n g  sa te l l i t es  f o r  p e r i o d i c  s e r v i c i n g  inc luding  f i l m  ~ e t r i e v a l . ,  
component !rep:Lacenent, and consumable replenishment .  

3. ---d 1)eliverv of Propuls ive  S tages  and S a t e l l i t e s  - Propuls ive  stages and 
payloads f o r  iiigli energy missions can be  d e l i v e r e d  by s h u t t l e  t o  10~1 e a r t h  
o r b i t s ,  Af,:er a f i n a l  on-orbi t  checkout t h e  p ropu l s ive  s t a g e  a n d  i t s  pay- 
load are removed from t h e  cargo bay and pos i t i oned  f o r  launch. The pro- 
pu l s ive  s t a g e  w i l l  t r a n s p o r t  t h e  payload t o  a geosynchronous o r b i t  cIr escape. 
mission. 

4. ---- !Short: Durat ion Science and Appl ica t ions  Missions - The space s h u t t l e  
can be out1::itted t o  conduct spec ia l  purpose s h o r t  d u r a t i o n  missions.  I n  
t h i s  manner t h e  s h u t t l e  could augment t h e  space  s t a t i o n  f o r  unique e a r t h  o r  
skyviewing mission oppor tun i t i e s .  

5. Resea:rch Laboratory - The s h u t t l e  can a l s o  s e r v e  as a space research  
---A 

l abo ra to ry .  The development and t e s t i n g  of new components and space 
systems can be enhanced by using t h e  s h u t t l e  t o  check them ou t  i n  t h e  
environment: of space.  

6 .  >pace Rescue - The s h u t t l e  w i l l  make ground based space  r 'escue 
p o s s i b l e  wiish i t s  quick response c a p a b i l i t y  and o p e r a t i o n a l  f l e x i b i l i t y .  
I n  some inscarices t h e  s h u t t l e  may e l i m i n a t e  t h e  need f o r  space rescue by 
t h e  t i m e l y  tleI.ivery of replacement components and equipment. 

7. Space S t a t i o n  Support - Personnel  and cargo w i l l  be  r o u t i n e l y  
t r anspor t ed  from earth t o  t h e  space s t a t i o n  and re turned .  The l o w  
acceleirat ion experienced on t h e s e  f l i g h t s  w i l l  permi t  personnel  who have 
no a s t r o n a u t  t r a i n i n g  t o  v i s i t  t h e  s t a t i o n .  Cargo i n  t h e  form (of equipment,  
experiments; arid consumables w i l l  b e  c a r r i e d .  Return cargo w i l l  c o n s i s t  of 
such i t e m s  iis f i lm ,  t a p e  and o t h e r  experiment da t a .  
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I n  each of t h e  areas d iscussed ,  special  c o n s i d e r a t i o n  has  been given t o  t h e  
i d e n t i f i c a t i o n  and p u r s u i t  of o p p o r t u n i t i e s  f o r  i n t e r n a t i o n a l  coopera t ion  i n  
space.  With t h e  approval  of t h e  P r e s i d e n t ,  and working c l o s e l y  wi th  the 
S t a t e  Department, NASA has launched a major e f f o r t  du r ing  t h e  p a s t  y e a r  t o  
i n c r e a s e  t h e  l e v e l  of i n t e r n a t i o n a l  p a r t i c i p a t i o n  i n  major space  e x p l o r a t i o n  
of t h e  1970's. 
c o u n t r i e s ,  p a r t i c u l a r l y  i n  Europe, have expressed  a g r e a t  i n t e r e s t  is t h e  
space s h u t t l e  s y s t e m .  European c o u n t r i e s  are now reviewing t h e  n a t u r a  and 
degree  of p a r t i c i p a t i o n ,  i nc lud ing  f i n a n c i a l ,  they  wish t o  propose. ,4 number 
of European f i r m s  are p resen t ly  working as members of  U. S. c o n t r a c t o r  teams 
now engaged i n  s h u t t l e  d e f i n i t i o n  s t u d i e s .  

The focus of t h i s  e f f o r t ,  and one area i n  which f o r e i g n  

Curren t  p lans  f o r  t h e  s h u t t l e  propose a beginning  of h o r i z o n t a l  f l i g h t  
t e s t i n g  i n  t h e  mid  OS, with  a f u l l  o p e r a t i o n a l  c a p a b i l i t y  by t h e  end of  
t h e  decade. The FY 1972 budget r eques t  p rovides  f o r  t h e  d e t a i l e d  des ign  and 
development of an engine  -- t h e  longes t  l e a d  t i m e  component f o r  t h e  s h u t t l e .  
It a l s o  provides  f o r  proceeding on an o r d e r l y  s t e p  by s t e p  b a s i s  w i th  t h e  
s h u t t l e  a i r f rame design. This may l e a d  t o  cont inued  d e t a i l e d  des ign  13r 

i n i t i a t i o n  of development of a s p e c i f i c  des ign ,  depending on t h e  progress  of  
t h e  s t u d i e s  now underway. 

Space S h u t t l e  

1972 - 1 9 7 1  - 19 70 

Vehicles... . . . . . . . . . . . . . . . . . . .  $8,300,000 $42,000,000 $42,000,000 ................ 58,000,000 Engine........ 4,200,000 38,000,000 -. -_ 
Total.. . . . . . . . . . . . . . . . . . . . . .  $12,50O,OOO $80,000,000 -,LA-= $100 000 000 - -  

Vehicles  

The s h u t t l e  v e h i c l e  c o n s i s t s  of a b o o s t e r  and o r b i t e r .  Both are f u l l y  
reusable .  

The o r b i t e r  and boos te r  w i l l  each use high p r e s s u r e  l i q u i d  oxygen/ l iqu id  
hydrogen fue led  rocke t  engines  f o r  propuls ion .  I n  a d d i t i o n ,  t h e  use iof je t :  
engine s i m i 1 a . r  t o  those  used by a i r c r a f t  w i l l  p rovide  t h e  power tlurinq t h e  
c r u i s e  r e tu rn  t o  t h e  landing  area. 

The s h u t t l e ' s  payload c a p a b i l i t y  w i l l  range from 25,000 t o  65,000 pounds 
depending on a l t i t u d e ,  i n c l i n a t i o n  and o r b i t e r  conf igu ra t ion .  

The payload w i l l  be c a r r i e d  i n  a compartment 1 5  f e e t  i n  diameter  and 60 
f e e t  1on.g. The compartment will be  designed t o  accommodate a payload mix of 
sa te l l i t es ,  passengers  and cargo. 
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Lxtensive s t u d i e s  have been conducted by NASA, t h e  Department of  Defense 
and indus t ry  i n  t h e  process  of confirming t h e  f e a s i b i l i t y  o f  t h e  s h u t t l e  and 
d e f i n i n g  and q u a l i f y i n g  technology needs.  These e f f o r t s  were planned t o  
i n s u r e  t h a t  t h e  c r i t i c a l  s t u d i e s  would be  completed i n  s u f f i c i e n t  t ime t o  
permit  ready inco rpora t ion  i n t o  t h e  des ign  and development e f f o r t .  

The mast demanding problem is t h e  des ign  and development of an a i r f r ame  
s t r u c t u r e  , p a r t i c u l a r l y  wi th  t h e  thermal  p r o t e c t i o n  requirements  of  re -en t ry .  
The materials must be l i gh twe igh t  and e x t e n s i v e l y  r eusab le .  Seve ra l  very 
promising candida te  materials are a v a i l a b l e  and work has  been focused on t h e  
a p p l i c a t i o n s  of t hese  materials t o  p rac t ica l  s t r u c t u r e s .  Technology f o r  t h e  
i n t e g r a t e d  av ion ic s  and c o n t r o l  system is i n  hand, bu t  t h e  a p p l i c a t i o n  of 
t h i s  technology t o  advanced new systems concepts  w i l l  r e q u i r e  innova t ion  and 
proof of conc:ep t demonstration. 

Uuring 1969, d e t a i l e d  s t u d i e s  were con t r ac t ed  t o  p r e p a r e  and ana lyze  
conceptual  des ign  f o r  a r eusab le  space  l o g i s t i c s  system. From t n e  r e s u l t s  
of t h e s e  e f f o r t s  and o t h e r  NASA and Department of Defense s t u d i e s ,  a pre-  
l iminary  space s h u t t l e  conf igu ra t ion  was e s t a b l i s h e d  wi th  t h e  des ired payload 
and performarice c h a r a c t e r i s  t i c s ,  and p re l imina ry  e v a l u a t i o n  of va r ious  
systems and technology requirements w a s  s t a r t e d .  

I n  June, 1.970, two concurrent  des ign  s t u d i e s  were i n i t i a t e d  for  the vehicle. .  
These s t u d i e s  arere awarded t o  t h e  McDonnell-Douglas Corporat ion and Plortli 
American Kodrwell. 

Tile b a s i c  o b j e c t i v e s  of t h e  s t u d i e s  are: 

1. To d e f i n e  t h e  s h u t t l e  and t h e  requirements  f o r  t h e  main engirie. 

2.  To accomplish a pre l iminary  des ign  of  t h e  o r b i t e r  and booster .  

3. To demonstrate t h e  f e a s i b i l i t y  of  t h e  des ign  t o  m e e t  t h e  t ec l~ in i ca l  
reqti:irements . 

4.  To r e f i n e  c u r r e n t  estimates of t h e  scope,  t iming and c o s t s  irivolved. 

5. To p:covide information and d a t a  f o r  use by NASA i n  s e l e c t i n g  con- 
figu::at:ions t o  be  c a r r i e d  forward i n  l a t e r  phases.  

Supplemental f e a s i b i l i t y  s t u d i e s  of a l t e r n a t e  v e h i c l e  concepts  are being 
conducted by Lockheed, Grumman and Chrys le r .  

In p a r a l l e l  wi th  the design s t u d i e s ,  payload e f f e c t  and mission t r z i f f i c  
s t u d i e s  are Jefing made. These s t u d i e s  are i n v e s t i g a t i n g  t h e  v a r i a b l c s  of 
p ro jec t ed  n a t i o n a l  t r a f f i c  models, and t h e  e f f e c t s  of weight ,  volume., and 
r e u s e  on payload design t h a t  r e s u l t  from u s e  of  t h e  s h u t t l e .  I n  add:.tion, 
t h e r e  are stweical important  technology areas where a d d i t i o n a l  work i s :  be ing  
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undertaken by NASA's Off ice of Advanced Research and Technology. 
of t h i s  e f f o r t  and of t h e  informat ion  developed from t h e  des ign  s t u d i e s  w i l l  
be  coordinated among t h e  va r ious  con t r ac to r s .  

The r e s u l t s  

The v e h i c l e  d e f i n i t i o n  and conf igu ra t ion  s t u d i e s  are planned f o r  clmpletiom 
i n  1971. Design v e r i f i c a t i o n  of technology d a t a  and s tudy  r e s u l t s  w i l l  be 
cont inued through 1971. This  T r i l l  i nc lude  wind t u n n e l  tests, s t ruc t i J r a1  hea t  
load  tests, and f u l l  scale thermal p r o t e c t i o n  system i n s t a l l a t i o n  t e s t i n g  i n  
p repa ra t ion  f o r  p o s s i b l e  s t a r t  of v e h i c l e  des ign  i n  FY 1972 ,  su l l jec t  t o  t h e  
r e s u l t s  of c u r  on-going d e f i n i t i o n  s t u d i e s .  This  a c t i v i t y  w i l l  provide 
assurance  t h a t  t h e  ensuing s h u t t l e  development w i l l  b e  success fu l .  

Exis t . ing i.nf ormation and cont inued progress  i n  b a s i c  technica:L are,as have 
provided t h e  k.eystone f o r  t h e  s u c c e s s f u l  c u r r e n t  d e f i n i t i o n  s t u d i e s  .and 
f u t u r e  design of t h e  s h u t t l e .  High p res su re  hydrogen-oxygen propuls ion  
experience w i l l  make p o s s i b l e  t h e  compact and l i gh twe igh t  engines  wi th  high 
t h r u s t  and ldgh  e f f i c i e n c y  requi red .  Spacecraf t  technology,  advanced so  f a r  
du r ing  t h e  p a s t  decade, provides  us  wi th  t h e  assurance  t h a t  t h e  necessary  
a i r p l a n e  f1.igh.t c h a r a c t e r i s t i c s  can b e  b u i l t  i n t o  t h e  s h u t t l e  veh ic l e .  
Previous knowledge i n  e l e c t r o n i c s ,  guidance and c o n t r o l ,  a i r c r a f t  s t r u c t u r e s ,  
and hea t  sh. ie1.d~ has  been extended and focused on a p p l i c a t i o n  t o  s h u t t l e  
d e f i n i t i o n  ani. des ign  requirements.  

I n  F i s c a l  Year 1972, v e h i c l e  d e f i n i t i o n  w i l l  b e  advanced by wind tunne l  
t e s t i n g  t o  clef i n e  t h e  p r e c i s e  aerodynamic hea t ing ,  launch aerodynamics, 
s t a g i n g  s e p a r a t i o n  f o r c e s ,  re-entry 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 ,  
and atmospheric  propuls ion  e f f e c t s .  Dynamics t e s t i n g  w i l l  proceed t o  
determine wind l o a d s ,  v e h i c l e  f l u t t e r  e f f e c t s ,  and t h e  a c o u s t i c  environment 
which vi11 e x i s t .  Design of  long l e a d  t i m e  hardware and subsystems, test:  
devices  and t o o l i n g  f i x t u r e s  w i l l  L e  performed. 

Test demonstrat ions t o  v e r i f y  des ign  concepts  c o n s t i t u t e  an import a n t  p a r t  
of t h e  s h u t c l e  s tudy  program. NASA w i l l  test  t h e  s t a t i c  and dynamic per- 
formance of s t r u c t u r e s  proposed f o r  fuse lage ,  wings,  t a n k s ,  and at tachment  
mechanisms e 
p r o t e c t i o n  systems. Analysis  and test of many new a l l o y s  and promiE'ing 
materials irce planned. A f l i g h t  r e sea rch  program w i l l  i n v e s t i g a t e  a t t i t u d e  
maneuvers €or  t h e  def ined  conf igu ra t ions ,  determine c o n t r o l  system i ~ i q u i r e -  
ments, and provide t h e  necessary  f l y i n g  test  bed f o r  f l i g h t  system components. 

Mission s imula t ions  w i l l  b e  performed i n  combination wJ: t h  thermal  

1ni t .Lat ion of d e t a i l e d  des ign  and system development e f f o r t  pay bt! under- 
t aken  i n  Ff 1972 depending on t h e  r e s u l t s  of t h e  s t u d i e s  and tests t lescribed 
above. 

Engines 

A s i g n i f i c a n t  f a c t o r  i n  deve1opment. of t h e  v e h i c l e  propuls ion  system is t h e  



long  l e a d  time requ i r ed  f o r  engine development. An e a r l y  i n i t i a t i o n  3f 
des ign  e f f o r t  is requ i r ed  t o  nave t h e  engines  p rope r ly  i n t e g r a t e d  i n t o  t h e  
v e h i c l e  system. This  engine  w i l l  have inc reased  performance by vir tute  of 
developing h igher  s p e c i f i c  impulse a t  much lower weight .  
of technologi  c a l  exper ience  w i  t h  advanced hydrogen-oxygen engines  has  been 
developed over t h e  las t  s e v e r a l  y e a r s  which provides  a h igh  level  of confidence 
t h a t  t h e  requi red  s h u t t l e  rocke t  engine w i l l  be s u c c e s s f u l l y  developed. 

A cons ide rab le  base  

Drawing upon da ta  developed from f e a s i b i l i t y  s t u d i e s  t h a t  have been completed,  
t h e  main engine c h a r a c t e r i s t i c s  being used as b a s e l i n e  i n  t h e  d e E i n i t i o n  
s t u d i e s  now underway inc lude  a t h r o t t l a b l e ,  h igh  p res su re ,  hydrogen-oxygen 
engine  t h a t  w i l l  be  c l u s t e r e d  f o r  use  on both t h e  o r b i t e r  and t h e  boos te r .  
Three concurren t  d e f i n i t i o n  c o n t r a c t s  are underway wi th  t h e  Rocketdyne 
Div is ion  of North American Rockwell, P r a t t  and Whitney and Aeroja t  General .  

The main engine des ign  and development i s  scheduled t o  begin  i : n  1971. I n  
F i sca l  Year 1.972 main engine  e f f o r t s  w i l l  i nc lude  development t e s t i n g  of t h e  
t h r u s t  c:hamber and engine c o n t r o l s ,  and des ign  of  a p r o t o t y p e  engine.  Pro- 
pu l s ion  subsq’stem test f a c i l i t i e s  w i l l  b e  modif ied and development hardware 
t e s t e d .  Also, NASA w i l l  i n i t i a t e  f a b r i c a t i o n  o f  a p ro to type  engine  du r ing  
f i s c a l  yea r  1.9 7 2 .  

Orbi t a l  Sys terns and Experiments 

O r b i t a l  Systems and Experiments encompasses work r e l a t i n g  t o  manned earth 
o r b i t a l  f l i g h t  a f t e r  t h e  Skylab missions.  The work focuses  on t n e  major 
systems of a space s t a t i o n  core  and modules, on t h e  experiments  t o  be 
conducted i n  e a r t h  o r b i t  i n  t h e  space  s t a t i o n  o r  on s h u t t l e  miss ions ,  and 
on t h e  l i f e  s c i ences  a s p e c t s  of space f l i g h t .  

Space S t a t i o n  Nodules : 

A long durati .on space s t a t i o n  provides  a f a c i l i t y  f o r  many d i v e r s e  s c i e n t i f i c  
and a p p l i c a t i o n s  a c t i v i t i e s  i n  low e a r t h  o r b i t .  The s t a t i o n  w i l l  be  an 
evolu t ionary  progress ion  from Skylab, and i t s  f i n a l  des ign  w i l l  i n c o r p o r a t e  
f l i g h t  d a t a  obta ined  from t h a t  program. L o g i s t i c a l l y  suppor ted  by the space  
s h u t t l e ,  t h e  s t .a t ion w i l l  have extended i n - o r b i t  l i f e t i m e  wi th  maintenance 
and repiaceuwnt: of systems. The s t a t i o n  w i l l  f e a t u r e  modular i ty  so  t h a t  
elements can be rep laced ,  updated, and added f o r  g r e a t e r  c a p a b i l i t y .  Two 
con t r ac t o r  s 
Corpora t ion ,  are i n  t h e  process  of completing program d e f i n i t i o n  s tuci ies  on 
t h e i r  concept ions of a 33-foot d iameter  space s t a t i o n  wi th  se l f - con ta ined  
l i v i n g  q u a r t e r s ,  subsys terns, and gene ra l  purpose l a b o r a t o r i e s .  The ( o r e  
modules of t:lieat space s t a t i o n s  are designed t o  b e  p laced  i n - o r b i t  b) a launch 
v e h i c l e  wi th  a heavy payload c a p a b i l i t y ,  such as t h e  Sa tu rn  V.  Dockjng and 
suppor t  faci.Lif:ies are provided f o r  l a te r  i n t e r n a l  a d d i t i o n  of s m a l l  s i z e  
experiment packages and f o r  i n t e r m i t t e n t l y  and permanently a t t ached  1 abora tory  
and observa tory  modules. 

t i  I e McD onne 1 1- Doug 1 as Cor p o rat  i o n  and t h e iJo r t i i Ame r i can Ro  c kwe 1.1 
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Under s tudy  are o t h e r  p o t e n t i a l  c o n f i g u r a t i o n s  , which can provide ,a similar 
c a p a b i l i t y  but  which f e a t u r e  a more evo lu t iona ry  program approach. L'hese 
alternate concepts  are f u n c t i o n a l l y  modularized t o  a much g r e a t e r  de,;ree than  
those  def ined  i n  t h e  l a r g e  d iameter  s t a t i o n  s t u d i e s .  Most of t h e s e  inodular 
concepts  r e q u i r e  a c l u s t e r  of modules t o  be  assembled i n  o r b i t  befori. 
ope ra t ions  could begin.  Nearly a l l  of t h e  c l u s t e r  modules would be (car r ied  
t o  o r b i t  i n  t h e  cargo bay of t h e  s h u t t l e  and would b e  l i m i t e d  by t h e  volume 
and weight  payload c a p a b i l i t i e s  of  t h e  s h u t t l e .  The modular space s t a t i o n  
concepts  a l l  have less i n i t i a l  c a p a b i l i t y ,  b u t  can grow i n  t i m e  throilgh 
replacement,  up ra t ing ,  and at tachment  of a d d i t i o n a l  modules t o  provide t h e  
expanded c a p a b i l i t y  t h a t  is a v a i l a b l e  wi th  t h e  l a r g e  d iameter  s t a t i o n .  

Two modular s t a t i o n  concepts  are c u r r e n t l y  be ing  considered.  One ises only 
s h u t t l e  compat ible  modules, t h e  o t h e r  would evolve  from a b a s i c  Skylab system 
us ing  a s i m i l a r  core  module launched by a two-stage Sa tu rn  V. l i f t e r  t h e  
i n i t i a l  launch,  t h i s  c o r e  module would be supplemented by a t t a c h i n g  smaller 
modules. Ti i s  approach could combine t h e  b e s t  f e a t u r e s  of an a.11-up approach, 
ground rissentbly and checkout,  and o p e r a t i o n a l  c a p a b i l i t y  fo l lowing  f i r s t  
launch, whi1.e provid ing  f o r  a subsequent  growth c a p a b i l i t y  of t h e  s t a t i o n  
employing s h u t t l e  compat ible  modules. 

S tud ie s  are underway, bo th  in-house and wi th  several c o n t r a c t o r s ,  on develop- 
i n g  and comparing t h e  candida te  concepts  i n  some d e t a i l ,  e s p e c i a l l y  i n  t h e  
area of spec:if i c  des ign  c h a r a c t e r i s t i c s  , o p e r a t i o n a l  sequences,  s h u t t l e  
i n t e r f a c e ,  experiment suppor t  c a p a b i l i t y ,  i n i t i a l  and growth phasing and 
c a p a b i l i t y ,  and funding requirements .  

To augment: t h e  c a p a b i l i t y  of bo th  t h e  space  s t a t i o n  and s h u t t l e ,  KASA has  
undertaken t h e  d e f i n i t i o n  of research  and a p p l i c a t i o n s  modules. These 
modules can be opera ted  i n  conjunct ion  w i t h  a space  s t a t i o n  as a t t ached  
modules where t h e  s c i e n t i f i c  appara tus  would be too  l a r g e  t o  be  included 
w i t h i n  t h e  space  s t a t i o n  i t s e l f ,  o r  i n  a f r ee - f ly ing  mode where experiments 
w i l l  r e q u i r e  ope ra t ions  a t  some d i s t a n c e  from t h e  environment of the s ta t : ion.  

The modules,, which are expected to f e a t u r e  common subsystems, w i l l  b e  
s p e c i f i c a l l y  conf igured  t o  suppor t  i n v e s t i g a t i o n s  i n  t h e  f i e l d  of scilar and 
s te l lar  astronomy, space  phys ics ,  b iosc ience ,  biomedicine,  earth SUI veys , arid 
materials s c i e n c e s  and processing.  The modules w i l l  b e  designed foi  long 
l i f e  through in -o rb i t  maintenance, resupply  and r e t r i e v a l ,  and af tei. r e t u r n  
t o  e a r t h  us:Lng t h e  s h u t t l e ,  f u t u r e  updat ing and mod i f i ca t ions  on thc ground. 

Experiments- : 

Paral le l i5ag t h e  space s t a t i o n  s t u d i e s  are e f f o r t s  underway t c  dew l o p  a 
balanced prl3gi:am of payloads and experiments  t o  u t i l i z e  t h e  i n i t i a l  s h u t t l e  
capabi  Lity anti t h e  space  s t a t i o n  when i t  becomes a v a i l a b l e .  Definil . ion 
a c t i v i t i e s  a r e  e s s e n t i a l  t o  t h e  o r d e r l y  e v o l u t i o n  and development 0:' payloads 
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and experime:nta compatible w i t h  t h e  f u t u r e  space f l i g h t  t r a n s p o r t a t i o n  systems. 

The candida te  experiment areas t o  be  opera ted  i n  a s s o c i a t i o n  wi th  t h e  space 
s t a t i o n  and :;piace s h u t t l e  i nc lude  e a r t h  surveys ,  space  phys ic s ,  astronomy, 
chemistry,  materials sc i ences  and manufactur ing,  b iosc i ence  and biomedicine,  
and communications and naviga t ion .  

S tud ie s  of t h e  candida te  experiment groupings w i l l  be cont inued i n  F'Y 1972.. 
I n  many of t h e  d i s c i p l i n e s ,  t h e  experiments  p r e s e n t l y  r e p r e s e n t  t h e  niajor 
focus of a c t i v i t y  w i t h i n  t h i s  count ry ' s  proposed f l i g h t  program f o r  t h e  l a t t e r  
h a l f  of t h i s  decade and beyond. A s  t h e s e  experiments  form a major stmgment of 
t h e  nea r  ear:h s c i e n t i f i c  and a p p l i c a t i o n s  a c t i v i t y  i n  f u t u r e  decades,, 
a s s o c i a t e d  !j tud ies  and suppor t ing  technology t a s k s  r e l a t e d  toward a t:reater 
understimding of t h e i r  requirements  are being undertaken by many elenients 
of NASA, i nc lud ing  t h e  Of f i ce  of Space Sc ience  and Appl ica t ions  and t h e  
Off ice  of Advanced Research and Technology. 

The p r i n c i p a : ~  experiments and experiment areas t h a t  are desc r ibed  i.epresent: 
f a c i l i t i e s  and l a b o r a t o r i e s  t h a t  r e q u i r e  i n  vary ing  degrees  man's pa r t i c ipa t i . on ,  
some on.Ly inErequent ly ,  such as f o r  maintenance o r  d a t a  r e t r i e v a l ;  w f l i l e  o t h e r s  
r e q u i r e  h i s  nea r ly  continuous a t t e n t i o n .  I t  is  expected t h a t  t h e  experiments  
would b e  flown a t  d i f f e r e n t  t i m e s  du r ing  the next  several decades ant1 reviews 
w i l l  be conduct;ed, p r i n c i p a l l y  a t  t h e  conclus ion  of t h e  d e f i n i t i o n  s t u d i e s ,  
on t h e  prope'c :Slight sequencing and t h e  appropr i a t e  i n i t i a t i o n  d a t e s  f o r  
d e t a i l e d  design and development. 

The e a r t h  :survey experiments  would be  used t o  b e t t e r  d e f i n e  t h e  e a i t h ' s  
geometry, s u r f  ace c h a r a c t e r i s  t i c s ,  and dynamic processes  ; t o  improve t h e  
understanding of a tmospheric  phys ics ,  improving weather  f o r e c a s t i n g ,  and 
e s t a b l i s h i n g  t h e  b a s i s  f o r  p o s s i b l e  weather  mod i f i ca t ion  and climate c o n t r o l ;  
and f i n a l l y ,  and most impor t an t ly ,  p rovid ing  informat ion  f o r  t h e  resgionsible 
management o . E  t h e  e a r t h ' s  resources  and environment. I n i t i a l  s tud ies ,  i n d i c a t e  
t h a t  as many as twenty senso r s  would be inco rpora t ed  i n t o  t h e  e a r t h  
obse rva t ions  module. These s e n s o r s  i nc lude  cameras, rad iometers ,  s c m n e r s  , 
spectrometer:;,  r a d a r s ,  and r e c e i v e r s  and cover  t h e  spectrum from t h e  u l t r a -  
v i o l e t  through t h e  v i s i b l e  and i n f r a r e d  of t h e  o p t i c a l  range i n t o  the 
microwave range:. 

The informat ion  from t h e s e  senso r s  w i l l  be  app l i ed  toward t h e  follc 'wing 
genera l  area:;: (1) world l and  use  mapping; (2)  weather  and t h e  atmos#phere; 
(3)  air and water p o l l u t i o n ;  ( 4 )  r e sources  i d e n t i f i c a t i o n  and conserva t ion ;  
(5) n a t u r a l  d i s a s t e r  assessment;  and ( 6 )  ocean resources .  

This  e f f o r t  f o s t e r s  t h e  development of  o b s e r v a t i o n a l  systems i n  space  t o  
assist i n  t h e  monitor ing and development of o u r  n a t u r a l  resources .  
unique p e r s p i x t i v e  provided by obse rva t ions  from space w i l l  enable  us8 t o  
manage e f f i c i e n t l y  our  a g r i c u l t u r a l ,  f o r e s t ,  minera l ,  marine,  and wat e r  re- 
sources  <, 

Ihe  
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Within tlie astronomy and phys ics  experiment  areas, ins t ruments  w i l l  b e  
developed t o  g r e a t l y  expand man's knowledge of t h e  sun and s o l a r  systlzm, o t h e r  
stars, g a l a x i e s ,  and t h e  n a t u r e  and dimensions of t h e  un ive r se  i t s e l f .  

An X-ray s t e l l a r  astronomy module us ing  s e v e r a l  t e l e scopes  of t i i f fe , ren t  
c a p a c i t i e s  could i d e n t i f y  and l o c a t e  X-ray sources ,  p rovide  in fo ima t ion  on 
emission mechanisms, and t h e  amount and d i s t r i b u t i o n  of energy i n  eacii souxce,. 

An advanced s te l lar  astronomy module would g r e a t l y  improve man's observa- 
t i o n  of s te l lar  o b j e c t s  and would f e a t u r e  a t e l e s c o p e  as l a r g e  as two o r  
t h r e e  meters i n  diameter .  The t e l e s c o p e  would be  designed t o  accommodate 
d i f f e r e n t  ins t ruments  at  tlie f o c i  s o  t h a t  ins t rument  s u b s t i t u t i o n s  coiild be 
made t o  provide f o r  t h e  i n v e s t i g a t o r ' s  needs. 

An advanced s o l a r  astronomy module would c o n s i s t  of two groups of t e l e scopes  
wi th  t h e i r  a s soc ia t ed  experiments .  The f i r s t  group, c o n s i s t i n g  o f  iiiizh 
r e s o l u t i o n  t e l e scopes ,  would examine phenomena i n  t h e  s o l a r  s t r u c t u r e  
emphasizing a r e a s  of high a c t i v i t y .  The second group, u s i n g  two coronagraphs !, 
would measure phenomena i n  t h e  reg ion  of tile s o l a r  corona. 

The u l t r a v i o l e t  s te l la r  survey would map and i n d i c a t e  t h e  r e l a t i v e  I,rightne,ss 
of u l t r a v i o l e t  sources  i n  t h e  c e l e s t i a l  sphe re ;  and then  use  narrow f i e l d  
t e l e scopes  t o  make d e t a i l e d  s t u d i e s  of g a l a c t i c  emiss ions ,  s ta r  clusti ' rs  , 
nearby ga lax ie s ,  and p l ane ta ry  nebulae.  

The high energy stellar astronomy f a c i l i t y  would c o n s i s t  of X-ray t ?lescope:s,  
counter  and d e t e c t o r  a r r a y s ,  a spec t rometer ,  and s p a r k  chamber. This  equip- 
ment would be used t o  c o r r e l a t e  measurements of  f l u x ,  s p e c t r a l  d i s t r i t i u t i o n ,  
l o c a t i o n ,  and p o l a r i z a t i o n  of r a d i a t i o n  from s e l e c t e d  sources ,  arid wo,ild 
measure t h e  dimensions,  i n t e n s i t y ,  and l o c a t i o n  of s e l e c t e d  X-ray and gamma 
ray sources .  

The i n f r a r e d  s t e l l a r  survey would employ a one meter i n f r a r e d  l:elesI:ope f o r  
use  i n  determining t h e  d i s t r i b u t i o n ,  l o c a t i o n  and b r i g h t n e s s  of i n f r a r e d  
sources  and c o r r e l a t i n g  i n f r a r e d  and X-ray s p e c t r a .  

The cosmic r a y  phys ics  l a b o r a t o r y  would advance t h e  understanding o E 
a s t r o p h y s i c a l  phenomena by s tudying  t h e  change and energy s p e c t r a  of  Icosmic: 
r a y  n u c l e i ;  t h e  energy s p e c t r a  of  h igh  energy e l e c t r o n s  and p o s i t i o n s ;  t he  
i s o t r o p i c  composition of l i g h t  e lements;  and t o  sea rch  f o r  nuc leon ic  ,anti-  
matter and extremely heavy n u c l e i .  

T h e  p l a sma  physics  l abora to ry  would examine t h e  p l a sma  wake around o r b i t a l  
bodies  ; plasma resonances and t h e i r  harmonics; wake par t ic le  i n t e r a c t  ions 
wi th  very low frequency e l ec t romagne t i c  waves ; and would, through t h e  use 
of e l e c t r o n  and i o n  beams, s tudy  t h e  magnetosphere. 
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The space physics  r e sea rch  l abora to ry  would b e  comprised of between 20 and 
25 ins t ruments  t h a t  can be  app l i ed  t o  s tudy  atmospheric  and magnetospneric 
s c i ence  inc lud ing  aurorae ;  cometary cloud phys ics ;  meteoroids  includi i ig  an 
a n a l y s i s  of t r a j e c t o r y ,  m a s s ,  v e l o c i t y ,  and composition; and s e l e c t e d  
as t ronomica l  obse rva t ions  us ing  s m a l l  t e l e scopes .  

The research  areas i n  l i f e  sciences are: medical ;  biology,  i nc lud ing  
s m a l l  v e r t e b r a t e s  and p r ima tes ,  i n v e r t e b r a t e s ,  microbiology,  and p l a n t s ;  
man-systems i n t e g r a t i o n ,  i nc lud ing  t h e  behavior  of  man; and l i f e  suppor t  
and p r o t e c t i v e  systems. The l a b o r a t o r i e s  and f a c i l i t i e s  would be  used t o  
determine t h e  impact  of space  on t h e  phys io log ica l ,  b iochemical ,  micr ib io-  
l o g i c a l  and behav io ra l  func t ions  of man, and t o  develop d a t a  f o r  detel- t ing 
symptoms o r  p recu r so r  i n d i c a t o r s ;  and t h e  fundamental r o l e  of  g r a v i t y  i n  t h e  
physiology, biochemistry,  and behavior  of  b i o l o g i c a l  specimens.  

A phys ics  and chemistry l abora to ry  would suppor t  a wide range of  exoeriment:; 
u t i l i z i n g  t h e  unique environment of space - ze ro  g r a v i t y ,  vacuum,, s o l a r  and 
cosmic r a d i a t i o n  - and hyperve loc i ty  atomic,  molecular ,  and ionbeams. Among 
t h e  experiments t h a t  would b e  conducted are t h e  c r i t i c a l  p o i n t  phenomlma of 
f l u i d s  , gas-surface i n t e r a c t i o n s ,  molecular  beam s c a t t e r i n g ,  heat. t r a i i s f e r  
i n  a convec t ionless  medium, 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 chemical l,isers, 
flame chemistry and r e a c t i o n  k i n e t i c s  a t  ze ro  G, quantum e f f e c t s  a t  l l w  
t e m p e r a t u r e  and zero  G, and gaseous r e a c t i o n  k i n e t i c s  i n  a space  vacuiim. 

The communications and nav iga t ions  r e sea rch  f a c i l i t y  would develop :;pace 
technology f o r  communications, nav iga t ion ,  and t r a f f i c  c o n t r o l ,  and o1)timize 
t h e  use of t h e  e lec t romagnet ic  spectrum f o r  communication and nav iga t  &on 
s a t e l l i t e  systems. 

The m a t e r i a l s  s c i ence  and manufacturing experiments  would c o n s i s t  o E a series 
of experiments i n  f i v e  p r i n c i p a l  areas: m e t a l l u r g i c a l  p rocess ing;  c r y s t a l  
growth; g l a s s  process ing;  b i o l o g i c a l  process ing;  and t h e  physical. prot:esses 
of f l u i d s .  I t  is expected t h a t  u t i l i z a t i o n  of t h e  space  environnient :an 
produce materials f o r  use  on e a r t h  w i t h  p r o p e r t i e s  s u p e r i o r  t o  or not  
a t t a i n a b l e  i n  t e r r e s t r i a l  product ion.  The u l t i m a t e  goa l  is  t h e  estab Lishment 
of f ac i l i t i e s  f o r  commercial r e sea rch  and manufactur ing i n  spaceo  

F i n a l l y ,  space technology experiments  w i l l  advance fundamental know Ledge 
p e r t i n e n t  t o  space f l i g h t  t o  provide  t h e  t e c h n i c a l  c a p a b i l i t y  of undei:taking 
f u t u r e  miss ions ,  and expand t h e  use fu lness  and reduce t h e  cos t  of spa1:e 
ope ra t ions .  

Experiment d e f i n i t i o n  s t u d i e s  a l s o  e v a l u a t e  t h e  use  of t h e  va r ious  inanned 
space f l i g h t  t r a n s p o r t a t i o n  systems t o  reduce t h e  c o s t  of  payload and 
experiment des ign ,  and he lp  e s t a b l i s h  requirements  f o r  f l i g h t  t r a n s p o c t a t i o n  
s y s t e m  liardware development. In add i t ion ,  t h e  r euse  c a p a b i l i t y  of  thc: space 
s h u t t l e  w i l l  be eva lua ted  from t h e  s t a n d p o i n t  of  i t s  i n f l u e n c e  on t h e  design 



of payload arid experiment riardware systems f o r  ease of maintenan$ce, r e p a i r ,  
and re f  urbis l inent  a t  l o w  c o s t  . 
L i f e  Sciences:  

L i f e  sciences.  i n t e g r a t e s  t h e  space  medical ,  bioteclinology , and t e r r e s t r i a l  
biology a c t i v i t i e s  of t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion.  
Formerly t h e  funding arid d i r e c t i o n  of t h e s e  a c t i v i t i e s  w a s  d i spe r sed  through- 
out  t h e  t h r e e  major program o f f i c e s .  With t h e  c r e a t i o n  of t h e  p o s i t i o n  of 
NASA Uirectoi: of L i f e  Sciences i n  December 1970, t h e s e  e f f o r t s  a r e  be ing  
managed i n  one of f  ice  r epor t ing  t o  tlie Assoc ia te  Adminis t ra tor  f o r  Manned 
Space Fl ight . ,  

The program inc ludes  t h e  fol lowing f u n c t i o n a l  areas: 

1. --- Bioresearch provides  f o r  s tudy  and i n v e s t i g a t i o n  i n  medical ,  b i o l o g i c a l ,  
and behav io ra l  areas t o  develop an understanding of man and o t h e r  s e l e c t e d  
b io logica l .  s p e c i e s  and t h e i r  adap ta t ion  and t o l e r a n c e  t o  space o p e r a t i o n s ,  
as w e l l  as t h e  use of t h e  unique f e a t u r e s  of t h e  space environment i n  
studyi.ng func.amenta1 b i o l o g i c  processes .  

2.  _I Bioer@neeririg provides  f o r  t h e  s tudy  and advancement of  b i o l o g i c a l  
technology;,  t.he experimental  test  of b io ins t rumen ta t ion  and b ioassay  con- 
cepts t o  measure o r  d e t e c t  parameters of i n t e r e s t  i n  man and o t h e r  l i v i n g  
systems; a i d  t h e  design of space v e h i c l e s  f o r  h a b i t a b i l i t y .  I t  a l s o  
suppor t s  research  and technology e f f o r t s  necessary  f o r  t h e  i n t e g r a t i o n  of 
man arid mac:hi.ne i n  space ope ra t ions  through t h e  i n v e s t i g a t i o n  (of workload 
c r i te r ia ,  m a i n t a i n a b i l i t y  concepts ,  techniques for ground s imula t ion  of 
space f l i g h t  environments,  and t h e  advanced development of human augmen- 
t a t i o n  devices  t o  enhance man’s c a p a b i l i t i e s  f o r  space ope ra t ions .  

3 .  -- Bioenvironmental  Systems inc lude  s t u d i e s  t o  advance technology through 
t h e  t e s t i n i ;  of experimental  l i f e  suppor t  and p r o t e c t i v e  devices  as w e l l  as 
systems f o r  providing b rea th ing  atmospheres,  thermal  c o n t r o l ,  crew equipment, 
and food, water, and waste management necessary  t o  provide safle and 
h a b i t a b l e  condi t ions  i n  space f l i g h t ;  and t o  p r o t e c t  man from t h e  hazardous 
environmen1;s o f t e n  a s s o c i a t e d  wi th  t h e  test, launch,  and recovery o f  space  
v e h i c l e s ,  

O r b i t a l  Systems and Experiments 

1970 1971 19 72 

Space s t a t i o n  modules.. ....... $2,490,000 $17,000,000 $7,100,000 

Space l i f e  s c i ences .  - 
Experiments. , . .  ............... 3,510,000 13,000,000 10,500,000 .......... --- --- 3 775,000 

T o t a l ,  .. <. ................... $6,000,000 $30,000,000 $37 375 000 d-.-.L-- 
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The space s t a t i o n  d e f i n i t i o n  c o n t r a c t o r s ,  McDonnell-Douglas Corpora- 
t i o n  and N0rt.h American Rockwell, are completing comprehensive program 
s t u d i e s  on t h e  l a r g e  diameter  (33' )  core  module space s t a t i o n s  w.iich could 
be launched on a Sa tu rn  V class v e h i c l e .  
o p e r a t i o n a l ,  t e c h n i c a l ,  and programmatic in fo rma t ion  on t h e  s t a t i o n ,  i t s  
f a c i l i t i e s ,  experiments,  and r e sea rch  and a p p l i c a t i o n s  modules w i l l  be 
a v a i l a b l e  f o r  c:omparison wi th  o t h e r  s t a t i o n  des igns  now under cons ide ra t ion .  
IT 1971 funding provides  f o r  t h e  completion of t h e  two program d e f i n i t i o n  
s t u d i e s  with North American Rockwell and ElcDonnell-Douglas of t h e  l a r g e  
diameter space s t a t i o n ,  and f o r  d e f i n i t i o n  s t u d i e s  of a l t e r n a t i v e  modular 
space st.atiort c:oncepts. 

Upon completion of t h e s e  s t u d i e s ,  

I n  a d d i t i o n ,  as a follow-on t o  a f e a s i b i l i t y  s tudy  e f f o r t  conducted i n  
k?Y 1970, a s i n g l e  compe t i t i ve  c o n t r a c t  f o r  t h e  d e f i n i t i o n  of r e sea rch  and 
appl icat . ions modules w i l l  be  i n i t i a t e d .  FY 1971 funding w i l l  a l s o  provide 
f o r  o t h e r  r e l a t e d  space s t a t i o n  s tudy e f f o r t s  du r ing  t h e  year.  

Prime c o n t r a c t o r  support  i n  FY 1972 w i l l  i nc remen ta l ly  fund ex t ens ion  of 
d e f i n i t i o n  e f ' for t s  . A c t i v i t i e s  t o  be supported i n c l u d e  t e c h n i c a l ,  program- 
matic, and c a s t  t r a d e  o f f  comparisons of space s t a t i o n  concepts {compatible 
wi th  launch and  r e t u r n  by t h e  space s h u t t l e ,  and indep th  s t u d i e s  of s p e c i f i c  
t e c h n i c a l  prctblems. Funding w i l l  a l s o  support  design v e r i f i c a t i o n  a c t i v i t y  
inc lud ing  a d d i t i o n a l  t r a d e  o f f  ana lyses  t o  v e r i f y  t h e  c o n t r a c t o r ' s  systems 
s e l e c t i o n ;  i n i t i a t i o n  of p re l imina ry  eng inee r ing  designs of s e l e c t e d  long- 
l e a d  systems; and technology v e r i f i c a t i o n  and proof of concept through e a r l y  
i n i t i a t i o n  of' breadboard t e s t i n g  of c r i t i c a l  systems. E f f o r t s  w.L l1  be  
continued on a s o l a r  a r r a y  b a t t e r y  power system, environmental  c o n t r o l  and 
l i f e  support  s y s t e m ,  and high volume d a t a  p rocess ing  system. Planning and 
design w i l l  Le s t a r t e d  t o  i n t e g r a t e  t h e s e  systems i n t o  a f u n c t i o n a l  space 
s t a t i o n  subsystem test bed. Support ing s t u d i e s  r e l a t i v e  t o  in fo rma t ion  
management s y s t e m s ,  h a b i t a b i l i t y ,  and experiment management w i l l  a l s o  be 
continued. I ' i sca l  Year 1972 funds w i l l  a l s o  support  c o n t i n u a t i o n  of t h e  
research and a p p l i c a t i o n s  module d e f i n i t i o n  e f f o r t s  undertaken i n  N 1971. 

The experiment e f f o r t  i nvo lves  t h e  s tudy  and d e f i n i t i o n  of p o t e n t i a l  
experiments for  t h e  space s t a t i o n  and s h u t t l e .  A l l  d i s c i p l i n a r y  a r e a s  will.  
l e  r ep resen ted  with emphasis and p r i o r i t y  be ing  given t o  t h e  s t a r t  of work 
on long-lead t i m e  i t e m s  such as t h e  s te l la r  t e l e s c o p e ,  cosmic ray l a b o r a t o r y  
in s t rumen ta t ion ,  space manufacturing test beds,  and l i f e  s c i e n c e  experiments.  

Experiment d e f i n i t i o n  e f f o r t s  d i r e c t l y  r e l a t e  t o  t h e  des ign  c o n f i g u r a t i o n s  
underway on the  r e sea rch  and a p p l i c a t i o n s  module and on t h e  s t a t i o n ,  and 
consequently t h e s e  i n t e r f a c e s  must be considered i n  t h e  design of t h e  shutt:le.,  
It is important,  be fo re  proceeding wi th  t h e  d e t a i l e d  design and development. 
of t hese  space v e h i c l e s ,  t h a t  a f u l l  understanding of experiment r equ i r e -  
ments be i n  band. "lie experiments and t h e  in fo rma t ion  they provide rlzpre- 
s e n t  much of t h e  b a s i s  f o r  con t inu ing  a program of space e x p l o r a t i o n .  
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The IT 1971  e f f o r t  c o n s i s t s  of numerous smal l  c o n t r a c t s  t o  p r inc ipa l  i n v e s t i -  
g a t o r  groups €01: d e f i n i t i o n  of  experiments  t h a t  are planned t o  be f l m n  on 
manned missions *, 

The N 197;! r eques t  p rovides  funding f o r  g e n e r a l  s t u d i e s  t o  evaluate, 
experiment design concepts  t h a t  r e f l e c t  t h e  space  s h u t t l e  and space  st a t i o n  
c a p a b i l i t i e s  i:o reduce c o s t ,  and to d e f i n e  t h e  r o l e  of  man i n  suppor t  of t h e  
performance of experiments .  

S p e c i f i c  experiment d e f i n i t i o n  a c t i v i t i e s  inc lude :  d e t a i l e d  s t u d i e s  , 
ana lyses ,  and reviews t o  i d e n t i f y  t h e  o b j e c t i v e s  and con ten t  of a proper ly  
balanced pay]-oaci and experiment program f o r  manned space f l i g h t ;  d e f i n i t i o n  
s t u d i e s  t:o e v a l u a t e  t h e  use  of t h e  va r ious  manned t r a n s p o r t a t i o n  systems t o  
reduce t h e  cos t  of payload and experiment des ign;  i n i t i a t i o n  of  long-lead 
t i m e  s t u d i e s  :.eading t o  proof of p r i n c i p l e  and "breadboard" type  hardxV are 
p r i o r  t o  commitment of funds f o r  t h e  development of  f l i g h t  hardware; and t h e  
e v a l u a t i o n  of manned f l i g h t  systems and t h e  r o l e  o f  man i n  t h e  a c t u a l  pe r -  
f ormance of experiments i n  f l i g h t .  

The e a r l y  arid a c c u r a t e  d e f i n i t i o n  of  experiments  and payloads i o  v i t a l  t o  
even tua l  mission. success  and t h e  achievement of  program o b j e c t i v e s  a n d  
n a t i o n a l  goals, .  Experiment d e f i n i t i o n  funding provides  t h e  e a r l y  impetus f o r  
acquir ing,  t h e  t e c h n i c a l  and s c i e n t i f i c  e f f o r t  needed i n  i d e n t i f y i n g  and 
ver i fying, ,  through ground exper imenta t ion  and a n a l y s i s ,  t hose  worthwhile 
experiments  conducted by man i n  space ,  t o  a s s u r e  e f f e c t i v e  use  of  f u t u r e  
manned space f ' l i gh t  systems f o r  t h e  b e n e f i t  of  t h e  n a t i o n .  

Fiscal  Year 1972 e f f o r t  i n  t h e  t h r e e  main areas of l i f e  s c i e n c e s ,  b io re sea rch ,  
b ioengineer ing ,  and bioenvironmental  systems,  is o u t l i n e d  below. 

Bioresearch  - I n  FY 1972 b io resea rch  w i l l  provide funding f o r  a broad based 
research  program t o  i n v e s t i g a t e  t h e  e f f e c t s  of t h e  unique environmental  
f a c t o r s  of space  f l i g h t  on l i v i n g  systems i n  suppor t  of  man i n  :;pace, and 
t o  gain fundamental knowledge of b i o l o g i c a l  s i g n i f i c a n c e .  The medical  
component w i  11 emphasize s t u d i e s  t o  evaluate p h y s i o l o g i c a l  changes a l r eady  
found a s  a r e s u l t  of space  f l i g h t  and those  which might be  ant ic ipat izd.  
S tud ie s  of s p e c i f i c  organ systems and of s p e c i f i c  environmental  f a c t o r s  are 
o r i e n t e d  toward t h e  de te rmina t ion  of e f f e c t s ,  t h e i r  mechanisms, and ?re- 
d i c t i v e  means and countermeasures t o  p reven t  o r  treat them i n f L g h t .  Micro- 
b i o l o g i c a l  and t o x i c o l o g i c a l  hazard p o t e n t i a l  w i l l  be eva lua ted  and hea l th  
and s a f e t y  s t anda rds  w i l l  be e s t a b l i s h e d  and/or  r e v i s e d  i n  accordance w i t h  
research  f ind ings .  
suppor t  of man i n  space  w i l l  be  provided by i n v e s t i g a t i o n s  of onboar,j  
c l i n i c a l  m e d i c a l  t echniques ,  p r e f l i g h t  a s t r o n a u t  and ground crew p reven t ive  
medical measures, crew and passenger  s e l e c t i o n  cr i ter ia ,  and t h e  medical 
s i g n i f i c a n c e  of s p a c e c r a f t  r o t a t i o n  f o r  a r t i f i c i a l  "G". 

Fur ther  r e sea rch  d? ta  r e l a t e d  t o  t h e  medical ope rat ional .  

RLI 2-34 



A behavioral .  e lement  w i l l  i nc lude  research  of space  environmental  f a c t o r s  
on human per f  clrmance, behav io ra l  physiology and on neurobehaviora l  func t ion .  
It w i l l  i nc lude  i n v e s t i g a t i o n s  of improved measurement techniques ,  bzhav io ra l  
s e l e c t i o n  artd l e a r n i n g  processes  , s m a l l  group dynamics, c i r c a d i a n  rhythms, 
f a c t o r s  infI .uencing s l e e p  and a l e r t n e s s ,  and r e l a t e d  neurobehaviora l  
func t ions .  

I n  b io logy ,  e f f o r t s  w i l l  be  devoted toward t h e  development of conceptual  and 
mettiodologic.al knowledge d i r e c t e d  toward t h e  suppor t  of space f : l igh t ,  and 
t h e  e s t ab l i shmen t  of b a s i c  b i o l o g i c a l  p r i n c i p l e s ,  through r e sea rch  i i i t o  t h e  
i n f l u e n c e s  of t h e  unique environmental  f a c t o r s  of  space  on l i v i n g  systems. 
The s c i e n t i f i c  i n v e s t i g a t i o n s  d e a l  w i t h  t h e  e f f e c t  of s imula ted  space  
environments on l i v i n g  terrestr ia l  organisms, and i d e n t i f i c a t i o n  of [organisms 
f o r  t h e  b e s t  b i o l o g i c  r e t u r n  i n  space f l i g h t .  This  involves  s tudy  i n  a l l  
t h e  classic d i s c i p l i n e s  wi th  emphasis on r egu la to ry  b io logy ,  developinental 
b io logy ,  gec.et ic  b io logy ,  and radiobiology.  An impor tan t  segment of t h e  
program is t h e  group of r e sea rch  e f f o r t s  i n  rad iobio logy  which is  o r l e n t e d  
p r imar i ly  t c  t h e  informat ion  requirements  of  space f l i g h t .  This  segnent  
emphasizes i n v e s t i g a t i o n s  i n t o  t h e  human e f f e c t s  of t h e  dose ranges ,  rates 
and q u a l i t y  f a c t o r s  of t h e  r a d i a t i o n  which may be  a n t i c i p a t e d  i n  spal-e. 

Se l ec t ed  f l i g h t  experiments w i l l  be i d e n t i f i e d  f o r  f u r t h e r  des ign  de E in i t i on  
as candida tes  f o r  i n c l u s i o n  i n  t h e  s c i e n t i f i c  payloads of f u t u r e  spa,::e 
f l i g h t  v e h i c l e s .  

Bioengineer ing  - The b ioengineer ing  e f f o r t  i n  FY 1972 w i l l  i nc lude  t h e  
i n v e s t i g a t i o n  of t h e  optimum r o l e s  of man i n  space  systems as a manager, 
ope ra to r ,  t echn ic i an ,  and s c i e n t i s t .  The program w i l l  i nc lude  t:he di?velop- 
ment of human augmentation technology, such as t e l e o p e r a t o r s  , t o  extl?nd 
man's phys i ca l  and sensory  c a p a b i l i t i e s  by remotely c o n t r o l l e d  devices  i n  
space,  and in s t rumen ta t ion  t o  d e t e c t  and measure t h e  s t a t u s  of physi1,logical 
and psychologica l  parameters  which may b e  used t o  p r e d i c t  changes calised 
by t h e  i n f l u e n c e  of t h e  space f l i g h t  environment. 

Work a i d s  such as t o o l s ,  r e s t r a i n t  systems, and maintenance procedures  w i l l  
be developed t o  p e r m i t  man t o  work e f f e c t i v e l y  i n  ze ro  "G" and i n  relluced 
g rav i ty .  Design cri teria f o r  work areas, l i v i n g  q u a r t e r s ,  and off-diity 
f a c i l i t i e s  f o r  long du ra t ion  h a b i t a b i l i t y  by va r ious  s i z e  crews i n  sl'ace 
w i l l  b e  developed and evaluated.  

Advanced b io ins t rumen ta t ion  and bioassay concepts  w i l l  be  developed 4md 
t e s t e d  t o  assess t h e  s ta tus  of s e l e c t e d  phys io log ic  and psychologic  ])ara- 
meters which may be  used t o  p r e d i c t  changes i n  man caused by t h e  i n f  h e n c e  
of t h e  space f l i g h t  environment. The r e s u l t a n t  b io ins t rumen ta t ion ,  .i.n 
conjunct ion  with c u r r e n t  technology and appropr i a t e  d a t a  management iiech- 
n iques ,  w i l l  provide an i n t e g r a t e d  biomedical  measurement system thar: w i l l  
be  f l e x i b l e  enough t o  meet t h e  needs of  f u t u r e  space  f l i g h t s .  



Bioenvironmental  Systems - The bioenvironmental  systems element: w i l t  s t udy ,  
advance t h e  technology, and test t h e  f e a s i b i l i t y  of l i f e  suppor t  and pro- 
t e c t i v e  subsystems and systems f o r  provid ing  a h a b i t a b l e  cabin  at.mospliere 
through t h e  fol lowing func t ions  : atmospheric  supply ,  p r e s s u r e  c o n t r o  L, 
carbon d ioxide  removal and r educ t ions ,  oxygen rec lamat ion ,  contaminan I: 
c o n t r o l ,  thermal  c o n t r o l ,  water and waste management, and food s y s t e m ; .  
P r o t e c t i v e  systems inc lude  space  s u i t s ,  p o r t a b l e  l i f e  suppor t  s y s  t e m s  ,, and 
emergency suppor t  equipment. E f f o r t s  w i l l  focus on r e g e n e r a t i v e  l i f e  
suppor t  and p r o t e c t i v e  subsystems emphasizing t h e  ground t e s t i n g  of iitte- 
g ra t ed  l i f e  suppor t  systems. As an example, t h e  weight  and volume peiialties 
a s s o c i a t e d  wi th  supplying water f o r  body metabolism are among the  mosi. 
s i g n i f i c a n t  Eactors i n  des igning  t h e  l i f e  suppor t  system. Recent tes1.s 
have proven that: t h e  rec lamat ion  of p o t a b l e  water from u r i n e ,  wash water 
and humidity condensate i s  t e c h n i c a l l y  f e a s i b l e ,  and i n t e r a c t i o n  of  tlie 
man with t h e m  :subsystems has  been proven acceptab le .  

A space s u i t  ,;ys t e m  technology development area encompasses t h e  desigri, 
development, and design v e r i f i c a t i o n  t e s t i n g  of i n t r a v e h i c u l a r  and 
e x t r a v e h i c u l a r  space s u i t s .  Constant  volume j o i n t  technology is beinj: 
i n t e g r a t e d  i n t o  space s u i t  main frame s t r u c t u r e s  and g love  assembl ies ,  
Astronaut  coo.Ling subsystems i n c o r p o r a t e  evapora t ive ,  i n d i r e c t  l i q u i d  cooled,  
and automated c o n t r o l  techniques.  

The p o r t a b l e  :Life suppor t  system (PLSS) technology area inc ludes  i n t r a -  
v e h i c u l a r ,  e x t r a v e h i c u l a r ,  and PLSS s e r v i c e  equipment development. Pr imary 
e f f o r t s  c o n s i s t  of i n t e g r a t e d  regenerative/regenerable subsystems and non- 
r e g e n e r a t i v e  p o r t a b l e  environmental  c o n t r o l  systems for duty and contJ ngencg 
us e condi t i  on:; . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

ADVANCED MISSIONS PROGRAM --- - OFFICE OF MAIi"I!D SPACE FLIGHT 

PROGRAM OBJECTIWES AND JUSTIFICATION : 

-_- 

-- 

The object:Cvas of t h e  Advanced Missions a c t i v i t i e s  i nc lude  examinirig t h e  
enhancement of c u r r e n t  and advanced manned space  f l i g h t  program concclpts 
and developing t h e  requirements  f o r  f u t u r e  systems. The s t u d i e s  conducted 
provide  both guidance f o r  t h e  r e sea rch  and technology e f f o r t  r e q u i r e c l  t o  
suppor t  t h e s e  systems and t e c h n i c a l  in format ion  upon which t o  base  f u t u r e  
program dec i s ions .  

SUMMARY OF R€:SCIURCES REQUIREMENTS : --- 

1970 

Advanc.ed mfssion s tudies . . . . . . . . . . .  $2,500,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $2,500,000 

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

John F. Kennedy Space Center ,  NASA --- 
Manned Spacecraf t  Center . . . . . . . . .  $1,390,000 
Marshal l  Space F l i g h t  Center . . . . .  760,000 
NASA Headquarters ................ 350,000 

BASIS OF FUND REOUIREMENTS: 

Advanced Mission S t u d i e s  

1970 

Advanced m.iss:ion s tud ie s . . . . . . . . . . .  $2,500,000 

To ta l . . .  ......................... $2,500,000 

1 9  72 ---.- 1971 

$1,500,000 i$1,500,000 

$1,500,000 --- $1,500,000 

$100,000 $10~3,000 

200,000 200,000 

500,000 600,000 
700,000 600,000 

19 72 --- - 1971 

$1,500,000 $1,501) ,000 

$1,500,000 $1,50O ,000 --- - 
Advanced s tud . ies  are conducted t o  provide  t h e  necessary  knowledge t o  assess 

and t o  d i r e c t  t h e  f u t u r e  course  of t h i s  coun t ry ' s  manned space  f l i g h t  program. 
The s t u d i e s  utXLize t h e  c a p a b i l i t y  of i n d u s t r y  t o  perform conceptua l  t lesigns 
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 x e s .  
During N 1972, t h e  s t u d i e s  w i l l  i n v e s t i g a t e  new requi rements  f o r  near and 
long-range f l i g h t  miss ions ,  and conduct comparat ive s t u d i e s  of t h e  p o s s i b l e  
long-range u t i l i z a t i o n  of systems p r e s e n t l y  being de f ined  o r  under develop- 
ment, such as t h e  space  s t a t i o n ,  Skylab,  and s h u t t l e .  



Lunar exploration studies for activities beyond the present Apolh 
program will be directed toward aggregating and assimilating the knowledge 
gained from previous missions, and applying this information toward the 
extent and nature of future exploration, both on the lunar surface ;and in 
lunar orbit. 

An assessment of program directions will continually be compared with 
national objectives to assure that advanced planning is kept current and 
responsive. 

Cost and performance improvements are to be studied in relationshitp to 
existing or prospective programs such as the shuttle and space station. 
The impact of new missions and systems on flight and ground Operations and, 
conversely, the impact of advanced operations concepts on future miusions 
and systems w:l11 be studied to assure that the entire program benefits from 
advances in eiach area. 

As operatLona1 safety is of the utmost importance, studies will be directed 
towards proinoting new safety criteria for advanced concepts during the 
early phases of mission development. 

Areas of study that will receive attention during Fiscal Year 197;! are: 

Earth orbital mission analysis t o  determine the most advantageous 
combination of flight systems for projected mission objectdves. 
In addition these studies can identify a requirement for a1 ter- 
native mission and flight hardware concepts when it is indicated 
that these alternatives show advantages over the concepts that 
had been planned for use. 

N e w  missions requirements investigations t o  focus attention 
and NASA resources on potential applications of space that 
wil.1 improve the quality of life on earth. 

Lunar exploration, beyond the present Apollo program and in 
the next decade, for extended exploration of the moon and its 
near environment both from lunar orbit and on the lunair surface. 

Ground and flight operations analyses to determine how advanced 
concepts would affect projected operations using current 
systems, and how proposed new systems would affect future 
operations. 

An integrated space program safety study to produce gufidanca for 
future missions, by establishing a focal point within Manned 
Space Flight for new safety concepts as they relate to the 
development of advanced missions. This study will continue the 
safety study work conducted during FY 1971 to a greater lev'izl of 
detail and refinement. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

F I S C A L  YEAR 1972 ESTIMATES 

U S E A R C H  AND DEVELOPMENT BUDGET PLAN FOR 

SPACE S C I E N C E  AND APPLICATIONS PROGRAMS 

Program 

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

explorat ion. . . . . .  ........... 
Bioscience... . . . . . . . . . . . . . . . . .  

Space a p p l i c a t i o n s  ............ 
Launch v e h i c l e  procurement.. .. 

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

1971 - 1970 - 
$112,851,000 $116,000,000 

150,900,000 144,900 000 

19,655,000 12,900,000 

128,304,000 167,000,000 

107,819,000 124,900,000 

$519,529,000 $565,700,000 

19 72 -- 

$110,300,000 

311,500,000 

182,500,000 

146,100,000 
..-, -. 

$750,400,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

PHYSICS AND ASTRONOMY PROGRAM ---- - - __.-__ 
OFFICE OF SP14CE - SCIENCE AND APPLICATIONS 

PROGRAM OBJElZT'CVES AND JUSTIFICATION : --- 
The objectives of the Physics and Astronomy program include invest:i.gations 

of the earth, sun and solar system, galactic and extragalactic phenoriiena 
and the interrelationships among them. We are exploring our space eiiviron- 
ment in order to understand its nature and the physical processes thilt 
shape it. In doing s o ,  we are increasing our knowledge of the fundariental 
laws and principles of nature. 

In carryinr: out these investigations, a variety of techniques are iised 
to gather information. These include large orbiting observatories, !;mailer 
explorer satellites, sounding rocket flights, aircraft and ballcon flights 
as well as theoretical and ground based laboratory research. Researc:h 
groups particivating in this effort are distributed all over the US ilnd 
the free world. Groups are located at most of the NASA centers, at 
several other Government laboratories, and at many universities and 
industrial laboratories. Foreign participation is arranged thrcug;h 1:he 
science ministry of each of the participating countries, which under1:akes 
responsibility for its own share of the costs without a transfer of liunds 
from the U.S. 

The techno1o:qy developed and data gathered in this program are mad(: 
available to t'he scientific and technical community in order to cont.t-ibute 
to future scientific research, education, and the advancement of the 
technology of lour country. 

SUMMARY -- OF RESOURCES REQUIREMENTS : 

1970 1971 

Large observatories.......... $47,798,000 $42,831,000 $43,400,000. 
Orbiting explorers. .......... 18,295,000 26,200,000 24,500,000 
Sub-orbital programs......... 21,100,000 23,000,000 21,500 , 000 
Supporting activities........ 25,658,000 23,969,000 -- 20,900,000 -- 

Total...................... $112,851,000 $116,000,000 
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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 :  .- 

Manned Spacecraf t  Center......... 
Marshall  Space F l i g h t  Center..  ... 
Goddard Space F l i g h t  Center. .  .... 
Jet Propuls ion  Laboratory.  ....... 
Wallops Stat ion. . . . . . . . . . . . . . . . . .  
Ames Research Center. . . . . . . . . . . . .  
Electroc. ics  Research Center.  ..... 
Langley Research Center.. . . . . . . . .  
NASA Headquarters.  ............... 

19'72 --.- - 1970 1971 

$400,000 
1,534,000 

84,906,000 
875,000 
650,000 

2,773,000 
25,000 

523,000 
21,165,000 

BASIS OF FUND KEQUIREMENTS: -- 
Large Obs em a t o r ies 

1970 

$220,000 
2,940,000 

85,659,000 
335 , 000 

1,674,000 
3,820,000 

1,080,000 
20,272,000 

--- 

1971 

$201) ,000 
:14,050,000 

353,000 
2 , OOII ,000 
4,860,000 

L ,05 5,000 
13,495,000 

08,293,000 

--- 

19 72 -_.-.- 

O r b i t i n g  S o l a r  Observator ies  (OSO) $14,515,000 $16,431,000 $.19,003,000 
Orb i t ing  Asstronomical Observa- 

High Enert;y Astronomy Observa tor ies  
t o r i e s  (OACi). ..................... 33,283,000 26,400,000 11,000,000 

(HEAO) - ............................ --- --- 13,400,000 

Subtotal. 1,arge Observator ies . .  ... 47,798,000 42,831,000 43,400,000 
(Launch Vehicle Procurement program) : 

Delta (OSO) ..................... ($2,200,000) ($200,000) ($2,4CO ,OOO> 
Centaui: (OAO) ................... ( $5,600,000) ($1,500,000) ( ---I .............. Ti tan  ::I11 D (IiEAO) ( ---I ( ---5 (,$2,3C10,000) 

T o t a l  ((ir icluding Launch 
Vehic les ) .  ..................... ($55,598,000)644,531,009( --- $ 4 8 , 1 C l O , O O O )  --- 

Orb i t ing  So:Lai: Observa tor ies  (OSO) - 
The objec1;ive of t h e  O S 0  program is t o  o b t a i n  new knowledge of t h e  

sun,  t h e  ea:cth's atmosphere, and sun-ac t iva ted  terrestrial phenomenzi 
over  a broad range of t h e  e lec t romagnet ic  spectrum no t  d e t e c t a b l e  by 
ground-based obse rva to r i e s .  
t h e  sun, it:; i n t e r n a l  energy mechanisms and i n f l u e n c e s  on t h e  s o l a r  system 
over  long du ra t ions  inc lud ing  changes wi th  pe r iods  of t h e  o r d e r  of 1 1  
and 22 year:;, t h e  known per iods  of t h e  s o l a r  a c t i v i t y  cyc le .  De ta i l ed  
otservat ion:3 are also conducted on t h e  r ap id  v a r i a t i o n s  i n  s o l a r  s t i u c t u r e  
i n  a few seconds as i n  t h e  case of s o l a r  f l a r e s  which are exp los ive  even t s  
wi th  profound e f f e c t s  on t h e  e a r t h ' s  environment and r a d i o  communiczitions. 

The OSO's  o b t a i n  s c i e n t i f i c  information on 

The O S O ' s  have provided s i g n i f i c a n t  d i s c o v e r i e s  about  t h e  sun and t h e  
e a r t h ,  and nave expanded man's understanding of t h e  nearest s t a r  aritl i t s  
interact io1i :s  wi th  t h e  e a r t h .  The OSO-5 and OSO-6 s p a c e c r a f t  are stj.11 
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a c t i v e l y  providing v a l u a b l e  obse rva t ions .  
supp l i ed  t o  ESSA ( S o l a r  Geophysical Data Repor t s ) .  S u f f i c i e n t  d a t a  are now 
i n  hand t o  complete t h e  d i scove ry  phase of t h e  s tudy  of sho r t - l i ved  l a r g e  
scale phenotneiia on t h e  sun,  and t h e  ground work has  been l a i d  f o r  t h e  s tudy  
of a complete s o l a r  a c t i v i t y  cyc le .  The temperature  i n  f l a r e s  w a s  found 
t o  be more than 10,000 times h i g h e r  t han  expected: t h e  average tempc:rature 
s t r u c t u r e  i n  t h e  s o l a r  atmosphere has  been i n f e r r e d ,  hea t  f low I n  a c t i v e  
r e g i o n s  s t u d i e d ,  and t h e  p h y s i c a l  scale and o b s e r v a t i o n a l  models of s o l a r  
phenomena i d e n t i f i e d .  

Dai ly  X-ray maps of t h e  sun are 

Four OS0 miss ions  are scheduled for launch through t h e  m i d - 1 9 7 0 ' ~ ~  E a c h  
OS0 mission w i l l  c o n t a i n  a unique problem-oriented payload t o  complt!ment 
and extend knowledge ob ta ined  from p rev ious  OSO's and o t h e r  techniqties.  
OSO-H, p r e s e n t l y  being assembled i n  p r e p a r a t i o n  f o r  a 1971 launch,  :IS de- 
s igned  t o  c tmcen t ra t e  on s t u d i e s  of t h e  s o l a r  corona and f l a r e s .  Tile 
t h r e e  remaining OSO's ( I , J , K )  provide t h e  means f o r  e x p l o i t i n g  previous 
d i s c o v e r i e s  w i t h  inc reased  s p e c t r a l ,  angu la r ,  and t i m e  r e s o l u t i o n  nt!cessary 
f o r  t h e  s o l u t i o n  of fundamental problems i n  s o l a r  phys i c s .  

OSO-I is  scheduled f o r  launch i n  1973. A major French experiment and a 
comparable LlA. experiment on t h e  p o i n t i n g  s e c t i o n  w i l l  permit s tudy  of 
t h e  energy t r a n s f e r  from t h e  photosphere t o  t h e  h ighe r  l e v e l s  of t h c  s o l a r  
atmosphere under q u i e t  sun c o n d i t i o n s .  For t h e  f i r s t  t i m e ,  d a t a  acc lu i s i t i on  
and a n a l y s i s  w i l l  be  handled by a n  i n t e r n a t i o n a l  team made up a f  as1:ronomers 
from many states and f o r e i g n  c o u n t r i e s .  

Experiment ,proposals f o r  OSO-J have been r ece ived  from a number 01' U.S. 
i n v e s t i g a t o r s  and t h r e e  f o r e i g n  c o u n t r i e s .  A problem-oriented payload with 
s p e c i a l  emphasis on s o l a r  terrestrial r e l a t i o n s  w i l l  be  chosen i n  ei i r ly  
1971. It is &expected t h a t  t h e  s tudy  of h e a t  and p a r t i c l e  r ad ia . t i on  flow, 
which is t h e  o b j e c t i v e  of OSO-I, w i l l  be t r a c e d  f u r t h e r  outward from t h e  
sun and i t s  e E f e c t s  on t h e  e a r t h  s t u d i e d .  OSO-K w i l l  be  used t o  ob1:ain 
high r e s o l u t i o n  d a t a  f o r  s tudying s o l a r  a c t i v i t y  and f l a r e s  andl t h e  
e f f e c t s  of t r a n s i e n t  s o l a r  even t s  on t h e  e a r t h .  

F i s c a l  Year 1971 funds provide f o r  t h e  assembly, tes t ,  and launch support  
of OSO-H, scheduled i n  l a t e  FY 1971. 
f o r  t h e  des ign  and manufacture of t h e  OSO-I experiments and f o r  i n i t i a t i n g  
t h e  c o n t r a c t  f o r  t h e  OSO-I, J, K s p a c e c r a f t ,  t h e  continued i n - o r b i t  
o p e r a t i o n s  of a c t i v e  o b s e r v a t o r i e s ,  and d a t a  r e d u c t i o n  and ana lyses  of 
s c i e n t i f i c  measurements. 

I n  a d d i t i o n ,  FY 1971 funds provide 

F i s c a l  Year 1972 funds w i l l  suppor t  t h e  development, assembly, ani1 
t e s t i n g  of OSO-I s p a c e c r a f t  and OSO-I experiments.  
ment of t h e  OSO-J s p a c e c r a f t ,  des ign  and f a b r i c a t i o n  of OSO-J experiments 
w i l l  b e  i n i t i a t e d .  Funds w i l l  a l s o  con t inue  t h e  important coordina1:ed 
i n - o r b i t  o p e r a t i o n s ,  r e d u c t i o n ,  and ana lyses  of OS0 experiment d a t a ,  

Along w i t h  t h e  (levelop- 
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Orbiting Astronomical I____ Observatories (OAO) 

The OAO program provides to astronomers an accurately stabilized, 
automated space observatory for telescopic observations of celestial 
objects in the spectral ranRe from the X-ray through the ultraviolet into 
the visible reaion. 

The OAO-2, launched December 7 ,  1968, continues to make major contcibutions 
to our understanding of the universe by providinR critical information in 
the ultraviolet region of the electromagnetic spectrum. This observ,ttory 
has sucessfully conducted scientific observations for over two years, 

Some of the inajor OAO-2 scientific accomplishments include: 

1. 

2. 

3. 

4 .  

5. 

Ultraviolet excess in M31 galaxy which is interpreted as 
due to a large number of hot stars. This mav contribute 
to the solution of the "missing mass'' problem of the closed 
Universe theory. 

U1trav:tolet observations of Beta Aurigae, an eclipsing 
binary which has long been used as a calibration source 
have shown it to be cooler, larger, and therefore, closer 
than suspected. 

Obseirvations of a nova outburst (Stellar explosion), Nova 
Serpentis, from immediately after maximum intensitv 
through the next two months. 

The discovery of extensive hydrogen clouds around two 
bright comets and the accurate measurement of the 
temperature of the clouds. 

Discovery of ozone on the planet Mars, which is very 
importsmt to the understanding of the entire oxygen 
and carbon dioxide chemistry of the planets. 

Measurement: of these phenomena and others will be studied in greater 
detail with subsequent missions. Each measurement made by these 
observatories a.dds new and unique fundamental knowledge to the field of 
astronomy and astrophysics. 

A guest observer program was initiated with OAO-2 to provide an 
opportunity for astronomers, both national and international, to 
particivate in the investigation of celestial objects in spectral regions 
not observable from the ground. This program, which has developed con- 
siderable interest, is similar to the one that has made unique ground-based 
facilities available to the astronomical community. The program will be 
continued on OAO-C not only to provide scientific data, but to a'Lso 
collaterally demonstrate the peaceful use of space. 
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OAO-B w a s  launched on November 30, 1970. I t  c a r r i e d  a 38-inch r e f l e c t i n g  
t e l e scope  system capable  of spectrophotometry i n  t h e  u l t r a v i o l e t  wavlelength 
r eg ions .  This  observa tory  f a i l e d  t o  achieve  o r b i t  due t o  a launch vlzhicle 
f a i l u r e  whic:h d i d  no t  a l low t h e  shroud t o  j e t t i s o n .  OAO-B w a s  designed ts 
extend t h e  CIAO-2 sky survey of u l t r a v i o l e t  sou rces  and t h e  i n v e s t i g a t i o n  of t h e  
g ross  c h a r a c t e r i s t i c s  of celest ia l  o b j e c t s  i n  t h e  u l t r a v i o l e t  spec t r ,31  reg ion  
by explor ing  f a i n t e r  o b j e c t s  and s tudying  b r i g h t e r  o b j e c t s  i n  somewhet 
g r e a t e r  d e t a i l .  

OAO-C, whlch w i l l  be launched i n  1972, is  designed p r imar i ly  t o  e m l o r e  
t h e  important  problems of  t h e  abundance and temperature  d i s t r i b u t i o n  of 
t h e  i n t e r s t e l l a r  gas  from which stars form. I n  a d d i t i o n ,  t h e  high r l r so lu t ion  
w i l l  be extremely va luab le  f o r  t h e  s tudy  of t h e  s t r u c t u r e  of s t e l l a r  
atmospheres through t h e  d e t a i l e d  ana lyses  of t h e  shapes of a l i m i t e d  number 
of both s t r o n g  and weak l i n e s  i n  r e l a t i v e l y  b r i g h t  stars. However, : ; ince 
t h e  very  high r e s o l u t i o n  a l lows  only  a few photons pe r  second t o  be .[:e- 
corded,  t h e  obse rva t ions  w i l l  be made p r imar i ly  of s p e c t r a l  l i n e s  wit:hin 
t h e  b r i g h t e r  stars. 

F i s c a l  Year 1971 funds supported t h e  p repa ra t ion  of OAO-B f o r  launc:h, t h e  
i n - f l i g h t  ope ra t ions  and d a t a  ana lyses  of t h e  h igh ly  s u c c e s s f u l  OAO-:!, and 
t h e  assembly and t e s t i n g  of OAO-C. FY 1972 funds w i l l  provide f o r  1;iunch 
and suppor t  of t h e  in -o rb i t  o p e r a t i o n s  of OAO-C, and t h e  r educ t ion  arid 
ana lyses  of data obta ined  by t h e  s c i e n t i f i c  experiments.  

High Energy Astronomy - Observa tor ies  (HEAO) 

The primary o b j e c t i v e  of t h e  HEAO p r o j e c t  is t o  observe our  galaxy and 
t h e  un ive r se  in t h e  X-ray and gamma-ray r eg ions  of t h e  e lec t romagnet ic  
spectrum and t o  measure t h e  energy spectrum and chemical composition of 
t h e  corpusculaic cosmic r a d i a t i o n .  The HEAO p r o j e c t  is  expected t o :  

Provide  sky surveys necessary  t o  d e s c r i b e  t h e  un ive r se  

Con t r ibu te  t o  understanding of observed phenomena (Quasars, Pulsars l ,  
e tc  .) 

Provide p o t e n t i a l  f o r  major impact on t h e  understanding and 
developmen 1: of new energy p rocesses  

Provide  d i r e c t  oppor tuni ty  t o  s tudy  matter and seek an t i -mat te r  
from o u t s i d e  our  s o l a r  system 

Provide p o t e n t i a l  oppor tun i ty  t o  probe deeper  i n t o  t h e  n a t u r e  (of 
elementary matter by obse rva t ions  of h ighe r  energy i n t e r a c t i o n , s  
than  now achievable  o therwise  

Provide hif:h p o t e n t i a l  f o r  s u r p r i s e s  



This program of investigations has been given the highest priority for 
new starts by the National Academy of Sciences (Woods Hole Summer Study) 
and the Astronomy Missions Board (AMB) of NASA. 

A series of missions have been planned commencing with a total. sky survey 
for obtaining a broad description of the universe as viewed in t:his iregion 
of the electromagnetic spectrum and evolving to more comprehensive dlttailed 
investigations in the later missions. 

REAO-A will perform a total sky survey in cosmic ray, X-ray artd gatiima- 
ray emissions. This first mission will operate in an automated mode using 
subsystems which are currently available and experiments which are el-ther 
fully developed or under advanced development; e.g., balloon payload:;. The 
first mission .will be launched in 1975. 
pointing capability for improved observations. The third and fourth 
missions will utilize a finer pointing capability in order to conducj': hiph 
resolution investigations. 

The second mission will provide 

The HEAO spacecraft must have the capability for carrying the largc! ex- 
periment instrumentation required for the surveys. The approxiaiate 
dimensions will be a nine foot cylinder, thirty feet lonE. It is exlbected 
to weigh 20-25,000 pounds, carry 10-15,000 pounds of exneriment insti-umen- 
tation and require approximately one kilowatt of power generated bv :;olar 
cells. The spacecraft will be designed to insure an accentable 1ifei:ime 
in an 180-200 nautical mile orbit. 

The Titan class of launch vehicles has been tentatively- identified 
for the initial missions and studies will be conducted to find wavs j'or 
taking advantage of Space Shuttle capability for later missions - i.t!., 
launch, repair:; and updating. 

Thus Ear, payloads for use in the current definition study have betm 
selected for HEAO-A and HEAO-B and a partial pavload for HEAO-C. Tht!se 
payload selections represent 15 American universities, 4 Government 
laboratories, 4 industrial companies and 3 foreign institutions. Cort- 
firmation of flight assignment for these payloads will be given aftel' 
program apprlwinl and review following completion of definition studitbs. 

The Marshall Space Flight Center (MSFC) is directiq the technical 
definition O E  I-IEAO. An in-house feasibility phase was completed and the 
definition pnase is progressing with two study contracts. It is plarmed 
to issue a RIzqiiest for Proposals (RFP) in open competition next summcbr for 
the design and hardware phases. A single contractor for systems and 
integration is anticipated. 

Fiscal Year :L972 funding will allow experimenters on missions A ant1 B 
to complete instrument design and procure long-lead items such as lai,ge 
crystals. F"I 11972 funding will also permit selection and contract award 
to the spacecraft contractor; contractor effort will include detailetl 
designs and procurement of long-lead items prior to spacecraft fabrication. 
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I n  a d d i t i o n ,  MSFC w i l l  conduct f e a s i b i l i t y  s t u d i e s  aimed a t  u t i l i z a t j o n  of 
t h e  space  shritt:le f o r  a c t i v i t i e s  a s s o c i a t e d  w i t h  la ter  miss ions .  

1970 1971 1972 - ---- 
Explorers . .  ....................... $18,295,000 $26,200,000 $24,5oo,,ooo 

Delta (Launch Vehic le  Procurement 

Scout. (Launch Vehicle  Procurement 
Program). ....................... ($5,200,000) ($2,900,000) ($7,300,,000) 

ProRram) ........................ ($3,800,000) ($500,000) ($4,100,000) -. --- 

T o t a l  ( i r c l u d i n g  Launch Vehic les )  ($27,295,000) ($29,600,000) ($35,900,000) 

The Explorer  program makes u s e  of r e l a t i v e l y  small  s p a c e c r a f t ,  each dedica ted  

--- 

t o  s p e c i f i c ,  problem-oriented o b j e c t i v e s ,  t hus  enabl ing  t h e  des ign  of t h e  
s p a c e c r a f t  and t h e  parameters  of t h e  o r b i t  t o  be opt imized t o  m e e t  each 
o b j e c t i v e .  Problems i n  X-ray and r a d i o  astronomy, a tmospheric  and ionospher ic  
phys ics ,  r a d i a t i o n  b e l t s ,  magnetospheric boundaries  and i n t e r p l a n e t a r y  spac.e 
are be ing  i n v e s t i g a t e d  i n  t h i s  way. Th i s  program a l s o  provides  ti major means 
f o r  coope ra t ive  miss ions  wi th  o t h e r  Government agencies  and o t h e r  count r ies , ,  
where mutual program o b j e c t i v e s  can be m e t  wi th  t h e  coopera t ine  p a r t y  
paying i t s  own c o s t s .  

Explorer  s p a c e c r a f t  average  about  2 o r  3 launches pe r  yea r .  Conceptual 
and systems s t u d i e s  t o  suppor t  t h i s  launch rate are c a r r i e d  o u t  on a 
cont inuing  b a s i s .  I n  a d d i t i o n ,  NASA engages i n  coope ra t ive  miss ions  iqith 
o t h e r  Government agenc ie s  and o t h e r  c o u n t r i e s  whenever t h e s e  miss ions  
w i l l  assist i n  achieving NASA o b j e c t i v e s .  These coope ra t ive  missdons a l s o  
average about 2 o r  3 launches pe r  y e a r ,  u s u a l l y  on Scout v e h i c l e s ,  wiI:h 
t h e  coopera t ing  p a r t n e r  providinp; t h e  s p a c e c r a f t .  

I n  December 1970, t h e  f i r s t  miss ion  i n  t h e  Small Astronomy Satellite: 
(SAS) series ‘aa:; s u c c e s s f u l l y  launched. SAS-A, o r  Explorer  42,  a l s o  
c a l l e d  Uhuru (F-reedom) w a s  launched by an  I t a l i a n  c r e w  from t h e  San Mitrco 
launch p la t form o f f  t h e  c o a s t  of Kenya. Th i s  is t h e  f i r s t  NASA sa t e l l i t e  
t o  b e  launched o u t s i d e  t h e  United S t a t e s ,  and t h e  f i r s t  t o  be  launchetl 
by a f o r e i g n  ( c r e w .  A launch from t h e  United S t a t e s  i n t o  t h e  same orb:.t 
would have requ-ired a l a r g e r  v e h i c l e .  The mission of Etmlorer  42 is  t o  
sea rch  s y s t e m a t i c a l l y  f o r  X-ray sources  i n  space  and t o  map t h e  br ight  n e s s  
of t h e  ce1estLa:t sphere  i n  t h e  2-20 keV energy range.  

F i s c a l  Year 1972 funds w i l l  be used t o  suppor t  miss ions  t h a t  w i l l  be 
launched ove r  t h e  next  several y e a r s .  These Explorer  s p a c e c r a f t  w i l l  be 
used t o  o b t a i n  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 i c s ,  t h e  r a d i a t i o n  b e l t s  and maenetospheric  



boundary, and i n t e r p l a n e t a r y  space .  A c t i v i t i e s  t o  be  funded w i l l  i nc lude  
t h e  development of t h e  s p a c e c r a f t  and ins t ruments ,  t h e  p r e - f l i g h t  t e s t i n g ,  
launch,  and t:he a n a l y s i s  of d a t a  from ope ra t ing  satel l i tes .  

The f i r s t  E:adio Astronomy Explorer  (RAE-A) launched i n  1968 is observinR 
e x t r a t e r r e s t r i a l  and s o l a r  r a d i o  sources .  RAE-B is being prepared t o  
o p e r a t e  i n  luna r  o r b i t  t o  use l u n a r  o c c u l t a t i o n  f o r  more p r e c i s e  l o c a t i o n  
of t h e  sou rces ,  and t o  reduce terrestr ia l  n o i s e  i n t e r f e r e n c e .  

S m a l l  Astrcmomy S a t e l l i t e s  (SAS-B and C )  are being prepared t o  cont inue  
SAS-A s t u d i e s  i n  o t h e r  wavelength ranges ,  and a f o u r t h  miss ion  (:SAS-D) is  
under de f in i t i c ln  as a p o s s i b l e  coope ra t ive  e f f o r t  w i t h  p a r t i c i p a t i o n  by 
t h e  Unit.ed Kingdom and ESRO. I n  a d d i t i o n ,  coope ra t ive  astronomy miss ions  
are underway wi th  t h e  United Kingdom (UK-5) and t h e  Nether lands (ANS-A) .  

The major abso rp t ion  of s o l a r  energy t a k e s  p l a c e  a t  a l t i t u d e s  i n  t h e  
100-200 m i l e  range.  To i n v e s t i g a t e  t h e  abso rp t ion  and t ransformat ion  of 
energy i n  t h j s  r eg ion ,  which c o n t r o l s  many ionospher ic  f e a t u r e s ,  Atmosphere 
Explorers  (AE:-C,D,E) are being developed wi th  new v a r i a b l e  o r b i t  and rap id  
d a t a  handling; c a p a b i l i t i e s .  

The Small S c i e n t i f i c  S a t e l l i t e  (SSS-A) i s  being prepared t o  exi3lore t h e  
r ing-cur ren t  p a r t i c l e s  which are  be l i eved  t o  be  r e s p o n s i b l e  f o r  t he  magnetic 
f l u c t u a t i o n s  observed dur ing  geomagnetic storms. A coope ra t ive  barium 
release p r o j e c t  w i th  Germany i s  scheduled t o  i n v e s t i g a t e  electrilc and 
magnetic 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 .  Other  coope ra t ive  space 
phys ics  miss ions  inc lude  those  wi th  t h e  United Kingdom (UK-4), I t a l y  (San 
Marco C )  and Germany (GRS-A2). A p o s s i b l e  coope ra t ive  program w i t h  Spain 
is  a l s o  under cons ide ra t ion .  

I n t e r p l a n e t a r y  Monitoring P la t forms  (IMP-H,I,J) miss ions  w i l l  (continue t o  
s tudy  t h e  boundaries  i n  f r o n t  of and behind t h e  e a r t h  which d e f i n e  r eg ions  
of i n t e r a c t i o n  between s o l a r  p a r t i c l e  streams and t h e  e a r t h ' s  envlronment. 

Future  space  phys ics  miss ions  under s tudy  inc lude  Dual A i r  Densi ty ,  In jun  
F, and IMP KK' . 

Sub-orb i ta l  Programs 

1972 --- - 19 70 1971 

Sounding r o c k . e t s . . . . . . . . . . . . . . . . .  $18,500,000 $19,000,000 $18,000,000 
Airborne research . . . . . . . . . . . . . . . .  1,600,000 3,000,000 2,500,000 
Balloon suppor t .  ................. 1,000,000 1,000,000 1,000,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  $21,100,000 $23,000,000 =L.L $21 500 000 
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Sounding Rockets 

Sounding rockets are the only means of obtainin? data below 1150 kilometers, 
where satellites cannot survive, and of providing vertical proflles of geo- 
physical parameters which are complementary to satellite observations. 
Sounding rockets are a flexible, timely, and cost-effective means of pro- 
viding space flight opportunities and, as such, constitute an invalu(sb1e 
component of a balanced program in space research. 

A flexible stable of relatively inexpensive vehicles is utilized to carry 
a wide variety of scientific instruments developed for studies :in thle 
disciplines of aeronomy, enerRetic particles and fields, ionospheres and 
radio physics, galactic and radio astronomy, and solar physics. 

Sounding rockets provide timely opportunities for: (1) conducting test 
flights of instrumentation bein8 developed for spacecraft: (2) studying 
scientific phenomena in the exploratory phase and ( 3 )  taking advantaize of 
unique opportunities (eclipses, novae, flares etc.). 

During the solar eclipse operation of March 7, 1970, thirty-one sounding 
rockets were successfully launched from Wallops Island. Seventeen oE these 
vehicles were launched during a one hour period. 
for these flights were designed to conduct coordinated complementary 
experiments in solar physics, ionospheric physics, aeronomy and uppet 
atmosphere meteorology. 

The payloads developed 

Recoverable sounding rocket payloads continue to be a unique means for 
collecting samples of micrometeorites, interplanetary dust, noct:ilucIsnt 
cloud particles, and upper atomsphere trace gases. The study of cosinic 
radiation and energetic particle influx and their relationship t:o sw:h 
phenomena as aurora and airglow have passed the exploratory phase an11 
are being continued at a reduced level in order to permit increased 
emphasis on exploratory stellar and solar investigations. Our knowledge 
and understanding of the nature, characteristics, and dynamics of hel:er- 
ogeneous layers of the ionosphere continues to be enhanced with rocklzt 
borne measurements of electron and ion concentrations, altitude distcibutions, 
and mass spectra from a variety of launch sites around the world. Sixdies 
of the atmospheres, emissions and dynamics of the planets, Sun, and .;tars 
continue to be made over a complete range of wavelengths of the enerlty 
spectrum. Particular effort has concentrated on the study of stella't- 
X-ray and ultraviolet sources, flares and active areas of the sun ant1 
its corona, and the atmospheres of the inner planets. Major advance:; in 
our ability to conduct these studies have resulted from increased utilization 
of our recently developed stellar and solar pointing controls that a.1-e 
able to hold scientific instruments pointing at their celestial target within 
approximately e t  1.0 arc second, allowing discrimination of very locallized 
regions of int%est for study. 



The FY 1972 Eund request provides for a flight program at an approximate 
level of 80 flights per year. Some slight reduction in total flipht!: may 
be anticipated as a result of increasing emphasis on the more cclmnlex 
stellar and solar investigations as recommended by the Woods Hole Stiidv 
effort. Forty to fifty scientific teams will be supported by this ej'fort. 

Ai r borne Res ear c h --- 

Airborne research with instrumented jet aircraft bridges the pap bt!tween 
ground-based experiments and those requiring balloons, rockets and sllace 
vehicle systems. The flexibility involvinE the direct participation of 
scientists and the large payload capacity with the ability for extentled 
observations over any geophysical area has yielded excellent scicntijic 
results and correlations with NASA's satellite systems. The airhorntb 
research proe;ram is demonstrating an approach which may be applicableb to 
space shuttle and space station operations in the future. 

The physics and astronomy airborne research program emphasizes the support 
of infrared astronomy, and investigations of the physics of the auroi'a 
and airglow. hfrared astronomy of the sun, planets and galaxies wilh 
small (12-inch) telescopes has been undertaken from the CV-990 and Lt!ar 
jet aircraft. A 36-inch aperture fl13.5 Cassegrain telescope is now 
being built for observations from a C-141A jet aircraft. 

The FY 1971 airborne research funding is almost entirely allocated for 
the IR telescope and the C-141A purchase. 

The M 1972 airborne research budget is also programmed primarilv j o r  
the IR airborne observatory and will be utilized for the completion of the 
36-inch telescope and to its integration into the C-141A aircraft. 

Balloon SuppDr -- t 

Balloons p l a y  an important role in the Physics and Astronomv progriim bv 
providing tinely and relatively low cost flight opportunities for (1:I 
testing proposed satellite instrumentation in the space environment, 
(2) obtainin5 observations at altitudes which are not accessible to 
satellites, ( 3 )  lifting instruments which are too heavy and voluminotis 
for flight in iwesent automated satellites, (4) utilizing instrument:, which 
can be safely recovered and reused, and (5)  obtaininp: observations for 
relatively extended periods of time (in contrast to short duration rocket 
flights). Approximately one million dollars are expended annuallv tcl 
support about 60 balloon flights a year. This estimate includes bal:oons, 
launch services, tracking and recovery. Funding for the experiments is 
provided f roin Supporting Research and Technology (SR&T) . 
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Supporting Activit ies 

I 

1972 -- 1970 1971 

Support ing r e sea rch  and technology (SRT) $16,718,000 $16,569,000 $:l-5,400,000 

........................... 8,940,000 7,400,OOO 5,000,000 Data a n a l y s i s  
500,000 -.-- Large space  t e l e s c o p e  s t u d i e s  (SRT). --- .... 

- - 
Tota l . .  ............................... $25,658,000 $23,969,ClOO $20,900,000 - -, -- 

Supporting Research and Technology/Advanced S t u d i e s  

Th i s  e f f o r t  enhances t h e  o v e r a l l  s c i e n t i f i c  and t echno log ica l  re tur r l  from 
NASA f l i g h t  p r o j e c t s  and h e l p s  a s s u r e  cont inued exce l l ence  and v i a b i l j t y  
of t h e  f u t u r e  r e sea rch  program i n  space sc i ence .  The o b j e c t i v e s  can Ile 
s t a t e d  i n  t h e  fo l lowing  t h r e e  broad c a t e g o r i e s :  (1) enhancement of tlie 
va lue  of current: space  miss ions  by supplementary s imultaneous ground-based 
obse rva t ions ;  (2) development of t h e o r i e s  t o  exp la in  observed phenomeria 
and p r e d i c t  ncm ones;  and (3) op t imiza t ion  of t h e  r e t u r n  expected fron 
f u t u r e  miss ions  by problem d e f i n i t i o n ,  development of advanced expe r inen t s  
and concepts ,  arid t h e  c a r e f u l  d e f i n i t i o n  of proposed new miss ions .  

The work i n  space  phys ics  is  l a r g e l y  devoted t o  support  of r e sea rch  r e l a t e d  
t o  t h e  phys ics  of t h e  e a r t h ' s  environment. It inc ludes  s tudy  of t h e  sun- 
e a r t h  environmental  f a c t o r s  as w e l l  a s  ex t r a - so la r  f a c t o r s  such as cosmic r ays .  
Advanced deve:iopment work on experimental  tests of t h e  v a l i d i t y  of E i n s t e i n ' s  
Theory of Rel.iiti.vity is  a l s o  supported i n  t h i s  area. I n  g e n e r a l ,  t hese  
t a s k s  may be  cat .egorized 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 ,  ionospheres ,  and i n t e r p l a n e t a r y  dus t .  

Research Supported i n  t h e  f i e l d  of astronomy involves  t h e  s tudy  of t h e  
sun,  and objec:ts 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  s o l a r  spectrum, i n f l u e n c e  of  t h e  sun on i n t e r p l a n e t a r y  and p l ane ta ry  
environments,  ins t rument  development, and l a b o r a t o r y  and t h e o r e t i c a l  s t u d i e s  
of b a s i c  phys i ca l  p rocesses  p e c u l i a r  t o  t h e  sun. Research t a s k s  r e l a t e d  
t o  o b j e c t s  o u t s i d e  of t h e  s o l a r  system inc lude  obse rva t ion  by ground-based 
and balloon-borne t e l e s c o p e s ,  and instrument  development. T h e o r e t i c a l  
s t u d i e s  of stars, g a l a x i e s ,  i n t e r s t e l l a r  and i n t e r g a l a c t i c  matter are a l s o  
supported i n  t h i s  area. 

f During FY 1 9 7 1 ,  t a s k s  are be ing  supported a t  u n i v e r s i t i e s ,  n o n p r o f i t  
and i n d u s t r i a l  r e sea rch  i n s t i t u t i o n s ,  NASA c e n t e r s  and o t h e r  Goveirnmen.t 
agencies  i n  two t h i r d s  of t h e  states and t h e  Dis t r ic t  of Columbia,. 

During FY 1972, we p lan  t o  suppor t  t h e  con t inua t ion  of t hose  t a s k s  wliich 
are c r i t i c a l  t o  maintaining a f i rm base f o r  a v i a b l e  Phys ics  and Astronomy 
program. Of s p e c i a l  s i g n i f i c a n c e  is t h e  i n i t i a t i o n  of Phase B s t u d i e s  
f o r  t h e  Large Space Telescope (LST). The LST w i l l  b e  a g e n e r a l l y  usef i i l ,  
m u l t i p l e  observing ins t rument ,  o p t i c a l  t e l e scope  system. The p recu r so r  
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telescope pl.antned for the 1977-78 time period will lead to a 3-meter class 
diffraction limited telescope by the 1980's. 
be in earth orbit and will be operated as a national facility. By appro- 
priately combining redundancy and manned maintenance in conjunction with 
a shuttle/space station such a system will be kept in operation nearly 
continuously for a minimum of a decade. 

As now envisioned, the LST will 

In Fiscal Year 1972 it is planned to analyze the performance of various 
instruments ma.king up the complement for the LST and to resolve the 
instrument interfaces. Trade-off analysis of the errors associated with 
the instruments will be performed. In addition, alternate optical 
systems will. be evaluated, fine pointing systems developed, facilities 
identified, da.ta handling techniques evaluated, project plans and ccsts 
prepared, operating orbits selected, and manned maintenance techniques 
developed. 

Data Analysis - 

The purpose of this effort is to make maximum use of the investment re- 
present:ed by the data gathered in the space science program, anld by the 
continued operability of a number of spacecraft well beyond their planned 
1 if et inies . 
Limited operation of spacecraft, beyond the times originally planned, 

has resulted i.n additional data being made available for specific investi- 
gations, wit:h preference given to correlative work designed to illuminate 
physical prclblems, and the exploitation of unusual opportunities such as 
unexpected observations of comets, or solar occultation of deep space 
probes. 

With the successful completion of the launch of the last Orbiting Geo- 
physical Observatory (OGO) mission, the OGO project has been organi- 
zationally located in the National Space Science Data Center (NSSDC) at 
Goddard Spac:e Flight Center for the continuation and extension (of the data 
processing, and analysis phase of the program. 
arrangement, CCO funding requirements have been included under the Cata 
Analysis prclject. 

In keeping with this 

Further work. using existing data is also supported, with emphasis on 
correlative studies. Under this project, investigators are expected to 
prepare data, complete with calibrations, in a form suitable for deposit 
in the NSSDC:. 

The operat.ioln of the NSSDC is also supported under this project. The 
NSSDC was established to serve as a central respository and clearinghouse 
of reduced scientific data resulting from space investigations. The amount 
of data to be handled has increased steadily each year. Although the 
proposed budget will not permit the originally planned buildup in NSSDC 
capabil.ities, it is considered adequate for supporting the most essential 
activities. 

RD 4-12 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

OFFICE OF SPACE - SCIENCE AND APPLICATIONS 

PROGRAM OBJECT'IVES AND JUSTIFICATION: 

LUNAR AND PIANETARY --- 
EXPLOIRATION PROGRAM - -_-_ 

The Lunar and P lane ta ry  Explora t ion  program is d i r e c t e d  toward invr !s t iga t ion  
of t h e  moon, t h e  p l a n e t s  and t h e i r  sa te l l i tes ,  a s t e r o i d s ,  comets and t h e  p a r t i -  
c l e s  and f i e l d s  of i n t e r p l a n e t a r y  space.  Its goal  is t h e  a c q u i s i t i o n  of new 
and more d e t a i l e d  d a t a  and knowledge of t h e  o r i g i n ,  h i s t o r y  and dynarliics of 
our  s o l a r  system wi th  p a r t i c u l a r  emphasis on unders tanding  t h e  evo1ur:ion of 
our  e a r t h  and the  processes  t h a t  c o n t r o l  i ts  environment. The c u r r e i i t  program 
of luna r  i n v e s t i g a t i o n  inc ludes  ground based and i n  s i t u  measurementi; of l una r  
materials and \phenomena and planning f o r  f u r t h e r  i n v e s t i g a t i o n s  util:l .zing t h e  
remaining luna r  miss ions  i n  t h e  Apollo series. The c u r r e n t  program l'or plane- 
t a r y  i n v e s t i g a t i o n s  r e l y  on both ground based obse rva t ion  and researc:h, and 
on s p a c e c r a f t  Elybys, o r b i t e r s ,  and l ande r s .  

Earlier unmanned programs have a l r eady  g r e a t l y  advanced our  knmwletlge of 
t h e  moon and provided a weal th  of d a t a .  
f i rs t  c loseup  d e t a i l  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 r ansmi t t ed  
t o  e a r t h .  T h e  subsequent Lunar O r b i t e r  p r o j e c t  provided l a r g e  s c a l e , ,  d e t a i l e d  
photographs of t h e  moon t h a t  were requ i r ed  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 si tes f o r  t'he Apollo manned l u n a r  landing  miss ions .  The Lunar O r b i t e r  pro- 
j e c t  a l s o  improved coverage of t h e  moon by exposing new a r e a s  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 demonstrat ing 
the  s o f t  l anding  c a p a b i l i t y  of a complex s p a c e c r a f t ,  i nc reased  conficience 
i n  t h e  a b i l i t y  of Apollo t o  land  on t h e  l u n a r  s u r f a c e .  In  addi t . ion,  Surveyor 
cameras took hundreds of high r e s o l u t i o n  photographs of t h e  luna r  t e n - a i n  , 
Surveyor ins t ruments  measured t h e  l u n a r  s u r f a c e  bea r ing  s t r e n g t h ,  ant1 rud i -  
mentary chemical a n a l y s i s  was performed on luna r  s u r f a c e  materials. Funds 
provided under t h i s  program f i n a n c e  t h e  b a s i c  s c i e n t i f i c  researc:h an11 planning 
e s s e n t i a l  t o  t h e  des ign  of experiments and miss ions  of t h e  Apo1l.o Maimed 
Space F l i g h t  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 o  o b t a i n  t h e  maximum s c i e n t i f i c  payoff from each mission.  

The Ranger p r o j e c t  provided t h e  

The p l a n e t a r y  and i n t e r p l a n e t a r y  programs have experienced a high Ilegree of 
success  beginning wi th  t h e  Mariner 2 f l yby  of Venus i n  1962 and cont inuing  
with t h e  most r e c e n t  s u c c e s s f u l  launchings of Mariner 6 and 7 i n  1963. P lans  
c a l l  f o r  t h e  launch of two Mariner s p a c e c r a f t  i n  1971 t o  o r b i t  l iars  Ifor a 
minimum of 90 days each. Martian e x p l o r a t i o n  w i l l  then be extended by the  
Viking miss ion ,  which w i l l  provide two mis s ions ,  each con ta in ing  sep,zrate  
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s p a c e c r a f t  to  o r b i t  and land on t h e  Mart ian s u r f a c e  i n  1976. In 1973 ano the r  
Mariner is planned t o  f lyby  Venus and u t i l i z e  t h e  g r a v i t y  assist: avaLlable  t o  
make t h e  f i r s t  f l yby  of Mercury. Launches of Pioneer  F and G s p a c e c r a f t  are 
planned i n  1972 and 1973, and w i l l  provide t h e  f i r s t  measurements of i n t e r -  
p l a n e t a r y  medium i n  t h e  r eg ion  beyond Mars, i n  t h e  a s t e r o i d  belt:,  and i n  t h e  
v i c i n i t y  of J u p i t e r .  In each of 1974 and 1975, two coope ra t ive  U.S./German 
s p a c e c r a f t  (He l ios )  w i l l  be launched t o  i n v e s t i g a t e  t h e  p a r t i c l e s  anti f i e l d s  
of t h e  i n t e r p l a n e t a r y  medium i n  as c l o s e  as approximately 0.3 AU from t h e  
sun. An Astronomical Unit  (AU) is t h e  d i s t a n c e  between t h e  earth and t h e  
sun o r  93,000,000 m i l e s .  
ment on a long d u r a t i o n  s p a c e c r a f t  s u i t a b l e  f o r  a v a r i e t y  of mission:; t o  t h e  
o u t e r  p l a n e t s ,  i nc lud ing  both f l y b y s  and o r b i t e r  miss ions .  I n i t i a t i o n  of t h i s  
s p a c e c r a f t  development e f f o r t  i n  FY 1972 is designed t o  take  advantage of 
t h e  unique al ignment  of t h e  o u t e r  p l a n e t s  which w i l l  occur  i n  t h e  1al:ter halE 
of t h e  1970 ' s  and w i l l  make p o s s i b l e  g r a v i t y  a s s i s t e d  f l y b y s  of threi? p l a n e t s  
w i th  a s i n g l e  s p a c e c r a f t .  The mission set  r e c e i v i n g  primary a t t e n t i o n  in -  
c ludes  1976 and 1977 launches t o  J u p i t e r ,  Sa tu rn ,  and P l u t o  and two 1979 
launches t o  J u p i t e r ,  Uranus, and Neptune. A miss ion  t o  o r b i t  Jtipitei: w i l l  be 
s t u d i e d  as a p o s s i b l e  a l t e r n a t i v e  t o  t h e  f i r s t  of t h e s e  mis s ions .  

The FY 1972 budget provides  f o r  i n i t i a l  deirelop- 

SUMMARY OF RESOURCES REQUIREMENTS: - ~ _ _ _ -  

Mariner . . . . . . . . . . . . . . . .  ...... 
Viking ....................... 
Outer p l a n e t s  miss ions  ....'... 
Pioneer /Hel ios  ............... 
Supporting r e s e a r c h  and 

technology/advanced 
s tudies* . . . . . . .  ............ 

Plane ta ry  astronomy.. .  ....... 
Data a n a l y s i s  ................ 
Plane ta ry  quarant ine*  ........ 

1970 

$63,871,000 
40,000,000 

22,570,000 
--- 

18,080,000 
3,800,000 
2,579,000 

--- 

19 7 1  

$46,400,000 
35,000,000 

37,400,000 
--- 

17  ,800,000 
4,800,000 
3,500,000 --- 

'1972 ~- 
$52,800,000 
180,400,000 
30, 1100,000 
20, LOO ,000 

18,;300,000 
4, ~300,000 
2,1000,000 

--.A 2 :200,000 - 

Total.. . . . . . . . . . . . . . . . . . . . .  $150,900,000 $144,900,000 $311,500,000 --- 

* Plane ta ry  Quarant ine and t h e  exobiology p a r t  of SR&T were, i n  p r i o r  y e a r s ,  
p a r t  of t h e  Bioscience programs. 
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Distribut:Lon of Program Amount by I n s t a l l a t i o n :  --- 

1970 

Kennedy Space Center . . . . . . . . . . . .  
Manned Spacecraf t  Center .  ....... 
Marsha1:L !;pace F l i g h t  Center . .  .. 
Goddard Space F l i g h t  Center . . . . .  
Je t  Propultsion Laboratory.  ...... 
Ames Research Center . .  .......... 
E l e c t r o n i c s  Resarch Center .  ..... 
Langley Research Center . . . . . . . . .  
NASA Headquarters.  .............. 

--- 
$643,000 

88,000 
4,841,000 

81,618,000 
21,636,000 

2,000 
28,904,000 
13,168,000 

BASIS OF FUND REQUIREMENTS: -- 

Mariner 

1971 

$42,000 
685,000 
400,000 

4,438,000 
64,659 ,000 
34,471,000 

23,166,000 
17,039,000 

--- 

1972 

--- 
$100,000 

800,000 
6,800,000 

1~l l ,500 ,000  
3.7,900,000 

121 3,500 ,000 
--- 

20,900,000 

Mariner M a r s  1969.. ............. $3,715,000 $500,000 $100,000 
Mariner Marrr 1971 ............... 59,256,000 31,200,000 1..3 ,900 ,000 
Mariner Mart; 1971 

extended miss ion  opera t ion . .  .. --- --- 500,000 ..... Mariner Venus/Mercury 1973. 900,000 14,700,000 - :L8 ,300,000 

T o t a l  Spacecraf t  and Support . .  $63,871,000 $46,400,000 $1:12,800,000 

A t l a s  Centaur (Launch Vehicle  
Procurement program) .......... ($9,200,000) ($7,500,000) ---- ($6,100,000) 

T o t a l  ( i nc lud ing  launch 
vehic.len) ................... ($73,071,000) ($53,900,000) ($!18,900,000) - - - - 

The Mariner series of s p a c e c r a f t  have been t h e  major t o o l  i n  t h e  I l lanetary 
program f o r  f lyby  obse rva t ions  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  sys8tem. 
s p a c e c r a f t  have evolved from t h e  450 pound Mariner 2 used f o r  man's f i r s t  
s u c c e s s f u l  mission t o  another  p l a n e t  t o  t h e  2,200 pound Mariner 1971 t o  be 
used f o r  our  f i r s t  o r b i t i n g  mission of another  p l a n e t .  

These 

The Mariner 2 f lyby  of Venus i n  1962 w a s  followed by t h e  Mariner 4 f l i g h t  
p a s t  Mars i n  :L965, which revea led  a c r a t e r e d  Martian 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 arid y i e lded  d a t a  on t h e  p l a n e t ' s  atmosphere and ionospheire. 
5 f lew p a s t  Venus i n  1967 a t  a d i s t a n c e  of 2,600 m i l e s  and made measurements 
i nc lud ing  t h e  p r o p e r t i e s  of t h e  Venusian atmosphere. According t o  I Iar iner  5 ,  
Venus :is a hot p l a n e t  wi th  a t h i c k  lower atmosphere--mostly carbon cilioxide. 

Mariner 
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On J u l y  3 1  imd August 5 ,  1969, Mariner 6 and 7 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 ambit ious and s u c c e s s f u l  p l m e t a r y  
reconnaissance ever at tempted.  
t h e  minimum requirements  of t h e  mission inc lud ing  more than 200 pict .ures  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 .  Mar:i.ner 7 ,  
which f lew over t h e  sou th  p o l a r  cap r e g i o n ,  found t h e  p o l a r  cap t o  he 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 f a s h i o n  as t h e  1imd s u r f a c e s .  
The p o s s i b i l i t y  of l i f e  on Mars remains one of t h e  major unanswered s c i e n t i f i c :  
q u e s t i o n s ,  and t h e  combined s p e c t r o s c o p i c  and imaging d a t a  from Mariner 7 pro- 
vided i n t e r e s t i n g  and l i k e l y  r eg ions  f o r  f u t u r e  missions t o  con,centi'ate 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 i c  d a t a  r e t u r n  g r e a t l y  exceeded 

I n  t h e  cont inuing s tudy  of Mars, t h e  Mariner Mars 1971 missions w:l.11 provide 
a s i g n i f i c a n t  i n c r e a s e  i n  ou r  knowledge of t h a t  p l a n e t .  U t i l i z i n g  mst ruments  
which are improved types of t hose  p rev ious ly  flown, two s p a c e c r a f t  i f r i l l  be 
launched on Atlas Centaur launch v e h i c l e s  from t h e  Eas t e rn  Test. Range du r ing  
May 1971. These s p a c e c r a f t  w i l l  arrive a t  Mars dur ing  November 19711 and w i l l  be 
placed i n  o r b i t  about t h e  p l a n e t .  Continuous obse rva t ion  of t h e  p L m e t  during 
t h e  b a s i c  90 day missions w i l l  p rov ide  g r e a t e r  p l a n e t a r y  coverage tlian has  been 
ob ta ined  b e f o r e ,  and w i l l  a l l ow d e t e c t i o n  of any dynamic, s e a s o n a l  )r o t h e r  
changes on t h e  p l a n e t ' s  s u r f a c e  and i n  its atmosphere which may occlir during 
t h a t  pe r iod .  

The two i d e n t i c a l  Mariner Mars 1971 s p a c e c r a f t  w i l l  perform s e p a r l s t e  bu t  
complementary mis s ions .  One s p a c e c r a f t  w i l l  be p r i m a r i l y  devoted t i3  mapping 
about 70 p e r c e n t  of t h e  Martian s u r f a c e  du r ing  t h e  b a s i c  90 day mis!;ion. 
This  s p a c e c r a f t  w i l l  have an o r b i t a l  pe r iod  of 1 2  hours .  The close! ; t  approach 
du r ing  o r b i t  w i l l  be  about 1,250 km (775 m i l e s )  as compared t o  t h e  3,400 km 
(2,100 m i l e s )  c l o s e s t  approach of previous Mariner s p a c e c r a f t .  The second 
s p a c e c r a f t  w i l l  be  p r i m a r i l y  devoted t o  obse rva t ion  of any time v a r i a b l e  
f e a t u r e s .  Th i s  second s p a c e c r a f t  w i l l  have an o r b i t a l  pe r iod  t h a t  w i l l  
provide r e p e t i t i v e  coverage of s e l e c t e d  areas of Mars. The la? p o i n t  of t h i s  
o r b i t  w i l l  b e  850 km (530 m i l e s ) .  

The b a s i c  missions are expected t o  s a t i s f y  t h e i r  o b j e c t i v e s  w i t h i n  t h e  90 
day o p e r a t i o n a l  pe r iod .  However, a hoped f o r  bonus w i l l  a cc rue  i f  t h e  space- 
c r a f t  l i f e t i m e  is extended beyond 90 days ( o r  beyond February 1972). It 
is  then planned t o  o p e r a t e  t h e  two s p a c e c r a f t  i n  extended mission ope ra t ion  
modes through November 1972. 
modes w i l l  be v a r i a b l e  due t o  changing o p e r a t i o n a l  c o n s t r a i n t s ,  and w i l l  be 
g e n e r a l l y  less than t h a t  ob ta ined  du r ing  t h e  b a s i c  mis s ions .  However, t h i s  
d a t a  w i l l  i n c l u d e  o b s e r v a t i o n s  of Mars throughout a season which is similar 
t o  t h e  season du r ing  which t h e  Viking l a n d e r s  w i l l  l a te r  land on  Mars. 

The d a t a  c o l l e c t e d  du r ing  t h e  extended mission 

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 t u d y  both Venus and 
Mercury i n  1973. Although t h e  s imilar i t ies  of Mars, Venus and Ea r th  make 
t h e  s tudy  of t h e s e  p l a n e t s  important  t o  ou r  knowledge of e a r t h  and i ts  
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p lace  i n  t h e  s o l a r  system, t h e  knowledge of o t h e r  p l a n e t a r y  bodies  can a l s o  
make a s i g n i f i c a n t  c o n t r i b u t i o n .  During the  1473 oppor tun i ty ,  rising t h e  same 
rocket  t h r u s t  requi red  t o  go t o  Venus, a s p a c e c r a f t  can be a c c e l e r a t e d  by Venus' 
g r a v i t y  and o r b i t a l  v e l o c i t y  s o  t h a t  i t  can a l s o  swing by Mercurv and begin  the 
exp lo ra t ion  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 spalcecraf t ,  
which w i l l  b e  launched by Atlas Centaur ,  w i l l  r e t u r n  both u l t r a v i o l e t  and 
v i s u a l  t e l e v i s i o n  p i c t u r e s ,  atmosphere and ionosphere d a t a ,  a s  well '2s t h e r m a l  
maps from both Venus and Mercury. In  a d d i t i o n ,  i t  w i l l  moni tor  t h e  space 
environment i n  t h e  unexplored reg ions  between Venus and Mercury 

In Mid-December 1970 a request f o r  proposal  was i s sued  f o r  a s p a c e l x a f t  
systems c o n t r a c t  f o r  t h i s  mission.  These proposa ls  w i l l  be revixwed and 
eva lua ted ,  and t h e  systems c o n t r a c t o r  s e l e c t e d  by l a t e  A p r i l  1971. r h i s  
c o n t r a c t o r  w i l l  have major r e s p o n s i b i l i t y  f o r  t he  s p a c e c r a f t  preLimiiiary and 
d e t a i l  des ign ,  procurement of subsystems, i n t e g r a t i o n ,  and conduct o'E tes t  
ope ra t ions .  I n  a d d i t i o n ,  t h e  systems c o n t r a c t o r  is expected t o  provide  pro- 
j e c t  suppor t  i n  t h e  launch and mission o p e r a t i o n s  phases  of t h e  p r o j t x t .  

F i s c a l  yea r  1971 funds support  launch and f l i g h t  o p e r a t i o n s  of' t h e  Mariner 
Mars 1971. The FY 1972 funds reques ted  f o r  Mariner Mars 1971 wi.11 b1: used 
t o  support  miss ion  ope ra t ions  a c t i v i t i e s  and d a t a  process ing  and analLysis 
a c t i v i t i e s  f o r  both t h e  90 day b a s i c  miss ions  and t h e  extended miss ions .  
On t h e  Mariner VenusIMercury 1973, FY 1972 funds are being reques ted  t o  
suppor t  t h e  implementation phase of t h e  master schedu le ,  i . e . ,  t h e  system 
des ign ,  t h e  de t a i l  design and necessary  development tests. 

The O € f i c e  O F  Space Science and App l i ca t ions ,  NASA Headquarters ,  i:; 
respons ib l e  f o r  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  inaiiagement has  been ass igned  t o  t h e  Jet Propuls ion  Lziborittory . 
The L e w i s  Reseiarch Center  is r e spons ib l e  f o r  t h e  launch v e h i c l e s .  

.................. O r b i t e r . .  $7,400,000 $7,900,000 $38,900,000 
Lander . . . . . . , . . . . . . . . . . . . .  . 31,000,000 24,700,000 1 2  3,600 ,000 
P r o j e c t  management. ........ 1 7  ,9('10,000 -- 1,600,000 -- -- -. __ - 

Tota l . .  .................. $40,000,000 $35,000,000 $180,4OO ,000 

-- - 2,400,000 

T i  t a n  Cen t i a ~ 1 7  (Launch 
Vehicle  lJrocurement .................. ($8,4C:10,000) program) ($200,000) ($3,200,000) -- - - - - - - 

T o t a l  (iiic1.uding launch 
v e h i c l e s ) .  ............. ($40,200,000-) ($38,200,000) ($188,8010,000) ____ - ____ - ---______ -__--I_ 

I 

RD 5 - 5  



The Viking: 1.975 miss ion  w i l l  extend t h e  e x p l o r a t i o n  of Mars i n i t i a . t e d  
by t h e  e a r l i e r  Mariner miss ions .  The Viking miss ion  w i l l  be t h e  f i r s t  NASA 
s tudy  of Mars from d i r e c t  measurements ob ta ined  wi th in  its atmosphere and 
on its s u r f a c e .  Earlier Mariner miss ions  could only  s tudy  t h e  p l ane t  from 
o r b i t a l  o r  f:lyby d i s t a n c e s  . 

The object . ives  e s t a b l i s h e d  f o r  t h e  Viking program 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  Mars by means of obse rva t ions  from 
Mart ian o r b i t  and d i r e c t  measurements i n  t h e  atmosphere and on the Mars 
s u r f a c e  dur ing  t h e  1975 oppor tun i ty .  P a r t i c u l a r  emphasis w i l l  be placed 
on obta in inp  b i o l o g i c a l ,  chemical,  and environmental  f a c t o r s  r e l e v a n t  t o  
t h e  e x i s t e n c e  of l i f e  on t h e  p l ane t  a t  t h i s  t i m e ,  i n  t h e  p a s t ,  or i n  t h e  
f u t u r e .  

Two Viking s p a c e c r a f t  w i l l  be launched i n  1975 by T i t a n  Centaur ve l i ic les .  
Each s p a c e c r a f t  w i l l  c o n s i s t  of an O r b i t e r  and a Lander.  The Mariner-type 
O r b i t e r  w i l l  have t h e  c a p a b i l i t y  of p l ac ing  i t s e l f  and t h e  a t t ached  Lander 
i n t o  an o r b i t  about Mars. Instruments  on t h e  O r b i t e r  w i l l  obtaitn p h n e t a r y  
d a t a  f o r  a t  l e a s t  t h r e e  months. The Lander w i l l  s e p a r a t e  from t h e  O r b i t e r  
about 10 days a f t e r  a r r iva l  a t  Mars and descend through t h e  atmospheite t o  
the  s u r f a c e .  The Lander,  designed wi th  t h e  sof  t - landing  technol-ogy of 
t he  Surveyors and Apollo luna r  modules, w i l l  t r ansmi t  b io logica l . ,  geo- 
l o g i c a l ,  me teo ro log ica l ,  and o t h e r  s c i e n t i f i c  d a t a  t o  e a r t h  f o r  90 d,iys.  
The Lander can e i t h e r  communicate d i r e c t l y  t o  e a r t h  o r  r e l a y  i t s  d a t a l ,  
a t  a h ighe r  b i t  r a t e ,  through the  O r b i t e r .  

The Of f i ce  O F  Space Science and App l i ca t ions ,  NASA Headquarters ,  i!; 
r e s p o n s i b l e  E0.c o v e r a l l  management of t h e  Viking program. Langley Ri!search 
Center has  been ass igned  t h e  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. The 
J e t  Propuls ion  Laboratory is re spons ib l e  f o r  t h e  O r b i t e r .  The P'iartiii 
Marietta Corl3oration is  the  prime c o n t r a c t o r  r e s p o n s i b l e  f o r  the  Lantler 
and systems i n t e g r a t i o n .  The L e w i s  Research Center  is  r e s p o n s i b l e  f o r  
t h e  launch v e h i c l e .  The program planning be ing  completed dur ing  FY 1.971 
inc ludes  development of d e t a i l e d  schedu les ,  p re l imina ry  des ign  of the! 
s p a c e c r a f t ,  and des ign  and development e f f o r t  on c r i t i c a l  long-lead tiub- 
systems and science ins t ruments .  

During FY :L972, t h e  d e t a i l e d  design w i l l  be  completed and much of t h e  
s p a c e c r a f t  and p re l imina ry  des ign  reviews w i l l  be  he ld .  The major sub- 
system contract:s w i l l  be awarded dur ing  t h e  y e a r ,  c o n s i s t e n t  w i t h  thcl 
master schedule .  Fab r i ca t ion  of t h e  f i r s t  developmental  Landers ,  t o  be 
used i n  t e s t i n g  programs, w i l l  begin i n  t h i s  per iod .  
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Outer P l a n e t s  Missions 

Outer p l a n e t s  miss ions . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ ~  --.- $30,000,000 --- 

--.- $30 000 000 --- --- -I--- -LL. -  Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -----. 

The exp lo ra t ion  of t h e  inne r  p l a n e t s  is w e l l  underway. In  the  del:ade ahead 
w e  f a c e  the  cha l l enge  of ex tending  p l a n e t a r y  e x p l o r a t i o n  t o  t h e  outlzr s o l a r  
system. Here l i e  the  fou r  g i a n t  p l ane t s - - Jup i t e r ,  Sa tu rn ,  Uranus, ,and Nep tune -  
29 of t h e  32 known p l a n e t  sa te l l i tes ;  a maverick p l a n e t ,  P lu to . ,  t h a t  may be an 
escaped s a t e l l i t e ;  thousands of comets and a s t e r o i d s ;  and t r u e  i n t e r s t e l l a r  
space beyond J u p i t e r  where t h e  g a l a c t i c  wind overcomes t h e  s o l a r  wind. Any 
convincing theory  on t h e  o r i g i n  and e v o l u t i o n  of t h e  s o l a r  system m i l s t  await 
d i r e c t  i n v e s t i g a t i o n  of t h e  o u t e r  s o l a r  system. Knowledge of t h e  olrter p l a n e t s  
should a l s o  he lp  us  t o  understand and p r e d i c t  t h e  f u t u r e  evo lu t ion  of e a r t h .  

Our exper ience  du r ing  t h e  1960's has  e s t a b l i s h e d  a  successful^ s t r a i t e g y  of 
i n i t i a l l y  sending f lyby  miss ions  t o  each p l a n e t  f o r  reconnaissance  ,md t o  
l a y  groundwork f o r  t h e  most product ive  planning of la ter  o r b i t e r ,  probe, 
and l ande r  missions.  W e  have i n i t i a t e d  t h i s  l o g i c a l  sequence of exp lo ra t ion  
missions t o  J u p i t e r  w i th  t h e  Pioneer  F and G f lyby  missions t o  be Launched 
i n  1972 and 1'373. Fu tu re  J u p i t e r  o r b i t e r  and probe miss ions ,  which are now 
being s t u d i e d ,  can then  be  based on t h e  r e s u l t s  from t h e s e  i n i t i a l  lilyby 
miss ions .  

For the  o u t e r  p l a n e t s  beyond J u p i t e r ,  i t  is aga in  a p p r o p r i a t e  t o  : ; tar t  
wi th  f lyby  miss ions .  Various a l t e r n a t e  means have been examined t o  accomplish 
t h e s e  i n i t i a l  f l yby  i n v e s t i g a t i o n s .  The most economical and product:ive 
approach has  been determined t o  be two d i f f e r e n t  th ree-p lane t  f lyby:; ,  t he  
f i r s t  t o  J u p i t e r ,  Sa turn  and P l u t o  wi th  launch o p p o r t u n i t i e s  rangin!: from 
1976 t o  1978, and t h e  second t o  J u p i t e r ,  Uranus and Neptune wi th  laiinch 
o p p o r t u n i t i e s  centered  a t  1979. These mis s ions  are made p o s s i b l e  b?r a 
unique al ignment  of t h e  o u t e r  p l a n e t s  which occurs  i n  t h e  l a te  1 9 7 0 ' s  bu t  
which w i l l  not: reoccur  f o r  179 yea r s .  

NASA c u r r e n t l y  f avor s  t ak ing  advantage of t h e  mul t ip l e -p l ane t  oppci r tun i t ies  
w i th  s i n g l e  Jupi te r -Sa turn-Plu to  (J-S-P) launches i n  1976 and 1977 and d u a l  
Jupiter-Uranus-Neptune (J-U-N) launches i n  1979. The r e s u l t a n t  f lytly d a t a  
from a l l  of  t h e  o u t e r  p l a n e t s  would be  r e tu rned  i n  t i m e  f o r  knowledpeable 
planning of second gene ra t ion  miss ions  and t h e  e s t ab l i shmen t  of r e l a t i v e  
p r i o r i t i e s  among t h e  o u t e r  p l a n e t s  be fo re  t h e  next  two-planet o p p o r t u n i t i e s  
occur  i n  the  1.990's. 
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Another a t t r a c t i v e  avenue of o u t e r  p l a n e t s  exp lo ra t ion  would be t o  fo l low 
the  J u p i t e r  f l ybys  of P ioneers  F and G with  an i n t e n s i v e  and de ta i l e t l  s tudy  
of t he  enormously i n t e r e s t i n g  p l a n e t  J u p i t e r .  I t  would be des ixab le  t o  
proceed i n  p a r a l l e l  w i th  t h i s  d e t a i l e d  second gene ra t ion  i n v e s t i g a t i o n  of 
J u p i t e r  f e a t u r i n g  a p lane to logy  o r b i t e r  t o  be  followed wi th  probe mir;sions, 
whi le  a t  t h e  same t i m e  conducting t h e  mul t ip le -p lane t  f lyby  surveys of t he  re- 
maining o u t e r  p l a n e t s .  I t  is recognized t h a t  a v a i l a b l e  r e sources  ma!' no t  
permit  p u r s u i t  of both l i n e s  of e f f o r t  dur ing  t h e  same t i m e  pe r iod .  It 
may then b e  necessary t o  make a choice  between t h e  mul t ip le -p lane t  siirvey 
and t h e  second gene ra t ion  exp lo ra t ion  of J u p i t e r .  NASA is continuingl, t o  
weigh t h e s e  p r i o r i t i e s  i n  p a r t n e r s h i p  wi th  both the  SSB and N A S A ' s  i rk-  
house s c i e n t i f i c  advisory  groups.  

Fo r tuna te ly ,  t h e  i n i t i a l  s t e p s  toward e i t h e r  t h e  m u l t i p l e  f lyby  o p t i o n  
o r  a J u p i t e r  pRanetology o r b i t e r  op t ion  are e s s e n t i a l l y  i d e n t i c a l .  Eor e i t h e r  
approach long-lead development of t h e  Thermoelec t r ic  Outer P l a n e t s  Space- 
c r a f t  (TOPS), which has  been under s tudy  f o r  some t i m e ,  must be  s t a r t e d ,  
b a s i c  experiments de f ined ,  and mission parameters  determined t o  optirriize 
t h e  experimerit r e t u r n s .  The s t u d i e s  t o  d a t e  i n d i c a t e  t h a t  t h e r e  would be 
l i t t l e  d i f f e r e n c e  i n  t h e  experiment payloads s e l e c t e d  f o r  e i t h e r  t he  
p lane to logy  a r b i t e r  o r  t h e  mul t ip l e -p l ane t  f l ybys .  Th i s  experimlent and 
mission planning e f f o r t  w i l l  be g r e a t l y  advanced dur ing  t h e  coming year  
by a team of h ighly  q u a l i f i e d  s c i e n t i s t s  t o  be s e l e c t e d  i n  March 1971 
t o  assist NASA i n  planning o u t e r  p l a n e t  mi s s ions ,  i nc lud ing  both  t h e  
o r b i t i n g  and mul t ip le -p lane t  f l yby  miss ions .  

Over t h e  p a s t  fou r  y e a r s ,  many types  and s i z e s  of s p a c e c r a f t  have been 
s t u d i e d  and eva lua ted  f o r  accomplishing t h e  exp lo ra t ion  of t he  o u t e r  s o l a r  
system. The TOPS concept f o r  a b a s i c  mul t ipurpose  s p a c e c r a f t  ha:; been 
s e l e c t e d  as the  most economical approach c o n s i s t e n t  wi th  the  h i g h e s t  
p r i o r i t y  s c i e n t i f i c  o b j e c t i v e s  and t h e  l o n g - l i f e  r e l i a b i l i t y  r equ i r ed  
f o r  a l l  ou te r  p l a n e t s  miss ions .  Its s t a b i l i z e d  scan  p l a t fo rm,  such at; 
used on t h e  Mariners ,  permi ts  s e n s i t i v e  measurements t o  be made on thi? 
p l a n e t s  and sa te l l i t es ;  i t  takes  advantage of r e c e n t  communications 
developments t o  achieve  a d e s i r a b l e  real-time d a t a  r e t u r n  from Jupi te i r  
o r b i t e r  and an adequate d a t a  rate over  even t h e  t h r e e  b i l l i o n  m i 1 . e  
d i s t a n c e s  t o  Neptune and P lu to ;  and i t  inco rpora t e s  adap t ive  cont:rol 
and s e l f - t e s t  and r e p a i r  f e a t u r e s  be l ieved  essent ia l  t o  achiev ing  
long- l i f e  r e l i a b i l i t y  wi th  a high degree  of confidence.  The develop- 
ment of t h i s  technology t o  f l i g h t  s t a t u s  w i l l  b e n e f i t  not  on ly  the  
p l ane ta ry  exp lo ra t ion  program, bu t  w i l l  advance t h e  u s e f u l  l i f e t i m e s  of 
a l l  f u t u r e  s p a c e c r a f t .  Broad commercial sp in -o f f s  i n  the  e l e c t r o n i c  
i n d u s t r y  are al:jo expected.  

The TOPS des ign  f e a t u r e s  mul t ipurpose  u t i l i t y .  It can be r e a d i l y  
configured f o r  e i t h e r  f lyby  o r  o r b i t i n g  miss ions .  I n  i t s  f lyby  con- 
f i g u r a t i o n ,  i t  !should a l s o  be s u i t a b l e  f o r  l a te r  deep-entry probe 
missions t o  J u p i t e r  and t h e  o t h e r  o u t e r  p l a n e t s .  
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During FY 1972 d e t a i l e d  des ign  and development w i l l  beg in  on t h i s  TOPS 
mult ipurpose o u t e r  p l a n e t s  s p a c e c r a f t  compat ible  w i t h  both  mult i p l e - - p l a n e t  
f l yby  mission:; and wi th  J u p i t e r  p lane to logy  o r b i t i n g  miss ions .  Bot11 types  
of miss ions  w i l l  be  def ined  i n  f u r t h e r  d e t a i l  dur ing  ??Y 1972. The Imogram 
is  scheduleli t o  have t h e  TOPS s p a c e c r a f t  developed i n  t i m e  t o  t ake  :idvantage 
of t h e  J-S-P oppor tuni ty  i n  1976. 

Relative Launch p r i o r i t i e s  such as between t h e  J-S-P miss ions  and J u p i t e r  
p lane to logy  o r b i t e r s  w i l l  cont inue  t o  be  assessed  i n  l i g h t  of new knowledge 
and changing p r i o r i t i e s .  Our c u r r e n t  program cal ls  f o r  t h e  development O E  
b a s i c  b u i l d i n g  b locks ,  i nc lud ing  t h e  TOPS s p a c e c r a f t  and its experiments ,  
t o  permi t  f:Leicible planning of an optimum program of  i n v e s t i g a t i o n  clf t h e  
o u t e r  s o l a r  system. 

The e f f o r t  t:o b e  conducted dur ing  FY 1972 inc ludes  t h e  fo l lowing:  

1. L,ong-I.ead development and q u a l i f i c a t i o n  of e l e c t r o n i c  p a r t s .  

2.  Detailed des ign  of t h e  s p a c e c r a f t  engineer ing  model and advanced 
development of s p e c i a l  subsystem components of t h e  b a s i c  mul t i -  
m i s s i c m  s p a c e c r a f t  . 

3. De ta i l ed  mission a n a l y s i s  and des ign  and t h e  suppor t  of s c i e n c e  
plannlng a c t i v i t y  ( inc lud ing  s e l e c t e d  ins t rument  breadboarding) .  

Th i s  e f f o r t  is  e s s e n t i a l  t o  developing t h e  b a s i c  b u i l d i n g  b locks  f o r  t h e  
next  decade of exp lo ra t ion  of t h e  s o l a r  system. The work must be s t iar ted 
i n  FY 1972 i f  w e  are t o  t ake  f u l l  advantage of t h e  rare and uniquely  e f f i c i e n t  
mul t ip le -p lane t  f l yby  o p p o r t u n i t i e s .  

- P ioneer/Hel% 

19 !2 ----- 19 70 1971 

Pioneer  6 - ‘ J . . . . . . . . . . . . . .  $1,761,000 $1 , 500,000 $600 , 000 
Pioneer  F and G............ 20,509,000 34 , 000 , 000 17,000,000 
Hel ios  A and B . . . . . . . . . . . . .  300,000 1 , 900 , 000 _- 2 -L 500,000 

Subto ta l . . . . . . . . . . . . . . . .  . $22,570,000 $37,400 , ooo $ za , 100 ,000 

--I_-__ 

Centaur  (Launch Vehicle  
Procurement program). .... ($2,100,000) ($16,600,000) ($14,300 ---L- 000) 

T o t a l  (iiicLuding launch 
v e h i c l e s )  .............. ($24 . 670,000) ($54,000 . 000) ($34,40CI ,000) ---- 

The Pioneer  6 through 9 ,  launched i n  1965 through 1968, have achieved t h e  
s c i e n t i f i c  o b j e c t i v e s  of obse rva t ions  of t h e  i n t e r p l a n e t a r y  phenomena i n  
t h e  r eg ion  of 0 .75 t o  1.1 AU from t h e  sun. (One AU is  the  mean d i s t a n c e  
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between t h e  e a r t h  and t h e  sun o r  93,000,000 m i l e s . )  These c h a r a c t e r i s t i c s  
were and arc? st i l l  being measured: cosmic d u s t ;  plasma; magnetic f i e l d s ;  
e l ec t r i c  f i e l c l s ;  cosmic r ays .  The fou r  P ionee r s  now i n  s o l a r  o r b i t  are a l l  
f u n c t i o n i n g ,  and i n  December 1970, Pioneer  6 had operated f o r  5 y e a r s .  
These s p a c e c r a f t  are a t  widely s e p a r a t e d  p o s i t i o n s  i n  space and f u n c t i o n  
as deep space weather s t a t i o n s  enab l ing  obse rve r s  t o  d e t e c t  and estimate the 
pa ths  a f  s o l a r  storms. This  i n fo rma t ion  provides  advance warnings o f  t h e  
v a r i a t i o n s  i n  t h e  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  
long range r a d i o  communications o r  of r a d i a t i o n  dangers t o  s p a c e c r a f t  and 
a s t r o n a u t s  . 

By 1968 s t u d i e s  confirmed t h e  f e a s i b i l i t y  t o  extend t h e s e  s c i e n t i f i c  
measurements i n  t h e  i n t e r p l a n e t a r y  media t o  5.0 AU. 

These measurements would c o l l e c t  d a t a  on t h e  a s t e r o i d s  and meteoroids 
i n  t h e  a s t e r o i d  b e l t ,  and f l y  by J u p i t e r  i n  o r d e r  t o  o b t a i n  p h y s i c a l  
c h a r a c t e r i s t i c s  and images of J u p i t e r  and its satell i tes.  These mis.;ions 
were approved i n  1969, and des igna ted  as P ionee r s  F and G. With t h e  Pio- 
n e e r s  F and G ,  w e  w i l l  s t udy  t h e  p o s s i b l y  hazardous r eg ion  of t h e  asi:eroid 
b e l t ,  measure t h e  g r a d i e n t  of t h e  s u n ' s  i n f l u e n c e  on interp1anet:ary ;pace 
and p o s s i b l y  determine t h e  e x t e n t  of t h e  boundaries  of t h e  g a l a c t i c  (:osmic 
r a d i a t i o n  i n  t h e  s o l a r  system. As t h e  s p a c e c r a f t  pas ses  w i t h i n  150,000 
m i l e s  O E  J u p i t e r ,  i n s t rumen t s  w i l l  t r a n s m i t  an image of t h e  p l a n e t ,  measure 
t h e  magnetic f i e l d s ,  e l ec t romagne t i c  emissions and t h e  charged par t ic : les  
and thermal Da.Lance a s s o c i a t e d  wi th  t h i s  l a r g e s t  p l a n e t  i n  t h e  s o l a r  system. 
Data from thlsse measurements w i l l  h e l p  u s  determine t h e  composition and 
dynamics of the atmosphere of J u p i t e r  and i ts  i n t e r a c t i o n  wi th  t h e  
i n t e r p l a n e t a r y  medium. Since J u p i t e r  is such a g r e a t  d i s t a n c e  from l.he sun,  
r a d i o i s o t o p e  thermal e lectr ic  g e n e r a t o r s  w i l l  be  used f o r  electrical  power 
gene ra t ion  i n  p l a c e  of t h e  s o l a r  pane l s  used i n  earlier Pioneer  s p a c e c r a f t .  
The P ionee r s  F and G weigh about 550 pounds and c a r r y  about  60 pounds of 
s c i e n t i f i c  iiis1:ruments. 

I n  1969 a j o i n t  mission d e f i n i t i o n  group c o n s i s t i n g  of German and Llnited 
S t a t e s  space s c i e n t i s t s  and eng inee r s  recommended t h a t  t h e  p r o p e r t i e s  and 
p rocesses  i n  i n t e r p l a n e t a r y  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) b e  i n v e s t i g a t e d .  This  i n t e r n a t i o n a l  coope ra t ive  Fro- 
ject was subsequent ly  approved and des igna ted  as Hel ios .  

The Hel ios  program is t h e  l a r g e s t  i n t e r n a t i o n a l  coope ra t ive  program 
t o  d a t e .  The s p a c e c r a f t  w i l l  weigh about  560 pounds, c a r r y  about 110 t o  
120 pounds of' s c i e n t i f i c  i n s t rumen t s  and be developed i n  West Germany 
u t i l i z i n g  c o n s u l t a n t s  from U. S. ae rospace  companies. 

Three of t h e  t e n  s c i e n t i f i c  experiments w i l l  b e  supp l i ed  by U. S. 
i n v e s t i g a t o r s .  NASA w i l l  p rov ide  t h e  launch v e h i c l e  and t h e  t r a c k i n g  
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and d a t a  systems f o r  t h e  f i r s t  phase of t h e  miss ion .  The West German Govern- 
ment w i l l  c o n t r o l  t h e  s p a c e c r a f t  du r ing  a l l  of the  o p e r a t i o n s ,  p l u s  t r a c k  i t . ,  
and acqu i re  the  d a t a  dur ing  t h e  la ter  mission phases .  

F i s c a l  yea r  I971  funds w i l l  be used: (1)  t o  cont inue  t o  track and ana lyze  
d a t a  from t h e  P ioneer  6-9 o r b i t i n g  s p a c e c r a f t ;  (2)  on Pioneer  F and G ,  t o  
complete t h e  des ign  and i n t e g r a t e  s c i e n t i f i c  ins t ruments  and continue) necessary 
t e s t i n g ;  (3) 011 Hel ios ,  t o  cont inue  t o  d e f i n e  s p a c e c r a f t  and expe r immt  i n t e r -  
f a c e  s p e c i f i c a t i o n s  and i n i t i a t e  thermal model t e s t i n g .  

F i s c a l  yea r  1.972 funds w i l l  be used f o r  t h e  cont inued development clf t he  
P ioneer  F and G s p a c e c r a f t  i nc lud ing  p ro to type  q u a l i f i c a t i o n  t e s t i n g  and 
t h e  acceptance t e s t i n g  of t h e  f l i g h t  F s p a c e c r a f t .  The P ioneer  F s p a c e c r a f t  
w i l l  b e  launched i n  t h e  t h i r d  q u a r t e r  of f i s c a l  y e a r  1972 

Develapmenl: of t h e  U. S. experiments  f o r  Hel ios  w i l l  cont inue  w i t h  t h e  
d e l i v e r y  of t:he engineer ing  models of t h e  s c i e n t i f i c  ins t ruments  t o  the  
s p a c e c r a f t  cclntractor f o r  i n t e g r a t i o n  and tes t ,  and wi th  t h e  i n i t i a t i o n  of 
f a b r i c a t i o n  cbf t h e  p ro to type  models for t h e s e  ins t ruments .  

The Of f i ce  of Space Science and App l i ca t ions ,  NASA Headquarters ,  is 
re spons ib l e  f o r  t h e  o v e r a l l  management of t h e  Pioneer  p r o j e c t  and is 
re spons ib l e  f o r  t h e  t e c h n i c a l  i n t e r f a c e  between t h e  U. S. and West Gelmany 
on t h e  Hel ios  p r o j e c t .  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 on the 
Pioneer  p r o j e c t  has  been ass igned  t o  t h e  A m e s  Research Center. The piro- 
j e c t  management r e s p o n s i b i l i t y  f o r  t h e  U .  S. p o r t i o n  of t h e  H e l i c m  p r o j e c t  
has  been assigned t o  t h e  Goddard Space F l i g h t  Center .  The L e w i s  Reseaarch 
Center i s  r e spons ib l e  f o r  t h e  launch v e h i c l e s .  

Supporting Research and Technology/Advanced S tud ie s  -- _ _ _ _ - ~ - - -  

Lunar sc ience . . . . . . . . . . . . . . . . . .  $6,580,000 $6,400,000 $3,000,000 

P lane ta ry  advanced t e c h n i c a l  
P l ane ta ry  sc i ence  .............. 4,425,000 4,200,000 4,70(1,000 

development .................. 5,87 5 ,000 6,000,000 6 ,000 ,000 
P lane ta ry  advanced s t u d i e s . .  ... 1,200,000 1,200,000 1 ,2OCl ,000 ..................... --- --- 3 90c1,000 Exobiology* - --L 

Tota l . . . . . .& . . . . . . . . . . . . . . . . .  $18,080,000 - - $17,800,000 - 
I 

-- 

* The Exobiology p r o j e c t  was, i n  p r i o r  y e a r s ,  p a r t  of t h e  Bioscience 
program. 



Support ing Research and Technology and Advanced S t u d i e s  p r o j e c t s  ai'e 
t h e  r e sea rch  a c t i v i t i e s  which provide suppor t  t o  t h e  f l i g h t  miss ions  by pro-  
v id ing  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  m i s s  ions, 
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 h e  perfo:mmance of t h e s e  miss ions .  

The ac t iv i i : i es  of t h e  Lunar Science program are devoted t o  i n c r e a s j  ng 
ou r  s c i e n t i f i c  knowledge of t he  moon by cont inuing  l a b o r a t o r y  i n v e s t j -  
g a t i o n s  and t h e o r e t i c a l  s t u d i e s ,  drawing on b a s i c  d a t a  der ived  from €#round 
based r e sea rch  and from Ranger,  Surveyor,  Lunar O r b i t e r ,  and Apollo 
miss ions .  Apol.10 l u n a r  miss ions  have demonstrated d r a m a t i c a l l y  a growing 
c a p a b i l i t y  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 on t h e  luna r  
s u r f a c e .  I n ~ t i a l  s u r f a c e  e x p l o r a t i o n ,  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  v a l u e  on t h e  s c r f 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  (pas s ive  seisrric 
measurements;l, 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 e c t s  
and magnetic f i e l d  s t r e n g t h .  Cont inuing t h e s e  experiments and expanding 
t h e  d a t a  base is v i t a l  i f  t he  Nation is t o  t a k e  f u l l  advantage O E  the  
Apollo c a p a b i l i t y  t o  exp lo re  t h e  moon, and e x p l o i t  t h e  discoveri jes  made 
i n  t h e  earlier phases of l una r  exp lo ra t ion .  With s t a r t l i n g  s c i e n t i f i c  
successes  t o  d a t e  and a d d i t i o n a l  miss ions  scheduled,  w e  a w a i t  new 
d i s c o v e 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  a t  l a t e r  
landing  s i tes  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  ~ € 1 1  be 
a t t a i n a b l e  w i  th  increased  EVA t i m e  and new equipment. 

The FY 1972 l u n a r  s c i e n c e  e f f o r t  w i l l  i nc lude  i n  a d d i t i o n  t o  a.11 t h e  
above: cont inued product ion of geo log ic  maps of Apollo landing  s i tes ;  
p l o t t i n g  traverse r o u t e s ;  e v a l u a t i o n  of succeeding Apollo landing  s i t e s ;  
and t h e  a p p r a i s a l  of automated ins t rument  concepts  f o r  p h y s i c a l  imd 
chemical a n a l y s i s  by remote sens ing  from luna r  o r b i t  and s u r f a c e  rove r s .  
Laser ranging from e a r t h  t e l e scopes  t o  co rne r  r e f l e c t o r s  on t h e  :Lunar 
s u r f a c e  is cont inuing  tu determine t h e  re la t ive  motions of t h e  earth-moon 
system t o  improve de te rmina t ion  of a b s o l u t e  d i s t a n c e  between p o i n t s  011 

t he  e a r t h ' s  s u r f a c e ,  and t o  provide  b e t t e r  understanding of t h e  s t r u c t u r e  
and dynamics of t h e  e a r t h .  

The P lane ta ry  Atmosphere program suppor t s  r e sea rch  i n  a tmospheric  phenomena 
of t h e  p l a n e t s  inc luding  t h a t  of t h e  e a r t h ,  and t h e  gaseous phenomena asso-  
c i a t e d  wi th  comrets. In  FY 1972, r e sea rch  w i l l  emphasize t h e  d e s i g n ,  Ilevelop- 
ment,  and mod i f i ca t ion  of ins t ruments  f o r  use  i n  t h e  e x p l o r a t i o n  of t ' ie  o u t e r  
p l a n e t s .  Direct measurement experiments and in s t rumen ta t ion  f o r  t h e  irxplo- 
r a t i o n  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 .  

Another a r e a  Einanced under P l a n e t a r y  Supporting Research and Technology 
is t h e  P lane to logy  p r o j e c t  which suppor t s  r e s e a r c h  i n  t h e  increasi ingly 
important  f i e l d  of p l a n e t a r y  geology inc lud ing  geochemistry,  geophysil:s 
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and photogeology. A s  t h e  p l a n e t a r y  program progresses  from earth based 
o b s e r v a t i o n a l  d a t a  t o  f lyby  and o r b i t e r  d a t a ,  and i n  1975 t o  d a t a  from 
Mars l a n d e r s ,  p lane to logy  r e sea rch  w i l l  p lay  a more important  r o l e  i n  
determining 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 a n e t s .  I n  FY 1972 t h e  
emphasis w i l l  be on t h e  development of i n s t rumen ta t ion  f o r  geochemical 
and geophysjcal  s t u d i e s  of Mars and t h e  o u t e r  p l a n e t s .  I n  t h e  area of 
engineer ing  technology,  t h e  Advanced Technica l  Development (ATD) pro-  
gram support  s t h e  development of new and improved des ign  of s p a c e c r a f t  
hardware t o :  (1 )  improve l i f e t i m e  and r e l i a b i l i t y  of t h e  s y s t e m  f o r  
long duraticln missions such as those  t o  t h e  o u t e r  p l a n e t s ;  ( 2 )  tlcvelop 
more e f f i c i e n t  d a t a  management systems t o  permit  t h e  r e t u r n  of more 
d a t a  or lower power demand; (3) develop ins t ruments  and subsystems 
which w i l l  s u r v i v e  i n  h o s t i l e  environments:  (4 )  develop technology f o r  
high speed p l ane ta ry  e n t r y .  I n  FY 1972, r e sea rch  i n  t h e  ATD program 
w i l l  cont inue  work i n  these  areas, wi th  somewhat more emphasis on t h e  
c r i t i c a l  technologies  f o r  Venus and J u p i t e r  probes and comet rendezvous 
miss ions .  

I n  t h e  P lane ta ry  Advanced S t u d i e s  program, surveys of p o t e n t i a l  f uiture 
s c i e n t i f i c  missions are made, and an up t o  d a t e  ca t a 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  system 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 l s  and o b j e c t i v e s  of NASA are d e f i n e d .  
A l t e r n a t i v e  mission approaches,  i nc lud ing  t h e  u t i l i z a t i o n  of e x i s t i n , :  
systems are eva lua ted ,  r e source  requirements  determined,  and advancell 
technology requirements  examined. I n  FY 1971, s t u d i e s  were concluctecl on: 
(1 )  s o l a r  e l e c t r i c  miss ions ;  (2)  s u r f a c e  sample r e t u r n  from Mars; ( 3 1  
atmospheric  probes of Venus; ( 4 )  J u p i t e r  e n t r y  probes ;  (5) comet: mis!;ions 
and (6)  o u t e r  p lane t  subspacec ra f t .  I n  FY 1972 i t  is planned t o  conl:inue 
t h e  i n v e s t i g a t i o n  of t h e  atmospheric  probes and o r b i t e r s  of  Venus, aiid 
o t h e r  promising miss ions ,  and t o  i n i t i a t e  a d d i t i o n a l  s t u d i e s  such a s '  
(1) o r b i t e r s  O E  Saturn  and o t h e r  o u t e r  p l a n e t s ;  (2)  a tmospheric  prob4:s 
of J u p i t e r ,  Uranus and Neptune; (3) comet and a s t e r o i d  rendezvous; aiid 
(4) Mars rover:; f o r  sample r e t u r n .  

The Exobiology r e sea rch  program has  dua l  o b j e c t i v e s  of understandi i ig  
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 termining  t h e  
uniqueness oE :Life on e a r t h .  The r e sea rch  ranges from t h e  a n a l y s i s  of 
f o s s i l  remaim and s imula t ion  of p l a n e t a r y  atmospheres and o t h e r  env:i.ron- 
mental  extremes, t o  t h e  development of automated l i f e  d e t e c t i o n  equili- 
ment intended to i n c r e a s e  t h e  r e l i a b i l i t y  of t h e  d a t a  by broadening l:he 
b a s i s  f o r  a n a l y s i s  of i n d i v i d u a l  samples.  I n  a d d i t i o n  t o  t h e  biolog:i.cal 
i n t e r e s t  i n  Mars, l abora to ry  experiments now sugges t  t h a t  o rgan ic  
s y n t h e s i s  may be  occurr ing  on J u p i t e r ,  which has  a p r i m i t i v e  reducing 
atmosphere.  The development of p ro to type  in s t rumen ta t ion  f o r  exobiol.ogic 
s t u d i e s  i n  t h e  Mart ian s u r f a c e  is needed as a p recu r so r  t o  f l i g h t  



i n s t rumen t s  f o r  f u t u r e  Mars l a n d e r s .  
techniques devleloped i n  v a r i o u s  l a b o r a t o r i e s  must now be convert:ed i n t o  engi- 
nee r ing  models of f l i g h t  i n s t rumen t s  f o r  t e s t i n g  and p o t e n t i a l  la ter  s e l e c t i o n  
as a payload i n  o r d e r  t o  ach ieve  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 h e  exobiology 
program. Such work must be done t o  support  t h e  p l a n e t a r y  e x p l o r a t i o n  program. 

The l i f e  d e t e c t i o n  and o r g a n i c  a n a l y t i c a l  

P l a n e t a r y  Astronomy 

19 71 L972 -- 1970 

P l a n e t a r y  as tronomy . . . . . . . . . . . . . . . $3,800,000- $4  800,000 $4,;300,000 
-3- -- 

$4 800 000 $4,1,300,000 , T o t a l . .  . . . . . . . . . .. . . . . . . . . . . . . . $3,8~~,000 - 

A b a s i c  technique i n  the  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  t h e  
obse rva t ion  (of t h e  p l a n e t s  and o t h e r  celestial  bodies  from t h e  vicin:i.ty of 
t h e  e a r t h .  h%li le  t h e  p l a n e t s  have been s t u d i e d  by astronomers f o r  hrtndreds 
of y e a r s ,  obseirvations made from t h e  v i c i n i t y  of t h e  e a r t h  are s t i l l  y i e l d i n g  
a weal th  of valuable  information.  The use of a i r p l a n e s ,  b a l l o o n s ,  r o c k e t s ,  
and e a r t h  o r b i t i n g  s a t e l l i t e s  as observing platforms wi th  new instruriientatiori 
and observin,?  techniques 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 ,  llave 
inc reased  t h e  c a p a b i l i t y  of as t ronomical  obse rva t ions  f a r  beyond tho:;e 
considered f e a s i b l e  a few y e a r s  ago. 

P l a n e t a r y  s t u d i e s  by r a d a r  o b s e r v a t i o n  i l l u s t r a t e s  t h e  g r e a t  p o t e n t i a l  
va lue  of u s ing  new o b s e r v a t i o n  techniques.  Within t h e  l a s t  e ight .  y e a r s ,  
r a d a r  observat:ions of t h e  p l a n e t s  have r e s u l t e d  i n  t h e  de t e rmina t ion  of 
a c c u r a t e  rot ia t ion pe r iods  f o r  t h e  p l a n e t s  Venus and Mercury, and precise 
d i s t a n c e  va lues  and information on t h e  s i z e  of Mars and Venus. Plartj..an to-  
pographic va . r i a t ions  have a l s o  been obtained f o r  l i m i t e d  r eg ions  of i::hat 
p l a n e t .  1mp:rovements 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  radar systems 
(e .g . ,  Arecibo,  Pue r to  Rico) w i l l  make p o s s i b l e  t h e  mapping of t h e  e n t i r e  
cloud covered s u r f a c e  of Venus a t  s u f f i c i e n t  r e s o l u t i o n s  t o  observe i n  
d e t a i l  featu:ces such as mountains, craters, etc.  

The combination of t h e  d a t a  o b t a i n a b l e  from t h e  v i c i n i t y  of t h e  ea i , th  
wi th  t h e  sc imi : 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 a n e t a r y  f 1igI.i t pro- 
gram, is requ i r ed  t o  ach ieve  p l a n e t a r y  program o b j e c t i v e s  i n  t h e  most 
economical Wi3y. Ea r th  based obse rva t ions  are extremely c o s t  e f f e c t i v e  
compared t o  p l a n e t a r y  mis s ions ,  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 rn  arclund 
times f o r  in:;ti:umentation changes. They are a l s o  r e p e a t a b l e ,  when necessa ry ,  
over long pe r iods  of t i m e .  

Simultaneous programs i n  l a b o r a t o r y  and t h e o r e t i c a l  s t u d i e s  t o  a s s l s t  w i t h  
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  o b s e r v a t i o n s  are a l s o  supportcld . 
Telescopes,  iraclio and r a d a r  systems,  spec t rog raphs ,  e tc . ,  t h a t  are a l r e a d y  
a v a i l a b l e  are used as much as p o s s i b l e .  However, when new ins t rumen t s  
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such as l a r g e  t:elescopes o r  r e l a t i v e l y  smaller items such as photomet,ers, 
are requi red  t o  o b t a i n  d a t a ,  t h e  development and c o n s t r u c t i o n  of such 
ins t ruments  arc! supported through t h i s  program. 

I n  FY 1972,  as t ronomica l  r e sea rch  t a s k s  suppor t ing  t h e  p l a n e t a r y  f l i g h t  
program w i l l  be  cont inued a t  t h e  e x i s t i n g  l e v e l  of e f f o r t .  J o i n t  e f f o r t  
w i th  t h e  Nat iona l  Science Foundation w i l l  be  conducted t o  upgrade the' 
r a d a r / r a d i o  ast.ronomy f a c i l i t y  a t  Arecibo,  Pue r to  Rico. 

Data Analys is  

197 2 --.- 19 70 1971 
L- 

Lunar d a t a  a n a l y s i s . .  . . . . . . . . . . . $2,000,000 $1,600,000 $ ~ , o ~ ~ , o ~ O  
Plane ta ry  d a t a  a n a l y s i s  ......... 579,000 1,900,000 - --.L 1 400 L- 000 

T o t a l  .... .. ..... ..... . . . . .. . .. $2,579,000 $3,500,000 $?&.?!?.&@. -_--- 

The d a t a  a n a l y s i s  p r o j e c t  p rovides  f o r  t h e  suppor t  of s c i e n t i s t s  ana lyz ing  
t h e  r e s u l t s  clf f l i g h t  experiments  a f t e r  t h e  i n i t i a l  per iod  of funding pro- 
vided by t h e  f l i g h t  p r o j e c t .  I t  a l s o  provides  suppor t  f o r  s c i e n t i s t s  no t  
a s s o c i a t e d  wi th  t h e  f l i g h t  p r o j e c t  t o  ana lyze  d a t a  obta ined  from f l i g h t  in -  
v e s t i g a t i o n s .  

The long term o b j e c t i v e  of Data Analys is  is t o  i n t e r p r e t  t h e  s c i e n t i f i c  
d a t a  acquired by s p a c e c r a f t  miss ions  and i n c o r p o r a t e  t h e  r e s u l t s  in t h e  
growing body of knowledge of t h e  c h a r a c t e r i s t i c s  and h i s t o r y  of t h e  moon 
and p l a n e t s .  

In t h e  Lunar Data Analys is  emphasis i n  a n a l y s i s  has  s h i f t e d  from Raiiger, 
Surveyor,  and Lunar O r b i t e r  d a t a ,  t o  Apollo d a t a ,  where i t  is e x p e c t e j  t o  
cont inue  f o r  s e v e r a l  yea r s .  For t h e s e  s t u d i e s  t h e  O r b i t e r  d a t a  are supple- 
mented by an i n c r e a s i n g  weal th  of new high  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  l u n a r  e q u a t o r i a l  zone. Th i s  
information will be  c o r r e l a t e d  w i t h  t h a t  ob ta ined  from t h e  l u n a r  sampLes 
and geologic  exp lo ra t ion  of t h e  Apollo landing  s i tes  by t h e  a s t r o n a u t ; .  
This  a n a l y s i s  of Apollo s c i e n t i f i c  d a t a ,  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 ,  w i l l  be a s i g n i f i c a n t  p a r t  of t h e  FY 1972 
Lunar Data Ana1,ysis program. 

The P lane ta ry  Data Analysis  p r o j e c t  w i l l  p rovide  f o r  r educ t ion  of d < i t a  
from earlier Mariner miss ions  t o  Mars and Venus and i n  p a r t i c u l a r  from t h e  
Mariner Nars o r b i t e r  1971 mis s ions ,  t h e  Pioneer  miss ions  i n  in te rp lan tz ta ry  
space ,  and e a r t h  s a t e l l i t e  and sounding rocke t  miss ions  per t inent :  t o  
s c i e n t i f i c  exp lo ra t ion  of t h e  e a r t h ' s  upper atmosphere.  



- Plane ta ry  Quarantine 

19 70 1971 1972 
I___ 

................ $2,200,000 --- --- 
-__- -- Plane ta ry  quarant ine*  

$ 2  200 000 --- --- ..................... --,--L I-.-__I_ --- Tota l . . . . . . . . .  

* I n  p r i o r  y e a r s ,  t h e  P lane ta ry  Quarant ine p r o j e c t  was a p a r t  of t h e  
Bioscience program. 

Accompanying NASA's high p r i o r i t y  goa l  i n  space exp lo ra t ion  t o  sea rch  
f o r  l i f e  o r  i ts  o r i g i n  is  t h e  abso lu te  requirement t h a t  a l l  f e a s i b l e  
measures be taken  t o  prevent  t h e  t r a n s f e r  of v i a b l e  t e r res t r ia l  inicro- 
organisms tcl t h e  p l a n e t s  u n t i l  t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  .Life can 
be  completed and a conf iden t  assessment of t h e  consequences of containination 
can be made. To accomplish t h i s ,  outbound unmanned spacec ra f t  miss ions  des- 
t i n e d  f o r  landing ,  f l y i n g  by o r  o r b i t i n g  a p l a n e t  of b i o l o g i c a l  i n t e r e s t ,  
are requi red  t o  meet r i g i d  c o n s t r a i n t s  so t h a t  t h e  p r o b a b i l i t y  o f  b i o l o g i c a l  
contamination of t h e  p l a n e t  is less than one chance i n  a thousand. 

Developing t h e  new technology reqni red  t o  measure,  c o n t r o l  and desi:roy 
t h e  microbia l  l i f e  i n  s p a c e c r a f t  hardware and f i n d i n g  a p p r o p r i a t e  coinpatible 
decontaminat ion and s t e r i l i z a t i o n  procedures  has  been t h e  major cha l lenge  
i n  meeting t h e  o b j e c t i v e s  of p l a n e t a r y  qua ran t ine .  

A t r a n s i t i o n  is underway from a r e sea rch  o r i e n t e d  program t o  one of 
opera t ions  f o r  t h e  Mariner 1971, Viking,  Pioneer  and o t h e r  p l a n e t a r y  m i s -  
s i o n s .  A lowered l e v e l  of r e sea rch  is cont inuing  t o  provide a1t:ernaI:e 
techniques of s t e r i l i z a t i o n  o t h e r  than d ry  hea t  which w i l l  be more eEf i -  
c i e n t  and/or  economical o r  more r e l i a b l e  i f  t he  s u r v i v a l  of the  spac ' i x ra f t  
should b e  i n  ques t ion .  This  w i l l  g ive  f l e x i b i l i t y  i n  t he  choice of inethods, 
p a r t i c u l a r l y  i n  t h e  s t e r i l i z a t i o n  of s c i e n t i f i c  ins t ruments .  Al.so uiider 
cons ide ra t ion  a r e  a l t e r n a t i v e  chemical s t e r i l a n t s  which may provlde ; e l f -  
s t e r i l i z a t i o n  on o r  i n  s p a c e c r a f t  p a r t s  and materials t o  reduce t h e  1)ioload 
p r i o r  t o  te rmina l  s t e r i l i z a t i o n .  

Addi t iona l  a t t e n t i o n  i s  be ing  given t o  t h e  o p e r a t i o n a l  requirement:;  of 
t h e  Viking bio'burden p r e d i c t i o n  and s t e r i l i z a t i o n  models t o  guide ani! 
suppor t  t h e  implementation of requirements  on f l i g h t  p r o j e c t s  and a 1  low 
f o r  t rade-off  s t u d i e s  which may ease  the  impact of t he  s t e r i l i z a t i o n  
requirement .  'The p l ane ta ry  qua ran t ine  e f f o r t  t o  d a t e  has been focuschd on 
Mars and Venus. However, w i t h i n  t h i s  decade w e  may be concerned w i t l i  addi-  
t i o n a l  miss ions  t o  t h e  o u t e r  and inne r  p l a n e t s .  

Spacecraf t  b ioassay  a c t i v i t i e s  a t  t h e  Cape Kennedy l abora to ry  w i l l  
cont inue  t o  provide t h e  inventory  and s u r v e i l l a n c e  d a t a  on Apollo mi:rsions 
and the  upcoming Xar iner  Mars 1971 o r b i t i n g  mission i n  accord wi th  NASA 
d i r e c t i v e s .  
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RESEARCH AND DEVELOPflEKT 

FISCAL YEAR 1972 ESTIITATES 

OFFICE OF SPRC;? SCIENCE AXD APPLICATIORS - BLOSC IENCI: P R O G a ' I  
-PI__--- 

PROCFWI 0 B J E ~ ~ C V E S  AND JUS T I  F I  CATION : 

The 3 iosc i ence  program was e s t a b l i s h e d  i n  1961 t o  implement a Space 
Biology and a Plane ta ry  Biology program (Exobiology and P lane ta ry  Oua r a n t i n c ) .  
A d e c i s i o n  W'IS r e c e n t l y  made t o  b r i n g  t o g e t h e r  i n  t h e  O f f i c e  of  :'anncd Space 
F l i g h t  t h e  g:reater p a r t  of  t h c  NASA l i f e  s c i e n c e s  a c t i v i t i e s  formerl j '  d i s t r i -  
buted among t h e  Space Medicine I l iv i s ion  of t h e  O f f i c e  o f  Planned Space' F l i g h t ,  
t h e  Riot:echnolcigy and Human Research Div is ion  o f  t h e  O f f i c e  of  Advanced 
Research and Technology, and t h e  Bioscience Frograms Divis ion  of  t h e  O f f i c e  
of  Space Sci.tmc:e and App l i ca t ions .  

The d e c i s i o n  t o  conso l ida t e  L i f e  Sc iences  a c t i v i t i e s  was supported by a 
r ecen t  s tudy  of t h e  Ya t iona l  Academy of Sc iences .  The conso l ida t ion  of L i f e  
Sciences excluded two gene ra l  f u n c t i o n a l  a r e a s ,  P l ane ta ry  Biology and Aero- 
n a u t i c s .  
w i l l  be r e t a i n e d  i n  t h e  P lane ta ry  Programs Divis ion  of t h e  O f f i c e  of Space 
Science and Ppp l i ca t ions  because of t h e  c e n t r a l  r o l e  t h a t  t h e s e  ~ c t i v i t i e s  
p lay  i n  p l ane ta ry  exp lo ra t ion .  The Aeronaut ics  p o r t i o n  o f  t h e  former Human 
Fac tors  program w i l l  be r e t a i n e d  i n  t h e  O f f i c e  of Advanced Research a d  
Technology bccause of  i t s  c r i t i c a l i t y  t o  a e r o n a u t i c a l  f l i g h t  and r e sea rch  
o p e r a t i o n s .  

Thc! P lane ta ry  Biology e f f o r t  of  Exobiology and P lane ta ry  Quaran t ine  

The L i f e  Sciences budget i s  included i n  t h c  O f f i c e  of Xanned Space F l i q h t  
budget i n  FY 1972. 

SWMARY OF RES0 - URCES RL:QUIREFIE>JTS : 

1970 - 1971 - 1972 - 
Plane ta ry  qua ran t ine . .  .............. $2,540,000 $2,000,000 --- 
B i o s a t e l l i t e .  ........................ 5,970,000 332,000 --- 

advanced !; t ud ie s .  ................. 11,145,000 10,568,000- -- - 
Total .............................. $19,655,000 $12,9OO,OOQ --- 

S u ppo r t i n  g :r esear c h and t e chno logy/  
I_ 

-- -. - 
D i s t r i h t i o I G f  Program Amount by I n s t a l l a t i o n :  

T Iann ed Spacec ra f t  C en t  er .......... 
Ccn t cr  ...... 

Goddard Space F l i g h t  Center . .  ..... 
.Jet Propuls ion  Laboratory ......... 
Val lops  S t a t i o n . .  ................. 
A m e s  Resezrch Center . .  ............ 
Langley Research Center..  ......... 
JASA Headquarters.  ................ 

? f a r s h a l l  5;pa.c e F1  i gh t 
$328,000 

364,000 
50,000 

1,614,000 
30,000 

7,774 , 000 
127,009 

9,368,000 

$197,000 
85,000 

100,000 
1,501,000 

1,519,000 

9,470,000 

--.- 

28,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS SPACE APPLI CA.TIONS PROGRAM 

PROGRAM 0BJEGT:CVES AND JUSTIFICATION: - 
The o b j e c t i v e s  of t h e  Space App l i ca t ions  program are to :  (1) expaIid o u r  

knowledge of geophysical ,  oceanographic,  atmospheric,  and space phencmena; 
( 2 )  conduct a broad program of r e sea rch  and t e c h n i c a l  development orxented 
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 mankintl; (3) 
develop and te:; t procedures,  i n s t rumen t s ,  subsys t e m s ,  s p a c e c r a f t  , ant1 i n t e r -  
pretive techniques 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 i l i t i e s  under t h e  Communications S a t e l l i t e  A c t  of 1962 ; (5) develop 
and implement €or  the  Nat ional  Oceanic and Atmospheric Administratiori  (NOAA) , 
Department o f  Commerce, t h e  o p e r a t i o n a l  me teo ro log ica l  s a t e l l i t e  sys1:em; (6)  
cooperate  wi th  t h e  user Government agenc ie s ,  such as t h e  Departments of 
A g r i c u l t u r e ,  Commerce, I n t e r i o r ,  and lJavy through t h e  Ea r th  Resource:, Survey 
Program Review Committee t o  achieve prac t ica l  b e n e f i t s  t o  mankind i n  e a r t h  
r e sources  ; (7) cooperate  wi th  o t h e r  Government agenc ie s  i n  space re l i i t ed  
a c t i v i t i e s  i n  the communications, n a v i g a t i o n ,  and geodesy/ear th  phys:i.cs 
d i s c i p l i n e s ;  and ( 8 )  cooperate  t o  t h e  e x t e n t  p o s s i b l e  wi th  f o r e i g n  c o u n t r i e s  
i n  t h e  s e n e r a 1  advancement of space a p p l i c a t i o n s .  

Within t h e  Sipace Applicat ions program o b j e c t i v e s ,  a number of currcmt goal:; 
have been e s t a b l i s h e d  which should be achieved i n  t h e  n e a r  term. Oncz o r  more 
goals  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  area. 

I n  t h e  area (of Earth Resources Survey from space t h r e e  goa l s  have lbeen 
e s t a b l i s h e d :  (1) develop technology f o r  remote sens ing  of t h e  e a r t h  from 
a i r c r a f t  and space f o r  ecology surveys of t h e  e a r t h  f o r  t h e  b e n e f i t  of 
man; (2)  develop a p p l i c a t i o n s  of t h i s  new technology inc lud ing  user cequire- 
ments f o r  a g r i c u l t u r e ,  f o r e s t r y ,  oceanography, geology, hydrology, gctography , 
and car tography;  and (3) develop technology f o r  handl ing l a r g e  c,uant:l.ties of 
remotely sensed d a t a  and a s s o c i a t e d  problems concerning d a t a  transmi:;sion, 
d a t a  r educ t ion ,  d a t a  p rocess ing ,  d a t a  s t o r a g e  and r e t r i e v a l ,  and da ta l  
disseminat ion.  

I n  communications t h e  endeavors are to:  (1) s tudy  t h e  f a c t o r s  whil:h a f f e c t  
e f f i c i e n t  u se  )of space and t h u s  permit  g r e a t e r  u t i l i z a t i o n  of t h e  frczquency 
spectrum; ( 2 )  develop and test improved technology f o r  a c c u r a t e  s tab: i . l izat ion 
and p o i n t i n g  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  b e  reqi i i red on 
s p a c e c r a f t ;  (3) develop e f f i c i e n t  sa te l l i t e  techniques f o r  c o l l e c t i n : :  d a t a  
from many remote, unattended p l a t fo rms ;  (4)  s tudy  t h e  requirements ,  ~ ~ e c h n i c a l .  
approaches,  and c o s t  f a c t o r s  involved i n  t h e  p o t e n t i a l  u se  of sa te l l i t es  f o r  
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t e l e v i s i o n  t r ansmiss ion  t o  low c o s t  ground t e r m i n a l s  f o r  commun~~ty TV and 
d i r e c t  TV t c  home receivers; (5) s tudy  f a c t o r s  i n f l u e n c i n g  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  so as t o  minimize mutual l inter  Eerence 
between terrestrial  and space communications systems s h a r i n g  t h e  same 
f r equenc ie s ;  (6) coope ra t e  w i t h  Alaska and I n d i a  on t h e i r  p o t e n t i a l  TV 
experimentat ion by u t i l i z i n g  ATS-1 and ATS-F satellites; (7)  cooperate  wi th  
France and Canada on j o i n t  communications and t e c h n o l o g i c a l  satellitl? 
missions;  and (8) s tudy  in fo rma t ion  network requirements  and systems 

I n  meteorology t h e  goa l s  are: (1) from t h e  s u c c e s s f u l  i n f r a r e d  solinding 
of t h e  v e r t i c a l  s t r u c t u r e  atmosphere by t h e  Nimbus 3 and 4 sate.Llites improve 
and extend the  c a p a b i l i t y  t o  h i g h e r  a l t i t u d e  r eg ions ,  g r e a t e r  s p a t i a l  
r e s o l u t i o n ,  and v a r i o u s  i n f r a r e d  s p e c t r a l  r eg ions  and t o  augment t h e  sounding 
techniques t o  i nc lude  t h e  use  of t h e  microwave s p e c t r a l  r eg ion ;  ( 2 )  t o  
develop a f i r s t  gene ra t ion  p ro to type  o p e r a t i o n a l  Synchronous Fleteorological  
S a t e l l i t e  f a r  t h e  continuous viewing of t h e  atmosphere and weather  cond i t ions ;  
and (3) t o  develop t h i r d  gene ra t ion  o p e r a t i o n a l  me teo ro log ica l  s a t e l l i t e  
i n s t r u n e n t a t  i o n  with t h e  a b i l i t y  t o  measure t h e  v e r t i c a l  temperature 
s t r u c t u r e  arid t-rater vapor con ten t  of t h e  atmosphere i n  a d d i t i o n  t o  day and 
n i g h t  c:loud ccver.  Tine achievement of t h e s e  w i l l  provide three-dimensional  
meteoro1ogic:al measurements and t h e  temporal v a r i a t i o n  which can b e  used t o  
o b t a i n  a fuI . ler  understanding of t h e  me teo ro log ica l  p rocesses  t h a t  a r e  a 
p r e r e q u i s i t e  t o  long-range f o r e c a s t i n g  u t i l i z i n g  numerical  mode 1s of t h e  
atmosphere. The continuous viewing of short- term severe atmospheric 
d i s tu rbances  such as thunderstorms and tornadoes and t h e  monitor ing of t h e  
t r o p i c  areas t o  d e t e c t  t r o p i c a l  d i s t u r b a n c e s  and h u r r i c a n e s  will assist t h e  
improvement. of short- term p r e d i c t i o n .  

I n  geodesy/ear th  phys ic s  t h e  a i m  is  t o :  (1) apply g e o d e t i c  s a t e l l i t e  
technology, p r e c i s i o n  sa te l l i t e  t r a c k i n g  t echn iques ,  and p r e c i s i o n  astrono-  
mical  techniques t o  measurements of t h e  dynamics of t h e  s o l i d  e a r t h  and 
oceans; (2)  e s t a b l i s h  marine geode t i c  c o n t r o l  p o i n t s ;  and (3) c o n t r i b u t e  t o  
t h e  objecti.ves, of t h e  Na t iona l  g e o d e t i c  sa te l l i te  program wi th  r e s p e c t  t o  
a c c u r a t e  de t e rmina t ion  of t h e  s i z e  and shape of t h e  e a r t h .  Achievenrent of 
t h e  f i r s t  goal. w i l l  c o n t r i b u t e  t o  t h e  development of techniques f o r  
p r e d i c t i n g  ea r thquakes ,  volcano e r u p t i o n s ,  and g e n e r a l  ocean ic  c i r c u l a t i o n .  
Achievement: of t h e  second goa l  w i l l  f a c i l i t a t e  t h e  product ion of mailping 
of r e sources  on t h e  ocean f l o o r .  

I n  nav iga t ion ,  t h e  goa l s  are t o  understand:  (1) t h e  v a r i o u s  needs f o r  
b e t t e r  navigat: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  de te rmina t ion ,  and c o l l i s i o n  avoidance; (2) t h e  t e c h n i c a l  r,equire- 
a n t s  n e c e s s a i ~  t o  achieve t h e  v a r i o u s  needs ; and (3) t h e  v a r i o u s  saltell i te 
des igns  and c o s t  f a c t o r s  which would b e s t  meet 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. NASA is coopera t ing  wi th  France ( ( N E S ) ,  t h e  
Federal  Aviiation Adminis t ra t ion (FAA), and t h e  a v i a t i o n  i n d u s t r y  i n  nav iga t ion ,  
communicationc;, and t r a f f i c  c o n t r o l  s a t e l l i t e  experiments. 

RD 7-2 



SUllllARY --- OF RESOURCES REQUIREMENTS : 

1372 
_I- 

19 70 

$26,000,000 

-. 
1 3 7 1  

$59,950,000 $48,500,000 Eartlt resources  .jurvey : ....... 
Larth 1 : ~ s  our  ces te clino 1 0 1 ; ~  

5; at e I. :L i t:es ................ 
Aircraft  program.. .......... 

Appl ica t ions  techno logy 
satel l i tes  .................. 

Nimbus... . . . . . . . . . . . . . . . . . . . . .  
Synchronous meteoro logica l  

sa te l l i  tee .  ................. 
Cooperat ive a p p l i c a t i o n s  

sate lli te!; .................. 
Glob a1 a tnosphe r i c  r e sea rch  

program..................... 
I<leteorologi,cal  soundings.. .... 
TIROS/TOS improvenents..,  ..... 
Radio i n t e r f e r e n c e  and pro- 

paga t ion  program............ 
Geodet ic  satellites.. . .  ....... 
Ear th  oLs e r v a  t ory sat e 1 li t e 

studies. . . . . . . . . . . . . . . . . . . . .  
A i r  t r a f f i c  c o n t r o l  sa te l l i t e  

studies. . . . . . . . . . . . . . . . . . . . .  
Support ing researcli and 

te chnol.ogy / advanced s t u d i e s  . 

(15,000,000) 
(11,000,000) 

(48,950,000) 
(11,000,000) 

( 3  7,5O0,000) 
( I  1,000,000) 

60,300,000 
i'3,100,000 

38,365,000 
27,239,000 

30,300 ,000 
25,300,000 

13,000,000 2,700,000 10,850,000 

83,000 100,000 2,600,000 

2,500,000 
2,500,000 
1,600 ,000 

1,000,000 
3,100,000 
3,200,000 

-- - 
3,000,000 
3,700,000 

1,000,000 
1,700,000 

1,000,000 
1,300,000 

4 38,000 
1,700,000 

1,000,000 

3,000,000 

- ,25,100,000 _- 

$182,500,000 - - 
-I 

27,500,000 24,479,000 

$167,000,000 Total . . . . . . . . . . . . . . . . . . . . . . .  $128,304,000 

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 

Manned Spacec ra f t  Center.. . .  $12,795,000 $12,710,000 

Gciddard Space F l i g h t  Center.  92,450,000 128,346,000 
Jet Propuls ion  Laboratory.. . 2,731,000 1,087,000 

hies Research Center. .  ...... 383,000 675,000 
E l e c t r o n i c s  Research Center.  
Langley Research Center. .  ... 6,265,000 5,085,000 
L e w i s  Research Center..  ..... 1,320,000 1,390,000 

Marshal.1 Space F l i g h t  Center 150,000 2 so, 000 

Wallops S ta t ion . .  ........... 1,002,000 1,220,000 

277,000 -- - 

$11,700,000 

140,450,000 
1,300 , 000 
1,300,000 
1,650,000 

3,650,800 
3,700,000 

1s ,550,000 

200,000 

-.-e 

-~ 

NASA Headquarters.  .......... 10,931,000 16,207,000 
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BASIS OF FUN11 -- REQUIREMENTS: 

Ear th  res oE:es t e chnol ogy 
s a t e l l i t e s  - 
Spacecraf t . . . . .  .............. 
Experiments.. ................ 
Ground opera t ions . .  .......... 

Sub t o t a l .  .................. 
Delta (Launch Vehicle 

P ro  cu r  e m  en t P r o  g r  am) ....... 
S u b t o t a l  ( i nc lud ing  launch 

vehic les ) . . . . . .  .......... 
Ear th  resources  s u r v e y / a i r c r a f t  

Operations. .  ................. 
Sensors...................... 

Sub t o  t a l .  .................. 
Data processing.. . . .  ......... 

Tota l ,  Ear th  Resources Survey 
( inc lud ing  launch v e h i c l e s )  

1970 

$1,747,000 
12,453,000 

800 ,000 
$15,000,000 

(---I 

($15,000,000) 

$1,950,000 
1,826,000 

1971 - 

$19,588,000 
17,32 7,000 
12,035,000 

$48,950,000 

($3,400,000) 

($52,350,000) 

$3,435,000 
3,6 10,000 

1972 - 

$ l ! i  ,000,000 
1:) ,500,00(1 
- ‘~,000,00(3 
$3 7,500,ooiSi 

-. ($3,1OO,OOc3) 

($4.>,600,000) 

$3,200,000 
3,900,000 

7,224,000 - 3,955,000 - 3;900 io00 
- $11,000,000 $11,000,000 - $11,000,000 _- 

($26,000,000) ($63,350,000) ($5,1,600,000) -. - 
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 :  (1) assess t h e  p r a c t i c a l  va lue  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  resources  d a t a  a c q u i s i t i o n  of a space  system wi th  and withclut 
complenientaiy a i r c r a f t  coverage; (3) determine whether  o r  n o t ,  and i n  what 
c o n f i g u r a t i o n ,  an o p e r a t i o n a l  space -as s i s t ed  and user -or ien ted  ea r th  r e sources  
survey system could be  developed t o  m e e t  e x i s t i n g  requirements;  (4) determine 
which remote sensors  are most e f f e c t i v e  f o r  e a r t h  resources  surveyicg ;  (5) 
develop and improve d a t a  handl ing  procedures  ; and ( 6 )  ensu re  f u l l  urlderstancling 
of f u t u r e  opei:ational s y s  tern requirements  and c o s t s .  

T h i s  p ro jec t  c o n s i s t s  of a comprehensive program t o  des ign ,  launch, and 
e v a l u a t e  experiments  on Ea r th  Resources Technology S a t e l l i t e s ,  and a sup- 
p o r t i n g  a i r c r a f t  program t o  develop and tes t  remote sens ing  techniques  , 
senso r s ,  and d a t a  handl ing systems by conduct ing a i r c r a f t  f l i g h t s  a t  
a l t i t u d e s  of 5100 f e e t  t o  60,000 f e e t .  The a p p l i c a t i o n s  requirement  w i l l  
be coord ina ted  wi th  the  Of f i ce  of  Manned Space F l i g h t  which i s  developing 
t h e  Ea r th  Resources Experiment Package (EREP) to  be flown on Skylab. 

The o b j e c t i v e  of t he  Ea r th  Resources Technology S a t e l l i t e  p r o j e c t  i s  t o  
des ign ,  develop,  launch,  and tes t  a s e r i e s  o f  s p a c e c r a f t  t o  conduct 
experiments  which w i l l  l e ad  t o  a r e l i a b l e  assessment o f  t h e  u t i l i t y  of space- 
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borne sensor,;  €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  and man-made 
resources .  This assessment w i l l  l e ad  t o  t h e  c a p a b i l i t y  t o  des ign  sp i icecraf t  
and r e l a t e d  da t a  handl ing systems t o  suppor t  t h e s e  n a t i o n a l  programs on an 
o p e r a t i o n a l  b a s i s .  It w i l l  a l s o  l ead  t o  an e v a l u a t i o n  of  t h e  cctmpleiientary 
r o l e s  oE a i r c r a f t  and s p a c e c r a f t  i n  a c q u i r i n g  d a t a  on t h e  e a r t h ' s  re:;ources. 
This  e f f o r t  is progress ing  i n  Fiscal  Year 1971 and w i l l  cont inue  i n  I'iscal 
Year 1972 through t h e  d e t a i l e d  des ign  and f a b r i c a t i o n  of s p a c e c r a f t ,  payload!;, 
and ground s y s  t e m s  r equ i r ed  t o  launch,  suppor t ,  and o p e r a t e  two Eartli 
Resources Technology S a t e l l i t e s ;  ERTS-A i n  t h e  s p r i n g  of Calendar Ye,ir 1972 
and ERTS-I) about one y e a r  later. Both satel l i tes  are planned f o r  Sui1- 
synchronous o r b i t  and are expected t o  have u s e f u l  mission d u r a t i o n s  of one 
y e a r  each. ERE- I )  w i l l  serve both as a backup t o  ERTS-A and as an inproved 
ve r s ion ,  capable  of i nco rpora t ing  l e s sons  l ea rned  i n  t h e  course  of f ,abrica- 
t i n g  ERTS-A and a l s o  capable  of ex tending  t h e  s e n s i t i v i t y  of t h e  ins t ruments  
i n t o  t h e  thermal  i n f r a r e d  reg ion .  These sa te l l i t es  w i l l  c a r r y  : instrumentation 
t h a t  w i l l  meet t h e  requirements  of t h e  u s e r  community i n  terms o f  s p s t i a l  
and s p e c t r a l  r e s o l u t i o n  as w e l l  as r e p e t i t i v e  coverage. Both framing and 
l i n e  scanning senso r s  w i l l  be  flown i n  o r d e r  t o  assess t h e  advantage; of each. 
T h e  sa te l l i te  system w i l l  a l s o  concur ren t ly  r e l a y  d a t a  from remote ground 
senso r s  s u c h  a s  r a i n  gauges, stream gauges, and seismometers t o  a s s e s s  t h e  
va lue  of such a network f o r  complementing t h e  spaceborne senso r s .  

Ttie aata t o  u e  acqui red  by t h e  ins t ruments  on ERTS-A and ERTS-B w i l l  Le 
managed by the  use of a s p e c i a l i z e d  ground d a t a  handl ing  system (GDHS) now 
be ing  cons t ruc t ed  a t  t h e  Goddard Space F l i g h t  Center.  The GDIiS is d e s i p e d  
t o  r ece ive ,  p rocess ,  anno ta t e ,  c a t a l o g ,  reproduce, and d isseminate  the l a r g e  
volume of high q u a l i t y  d a t a  needed t o  suppor t  the many i n v e s t i g a t i o n s  of 
a p p l i c a t i o n s  planned t o  be  conducted i n  d i s c i p l i n e  areas such a s  f o r e s t r y ,  
a g r i c u l  t u r e  ,, geology, hydrology , geography, and oceanography. k e s e  d a t  a-use 
experiments w i l l  commence i n  Calendar Year 1972 wi th  t h e  launch of hRTS-A 
and w i l l  cariti nue through t h e  u s e f u l  miss ion  d u r a t i o n  of ERTS-E. 

F i s c a l  Year 1972 funds are be ing  reques ted  f o r  cont inued development of t h e  
s p a c e c r a f t  ;and senso r s  f o r  ERTS-A and -1.5, t h e  GDHS, and f o r  i n i t i a l  suppor t  
of experimenters .  

The Ear th  Resources Survey A i r c r a f t  suppor t ing  p r o j e c t  o b j e c t i v e  j s  to 
conduct testrs and experiments wi th  ins t ruments  analogous t o  those  bciing 
considered Eo]: t h e  s p a c e c r a f t  systems t o  e v a l u a t e  both t h e  ins t ruments  
themselves ,md t h e  p o t e n t i a l i t y  of  u s ing  such instruments t o  perforni u s e f u l  
t a s k s  from space. The f l i g h t s  a l s o  c o n t r i b u t e  t o  an unders tanding  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  b e  a p a r t  of tht :  t o t a l  
system ope ra t ion ,  i nc lud ing  t h e  i n t e r f a c e s  wi th  t h e  ex tens ive  and dj verse 
use r  community. 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 support. t o  t h e  
e a r t h  resources  suppor t ing  research  and technology e f f o r t .  

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 ion  capabil:i.ty are 
being 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  
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spectrum w i l l  b e  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 h e  Manned Spacec ra f t  
Center ,  and a scanning microwave radiometer  w i l l  be i n s t a l l e d  i n  t h e  P3A 
a i r c r a f t .  These, t o g e t h e r  w i th  t h e  RB57 high a l t i t u d e  a i r c r a f t , ,  ass igned 
t o  NASA by t h e  A i r  Force, w i l l  provide a much improved c a p a b i l i t y  f o r  
experimentat ion.  
w i th  t h e  ER'IS f l i g h t s  so  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  
at providing 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  experimental  i n v e s t i g a t i o n s .  

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  

F i s c a l  Year 1970 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  afircraEt, f o r  
s e n s o r  procurement, and d a t a  handling systems. F i s c a l  Year 1971 funds are 
being u t i l i z e d  t o  con t inue  t h i s  e f f o r t ,  procure a d d i t i o n a l  s e n s o r s ,  and 
cont inue t h e  mod i f i ca t ion  of iiigh a l t i t u d e  a i r c r a f t  f o r  u se  i n  o b t a i n i n g  a 
b e t t e r  underst  anding of a tmospheric  e f f e c t s  on remote sens ing  c , apab i I i t y .  
Fiscal Yeas 1572 funds are being requested t o  cont inue a i r c r a f t  o p e r a t i o n s ,  
s enso r  procurement, and d a t a  processing t o  conduct about 150 f l i g h t s  over 
15 test: sit:t!s,, which r e p r e s e n t s  a change i n  f l i g h t  emphasis needed i n  t h e  
p r e p a r a t i o n  f o r  ERTS-A and Skylab. 

The Off ice of Space Science and App l i ca t ions  is r e s p o n s i b l e  f o r  tl-e overal.1 
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  management of the EE.TS-A and 
-B p r o j e c t  is assigned t o  t h e  Goddard Space F l i g h t  Center. The c o n t r a c t o r  
f o r  t h e  s p a c e c r a f t  development is t h e  General Electric Company. Respons ib i l i t y  
f o r  execu t ion  of t h e  Earth Resources Survey A i r c r a f t  p r o j e c t  is assigned t o  
t h e  Manned Spacec ra f t  Center. E f f o r t  i n  t h e  Ea r th  Resources Survey area is 
coordinated wi th  o t h e r  user agencies  through t h e  Earth Resources Suivey 
Program Review Committee (ERSPRC) which i n c l u d e s  r e p r e s e n t a t i v e s  frtnn t h e  
Department:; oE A g r i c u l t u r e ,  Commerce, I n t e r i o r ,  and Navy, and is ch id red  by 
NASA. Observers from o t h e r  departments such as Transpor t a t ion  are ~ l s o  
f r equen t ly  p re sen t .  

App li cat i o n s  Technology S a t  e lli t es 

19 70 - 1971 1972 
_I 

Spacec ra f t .  .................. $18,450,000 $7,600,000 $26,300,000 
Experimen ts .................. 18,506,000 17,700,000 31,000,000 
Opera t iona l  support . . . . . . . . . .  2,009,000 5,000,000 - 3,000,000 - 

Total...................... $38,965,000 $30,300,000 $~50,300,000 

A t l a s  Centaur and T i t a n  I I I C  
(Launch Vehicle  Procurement 
Program). .................. ($6,700,000) ($4,700,000 1 ($12,500,000) I 

T o t a l  ( ir tcluding launch 
v e h i c l e s ) .  ............... ($45,665,000) ($35,000,000) (>,72,800,000) - 

-. -I - 
The o b j e c t i v e s  of t h e  p r o j e c t  are t o  des ign ,  develop, f l i g h t  t e s t ,  and 
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e v a l u a t e  a v a r i e t y  of s c i e n t i f i c  and t e c h n o l o g i c a l  experiments w i t h i n  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  by u s e  of a series of seven s p a c e c r a f t .  Fivle space- 
c r a f t  have been launched t o  date .  ATS-1, launched December 7 ,  1066, and 
ATS-3, launched November 5, 1967, i n t o  synchronous o r b i t s  have performed 
s u c c e s s f u l l y  and con t inue  t o  ope ra t e .  Because of launch v e h i c l e  anomalies 
t h e  d e s i r e d  o r b i t s  f o r  ATS-2 and ATS-4 w e r e  n o t  achieved. ATS-5, launched 
August 12 ,  1969, experienced problems w i t h  t h e  active s t a b i l i z a t i o n  s y s t e m  
p r i o r  t o  plarmed despinning of t h e  s a t e l l i t e ,  however, many o b j e c t i v e s  from 
seven of t h e  twelve experiments f l i g h t  t e s t e d  on t h e  mission are being 
achieved. 'Lbo 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 1975, r e s p e c t i v e l y .  U t i l i z i n g  th ree -ax i s  a c t i v e  s p a c e c r a f t  
s t a b i l i z a t i o n ,  t h e s e  s p a c e c r a f t  w i l l  be  launched i n t o  synchronous o r b i t  and 
w i l l  f l i 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 ,  demonstrate t h e  high p o i n t i n g  accuracy i t  r e q u i r e s ,  and w i l l  
f l i g h t  t e s t  it number of s c i e n t i f i c  and technology experiments.  

E f f o r t  will .  b e  cont inued on development of promising advanced a p p l i c a t i o n s  
f l i g h t  experiments which have been d e f i n e d  bu t  have n o t  been assigned t o  a 
s p e c i f i c  f l i g h t  mission. 

The 0f:fice of' Space Science and App l i ca t ions  is r e s p o n s i b l e  f o r  o v e r a l l  
program management. R e s p o n s i b i l i t y  f o r  p r o j e c t  management is  assigned t o  
Goddard Space F l i g h t  Center. The s p a c e c r a f t  development c o n t r a c t o r  f o r  ATS-F 
and -G i s  Faj.rc:hild-Hiller Corporation. 

F i s c a l  Year 1.970 and 1971 funds are being used f o r  development of t h e  ATS-E' 
and -G s p a c e c r a f t ,  ATS-F experiments and t h e  p r o j e c t - a s s o c i a t e d  ground 
equipment. I T  1972 funds are r e q u i r e d  t o  con t inue  t h e s e  e f f o r t s ,  t o  i n i t i a t e  
procurenient of ATS-G experiments,  t o  cont inue development of s e l e c t e c  
advanced app1,ic:ations f l i g h t  experiments and f o r  extended experinentE t i o n ,  
ope ra t ions  arid d a t a  a c q u i s i t i o n ,  r educ t ion  and ana lyses  from t h e  ATS-1, -3, 
and -5 missi.ons. 

Nimbus 

19 70 19  71 19 72 

Spacec ra f t  ..................... $18,291,000 $14,958,000 $ 1 2  ,750,OOO 
Experiment:;. ................... 7,089,000 9,159,000 9,420,000 
Ground ope ra t ions  and support .  1,859,000 1,183,000 - 930,000 

Total..  ...................... $27,239,000 $25,300,000 $2:'~,100,000 

Thrus t  Augmented Thor Agena 
and Delta (Launcn Vehicle  
Procurement: Pro gram) ........ ($2,201,000) ($1,100,000) ($I1, 3O0,OOO) 

Total ( inc lud ing  launch 
mhiC1t3S:). ................ ($30,040,000) ($26,400,000) ($211L,400,000) 

-:> 
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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  develop a s i g n i f i c a n t l y  improved 
meteorological  sa te l l i te  t o  provide d a t a  on atmospheric parameters  f o r  use 
by t h e  s c i e n t i f i c  community; t o  c a r r y  ou t  f l i g h t  tests t o  prove the appl ica-  
b i l i t y  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  requirements of t h e  
atmospheric s c i e n c e s  r e s e a r c h  community which can be provided uniquely by 
t h i s  instrumc!nt.ation func t ion ing  as a space me teo ro log ica l  obse rva to ry ;  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  t e c h n o l o g i c a l  advances i n  
meteorological  sa te l l 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 n t i f i c  uses .  These 
o b j e c t i v e s  w i l l .  be extended i n  t h e  Nimbus E and E' missions t o  develop an 
a p p l i c a t i o n s  observatory i n  p o l a r  o r b i t  a t  low-to-medium a l t i t u d e  t h a t  w i l l  
f l i g h t  test 1:ec:hnology 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  . 

The p r o j e c t  i.ncludes development, launch, and o p e r a t i o n  of a series of 
sa te l l i tes  e x h i b i t i n g  evo lu t iona ry  advances i n  o p e r a t i n g  c h a r a c t e r i s t i c s  
and t e s t i n g  .in 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  demonstration. The sa te l l i t e  serves as a f l e x i b l e  space 
observatory 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 subsys terns: 
power, s t a b i l i z a t i o n ,  and a sensory r i n g  which can accommodate a numtler of 
s e n s o r s .  

The f i r s t  two s p a c e c r a f t  i n  t h e  planned series of seven Nimbus s a t e l l i t e s  
w e r e  Nimbus 1, launched on August 28, 1964, and Nimbus 2 ,  launched 0x11 May 15, 
1966. Nimbus 13, a t h i r d  s p a c e c r a f t ,  launched May 18, 196&, w a s  l o s t  due t o  
a launch vehLcLe f a i l u r e .  I n  June 1968, NASA approved launch of a rcplace-  
ment 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  s p a r e s  o r  updated prototypc. sub- 
systems and experiments. This  mission,  i d e n t i c a l  t o  t h e  Nimbus J3 cortfigura- 
t i o n ,  w a s  designated U-2 p r i o r  t o  launch. It w a s  s u c c e s s f u l l y  launclied 
A p r i l  14,  1969, whereupon i t  w a s  designated Nimbus 3. This  replacemtmt w a s  
necessary in o r d e r  no t  t o  de l ay  t h e  f l i g h t  test of t h a t  group of se1t:cted 
experiments and t e c h n o l o g i c a l  advances v i t a l  t o  t h e  meteorologic a1 rc:search 
and development program and r equ i r ed  f o r  long-range weather  fo recas  t:r.ng. 
The s u c c e s s f u l  measurement from t h e  Nimbus 3 of temperatures  i n  t h e  
atmosphere h a s  been termed "as s i g n i f i c a n t  t o  t h e  advancement of metciorology 
as t h e  launching of t h e  first satell i te." 
o p e r a t i o n  i n  o r b i t  u n t i l  September 25, 1970, when f a i l u r e  of a Itorizon 
scanner  motor s e r i o u s l y  degraded s p a c e c r a f t  s t a b i l i t y .  The spac:ecrat:t is  
maintaining i t s  e a r t h  o r i e n t a t i o n ,  but  u s e f u l  d a t a  are being obtainell  from 
only two experiments. These are t h e  monitor of s o l a r  energy ancl t h e  
r ad io i so tope  t h e r m o e l e c t r i c  generator .  

Nimbus 3 cont inued succes: ; ful  

Nimbus 4 was s u c c e s s f u l l y  launched on A p r i l  8, 1970. The new advanced 
s t a b i l i z a t i o n  system has  m e t  o r  exceeded t h e  performance s p e c i f i c a t i o n s .  
This  s p a c e c r a f t  carries new and improved experiments ,  such as a temperature/  
humidity i n f r a r e d  radiometer ,  a monitor of t h e  water c o n t e n t  of t h e  
atmosphere, and a r e f i n e d  world-wide d a t a  c o l l e c t i o n  s y s  t e m  which is  providing 
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t h e  f i r s t  memingfu l  s p a c e c r a f t  ob ta ined  wind measurements. The experiment 
t o  monitor w a t e r  con ten t  of t h e  atmosphere experienced i c e  a c c r e t i o n  on t h e  
radiat ion-cooled d e t e c t o r ,  bu t  ob ta ined  d a t a  from t h e  second channel  (which 
d i s t i n g u i s h e d  between ice  and water clouds)  u n t i l  mechanical f a i l u r e  of  t h e  
experiment 0 1 1  .June 7, 1970. The s a t e l l i t e  cont inues  t o  o p e r a t e  s u c c e s s f u l l y ,  
and a l l  o t h e r  experiments  are providing u s e f u l  da ta .  It i s  t h e  Nimbus 4-type 
b a s i c  s p a c e c r a f t ,  i nc lud ing  t h e  new c o n t r o l  system, on which t h e  ERTS-A and 
-B s p a c e c r a f t  w i l l  be based. 

The add i t i tma1  approved missions i n  t h e  Nimbus series are Nimbus E and F, 
planned f o r  Launch i n  t h e  t h i r d  q u a r t e r  of  CY 1972 and t h e  second qui i r te r  of 
CY 1974, r e s p e c t i v e l y  . Tnese missions w i l l  test new i n f r a r e d  radiomci t r i c  and 
spec t romet r i c  and microwave in s t rumen ta t ion  designed t o  a l low determi n a t i o n  
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  cloudy areas. Currenl. 
i n s t rumen ta t ion  r equ i r e s  a reasonably cloud f r e e  viewing area. T h e s f :  and 
o the r  new ins t ruments  w i l l  extend sounding of t h e  atmosphere t o  new itreas of 
t h e  electromaginetic spectrum and t o  h igher  a l t i t u d e s  in t h e  atmosphe--e. 

The Of f i ce  of Space Sc ience  and Appl ica t ions  i s  r e spons ib l e  for ovr:ral 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 i:; 
assigned t o  t he  Goddard Space F l i g h t  Center.  The major con t r ac t  o r  f f l r  space- 
c r a f t  s t r u c t u r e  and i n t e g r a t i o n  and t e s t  of s p a c e c r a f t  is  t h e  Genera 1 
Electric Company; t h e  Radio Corporat ion of  America is responsib1.e f o c  power 
and da ta  s t o r a g e  subsystems. 

Fiscal  Year 1 9 7 1  funds are being used t o  cont inue  tile development, assembly, 
and test of t h e  idimbus E s p a c e c r a f t  and experiments.  These funds w i  L1 a l s o  
permit  procurement of t h e  experiments s e l e c t e d  f o r  Nimbus F, The s p a c e c r a f t  
c o n t r a c t  inc ludes  Loth Nimbus E and F. The N 1 9 7 1  funds are a:Lso r equ i r ed  
f o r  cont inued a c q u i s i t i o n  and a n a l y s i s  of  d a t a  from t h e  Nimbus 3 and 4 space-  
c r a f t  i n  o r b i t .  These d a t a  are provid ing  a cont inuing  and expanding base  f o r  
s i g n i f i c a n t  a tmospheric  r e sea rch .  

Fiscal  Year 1972 funds are requ i r ed  f o r  i n t e g r a t i o n  of t h e  Nimbus E space- 
c r a f t  systems and experiments ,  and f i n a l  t e s t i n g  p r i o r  t o  t h e  launch,  i n  
August 1972. These funds will a l s o  permit  cont inued development, assembly, 
and test  of t h e  Nimbus F s p a c e c r a f t  and experiments.  I t  is a l s o  planned t o  
fund f o r  cont inued a c q u i s i t i o n  and a n a l y s i s  of d a t a  from Nimbus 3 and 4 as 
appropriate:  t o  t h e i r  o p e r a t i o n a l  s t a t u s .  
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Synchronous Meteorological  S a t e l l i t e  

19 70 1971 

Spacecraf t . . .  ................ $235,000 $9,338,000 
Experiments .................. 2 , 305,000 662,000 ........... 850,000 Ground. opera t ions .  160,000 - 

Total...................... $2,700,000 $10,850,000 

Delta (Launcla Vehicle  
Proc:uremmt. Program) ....... (=) ($2,200,000) 

T o t a l  (incl.uding launch 
vehic1 .e~)  ................ ($2,700,000) ($13,050,000) 

1972 

$10,428,000 
1,292,000 

-, 1,280,020 

$13,000,000 

($3,800,000) -. 

($16,, - 800,000 ) 

The object.:Lvas of t h e  Synchronous Meteorological  S a t e l l i t e  (SMS) axe t o  
demonstrate  ;I proto type  o p e r a t i o n a l  system which w i l l  meet t h e  requirements 
of t h e  National. Oceanic and Atmospheric Adminis t ra t ion  (NOAA) t o :  ( 1 )  permit 
continuous obse rva t ion  of  major weather  systems r o u t i n e l y ,  thus  enhancing the: 
a b i l i t y  t o  p r e d i c t  and l o c a t e  seve re  sho r t - l i ved  s torms;  (2)  d e r i v e  important. 
wind f i e l d  d a t a  over  l a r g e  areas and i n  much less t i m e  than  h e r e t o f o i e  
poss ib l e ;  and ( 3 )  provide c a p a b i l i t y  f o r  r ap id  d isseminat ion  of processed 
meteorologic(31 d a t a  to l o c a l  me teo ro log i s t s ,  

The s p a c e c r a f t  w i l l  be  s p i n  s t a b i l i z e d  and w i l l  con ta in  a v i s i b l e  and 
i n f r a r e d  s p i n  scan  radiometer  system f o r  both I R  and h igh  r e s o l u t i o n  v i s i b l e  
photography, a communications system f o r  d a t a  c o l l e c t i o n  and d i s t r i b r i t i o n ,  
and a space environment monitor ing (SEM) system. The s p a c e c r a f t  w i l l .  be 
s i z e d  t o  p e r m i t  launch i n t o  synchronous o r b i t  by t h e  Delta launch ve l t ic le .  

A feas ib i1 i t ;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 cmple . ted  i)y GSFC 
in-house i n  FY 1968. I n  EY 1970 a Phase B system des ign  s tudy  was cc)mpleted 
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  f o r  t.he pcocure- 
ment of a day/n ight  s enso r  and t h e  SMS-A and -13 s p a c e c r a f t .  

F i s c a l  Year 1970 funds w e r e  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 s p a c e c r a f t  and sensors .  FY 1971 funds are be ing  used t o  
i n i t i a t e  procurement of SMS-A and -B s p a c e c r a f t  and sensors .  El! 197.2 funds 
are necessary  t o  cont inue  t h e  procurement of t h e s e  s p a c e c r a f t ,  t h e i r  sub- 
systems, a n d  sensors .  

The Off ice  of Space Sc ience  and Appl ica t ions  is  re spons ib l e  f o r  o v e r a l l  
management clf t h e  program wi th  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 ass igned  
t o  t h e  Goddard Space F l i g h t  Center.  The Philco-Ford Company is r e spons ib l e  
f o r  t h e  s p a c e c r a 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  t h e  s p a c e c r a f t .  
Hughes Airc.x'af t Corporat ion is  developing t h e  day/n ight  sensor .  
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Cooperat ive App l i ca t ions  S a t e l l i t e  

1970 - 1971 - 1972 - 
Spacec ra f t  and support . .  ....... $83,000 $100,000 $2,600,000 

Scout (Launch v e h i c l e  procurement ................. (---) ($1,200,000) program).... (---I -. 

Tota l  ( i nc lud ing  launch 
vehic les ) . . . . .  ............. ($83,000) ($100,000) ($3,800,000) 

=El: 

Two unre l a t ed  missions are inc luded  i n  t h i s  program: CAS-A, a coopera t ive  
p r o j e c t  w i t h  France; and CAS-C, a planned coope ra t ive  p r o j e c t  w i t h  Canada. 

CAS-A 

The CAS-A E:f f o r t  c o n s i s t s  of developing i n s t r u m e n t a l  ba l loon  techniques t o  
be u t i l i z e d  i n  conjunct ion  wi th  an e a r t h - o r b i t i n g  s a t e l l i t e  f o r  the purpose 
of ob ta in ing  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 speed and wind d i r e c t i o n  a t  va r ious  a l t i t u d e s .  The d a t a  obta ined  w i l l  be 
used by U. S .  and French s c i e n t i s t s  t o  assist i n  t h e  understanding of t h e  
s t r u c t u r e  of the atmosphere and ex tending  weather f o r e c a s t i n g  ca lpab i l i t i e s .  
One spacxxraf't and one backup wi th  instruments w i l l  b e  provided OY France. 
The spac:ecraft w i l l  be launched by NASA i n  l a t e  1971, u s ing  a Scout launch 
v e h i c l e ,  frori Wallops I s l a n d  i n t o  a 900-km c i r c u l a r ,  50-degree- incl inat ion 
o r b i t  t o  ga the r  d a t a  from approximately 500 ba l loons .  The instrumented 
ba l loons  wiI.:L L e  developed and launched by France i n  t h e  Southern Henlisphere. 
S a t e l l i t e  tr;ack.ing and d a t a  a c q u i s i t i o n ,  r educ t ion ,  and a n a l y s i s  w i l l  be by 
France. The U. S. w i l l  provide t h e  Scout Vehicle ,  and backup i f  r equ i r ed ,  
launch services, i n i t i a l  sa te l l i t e  t r a c k i n g ,  and, a long wi th  France ,  a n a l y s i s  
of t h e  reduced da ta .  

F i s c a l  Y e x c  It970 and p r i o r  y e a r  funding was used by CAS-A f o r  prepa.rat 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  mid s p a c e c r a f t  antennas,  and f o r  g e n e r a l  p r o j e c t  and t e c h n i c a l  
support . .  The !;100,000 funded i n  FY 1971 are being u t i l i z e d  t o  contirlue 
t e c h n i c a l  support .  FY 1972 funds are requ i r ed  f o r  cont inued t echn ic l i l  
support  and to provide launch and post-launch support .  

CAS-C 

The Canadian Department of Communications and t h e  NASA p lan  t o  lauiich a 
Canadian Tecnnology S a t e l l i t e  i n  l a t e  1974. This  miss ion  is a s.ubst:i.tute 
f o r  t h e  f o u r t h  planned coopera t ive  ISIS. The o v e r a l l  o b j e c t i v e  of tliis 
p r o j e c t  is t o  advance t h e  s ta te-of- t l ie-ar t  i n  s p a c e c r a f t  and r e l a t e d  ground- 
based technologies  r e l e v a n t  t o  f u t u r e  communications and o t h e r  sa te l  Lite 
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a p p l i c a t i o n s  systems. P r i n c i p a l  o b j e c t i v e s  o f  t h i s  mission are to: '(1) 
f l i g h t  test supe r -e f f i c i ency  power tubes having g r e a t e r  than 50 p e r  cen t  
e f f i c i e n c y  a t  a minimum output  power of 200 w a t t s  and o p e r a t i n g  at  approxi- 
mately 1.2 G H z ;  (2)  f l i g h t  test  u n f u r l a b l e  s o l a r  power a r r a y s  of appro.ximately 
1.5 kw i . n i t i a 1  c a p a b i l i t y ;  (3) f l i g h t  test l i q u i d  metal s l i p  r i n g s ;  ( 4 )  
demonstrate e l e c t r i c  p ropu l s ion  f o r  s p a c e c r a f t  s t a t i o n  keeping; ((5) demonstrate 
a c c u r a t 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  w i th  f l e x i b l e  appendages ; arid ( 6 )  conduct 
sa te l l i t e  conunu.nications experiments w i th  1 2  G?Iz t e rmina l s .  The Federal  
Communications Commission and Of f i ce  of Telecommunications P o l i c y  (OTP) have 
asked NASA t m  i . nves t iga t e  t h e  use of f r equenc ie s  above 10 GHz f o r  communica- 
t i o n s  services. The need t o  do t h i s  is becoming i n c r e a s i n g l y  c r i t i c a l  s i n c e  
U. S. domestic sa te l l i t es  launched i n  t h e  mid-1970's w i l l  f u r t h e r  crowd t h e  
frequency spect:rum. 

It is planned t h a t  t h e  s p a c e c r a f t  w i l l  be  developed and f a b r i c a t e d  i n  Canada 
and w i l l  be  :Launched from t h e  Eas t e rn  T e s t  Range (Em) by NASA using a Delta 
class launch veh ic l e .  The s p a c e c r a f t  w i l l  l e  placed i n  geos t a t iona ry  o r b i t  
by t h e  1J. S.. arid Canada w i l l  subsequent ly  conduct experiments on a time 
shared b a s i s ,  

FiscalL Year :L972 funds are r equ i r ed  f o r  CAS-C t o  con t inue  high-power tube  
development anti i n i t i a t e  ground system planning and procurement. Canada w i l l .  
provide con t inu ing  funding support  f o r  t h e  s p a c e c r a f t  and t h e i r  expeximents. 

The OEfice of Space Science and App l i ca t ions  is r e s p o n s i b l e  f o r  thcl overal l .  
management w i t h i n  NASA. 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 of CA$;-A is 
as s igned  t o  Goddard Space F l i g h t  Center and CAS-C t o  L e w i s  Research Center. 

Global Atmospheric Research Program 

1972 
_c 

1971 - 1970 - 
S t u d i e s  and support  ........... --- $1,000,000 -. $:!,500,000 

Total....................... --_ $1,000,000 - $ : ~ 5 0 0 , 0 0 0  

The Global Atmospheric Kesearch Program (GARP) is  an i n t e r n a t i o n a l  coopera- 
t i v e  program designed t o  increase our  understanding of t h e  gene ra l  clircula- 
t i o n  of t h e  atmosphere and t o  e s t a b l i s h  t h e  mathematical  and p h y s i c a t  b a s i s  
f o r  methods of long-range weather p r e d i c t i o n .  GARP i s  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 t h e  World Meteorological  
OrganizatioE, (WMO)) and by t h e  world s c i e n t i f i c  community (through t le I n t e r -  
n a t i o n a l  Council of S c i e n t i f i c  Unions (ICSU)) : Nat iona l  and i n t e r n a t i o n a l .  
o r g a n i z a t i o n s  have been e s t a b l i s h e d  t o  p l a n  and execu te  t h e  prol<ram. 

Two major experiments are planned: a t r o p i c a l  experiment i n  t h e  t r o p i c a l  
A t l a n t i c  Ocean. area i n  t h e  f a l l  of 1974 and a f i r s t  GARP g l o b a l  experiment 
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dur ing  t h e  pe r iod  of 1975 o r  1976. Tentative requirements f o r  atmospheric 
d a t a  and t en t . a t ive  observing systems f o r  a c q u i s i t i o n  of t h i s  d a t a  h a m  been 
de f ined  by WFlO-ICSU planning groups. Opera t iona l  and experimental  s a t e l l i t e s  
of t h e  United States, U.S.S.R., France,  and o t h e r  c o u n t r i e s  have been 
iden t i f i . ed  as essential  t o  t h e  GARY experiments.  

S tud ie s  conducted by NASA i n  FY 1970 confirmed t h a t  me teo ro log ica l  
satell i tes arid sensory subsystems under development by NASA could prclvide 
s i g n i f i c a n t  support  t o  t h e  GARE' g l o b a l  s e r v i n g  system, and t h a t  modeling 
and s imula t ion  s t u d i e s  being conducted by NASA are h igh ly  b e n e f i c i a l  f o r  t h e  
s p e c i f i c a t i o n  and design of t h e  g l o b a l  observing systems. These s t u c i e s  and 
analyses  of proposed o p e r a t i o n a l  me teo ro log ica l  sa te l l i t e  systems arc being 
continued i n  FI! 1971  t o  d e f i n e  t h e  optimum g l o b a l  observing system responsive 
t o  Gt\Rp requ:Lrc. 'ments. 

During FY 19.72, NASA w i l l  cont inue modeling and s i m u l a t i o n  s t u d i e s  t o  
improve mathematical  models of atmospheric behavior  , i n c o r p o r a t i n g  q i i a n t i t a t i v e  
atmospheric data ob ta ined  from meteo ro log ica l  sa te l l i tes ,  and t c  f u r l  h e r  
d e f i n e  observing system d a t a  requirements.  E f f o r t s  w i l l  be continuecl t o  
e s t a b l i s h  p re l imina ry  s y s  t e m s  designs f o r  s a t e l l i t e  g l o b a l  observing systems 
employing oper .a t iona1 and experimental  sa te l l i t es  a v a i l a b l e  through 1)artici- 
p a t i o n  by i n t e r e s t e d  na t ions .  De ta i l ed  s t u d i e s  and comparative ana lyses  wi1.1. 
be conducted t o  i d e n t i f y  f a c i l i t i e s ,  l o g i s t i c s  o p e r a t i o n s ,  and advan1:ed 
technology, a n d  advanced development t a s k s  r equ i r ed  t o  provide d a t a  <icquis i -  
t i o n ,  d a t a  t r ansmiss ion ,  and d a t a  processing support  f o r  t h e  t r o p i c a  L expe r i -  
ment and t h e  f i r s t  GAW g l o b a l  experiment. De ta i l ed  planning will bl? 
i n i t i a t e d  f o r  t h e  conduct of t h e  f i r s t  GARP g l o b a l  experiment arid techno1ogica:L 
s t u d i e s  w i l l  be  conducted toward t h e  s o l u t i o n  of unresolved problems i n  
acqu i r ing ,  o n  a g l o b a l  b a s i s ,  e s s e n t i a l  atmospheric da t a .  

The Off ice  of Space Science and Applicat ions i s  r e s p o n s i b l e  f o r  thl? o v e r a l l  
management b r i t h i n  NASA. 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 :is assigned 
t o  t h e  Goddard Space F l ig l i t  Center.  

- Meteorological  Soundings 

1970 - 1971 19 72 - 
Research sounding rocke t s . .  . $2,026,000 $2,095,000 $ l , S O , O O O  
Sounding socke t  systems.. . . . 730,000 730,000 350,000 
F i e l d  experiment support . .  . . 244,000 2 75,000 - 300,000 - 

Tota l .  ,, . . .. . . . . .. . . . . . . . . . . $3,000,000 $3,1OO,OOO :12,500,000 - - -. -. 

The objec':ives of t h i s  p r o j e c t  are t o  use  r e s e a r c h  and development meteoro- 
l o g i c a l  sounding r o c k e t s  t o  measure 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  100 km reg ion  and t o  develop an economical rieteoro- 
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l o g i c a l  sounding r o c k e t  system t o  m e e t  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  . 

Three areas of e f f o r t  are involved:  

(a )  Research meteoro logica l  rocke t s  of  t h e  Nike-Apache c l a s s  iire u s e d  t o  
exp lo re  t h e  c h a r a c t e r i s t i c s  of t h e  atmosphere between 30 and about 100 km. 
This  reg ion  which is important  t o  meteoro logica l  s c i e n c e ,  cannot be rgeached 
except  by s o m d i n g  rocke t .  The r e l a t i o n s  and t h e  mechanisms ope ra t ing  
between and w i t h i n  t h e  va r ious  reg ions  o f  t h e  atmosphere,  and t h e  e f f ' e c t s  
of s o l a r  energy and i t s  v a r i a t i o n s  on t h e  s t r u c t u r e  and c i r c u l a t i o n  of t h e  
atmosphere are explored.  

(b)  A smal.1 meteoro logica l  sounding rocke t  system f o r  making economical 
a tmospheric  rleasurements i n  t h e  r eg ion  30 t o  60 km is be ing  developed. This  
system w i l l  he capable  of launching  r e l i a b l e ,  inexpensive o p e r a t i o n a l  
meteoro logica l  sounding r o c k e t s  amenable t o  t h e  requirements  f o r  range suppor t ,  
a tmospheric  research ,  and network ope ra t ions .  

( c )  The f1i.el.d experiment suppor t  program provides ,  through coopera t ion  
wi th  o t h e r  c o u n t r i e s ,  f o r  t h e  e s t ab l i shmen t  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 rocke t  launches from s i t e s  tha t  w i l l  
c o n t r i b u t e  mutual ly  va luab le  da ta .  

The Of f i ce  of Space Sc ience  and Appl ica t ions  is re spons ib l e  f o r  the overa l l .  
management o:, t h e  p r o j e c t .  P r o j e c t  management f o r  l a r g e  me teo ro log ica l  
research  roclcets is ass igned  t o  t h e  Goddard Space F l i g h t  Center ,  f o r  small  
sounding rocke t  system development t o  Langley Research Center ,  and fc,lr 
f i e l d  experirnexit suppor t  t o  t h e  Goddard Space F l i g h t  Center  and Wallclps 
S t a t i o n .  

The N 197L imd p r i o r  yea r s  funds w e r e  u t i l i z e d  t o  launch l a r g e  re:,earch 
and s m a l l  developmental rocke t s ,  develop and improve sounding rocke t  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  c o o p e r a t i m  wi th  c o u n t r i e s  i n  South America, Europe, and Asia. 
50 l a r g e  research  rocke t s  and about 200 s m a l l  development rocke t s  arc! launched 
each year .  FY 1972 funds are r equ i r ed  t o  procure  a d d i t i o n a l  l a r g e  rcsearch 
and s m a l l  developmental  rocke t s ,  f l i g h t  test va r ious  payload experimcmts, 
improve rocke t  performance, and t o  cont inue  f i e l d  experiment prcl j  ect:; wi th  
o t h e r  cooperat ing c o u n t r i e s  t o  o b t a i n  a d d i t i o n a l  a tmospheric  researci i  data .  

A1iproximat:ely 
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TIROS/TOS .Improvements -~ 
19 70 

TIROS-M spaccacraf t ........... $2,033,000 
TOS imp rov em+? n ts ............. 1,667,000 

T o t a l ,  :Spal:ecraf t & Support  $3,700,000 

Delta (Launch Vehicle  
Procurement Program). ...... ($200,000) 

T o t a l  ( i nc lud ing  launch 
vehic les ) . . . .  ............ ($3,5)00,000) 

19 7 1  - 1972 

$880 ,000 --..I 

2,320,000 - $:1.,600,000 

$3,200,000 S:l. ,600,000 

($3,200,000) ($1,600,000) 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 t o  provide  r e sea rch  and developiient 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,  s p e c i f i c a l l y  Ln suppor t  
of t h e  TOS program and t h e  development of  Opera t iona l  systems f o r  til(? Nat iona l  
Opera t iona l  He teo ro log ica l  S a t e l l i t e  System (I\;o?!SS) ; t o  provide  rhiaxiinum 
i n t e r i m  o p e r a t i o n a l  d a t a  f o r  use i n  weather  ana lyses  arid f o r e c a s t i n p ;  to 
provide  improved o p e r a t i o n a l  subsystems f o r  tile a c q u i s i t i o n  of d a t a  iecessary 
t o  t h e  improvenent of weather  ana lyses  and f o r e c a s t s ,  spec i f i ca l - ly  i 1 t h e  
areas of i n f r a r e d  and v i s u a l  obse rva t ions  of eartli c loud cover ,  r a d i  > m e t r i c  
observa t ions  of r e f  lect ivc and absorbed energy f o r  de t e rmina t ion  of v e r t i c a l  
temperature  and water vapor [ ’ r o f i l e s  rind t h e  enrt l i  atmosphere iwa t  h i d g e t ,  
and i n  tile z r c a  of  improved d a t a  p rocess ing  and handl ing  f o r  t i r ic ly  >pera- 
t i o n a l  use. 

Ten T I R O S  researcli and development S p a c e c r a f t ,  o f  whicii n i n e  w r e  funded by 
XASA nnd one, TIROS-X, by tlie Nat ioi ia l  Oceanic and Atmospheric Admin is t r a t i n r i  
( N O M ) ,  formerly LSSA, have ueen s u c c e s s f u l l y  launctied s i n c e  Api - i l  1160, 
provid ing  cloud cover  and o t h e r  me teo ro log ica l  d a t a  f o r  researcii and opera- 
t i o n a l  u s e .  TIROS-IX, as a researcli and development s a t e l l i t e  : ~ 1  a .Jheel 
c o n f i g u r a t i c n ,  w a s  e s s e n t i a l l y  tlie p ro to type  s p a c e c r a f t  f o r  tile ‘I‘IRO j 
Opera t iona l  S a t e l l i t e  (TOS) system. 

The development of t h e  TOS system has been  one of  t h e  main ob:jtctiges of 
t h e  U S A  meteoro log ica l  sa te l l i t e  program. This  system has  r ep resen ted  a 
s i g n i f i c a n t  improvement over  i t s  predecessor ,  t h e  R&D TIROS spacecraEt  . 
l i ine 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,, 

TIROS-LI ( r edes igna ted  ITOS-1 upon s u c c e s s f u l  i n j e c t i o n  i n t o  o r b i t ) ,  which 
is  t h e  o p e r z t i o n a l  p ro to type  of t h e  second gene ra t ion  o p e r a t i o m 1  s a t e l l i t e  
series, t h e  Improved TIROS Opera t iona l  S a t e l l i t e  (ITOS) , w a s  launched from 
t h e  Western Test Range on January 23, 1970. The miss ion  o f  t h e  ITOS series 
of s p a c e c r a f t  is t o  expand t n e  o p e r a t i o n a l  c a p a b i l i t y  of  t i le ba:;ic TDS 
system f o r  use i n  day-to-day real-time weather  ana lyses .  The m:ission uses  
three-axis  s t a b i l i z e d ,  ea r th -o r i en ted  sa te l l i t es  i n  c i r c u l a r ,  near -polar ,  
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sun-synchronous o r b i t s  t o  o b t a i n  me teo ro log ica l  obse rva t ions  of t h e  e a r t h ’ s  
cloud cover. Complete g loba l  coverage i s  provided on a d a i l y  b a s i s .  

Daytime coverage is fu rn i shed  by a system of  t e l e v i s i o n  camera:; comprised 
of two au tomat ic  p i c t u r e  t ransmiss ion  (APT) cameras and two advanced 
v id icon  camera subsystems (AVCS) . The APT cameras provide  t h e  d i r e c t  
readout  c a p a k i l i t y  by which more than  500 world-wide r ece iv ing  s t a t i o n s  are 
a b l e  t o  o b t a i n  l o c a l  cloud cover  in format ion .  The AVCS s e n s o r s  provide t h e  
s t o r e d  aata c . apab i l i t y  whereby t h e  N O M  Command and Data Acqu i s i t i on  (CDA) 
s t a t i o n s  a t  Gocse Creek, Alaska,  and Wallops I s l a n d ,  V i r g i n i a ,  a c q u i r e  g loba l  
cloud cover c,ata 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  
Se rv ice ,  Sui t.land, Piaryland. A l s o  c a r r i e d  by t n e  I T O S - s e r i e s  s p a c e c r a f t  
as p a r t  of t h e  primary sensor  complement are two i n f r a r e d  scanning radiometer  
subsystems, wiiich 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  read- 
ou t  t o  t h e  PJ’T s t a t i o n s  and s t o r e d  d a t a  playback t o  t h e  CDA s t a t i n n s .  

The secondary sensor  subsys t e m  is designed t o  g a t h e r  e a r t h  heat-Lalance 
d a t a  and t o  I -dent i fy  proton flux l e v e l s  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 and a f l a t  p l a t e  radioineter.  

The f i r s t  o p e r a t i o n a l  member of t h e  ITOS series, ITOS-A ( r edes igna ted  NOM-I 
upon suc:cessful. i n j e c t i o n  i n t o  o r b i t )  w a s  launclied from t h e  West’ern Test 
R a g e  on Decxtmher 11, 1970. Its primary and secondary senso r  packages w e r e  
i d e n t i c a l  t o  t hose  flown on TIROS-M (ITOS-1). 

Under t h e  ::Ik:oS/TOS Improvements program i n i t i a t e d  i n  FY 1965, ef f c r t  wi.11 
be continuecl i n  the development of advanced senso r s  and subsys t ens  st  ch as 
high resolut:i.ori radiometers  and a t t i t u d e  de te rmina t ion  systems which w i l l  be 
inco rpora t ed  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 h e  e f fc l r t  
i n i t i a t e d  i n  FY 1970 t o  d e f i n e  a t h i r d  gene ra t ion ,  po la r -o rb i t i ng  ope r a t io i i a l  
sa te l l i t e  sys ten is being continued. Cont inuat ion of t h i s  work i s  ne cessary  
i n  E’Y 1972 i.11 o r d e r  t o  permit  t h e  proper  t i m e  phasing of system developments 
forming t h e  technology base f o r  g loba l  coverage i n  t h e  post-ITOS t i m e  frame. 

The Of f i ce  of Space Science and Appl ica t ions  is re spons ib l e  f o r  the overal l .  
management o:l 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 ful- 
f i l l e d  by t h e  Goddard Space F l i g h t  Center.  The major s p a c e c r a f t  c o n t r a c t o r  
is t h e  Ast ro  E l e c t r o n i c s  Div is ion  of Radio Corpora t ion  of America. 

Fisca.L Year :L970 funds were u t i l i z e d  t o  complete t h e  TIROS-M spacec.raf t  
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 i a l  d:La 
a c q u i s i t i o n ,  and f o r  cont inued development of  s e n s o r s  under TOS Imprtwements, 
FY 1 9 7 1  fund:; are being used f o r  TIROS-M (ITOS-1) post-launch support and 
d a t a  a c q u i s i t i o n  and handl ing e f f o r t s ,  f o r  cont inued senso r  and subs js tems 
development fo r  TOS Improvements, and f o r  in-depth s t u d i e s  f o r  operat  Tonal 
sa te l l i te  s y s t e m s  f o r  t h e  post-ITOS t i m e  frame. FY 1972 funds a r e  r6:quired 
t o  i n i t i a t e  design and development of t h e  advanced s e n s o r s  f o r  t h e  m!xt 
generat.ion ~ J E  o p e r a t i o n a l  meteoro logica l  sa te l l i tes .  
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- Ra.dio I n t e r f e r e n c e  and Propagat ion Program 

S tud ie s  and experiments. .  . . . . . 
Tota.1. ... .. .. ....... .. ...... 

19 72 - 1 9  7 1  
v- 

1 9  70 

$ 4 3 8 , 0 m  A-L. $ 1  000 000 - $1,000,000 __ 

$1,000,000 

E f f o r t  on the. Radio I n t e r f e r e n c e  and Propagat ion program (RIPP:) commenced i n  
F i s c a l  Year 1.970 under Communications SR&T. Due t o  t h e  growth i n  t h e  program 
and t h e  r equ i r ed  i n t e r f a c e s  wi th  o t h e r  agencies ,  i t  w a s  d e s i r a b l e  t o  place 
t h i s  prclgranz under a separate l i n e  i t e m  i n  t h e  Space Application:;  program. 
T h e  o b j e c t i v e s  of KIPP are t o :  (1) Determine whether communications 
s a t e l l i t e  systems and terrestr ia l  systems can cont inue  t o  s h a r e  lrl ie same 
frequenc:y ba.nds as t h e  numbers of both systems i n c r e a s e ;  (2)  Determine t h e  
condi t ions  f o r  s h a r i n g  t h e  same frequency band, such as minimum geographica l  
s e p a r a t i o n  of’ s t a t i o n s  and s y s t e m  parameters; ( 3 )  Determine t h e  . inf luence of 
weather phenomena on sa te l l i t e  and ground communications systems ; and ( 4 )  
Determine t h e  u . t i l i t y  of f requencies  above 10  GHz f o r  communications s a t e l l i t e  
se rv ices .  The work e f f o r t  w i l l  c o n s i s t  of t h e  fo l lowing:  (1)  i’leasurement 
and mode.ling of atmospherically-induced i n t e r f e r e n c e  between sa t e . l . l i t e  e a r t h  
s t a t i o n s  a n d  t e r r e s t r i a l  microwave l i n k s  sha r ing  t h e  same frequeiic.ies. This 
e f f o r t  w i l l  c o n s i s t  of two phases:  Phase 1 - t o  develop s h a r i n g  c r i t e r i a  €or  
4 t o  10 GHz, and Phase 2 - t o  develop sha r ing  cr i ter ia  above 10 1.71iz; ( 2 )  U p -  
l i n k  and dowrilink propagat ion experiments and s t u d i e s  t o  he lp  e s z a b l i s h  
use fu lness  of! f requencies  above 10 G H z ,  ground s t a t i o n  c o n f i g u r a t i o n s ,  and 
t e c h n i c a l  pa.rameters of s a t e l l i t e  and ground s y s  t e m s  ; (3 )  Uplink and downlink 
i n t e r f e r e n c e  experiments and s t u d i e s  t o  he lp  determine t e c h n i c a l  pa rane te r s  
of s a t e l l i t e  and ground systems and ground s t a t i o n  conf igura t ion : ; ;  ( 4 )  D e t e r -  
mine maximum al.lowable i n t e r f e r e n c e  levels and s a t e l l i t e  spac ing  requirements  
f o r  mixed ansl homogenous sa te l l i t e  services. 

Equipment has been designed and assembled f o r  measurement of ground-to-ground 
i n t e r f e r e n c e  below 10 GHz. This  i n s t a l l a t i o n ,  which i s  j o i n t l y  :;upported by 
t h e  Of f i ce  of Te lecomunica t ion  Po l i cy  (OTP) , t h e  Department of Zornmerce ( D O C )  
and the l)epcnrtment of Defense (Doi)), is t h e  only  one of i t s  kind :in the 
na t ion .  I n i t i d  experimental  d a t a  w e r e  ob ta ined  i n  September 1970. Data a r e  
being reduced and r e p o r t s  t o  be used i n  suppor t  of U. S. positio:n!; t c  t h e  
World Adminis t ra t ive  Radio Conference (WARC) are i n  the process  ~sfr being pre- 
pared arid coorc.inated i n  t h e  U. S .  and abroad. Many p a r t i c i p a n t s  i n  the KIPP 
are involved i n  n a t i o n a l  and i n t e r n a t i o n a l  meetings concerned w i  til estab1isjhi:ng 
in t e rna t iona l -  agreements on space  communications. Resu l t s  should a l s o  be  
extremely u s e f u l  t o  t h e  FCC and OTP i n  t h e i r  d e l i b e r a t i o n s  on doinrstic 
s a t e l l i t e  systems. Experiments and s t u d i e s  on up l ink  and down1i:ak propagat iun  
and interfert!nc:e are a v i t a l  p a r t  of t h e  program, e s p e c i a l l y  w i t h  r e spec t  to 
opening up h ighe r  f requencies .  I n i t i a l l y ,  experiments  w i l l  be  p’erf ormed t o  
complement t h e  ATS-5 mi l l ime te r  wave measurements. S a t e l l i t e - t o - s a t e  l l i t e  
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i n t e r f e r e n c e  i n  geos t a t iona ry  and nonsynchronous o r b i t s  w i l l  a l s o  be  s tud ied .  

Fisca.L Year ,1972 funds are r equ i r ed  t o  cont inue  t h e  p r e s e n t  ground-to- 
ground in te rEerence  experiments below 10 GHz and t o  i n i t i a t e  e f f o r t s  t o  
exp lo re  frequency bands above 10 GHz f o r  sa te l l i t e  services by conducting 
s a t e l l i  te-to-gicound and g round- to - sa t e l l i t e  propagat ion  and i n t e r f e r e  nce 
s t u d i e s  and experiments.  

The Of f i ce  O E  Space Sc ience  and Appl ica t ions  is re spons ib l e  f o r  thr: o v e r a l l  
management o f  t h i s  program. Respons ib i l i t y  f o r  p r o j e c t  management i:, ass igned  
t o  Goddard Space F l i g h t  Center.  

Geodet ic  S a t e l l i t e s  

19 72 - 19 71 
_L 

19 70 
_I 

..... $11- ,300,000 _- Spacec ra f t  and suppor t , . . .  $1,700,000 $1,700,000 - 
Total.. . . . . . . . . .  ............. $1,700,000 $1,700,000 

The purpose of t h e  Geodet ic  S a t e l l i t e  p r o j e c t  is t o  suppor t  tkte Nat iona l  
Geodetic S a t e l l i t e  Program ( j o i n t  NASA/DoD/DoC program) and t o  develop t h e  
technology o f  geode t i c  sa te l l i t es  f o r  s o l i d - e a r t h  geophysics and oce*inography. 

Three geode t i c  sa te l l i tes  have been launched: Pageos-1 i n  Jurie 191j6; GEOS-1 
on November 6 ,  1965; and GEOS-2 on January 11, 1968. Data are still  be ing  
obta ined  from GEOS-2. 

Fiscal  Y e a  1970 funds were used f o r  cont inued a n a l y s i s  of  GEOS da,ta. EY 
1971 and FY 1972 funds are r equ i r ed  t o  cont inue  ana lyses  of da ta .  

The Of f i ce  of Space Science and Appl ica t ions  is re spons ib l e  for thle overa1:L 
program. Tlte major s p a c e c r a f t  c o n t r a c t o r  f o r  GEOS is t h e  Applied Physics  
Laboratory of t h e  Johns Hopkins Univers i ty .  

Ear th  Observatory S a t e l l i t e s  (EOS) Stud ies  

1972 - 19 71 - 1970 
_c 

Phase B s1:ucly. ................ 
Total . .  .. ,, .................. $1,000,000 - - -. -I 

S t ud ie s  t7:LlI. b e  conducted on t h e  Ear th  Observatory S a t e l l i t e s  (EOS) which 
w i l l  serve ds t h e  i n i t i a l  members of a family of advanced earth observa t ions  
p la t forms  f o r  t h e  e f f i c i e n t  conduct of exper imenta l  r e sea rch  and dex,elopment. 
i n  e a r t h  resources  surveying and meteorology. This  w i l l  combine, iri one 
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mult ipurpose s p a c e c r a f t ,  t h e  func t ions  provided by t h e  ERTS and t h e  Jimbus 
series of meteoro logica l  technology satel l i tes .  Primary emphasis f o  I: EOS 
is t o  be placed on obse rva t ions  of oceanographic phenomena and i n t e r d i c t i o n s  
of t h e  ocean s u r f a c e  wi th  t h e  atmosphere i n  o r d e r  t o  m e e t  urgent: neelk f o r  
r e sea rch  d a t a  and t h e  development of advanced o p e r a t i o n a l  s enso r s  foc  ocean* 
graphic  and meteoro logica l  d i s c i p l i n e s .  Cons idera t ion  s h a l l  a l s o  be  given t o  
o t h e r  needs i n  a tmospheric  s c i e n c e s ,  and i n  e a r t h  resources  surveyin,:. In 
t h i s  capac i ty ,  t h e  EOS w i l l  provide a space p la t form f o r  t h e  o r b i t a l  test of 
experimental  s enso r s  and s p a c e c r a f t  subsystems, f o r  t h e  acquisit:i.on of 
environmental  d a t a  f o r  r e sea rch  and f o r  t h e  development of a p p l i c a t i  Ins of 
t h e s e  d a t a  and techniques t o  problem areas i n  resources/environnienta  L 
management and meteorology. 

Remote sens ing  development, d a t a  a c q u i s i t i o n ,  and techniques tfcvel,>pment 
w i l l  address  advanced r e sea rch  requirements  f o r  d a t a  i n  t h e  disc:ipli : ies of 
oceanography, meteorology, and t e r r a i n  obse rva t ions ,  as fol lows :: 

Ocean  c o l o r ,  temperature ,  composition, n o t i o n ,  and s u r f a c e  roughness 

I n t e r a c t i o n s  between t h e  sea s u r f a c e  and t h e  atmosphere 

Ocean c u r r e n t s  and c o a s t a l  p rocesses  

Formation, t r a n s f e r ,  and d i s s i p a t i o n  o f  sea ice 

Cloud s t r u c t u r e  and composition 

Atmospheric and oceanographic t u r b i d i t y  and p o l l u t i o n  

I n t e r a c t i o n s  between d i f f e r e n t  l e v e l s  of  t h e  earth-atmospilere system 

S p e c t r a l ,  s p a t i a l ,  and temporal c h a r a c t e r i s t i c s  of s i g n i f i c a n t  
earth t e r r a i n  f e a t u r e s .  

T h e  Off ice  of Space Science and Appl ica t ions  i s  re spons ib l e  for thi? ovex-al:L 
management b ' i th in  NASA. 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 w i l l  IJe 
ass igned  t o  t h e  Goddard Space F l i g h t  Center .  

F i s c a l  Yea.r  1972 funds are requ i r ed  t o  i n i t i a t e  pre l iminary  system des ign  
s t u d i e s  . 

A i r  T r a f f i c  Cont ro l  S a t e l l i t e  Studies-  

1971 
_L 

1970 - 
Support s t u d i e s  and long l e a d  

time tec:hn.ology s t u d i e s . .  . . . $3,000,000 

1972 - 

Total . . , . . . . . . . . . . .  ......... $3,000,000 
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Stud ies  w i l l  b e  conducted i n  response t o  DOT requirements  t o  e s t a b l i s h  t h e  
b a s i s  f o r  a s s e s s i n g  t h e  t e c h n i c a l  approaches and c o s t  e f f i c i e n c i e s  of 
commercial p roposa ls  f o r  a i r  t r a f f i c  c o n t r o l  and communication sa te l l i t e  
s e r v i c e s .  S t u d i e s  w i l l  a l s o  be conducted i n  coord ina t ion  wi th  DOT and ESRO 
t o  determine tile needs f o r  advanced s a t e l l i t e  systems and techno:togy #and t h e  
approach t o  t h e  most e f f e c t i v e  o p e r a t i o n a l  system f o r  t h e  l a t e  1970 ' s  and 
e a r l y  1 9 8 0 ' s .  NASA's e f f o r t  i nc ludes  s t u d i e s  of f u t u r e  systems and r e l a t e d  
technology developments. Some areas of technology t o  be pursued are inediun 
power, h igh  e f f i c i e n c y ,  s o l i d  s ta te  L-band a m p l i f i e r s  f o r  communications/ 
nav iga t ion  t ransponders ,  f l e x i b l e  s o l a r  a r r a y s  and adap t ive  m u l t i p l e  j e a m  
antennas.  Tnese e f f o r t s  w i l l  u t i l i z e  FY 1971 funds.  No FY 1972 funds are 
being requested by NASA f o r  this p r o j e c t .  

The o v e r a l l  management is by t h e  Of f i ce  of Space Sc ience  and Appl ica t ions  
wi th  p r o j e c t  management by t h e  Goddard Space F l i g h t  Center.  

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

19 72 - 19 70 1971 

Appl ica t ions  technology.,  ..... $3,744,000 $3,560,000 $2,810,000 

Earth resources . .  ............. 10,009,000 11,575,000 13,825,000 
Geodesy /e a r t  h phys i cs ......... 1,687,000 1,209,000 1,075,000 

I n t e r d i s c i F  l i n a r y  a p p l i c a t i o n s  2,018,000 2,166,000 - 

Communications................ 3,544,000 5,790,000 3,790,000 

Meteorology ................... 2,667,000 2,500,000 2,350,000 
Navigation...... .............. 810,000 700 ,000 700,000 

550,000 I 

Total....................... $24,479,000 $27,500,000 $25,100,000 
-, - 

Near ly  every technique and space  system i n  Space Appl ica t ions  must lbe pre- 
ceded by Support ing Research and Technology (SR&T) /Advanced Studiies. This  
e f f o r t  i nc ludes  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  (Application' ;  
Technology, Corcmunications , Ear th  Resources,  Geodesy/Earth Phys ic s ,  
Meteorology, Navigation/Traf f i c  Control)  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 .  

A p p l i c a t i o m  Technology e f f o r t s  w i l l  i nc lude  s t u d i e s  of  t h e  feiasibi  l i t y  
and characteristics of s t a b i l i z e d  s p a c e c r a f t ;  s enso r  and in s t rumen ta t  ion 
development; and s p a c e c r a f t  technology act ivi t ies .  Research i n  synchronous 
o r b i t  t h r u s t e r  motor technology w i l l  b e  cont inued a long  wi th  provid ing  a 
b a s i s  f o r  optimum a t t i t u d e / p e r i o d  c o n t r o l  t h r u s t e r  s e l e c t i o n .  A:Lso, t h e  

RD 7-20 



es t ab l i shmen t  of f e a s i b i l i t y  and c h a r a c t e r i s  t i c s  o f  bo th  automated and manned 
rendezvous tecliniques wi th  a p p l i c a t i o n s  s p a c e c r a f t  w i l l  cont inue.  

The scmsor arid i n s t rumen ta t ion  development i n c l u d e s  s e n s o r s  a c r o s s  t h e  
complete e l ec t romagne t i c  spectrum. Models of  bo th  mechanical  and e l e c t r o n i c  
m u l t i s p e c t r i t  Line scanners  w i l l  b e  developed. 

Nork :is urideir way i n  advanced t a p e  r eco rde r s  and g e n e r a l  d a t a  s t o r a g e  media., 
and c e n t r a l  :;paceborne cryogenic  u n i t s .  I n  t h e  d a t a  management area s p e c i a l  
a t t e n t i o n  is  g iven  to m u l t i s p e c t r a l  c o r r e l a t i o n  sciiemes and t o  tne removal 
of redundancxies i n  m u l t i s p e c t r a l  da t a .  

In  communications w e  p l an  under advanced systems t o  i d e n t i f y  and develop 
advanced signa.t p rocess ing  techniques f o r  f u t u r e  in fo rma t ion  netiqorking 
systems by uiidertaking teciiriique s t u d i e s  and r e sea rch  i n  such a r e a s  c'is 

conununi~:atio~is systems a n a l y s i s ,  demand assignment communications sys t e m s ,  
s i g n a l  ~)roce:;s:.ng teciiniques , communications s a t e l l i t e  r e p e a t e r  s t u d i e s ,  
d i g i t a l  implementation of analog demodulators,  and m i l l i m e t e r  wave ccmmuni- 
c a t i o n s .  I n  a d d i t i o n ,  under advanced systems we p lan  t o  determine tile 
app l i cab i l i i : :~  of  s a t e l l i t e s  t o  provide  telecommunications needs of t l  c bio- 
medical community. Sucli n e e d s  i nc lude  in t e rchange  of  d a t a  from many u s e r s  
such as med:i :a.L sci iools ,  d i a g n o s t i c  c e n t e r s ,  l a b o r a t o r i e s ,  and hospi t  a l s .  
We w i l l  a l s o  deterr,iine arid e v a l u a t e  u s e r  communications r equ i r even t s  f o r  
planned s y s t ~ m s  and provide updated p r o j e c t i o n s  on a con t inu ing  b a s i s .  Under- 
communicatiom t e c m o l o g y  we w i l l :  (1)  under take  f e a s i b i l i t y  an(] tec iino1ogic:al 
s t u d i e s ,  i nc lud ing  c o s t  f a c t o r s  of communications s a t e l l i t e s ,  t he  i n q  l i c a t i o r i s  
of  parameters  on communications s e r v i c e s ,  and tlie e f f i c i e n t  u se  of t k  e 
spectrum; ( 2 )  :onduct requirements  s t u d i e s  f o r  t r a c k i n g  d a t a  r e l a y  sz i te l l i t e  
systems;  ( 3 )  conduct researct i  i n  component technology,  such as i n  p a i a n e t r i c  
a m p l i f i e r s ,  VIiF phased a r r a y  receivers, and network communications--: i g n a l  
des ign;  ( 4 )  analyze ,  demonstrate ,  and e v a l u a t e  methods of  antenna be:.m 
shaping,  develop technology f o r  e f f i c i e n t  s a t e l l i t e  communications t t  rough 
m u l t i p l e  beam scannable  high ga in  s a t e l l i t e  an tennas ,  and conduct m u l t i p l e  
narrow b e a m  shaped p a t t e r n  antenna r e sea rch ;  (5) r e sea rch  and techno.1 o g i c a l  
development w i l l  be  conducted i n  components developed i n  such areas ;is 

cathode tubes ,  high e f f i c i e n c y  k l y s t r o n  tubes ,  h igh  power tubes ,  and r a d i o  
frequency components and higll power communications s a t e l l i t e  subsystcims ; 
and (6)  e f f o r t s  d i r e c t e d  toward advanced t echno log ica l  developments. 

With t h e  launches of  ERTS-A i n  Calendar Year 1372 and Skylab-1 and EKTS-B 
i n  Calendar  Year 1973, t h e  b a r t h  Resources Survey program f o r  F i s c a l  Year 
1972 w i l l  b e  r e s t r u c t u r e d  t o  b e  more s p e c i f i c a l l y  o r i e n t e d  t o  a ~ p l i c ~ i t i o n  of 
t h e  type  of d a t a  expected t o  be  acqui red  by t h e s e  sa te l l i t es ;  t b a t  if;, re- 
p e t i t i v e  d a t a  of a g iven  scene  f o r  s tudy ing  t ime-var ian t  phenomena, :;uch a s  
v e g e t a t i o n / s o i l / w a t e r  r e l a t i o n s h i p s .  To accomplish t h i s ,  i n t e n s  i fiecl e f f o r t  
w i l l  be  d i r e c t e d  a t  a l i m i t e d  number of  s i tes .  I n i t i a l l y ,  t h r e e  sitl:s have 
been s e l e c t e d :  Chesapeake Bay, C a l i f o r n i a  Fea the r  River Project .  Reg Lon, 
and t h e  Phoenix Tes t  S i t e .  I t  is planned t o  f l y  over  t h e s e  se l ec t ed  test 
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sites at l&-daLy i n t e r v a l s  t o  conduct a d a t a  u t i l i z a t i o n  s imula t ion .  

I n  Fiscal.  Year 1972 w e  w i l l  complete t h e  development of  t h e  technclogy 
r e q u i r e d  f o r  handl ing t h e  l a r g e  q u a n t i t i e s  o f  remotely sensed d,ata expected 
t o  b e  acquired by ERTS-A and Skylab. Type, format ,  q u a n t i t i e s ,  t i m e l i n e s s ,  
f a c i l i t i e s  and equipment r equ i r ed  f o r  d i s t r i b u t i o n  t o  t h e  u s e r  community 
w i l l  b e  determined. The Earth Resources Survey Program Review Committee w i l l  
review and approve t h e  p l an  f o r  d i s t r i b u t i o n  and use  of  s a t e l l i t e  d a t a ,  and 
f o r  t h e  app:Lic:ation of t h i s  d a t a ,  and r e l a t e d  management and budgetary problems. 

During F i s c a l  Year 1972 t h e  number of NASA c e n t e r s  involved i n  the Ear th  
Resources Survey program w i l l  b e  expanded from two (MSC f o r  a i r c r a f t  support  
and GSFC f o r  LRTS ma t t e r s )  t o  s i x  wi th  t h e  a d d i t i o n  of Wallops S t a t i o n  t o  
manage t h e  Chesapeake Bay P r o j e c t ,  A m e s  Research Center  t o  work w i t h  l o c a l  
agencies  f o r  Earth Resources Survey p r o j e c t s  i n  t h e  C a l i f o r n i a  regicln, t h e  
Marshal l  S ~ I ~ X C !  F l i g h t  Center  t o  apply t h e i r  c o r r e l a t i o n  a lgor i thms f o r  
computers t:o e a r t h  resources  d a t a  p rocess ing ,  t h e  Miss i s s ipp i  Test  I a c i l i t y  
t o  manage a m u l t i d i s c i p l i n a r y  s tudy  a t  f i r s t  f o r  t h e i r  l o c a l  a r e a ,  la ter  
expanding to t h e  e n t i r e  two s ta te  reg ion  (Louis iana and M i s s i s s i p p i ) ,  and at 
a later time t h e  Lewis Research Center  t o  develop Ear th  Resources Smvey pro- 
jects  i n  t h e  Great Lakes regions.  

An Iriternatj.ona1 Workshop on Ear th  Resources Survey Systems w i l l  he 
sponsored by NASA and o t h e r  U.S. Government agencies  pursuant  t o  P r e s i d e n t  
Nixon's i nv : i t a t ion  a t  t h e  United Nations i n  September 1969. 
w i l l  b e  field at Ann Arbor, Mch igan ,  on t h e  c e n t r a l  campus o f  t h e  Univers i ty  
of Michigan, May 3-15, 1971, t o  provide i n s t r u c t i o n  t o  fo re ign  e x p e l  ts who 
w i l l  eventua1:Ly apply e a r t h  resources  d a t a  i n  tiicir own coun t r i e s .  

The Woxkshop 

The ,mnouiicement of f l i g h t  oppor tuni ty  (AFO) f o r  ERTS-A w a s  publi5,hed i n  
June 1970. Over 300 experiment proposa ls  are expected by A p r i l  15, 1971. 
During F i s c a l  Year 1972 i n t e n s i v e  e f f o r t s  w i l l  b e  r equ i r ed  t o  managcl and fund 
t h i s  activi.:y and t o  c o r r e l a t e  i t  wi th  our main SR&T program f o r  E a i ~ h  
Resources S mrey  . 

The AFO f o r  Skylab-I w a s  publ i shed  i n  December 1970. S i m i l a r l y  a l a r g e  
e f f o r t  w i l l  b e  r equ i r ed  t o  coord ina te  this a c t i v i t y  wi th  both EKTS-fi and t h e  
on-go i n g  S IE4T program. 

In &odes:~/I iar th  Physics  emphasis is  given t o :  (1) t h e  early contluct of 
d e n o n s t r a t i m  experiments  l ead ing  t o  an assessment of t h e  c a p a b i l i t :  es of  
laser :;ate.lLite t r a c k i n g  techniques  and t h e  very long base- l ine rad; o i n t e r -  
ferometry r lxhnique  f o r  making accu ra t e  measurements of p o l a r  motioxl, e a r t h  
r o t a t i o n  rate,  and e a r t h  t i d e s ;  (2)  conceptua l  s t u d i e s  f o r  a special  c l a s s  
of s a t e l l i t e s  r equ i r ed  t o  suppor t  measurements o f  s p a t i a l  and t i m e  i r a r i a t ions  
of t h e  eartn ' : ;  g r a v i t y  and magnetic f i e l d s ,  r e g i o n a l  mass displacemtmts ,  
p o l a r  motion, mean sea level,  and d e v i a t i o n s  of  the ocean ' s  s u r f a c e  from 
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mean sea level;  (3)  s t u d i e s  t o  b e t t e r  d e f i n e  requirements  f o r  in format ion  on 
s o l i d  e a r t h  and. ocean dynamics needed f o r  development and subsequent  v e r i f i -  
c a t i o n  of u t i l i t y  of  models o r  techniques  f o r  ear thquake ,  volcano e r u p t i o n ,  
and seismic-sea. wave p r e d i c t i o n s  o r  d i s a s t e r  warnings,  and f o r  tLle day by day 
f o r e c a s t i n g  of gene ra l  ocean ic  c i r c u l a t i o n ;  and ( 4 )  s t u d i e s  t o  i d e n t i f y  
requirements  f o r  and uses  of a c c u r a t e  marine maps of t h e  ocean f l o o r  on a 
g loba l  s c a l e .  

I n  Plet.eorol.ogy, t h e  e f f o r t  is d i r e c t e d  toward e s t a b l i s h i n g  t h e  bas i s  f o r  t h e  
development, op t imiza t ion ,  and a p p l i c a t i o n  of  remote sens ing  techniques.  
This  inc ludes :  (1) a n a l y s i s  and i n t e r p r e t a t i o n  o f  s a t e l l i t e  dat,a f o r  t h e  
improvements and op t imiza t ion  of s ens ing  techniques  t o  provide q u a n t i t a t i v e  
measurements of a tmospheric  s t r u c t u r e ,  composition, dynamics, and r e l a t e d  
phenomena; (2) development and a n a l y s i s  of r a d i a t i o n  t r a n s f e r  models t o  
improve t h e  accuracy and des ign  of remote sens ing  in s t rumen ta t ion ;  ( 3 )  develop- 
ment of techniques f o r  t h e  improvement, c a l i b r a t i o n ,  and test o f  s a t e l l i t e  
in s t rumen ta t ion ;  and ( 4 )  a i r c r a f t  and rocke t  f l i g h t  tests of  s a t e l l i t e  s enso r s  
t o  v e r i f y  t h e i r  performance and t o  develop methods f o r  t h e  i n t e r p r e t a t i o n  of 
t h e  measurements . 

I n  Nav iga t ion /Tra f f i c  Cont ro l  s t u d i e s  and exper imenta l  development d i l l  

cont inue on c.ata and voice  t r ansmiss ion  and p o s i t i o n  de te rmina 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 la t forms .  I n  add i t ion , ,  
s ea rch ,  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  and 
r e t r i e v a l  of d a t a  from f i x e d  and moving p la t forms  such as ba l loons  and buoys 
w i l l  cont inue.  F e a s i b i l i t y  and concept s t u d i e s  of sa te l l i tes  having appl ica-  
t i o n  t o  over-ocean t r a f f i c  c o n t r o l  and nav iga t ion  as well  as c o n t i n e n t a l  
l and  areas f c r  a i r  t r a f f i c  c o n t r o l  and c o l l i s i o n  avoidance w i l l  be pursued; 
development clf space and a s s o c i a t e d  technology t o  p o s i t i o n  f i x  and co l lec t i .on  
of s enso r  d a t a  from automated, f i x e d ,  and mobile p la t forms .  

The purpose of t h e  I n t e r d i s c i p l i n a r y  App l i ca t ions  is t o  conduct s t u d i e s  and 
research  r e l a t i n g  t o  s e v e r a l  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 support  of m u l t i d i s c i p l i n a r y  c e n t e r s  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 S tud ie s .  Also 
included w i t h i n  t h e  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  de f ine  t h e  requirements  of f u t u r e  space app l i ca t io i i s  f li glit: 
missions.  
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RESEAR.CH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

LAUNCH VEHICLE: PRO( XREMENT - - - ~ -  OFFICE OF SPACE SCIENCE AND APPLICATIONS --- 
PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Launch Vehicle  Procurement program has  been e s t a b l i s h e d  t o  provide 
launch v e h i c l e s  and suppor t  services f o r  t h e  launch of automated miss ions .  
The program inc ludes  t h e  procurement of v e h i c l e  hardware, launch s e r v i c e s ,  
engineer ing  and maintenance suppor t  i n  a d d i t i o n  t o  provid inp  f o r  t h e  improve-- 
ment of v e h i c l e  systems and a n c i l l a r y  ground suppor t  equipment. I n  ,addition.,  
t h e  program inc ludes  suppor t ing  r e sea rch  and technology/advanced s t u l i e s  
e f f o r t s  necessary  t o  ana lyze  f u t u r e  mission requirements  and t o  i n v e s t i g a t e  
new t echno log ica l  developments. The v e h i c l e s  c u r r e n t l y  being pi-ocurcd are:  
Scout ,  D e l t a ,  Centaur and t h e  T i t a n  I11 C.  

The gene ra l i zed  p l an  f o r  accomplishing t h e  o b j e c t i v e s  of t h e  I ~ u n c h  Vehicle  
program provides  f o r  t h e  cont inued  o p e r a t i o n  of an  economic and e f f i c i e n t  
launch v e h i c l e  family which is adap tab le  t o  a wide v a r i e t y  of miss ion  
requirements .  For a t y p i c a l  miss ion ,  hardware, i . e . ,  b o o s t e r s ,  ripper s t a g e s ,  
shrouds,  ade.pters,  and r e l a t e d  equipment, is  procured under t h e  v e h i c l e  
hardware ca tepory ,  a l l  of which is  r e a d i l y  i d e n t i f i a b l e  wi th  a s p e c i f i c  
mission.  The funding of v e h i c l e  hardware procurement is shown p a r e n t h e t i c a l  Lp 
i n  t h e  budget r e q u e s t s  of t h e  v a r i o u s  s p a c e c r a f t  p r o j e c t s  i n  a d d i t i o n  t o  
being i d e n t j f i e d ,  i n  t o t a l ,  i n  t h e  Launch Vehicle  Procurement r e q u e s t .  Two 
o t h e r  major c a t e g o r i e s  are included i n  t h e  execut ion  of t h e  launch v e h i c l e  
program. One is  suppor t ing  a c t i v i t i e s  wherein t h e  v e h i c l e  hardware which 
has  been procured is prepared f o r  launch,  inc ludinp  t h e  guidance and c o n t r o l ,  
launch s e r v i c e s ,  and engineer ine  a n a l y s i s  f o r  both pre-launch and post-launch 
a c t i v i t . i e s .  The o t h e r  ca tegory  is  major product  improvement, wherein t h e  
launch v e h i c l e  and i t s  a s s o c i a t e d  equipment are modernized and modif ied t o  
main ta in  re l . i s tb i l i ty  and low c o s t ,  and t o  inc rease  performance when t h e  
need is demonstrated.  

SUMMARY OF RESOURCES REQUIREMENTS : 
_____.__ 

1970 1971 1972 

scout . .  ...................... $13,700,000 $14,200,000 $16,5100,000 

C e n t a u r . . . . ,  ................. 46,019,000 68,000,000 75,900,000 
T i t a n  1 1 3 :  C ,  ................. 6,700,000 4,700,000 12,5100,000 

5,000,000 --- --- Agena.. ........................ 
Supportin!; r e sea rch  and tech-  

nology/ativanced s t u d i e s .  .... 4,000 , 000 4,000,000 4 , (100,000 

D e l t a . .  ...................... 32,400,000 34,000,900 37,200,000 

I 

T o t a l . . , . .  .................. $107,819,000 $124,900,000 - $146,100,000 -- 
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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 :  ---- 

-- 1972 - -- 1970 1971 

John F. Kennedy Space Center  ....... --- 
Marshal l  Space F l i g h t  Center . .  ..... $527,000 
Goddard :Space F l i g h t  Center . .  ...... 35,669,000 
Jet P r op1.11:; i on  Labor a t  o ry .......... 490,000 
E lec t ron  Lc:; Research Center .  ....... 292,000 
Langley Research Center . .  .......... 13,658,000 
L e w i s  Research Center . . . . . . . . . . . . . .  47,453,000 
NASA Headquarters .................. 9,730,000 

$2,953,000 
950,000 

33,188,000 
8O0,OOO 

14,041,000 
66,274,OCO 

6,694,000 

-- - 

<, 3,075,000 
690,000 

:;5,966,000 
629,000 

:1.6,240,000 

'l-4,613,0(30 

---- 
'"4,887,000 

The o v e r a l l  .plan f o r  launches dur ing  t h i s  per iod  is: 

Calendar Calendar Ca1 end#ir  
Year Year Year 

3.972 1970 1971 __-- 
Vehicle  

Scout . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Del ta . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Centaur . . . . . . . . .  .................. 1 
T i t a n  I11 C . . . . . . . . . . . . . .  ......... .............................. 2 Agena - 

- 

................... 7 To ta l . . . . . . . .  - - 

8 
3 
2 

1 3  = 1.1 - _.- 

The above t a b l e  inc ludes  NASA Advanced Research and Techno1og.y miss ions  
but  excdude.:; re imbursable  launches and v e h i c l e s  procured f o r  ot 'her agencies ,  
p r i v a t e  co rpora t ions ,  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 r g a n i z a t i o n s ,  
which average approximately s i x  p e r  year .  

scout  

197;' I_._I_ __ 1970 1971 -- 
Hardware procurement.. ........ $3,800,000 $2,900,000 $6,50c!,000 
Supporting iic t i v i  t ies ......... 8,800,000 9,800,000 8 ,800 ,000  
Product fiinprovemen t ........... l? 100,000 1,500,000 __ --_-I- 1,200 ,, I- 000 

Tota l .  ...................... $13,700,000 $14,200,002 $~6-,500,,000 ----I_- -- 
Scout is  the  smallest v e h i c l e  i n  t h e  NASA launch v e h i c l e  fami ly .  It i s  

a fou 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  and is  employed f o r  
s m a l l  s c i e n t i € i c  s a t e l l i t e s ,  space  probes,  and h i g h  speed r e - e r t r v  
experiment:;. 
a t tempted missions f o r  NASA, DOD, A E C ,  and f o r e i g n  c o u n t r i e s .  

This  v e h i c l e  has  been c r e d i t e d  wi th  58 successes  i n  7 .  

RD 8-1, 



This  v e h i c h  is capable  of p l ac ing  a 300 pound payload i n  a 300 n a u i i c a l  
m i l e  o r b i t .  The t e c h n i c a l  management of t h i s  p r o j e c t  is d i r e c t e d  by i h e  
Langley Research Center i n  Vi rg in i a .  The prime c o n t r a c t o r  f o r  t h e  production.,  
checkout ,  and liaunch of t h e  v e h i c l e  is Ling-Temco-Vought, Dallas, Texas. 
The v e h i c l e  is launched from t h r e e  launch sites: t h e  Western T e s t  Rani:e i n  
C a l i f o r n i a ;  Wallops I s l a n d ,  V i r g i n i a ;  and t h e  I t a l i a n  San Marco p la t form i n  
t h e  Indian Ocean o f f  t h e  c o a s t  of  Afr ica .  Th i s  la ter  w a s  t he  s i t e  of t h e  
s u c c e s s f u l  launtzh of t h e  NASA Small Astronomy S a t e l l i t e  by an I t a l l i an  launch 
crew on December 12 ,  1970. 

I n  FY 1971, funds are being u t i l i z e d  t o  i n i t i a t e  new hardware procurements,  
t o  suppor t  t h e  Scout launch c a p a b i l i t y  a t  t h r e e  launch s i tes ,  and t o  
complete t h e  Scout f i r s t  s t a g e  motor improvement. 

I n  FY 1972, funds are reques ted  t o  cont inue  t h e  new hardware procurement 
i n i t i a t e d  i n  FY 1971 and t o  cont inue  t h e  support  of our  engineer ing  and 
launch c a p a b i l i t y .  A product improvement program w i l l  be i n i t i a t : e d  f I x  
modest improvements t o  t h e  Scout guidance system and f o r  an improved iipper 
s t a g e .  

Del ta  

1972 -- 19 70 1971 

Hardware procurement. . . . . . . . .  ..... $8,800,000 $9,800,000 $17,900,000 
Supporting a c t i v i t i e s . . . . . . . . . . . . .  17,500,000 17,000,000 16,400,000 
Produc t improvement. .............. 6,100,000 7,200,000 2,900,000 

To ta l . . .  ........................ $32,400,000 $34,000,000 2 $37 200,000 

The Delta 1.acmch v e h i c l e  has  been used by NASA, f o r e i g n  governlnents and 
p r i v a t e  indus t ry  i n  83  launches of s c i e n t i f i c  and a p p l i c a t i o n  miss ions .  
I t  has  been s u c c e s s f u l  76 times s i n c e  t h e  p r o j e c t ' s  i ncep t ion  i n  1960. 
The v e h i c l e  c o n s i s t s  of t h r e e  s t a g e s  -- t h e  f i r s t  s t a g e  Thor b o o s t e r ,  t h e  
Delta second st:age 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 a g e .  The c u r r e n t  
model i s  capab1.e of l i f t i n g  2,000 pounds i n t o  a 300 n a u t i c a l  mi le  o r t i t  
from t h e  Cape Kennedy launch s i t e  i n  F l o r i d a .  

The overa1:L t e c h n i c a l  management f o r  t h e  Delta v e h i c l e  p r o j e c t  is  ass igned  
to t h e  Goddard Space  F l i g h t  Center  i n  Maryland. The prime con t r ac t01  f o r  
t h e  Delta v e h i c l e  is  t h e  McDonnell Douglas As t ronau t i c s  Company i n  C a l i f o r n i a .  
Launch operairions of t h e  Delta v e h i c l e s  are conducted from the  Eas t e tn  T e s t  
Range, Cape Kennedy, F l o r i d a  and t h e  Western Test Range i n  C a l i f o r n i a .  

F i s c a l  Yea.r 11971 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 ,  s o l i d  motor t h i r d  s t a g e s ,  s o l i d  
motors €o r  boos t e r  t h r u s t  augmentation, and t h e  necessary  launch sert?ices 
and suppor t  to main ta in  t h e  Delta launch c a p a b i l i t y .  Vehicle  produci 
improvements atre a l s o  being accomplished. These inc lude  the  adaptat:ion of 
t h e  T i t a n  I'CI Itranstage engine t o  t h e  Delta second s t a g e ,  developmeni of a 
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l a r g e  diametc!ir f a i r i n g ,  and t h e  i n i t i a t i o n  of conversion of t h e  f i r s t  and 
second s t a g e  DeLta t e l eme t ry  systems t o  "S" band f r equenc ie s .  

F i s c a l  Year 1972 funds which are reques ted  h e r e  w i l l  be u t i l i z e d  t o  con- 
t i n u e  procurernertt of hardware and suppor t  through c o n t r a c t s  c u r r e n t l y  i n  
f o r c e  and t o  L n f t i a t e  new procurements i n  suppor t  of f u t u r e  launches .  
Moreover, funding suppor t  f o r  con t inua t ion  of t h e  product  improvement e f f o r t s  
c i t e d  above :L,s planned. 

Centaur 

1970 1971 1972 --.-_ 

Hardware pxxurement . . . . . .  ... $17,100,000 $28,800,000 $31,100,000 

P rod uc t imp r ovemen t . . . . . . . . . . 14,200,000 25,600,000 31,4 40,000 - 
Supporting a c t i v i t i e s . . . . , . . .  14,719,000 13,600,000 13,360,000 

To ta l . .  . . . . . . . . . . . . . . . . . . . . $46,019,000 $68,000,000 $75,5100,000 ---- 
The Centaur v e h i c l e  is a high performance, gene ra l  purpose launch 

v e h i c l e  %which has  been used by NASA t o  launch Mariner Mars M i s s i c m s ,  
Orb i t ing  Astronomical Obse rva to r i e s ,  synchronous t r a n s f e r  o r b i t  nijissions, 
inc luding  t h e  App l i ca t ions  Technology S a t e l l i t e s ,  t h e  In te l sa t  CommunL- 
c a t i o n  S a t e l l i t e s ,  and o t h e r  high energy miss ions .  It is  t h e  most 
powerful v e h i c l e  c u r r e n t l y  used by NASA f o r  automated s p a c e c r a f t ,  Thiz 
Centaur p r e s e n t l y  uses  an At las  boos te r  as a f i r s t  s t a g e .  A new con- 
f i g u r a t i o n ,  t h e  T i t a n  C e n t a u r ,  is  being developed t o  support  t h e  Vikiiig 
mission and o t h e r  heavy payload miss ions  which are beyond t h e  c a p a b i l i t y  
of t h e  Atlas Centaur.  Th i s  c o n f i g u r a t i o n  is  planned t o  be o p e r a t i o n a l  i n  
1974. 

The 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 h i s  v e h i c l e  systern has  
been de lega ted  t o  t h e  L e w i s  Research Center .  General  Dynamics/Convair is  
t h e  prime c o n t r a c t o r  f o r  t h e  Atlas  boos te r  and t h e  Centaur S tage .  Ass0ciat.e 
c o n t r a c t o r s  a r e  Honeywell, Inc . ,  f o r  t h e  Centaur guidance systems,  and 
P r a t t  and Whitney Div i s ion  of United A i r c r a f t ,  f o r  t h e  Centaur enRines.  
The prime c o n t r a c t o r  f o r  t h e  T i t a n  I11 boos te r  is t h e  Martin Mar t e t t a  
Corporat ion.  
by t h e  L'nitec, Technology Corporat ion and t h e  engines  f o r  t he  Titian 111 
c o r e  s t a g e s  I. and I1 are produced by the  Aero je t  General  Corporat ion.  

The f i v e  segment s o l i d s  f o r  t h e  T i t a n  I11 are manufactured 

Hardware procurement and t h e  necessary  launch r ead iness  support  of t h r e e  
NASA launches; dur ing  CY 1971 are being funded i n  FY 1971 along wi th  t h e  
procurement of hardware t o  suppor t  miss ions  t o  be launched i n  1972. A 
Product Improvement program is  a l s o  being conducted which c o n s i s t s  of 
improved gui.clance and e l e c t r o n i c s  systems i n  t h e  Centaur s t a g e ,  rearrange-  
ment of t h e  equipment module, development of a new shroud,  and new 
r a d i a t i o n  shi.el.ding. A p o r t i o n  of t h i s  improvement program w i l l  be com- 
p l e t e d  i n  e a r l y  CY 1972 and w i l l  be incorpora ted  i n  t h e  A t l a s  Centaur 

RD 8-4 



v e h i c l e s  planned f o r  launch i n  mid-CY 1972. 

FY 1972 funds are r equ i r ed  t o  cont inue  t h e  hardware product ion  and 
sustaini .ng suppor t  t o  meet t h e  mission launch r ead iness  schedules .  

Incremental  funding i n  E71 1972  w i l l  a l low con t inua t ion  of the n a j o r  improve- 
ment e f f o r t  i n i t i a t e d  i n  p r i o r  yea r s ,  tile Proof Test Veiiicle, ant1 t h e  pro- 
duc t ion  c o n t r a c t s  for t i l e  procurement of v e h i c l e s  t o  suppor t  t h e  Mariner/Venus/ 
Mercury 73, h e l i o s  A & E ,  Viking A & U, and f o r  tile i n i t i a t i o n  of t h e  procure-  
ment of t h e  T i t a n  111 D Vehicles  f o r  t h e  High Energy Astronomy Observstory.  

T i t a n  I11 C 

1970 1971 1972 --- 
Hardware procurement.. .......... $6,700,000 $4,700,000 - $12,500,000 - 

$6,700,000 $4,700,000 $12 500 000 
- f a = =  

The T i t a n  I I I  C i s  a USAF developed f o u r  s t a g e  s o l i d  and l i q u i d  fuetmled 
launch v e h i c l e .  The performance of t h i s  v e h i c l e  i s  g r e a t e r  than that  of 
t h e  Atlas Ce*ntiaur a t  synchronous a l t i t u d e  making i t  a more s u i t a b l e  
v e h i c l e  t o  use i n  suppor t  of t h e  synchronous a l t i t u d e  App l i ca t ions  Tt!ch- 
nology Sa te l l i t es  F and G miss ions .  

An agreement w i t h  t h e  United S t a t e s  A i r  Force (USAF) has  been r ead ied  
whereby NASA Headquarters has  primary management r e s p o n s i b i l i t y  for t h e  
NASA T i t a n  'I11 C a c t i v i t y .  
v e h i c l e  subsystem manager f o r  t h e  T i t a n  I11 C under o v e r a l l  NASA mis:;ion 
d i r e c t i o n .  
Mar i e t t a  Corporat ion,  Denver Div i s ion ,  Denver, Colorado, as t h e  prima? 
c o n t r a c t o r .  T h e  United Technology Corpora t ion ,  Sunnyvale, Cal i forn i i i  
and Aeroje t  General Corpora t ion ,  Sacramento, C a l i f o r n i a  are asscciata! con- 
t r a c t o r s  provilding s o l i d  b o o s t e r s ,  and c o r e  s t a g e  engines .  Mart in  Mitrietta 
w i l l  provide t h e  mission i n t e g r a t i o n  services and along wi th  its a s s o c i a t e s ,  
w i l l  provide t h e  necessary  launch ope ra t ion  s e r v i c e s .  

A s  agreed ,  t h e  USAF w i l l  ac t  as t h e  1aunc:h 

The v e h i c l e s  w i l l  be procured through t h e  USAF, w i t h  Mar1:in 

F i s c a l  Year 1972 funds are reques ted  f o r  t h e  con t inua t ion  of hardw,are 
procurements and suppor t ing  s e r v i c e s  r equ i r ed  for launch of t h e  ATS 'I? & G 
miss ions  i n  1973 and 1975. 

Agena 

1970 1971 197 2 

--- --- Hardware procurement.. .......... $1,751,000 

--- --- Supporting a c t i v i t i e s . . . . . . . . . . .  3,249,000 _---- 
--- --- 

I - --:ret3 
Tot:al . . . . . . . . . . . . . . . . . . . . . . . . .  $5,000,000 
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The Thrust Augmented Thor Agena is a two stage vehicle using the saine 
Thor stage as Delta and a second stage Agena vehicle. This vehicle system 
has been used by NASA f o r  polar orbital missions launched from the Weistern 
Test Range in California. During 1970 this vehicle was used successfully 
to launch the Space Electric Rocket Test (SERT) and the Nimbus IV metleo- 
rological satellite. Presently, no NASA missions are planned foi- lauinch on 
this vehicle system; however, since this vehicle is being used by the DOD, 
it will be available for NASA, if future missions require its usage. 

-- Sumorting Research and Technology/Advanced Studies- 

1970 -~ - I- 

1971 1972 --- - 
Advanced studies.. ............... $1,280,000 $1,290,000 $2 ,O80,000 
Propulsion and energy conversion. 700,000 1,175,000 795,000 
Guidance, c:ontrol and navigation. 1,345,000 1,030,000 790,000 
Instrumentation and electronics.. 60,000 60,000 60,000 
Structure and materials.. ........ 615,000 345,000 250,000 .............. 25 000 100,000 --2- Vehicle en.g:in.eering --- 

Total... ....................... $4,000,000 $4,000,000 I $4,000,000 - 
The objective: of the Supporting Research and Technology/Advanced Studies 

project is to provide data for decisions concerning new launch vehicle 
development programs and vehicle improvement efforts required to support 
automated missions. Efforts include research, technical feasibilfty studies, 
systems analysis, preliminary development efforts, and other activities as 
described in the following paragraphs. 

In FY 1973., two advanced studies initiated in prior years were continued. 
One involved definition of low cost vehicles potentially capable of re- 
placing the exJ.sting NASA vehicles used for automated spacecraft during the 
pre-space shuttle time period. The second study involves definition of a 
versatile upper stage. The potential applications for the versatile upper 
stage include ii high energy kick stage for Titan Centaur, a replacement 
for the existing upper stage, an expendable upper stage, for use wit11 
the space shuttle, and a planetary orbit insertion propulsion system. In 
addition, study effort is being initiated to identify the most econoniical 
method of meeting small spacecraft mission requirements during the ntixt 
decade and t o  investigate the concept of a solar electric propulsion stage 
for comparison with an integrated solar electric spacecraft design. 

Supporting Research and Technology effort during FY 1971 included work 
initiated to demonstrate the feasibility of utilizing a dual mode pro- 
pulsion system for planetary exploration. Development of an improvetl 
gyroscope for a strapdown inertial guidance system, along with development 
of a moldular guidance computer which would utilize the latest in sol-1.d state 
technology, wars continued. 
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In FY 1972, efforts will be focused on maintaining an effective laurwh 
vehicle transi~ortation system for a variety of space applications and 
scientiflc miss:lons. Work will be directed at upper stage propulsion and 
astrionics problems and their interaction with spacecraft systems. Studies 
of thermfonic and nuclear electric propulsion systems will be cont inuclbd. 
Studies to id'entify upper stages for use with the space shuttle prior to 
the operation,al availability of the space tug will be conducted. Studies to 
identify imprlwed main propulsion systems for planetary spacecraft wj11 be 
initiated. A l s o ,  studies will be undertaken to determine the advantap;es of 
hybrid rocker, motors for launch vehicles and to identify the optimum launch 
operations procedures involving upper stages utilizing fluorine propellants. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

OFFICE OF LNIVERSITY AFFAIRS SUSTAINING UNIVERSITY PROGRAM --- 

PROGRAM OBJISCTIVES AND JUSTIFICATION : ------ 
The Sus ta in ing  Un ive r s i ty  program w a s  e s t a b l i s h e d  i n  1962 when NASA's  ex- 

panding r e s p o n s i b i l i t i e s  r equ i r ed  inc reased  p a r t i c i p a t i o n  of t h e  educa t iona l  
community i n  t:he space  program. 
l a b o r a t o r y  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 i g h l y  t r a i n e d  people ,  
and t o  conduct: broad m u l t i d i s c i p l i n a r y  r e sea rch .  
been m e t ,  NASA programs have b e n e f i t e d  and t h e  u n i v e r s i t i e s  have been 
s t rengthened  t:hrough 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  w e r e  t o  provide  adeauate  

Many of t h e s e  g o a l s  have 

NASA w i l l .  con t inue  t o  suppor t  r e s e a r c h  a t  u n i v e r s i t i e s  as needed f o r  NASA's 
mission w i t t i  funding requirements  t o  be m e t  from program o f f i c e  R&D r e sources .  
The Sus t a in ing  Un ive r s i ty  program has  been phased t o  an o r d e r l y  conclus ion .  

SUMMARY OF RESOURCES REOUIREMENTS : 

1970 1971 1972 -~ 
--- --- Sus ta in ing  u n i v e r s i t y  program.. ..... ' --A- $7 000 000 -I-____. ~ 

--- --- ........................... Ai- - - - ~  __-- --- T o t a l . .  $7  000 000 

----- Distr ibut : ion of Program Amounts by I n s t a l l a t i o n :  

NASA Headquarters . .  ............... $7,000,000 
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NATIONAL AElWNAUTICS AiW SPACE ADNINISTRATION 

FISCAL YEAR 1972 ESTIMATES 

RESEARCII AND DEVELOPMENT BUIX;I;T PJ.&.l FOR 

ADVANCED USEARC11 AND TECiiNOLOGY P R G G W I S  

I___---- 

--- 

- P r ogr am - 1 9  70 1971 1 3 7 2  

Aeronautical research and 
t e ch n o 1 o g :y .................. $95,685 ,080 $102,000,000 $110 ,,(I00 ,1)00 

Space research and technology. 119,!177,000 107,000,000 75 ,,lo5 ,mi) 

Liuclear power and propulsion.. 55,269,000 - 55,200,000 - ----J--- 27 720,000 

..................... $270,931,000 $264 200,000 $212,825,000 
--- - --L T o t a l , . . .  

AltT 1 



NATIONAL AERONAUTICS AND SPACE APIINISTRATION 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

CC:?Z.XXOK OF CGiGZi iZ IL'iiZH'i LIKE IiEnS Tu r r  lY/i BUUGET STRUCTURE 

RESEARCH AND DEVELOPMENT 
(Thousands of Dollars) 

FY 1972 Budget Line Items FY 1971 Budget Line Items 
Space Power and 

Basic Space Vehicle Elec t ronics  Human Factor E l e c t r i c  Pro- Nuclear Chemical Aeronautical  -- Tota l  Research Systems Systems Systems pu l s ion  Svs t ea s  Rockets Propulsion Vehicles 

J?Y 1970 
Aeronautical  Research and 

Space Research and Technology. 
Nuclear Power and Propulsion..  

To ta l  ....................... 

Technology .................. 

FY 1971 
Aeronautical  Research and 

Technology .................. 
Space Research and Technology. 
Nuclear Power and Propulsion.. 

Tota l .  ...................... 
FY 1972 

Aeronautical  Research and 
Technology .................. 

Space Research and Technology. 
Nuclear Power and Propulsion.. 

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

6,200 
10,907 

10,768 
22,563 --_ 

200 
16.975 

75,511 95,685 
119,977 
55.269 
270,931 

3 .ooo 
18,790 

21,790 
_ _ _  16 ;952 

34,127 
2 .ooo 
19,107 

--- 36.317 
36,317 20,227 

- 
33,331 30,515 

5,800 
16,600 

22,400 
--- - 

2,100 
15,800 

17,900 
--- - 

400 
16.600 

87,100 --- 102,000 

264,200 

107,000 
55.200 

6,600 
7,700 
3.300 
17.600 

13 1900 
30,900 

--- 38.000 
38,000 20,300 

7,100 
16,255 

23,355 
--- - 

--- 
22,150 

110,000 
75,105 
27.720 
212,825 

6,200 
8,200 
3,400 
17,800 

400 
11,500 
9.320 
21,220 

93,200 --- --- 
93, ZOO 

--- 17,000 
15.000 
15,000 17,000 

--- --- 
22,150 

N 



RESEARCH AND DEVELOPMENT 

F I S C A L  YEAR 1972 ESTIMATES 

O F F I C E  --- O F  A.I)VA.NCED RESEARCH AND TECHNOLOGY AERONAUTICAL RESEARCH AND 
TECHNOLOGY P M --- 

PROGRAM 0BJE:CI ' IVES AND J U S T I F I C A T I O N :  --- 
The NASA Aeronaut ics  program f o r  FY 1972 is aimed a t  provid ing  s i g n i f i c a n t  

advances i n  t h e  technology base t o  i n s u r e  t h a t  t h i s  count ry  remains the  world 
l e a d e r  i n  t h e  development of m i l i t a r y  and c iv i l  a i r c r a f t .  
technology program, coord ina ted  w i t h  t h e  FAA/DOT and DOD, is befng continued 
which will j n c r e a s e  a e r o n a u t i c a l  systems r e l i a b i l i t y  and s a f e t y ,  w i l l  reduce 
ob t rus iveness  t o  t h e  environment,  and is r e l e v a n t  i n  t h e  o v e r a l l  sense t o  
t h i s  decade ' s  m i l i t a r y  a i r c r a f t  and c i v i l  t r a n s p o r t a t i o n  demands. Research 
w i l l  concent:rate on aerodynamics,  f l i g h t  dynamics, p ropu l s ion ,  {operating 
systems,  v e h i c l e  systems,  l i f e  s c i e n c e s ,  e l e c t r o n i c s ,  materials and s t r u c t u r e s ,  
and n o l s e  r educ t ion  f o r  a p p l i c a t i o n  t o  f u t u r e  gene ra t ions  of a l l  subson ic ,  
supe r son ic  and hypersonic  a e r o n a u t i c a l  v e h i c l e s .  Emphasis i n  F Y  1972 w i l l  
be  on yropul s i o n  r e s e a r c h  inc lud ing  engine n o i s e  r e d u c t i o n ,  aerodynamics and 
v e h i c l e  systems.  A major new i n i t i a t i v e  i n  FY 1972 is t h e  des ign  and  develop- 
ment of an exper imenta l  s h o r t  take-off and l and ing  ( S T O L )  turboEan t r a n s p o r t  
r e sea rch  a i r p l a n e .  

A r e sea rch  and 

SUMMARY --- OF FXSOURCES REQUIREMENTS : 

Experiment:al STOL t r a n s p o r t  
r e sea rch  a i r p l a n e . .  ......... 

Aerodynam.i.cs and v e h i c l e  
systems. . . . . . . . . . . . . . . . . . . . .  

L i f e  s c i ences . . . . . . . . . . . . . . . . .  
Propuls ion  .................... 
Operat ing systems.. . . . . . . . . . . .  
M a t e r i a l s  and s t r u c t u r e s . . . . . .  
Guidance, c o n t r o l  and 

informat ion  sys tems. . . . . . . . .  
Power. . . . . . . . . . . . . . . . . . . . . . . . .  
S u p e r c r i t i c a l  technology ...... 

19 70 

$37,439,000 
3,000,000 
29,419,000 
6,996,000 
7,646,000 

10,190,000 
200,000 
795,000 

T o t a l . . . . . . . . . . . . . . . . . . . . . . .  $95,685,000 

19 71 

$1,900,000 

45,000 ,000 
2,100,000 
23,900,000 
8,000,000 
7,400,000 

4,200,000 
400,000 

9,100,000 

$102,000,000 

19 72 _-- 

$15,000,000 

42,000,000 
3,100,000 
22,300,000 
6,500,000 
11,000,000 

3,000,000 
400,000 

-e--- 6 700,000 - 

. $ l l O ,  000,000 
-I__ 
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D i s t r i b u t i o n  of Program Amounts by I n s t a l l a t i o n :  ---- 

1972 - 19 70 19 71 -- 
Marshal l  Space F l i g h t  Center . .  $1,223,000 $1,369,000 $1,725,000 
Jet Propuls ion  Laboratory ..... 741,000 715,000 750,000 
E l e c t r o n i c s  Research Center... 3,095,000 --- --- 
Ames Research Center . . . . . . . . . .  18,708,000 21,586,000 26,355,000 
F l i g h t  Research Center........ 7,291,000 8,665,000 17,750,000 
Langley Research Center....... 27,355,000 32,863,000 29,200,000 
L e w i s  Research Center . .  ....... 27,996,000 30,300,000 30,725,000 
NASA Headquarters  ............. 9,276,000 6,502,000 3,495,000 

BASIS OF --- FUND REQUIREMENTS: 

Experimental  STOL Transpor t  Research Airp lane  

Wind tunne l  tests and 

Propuls ion  n o i s e  reduct ion . . . . . .  --- 1,300,000 5,1)00,000 
A i r c r a f t  des ign  and develop- 

--- 9,1500,000 

simulat ion. . . . . . . . . . . . . . . . . . . .  --- $600,000 $400,000 

merit.......................... --- 
Total. . . . . . . . . . . . . . . . . . . . . . . . .  --- $1,900,000 $15, !~00,000 -. 

Short-haul a i r  t r a n s p o r t  r e p r e s e n t s  a v i t a l  segment of t h e  n a t i o n a l  t r ans -  
p o r t a t i o n  s y s t e m  which has  n o t  been developed t o  its p o t e n t i a l .  STOL 
c a p a b i l i t y  is e s s e n t i a l  t o  t h i s  class of t r a n s p o r t  and turbofan  STOL a i r c r a f t  
have been shown i n  a n a l y t i c a l  s t u d i e s  t o  o f f e r  a t t ract ive economic rlaturns 
as w e l l  as improved t r a n s p o r t a t i o n  s e r v i c e s .  

The need f o r  a STOL t r a n s p o r t a t i o n  system has  been c l e a r l y  e s t a b l i s h e d  i n  
s t u d i e s  of t h e  t r a n s p o r t a t i o n  demands of t h e  count ry .  The demand f o r  air- 
c r a f t  of t h i s  type  has  been e s t ima ted  t o  have a product ion  va lue  of $8.8 
b i l l i o n  through 1985. The economic arguments f o r  t h e  STOL t r a n s p o r t  are 
pe r suas ive ,  b u t  wi thout  an  i n i t i a l  government development e f f o r t ,  th'e base  
of technology upon which i n d u s t r y  can proceed w i t h  development imd product ion  
of STOL t r a n s p o r t  systems does n o t  e x i s t .  Design, development, f a b r i c a t i o n ,  
and f l i g h t  t e s t i n g  of t h e  exper imenta l  STOL tu rbofan  t r a n s p o r t  r e s e a r c h  air- 
c r a f t  is ,  t h e r e f o r e ,  an e s s e n t i a l  s t e p  between l a b o r a t o r y  t e s t i n g  an'd t h e  
b u i l d i n g  of p ro to type  t r a n s p o r t  systems. Development of STOL technology 
w i l l  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  to  t h e  t e c h n i c a l  base  r equ i r ed  i n  suppor t  
of a n t i c i p a t e d  m i l i t a r y  requi rements .  



In  response t o  t h i s  requi rement ,  a major new i n i t i a t i v e  is proposetl i n  
FY 1972; d e t a i l e d  des ign  and f a b r i c a t i o n  of an exper imenta l  tu rbofan  STOL 
t r a n s p o r t  rese.arch a i r c r a f t  . The e s s e n t i a l  o b j e c t i v e s  of t h i s  exper  rt- 
mental  researc'h a i r c r a f t  p r o j e c t  are t o  v a l i d a t e  t h e  p r e d i c t e d  performance 
and t o  p e r m i t  es tab l i shment  of rea l i s t ic  cr i ter ia  f o r  c e r t i f i c a t . i o n  c)f 
commercial subsonic  STOL t r a n s p o r t  a i r c r a f t  and f o r  en rou te  and termltnal 
area o p e r a t i o n s .  Two re sea rch  a i r c r a f t  w i l l  be b u i l t  f o r  f l i g h t  t e s t i n g  
i n  t h e  1974 through 1976 per iod .  The engines  f o r  t h e s e  a i r c r a f t  w i l l  
i n i t i a l l y  inco rpora t e  a c o u s t i c  t rea tment  f o r  n o i s e  r educ t ion ,  and w i l l  
subsequent ly  i n c o r p o r a t e  f e a t u r e s  developed by NASA's q u i e t  engine pro- 
gram t o  demonstrate  STOL performance a t  a c c e p t a b l e  n o i s e  l e v e l s .  Thcr 
f l i g h t  t e s t i n g  w i l l  demonstrate  and v e r i f y  nav iga t ion  and f l i g h t  pa t l i  
c o n t r o l  procedures  as w e l l  as t h e  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 t h e  v e h i c l e .  

S p e c i f i c  conf igu ra t ion  of t h e  exper imenta l  STOL t r a n s p o r t  r e sea rch  air- 
c r a f t  w i l l  b e  determined on t h e  b a s i s  of s t u d i e s ,  s imu la t ion ,  and wiiid 
tunne l  tests being conducted i n  Fy 1971 and cont inuing  i n t o  FY 1.972. Re-  
s ea rch  over  t h e  p a s t  yea r s  has  i d e n t i f i e d  s e v e r a l  promising approachc:s 
t o  powered l i f t  systems a p p l i c a b l e  t o  t r a n s p o r t  a i r c r a f t .  Of t h e s e  :several  
s y s t e m s ,  t h e  external ly-blown f l a p  is cons idered  t h e  most promising 1:andi- 
d a t e  f o r  e a r l y  a p p l i c a t i o n .  Th i s  concept ,  which has been tested extcmsively 
i n  t h e  wind tunne l ,  involves  t h e  s i m p l e s t  d e p a r t u r e  from convent.iona1 
des ign  and can use  engines  c u r r e n t l y  a v a i l a b l e .  A l t e r n a t i v e  approaclies, 
however, w i l l  a l s o  be  cons idered  in t h e  s t u d i e s  l ead ing  t o  des ign  of t h e  
experimental  STOL t r a n s p o r t  r e sea rch  a i r c r a f t .  

NASA is working wi th  DOT and is exp lo r ing  wi th  i n d u s t r y  r e p r e s e n t a t i v e s  a 
j o i n t  approach t o  a shor t -hau l  t r a n s p o r t a t i o n  system, inc lud ing  t h e  (experi- 
mental  STOL t r a n s p o r t  r e s e a r c h  a i r p l a n e  development and f l i g h t  test 'program. 

The FY 1972 funding request provides  f o r  i n i t i a t i o n  of design, ,  devr?lopment,, 
and f a b r i c a t i o n  on t h e  two exper imenta l  STOL t r a n s p o r t  r e sea rch  a i rpLanes ,  
and f o r  con t inua t ion  of suppor t ing  model t e s t i n g  i n  wind t u n n e l s ,  prli,pulsion 
s t u d i e s ,  and tests aimed a t  n o i s e  r educ t ion .  

Aerodynamics and Vehic le  Systems 

19 72 - - 19 70 1971 

Aerodynamics and v e h i c l e  
sys  terns 
Research and technology. .  . . $32,162,000 $37,100,000 $32,70~11,000 

9 30111 000 Experimental  hardware. . . . . .  5,277,000 7,900,000 --LL 

Tota l . . . . . . . . . . . . . . . . . . . .  $37,439,000 $45,000 ,E 
The o b j e c t i v e  of t h i s  a c t i v i t y  is t o  gene ra t e  and develop new concepts  i n  

aerodynamics and f l i g h t  dynamics 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 a i r c r a f t .  I n  t h e  s tudy  of v e h i c l e  systems 
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d i s c i p l t n a r y  t echno log ie s  are a p p l i e d  t o  a l l  classes of c i v i l  and mi:I.itary 
a i r c r a f t .  Bspliasis is placed,  as r e q u i r e d ,  on f l i g h t  test programs and 
experimental  hardware e v a l u a t i o n s .  T h i s  combined d i s c i p l i n a r y  and experi-  
mental  hardware approach p rov ides  t h e  d a t a  and information which can be 
a p p l i e d  by t h e  a i r c r a f t  i n d u s t r y  and Government agencies  t o  t h e  devel.opment 
of s a f e r  and s u p e r i o r  a i r c r a f t ,  advanced a i r c r a f t  concepts ,  r e g u 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  concep t s ,  and t h e  i n t e g r a t i o n  of t h e  pi lot , l 'a i r -  
c r a f t  sys t a m .  

The r e s e a r c h  e f f o r t  f o r  E'Y 1972 w i l l  i nc lude  t h e  c o n t i n u a t i o n  of s t u d i e s  
t o  improve t h e  s a f e t y  of g e n e r a l  a v i a t i o n  a i r c r a f t ,  s t u d i e s  of advanced 
r o t o r s  f o r  h e l i c o p t e r s  and ro to r -d r iven  V/STOL's; s t u d i e s  of air-  
b r e a t h i n g  p ropu l s ion  system/airframe i n t e g r a t i o n ;  dynamic problems wt th  
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 class of v e h i c l e .  

This  work is to be c a r r i e d  o u t  by means of a n a l y t i c a l  s t u d i e s ,  wind 
tunne l  tes ts ,  s i m u l a t i o n ,  and f l i g h t  i n v e s t i g a t i o n s .  Such s t u d i e s  are  a l s o  
used t o  a i d  in t h e  s o l u t i o n  of problems of a developmental n a t u r e  i n  support  
of m i l i t a r y  procurements and t h e  SST, and i n  response t o  r e q u e s t  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 agenc ie s .  The 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 r e s e a r c h  s i n c e ,  l i k e  t h e  
experimental. hardware programs, t hey  i d e n t i f y  areas where f u r t h e r  g e n e r a l i z e d  
r e sea rch  is r equ i r ed .  Experimental  r e s e a r c h  and development a i r c r a f t  and 
engineer ing t e s t  p i l o t  p r o f i c i e n c y  a i r c r a f t  necessa ry  t o  c a r r y  ou t  and sup- 
p o r t  t h e  t o t a l  a e r o n a u t i c s  e f f o r t  are included.  

-- Aerodynamics and Vehicle  Systems Research and T e c h n o l s  

Aerod-ics; -- and F l u i d  Mechanics 

To accurate1.y s i m u l a t e  aerodynamic c h a r a c t e r i s t i c s  of l a r g e  f l i g h t  vehicle .  
i n  small and moderate s i z e  ground f a c i l i t i e s ,  work is underway t o  improve 
t h e  predict::ton of boundary l a y e r  t r a n s i t i o n ,  s e p a r a t i o n ,  s k i n  f r i c t i o n ,  and 
h e a t  t r a n s f e r  and t o  determine t h e  way in which v a r i o u s  ground test environ-  
ments i n f l u e n c e  t h e s e  c h a r a c t e r i s t i c s .  Work is a l s o  i n  p rogres s  t o  improve 
methods of computing subson ic ,  t r a n s o n i c ,  and supe r son ic  flow f i e l d s  about  
complex aerodynamic bodies  t o  f i n d  more e f f i c i e n t  ways t o  i n c r e a s e  3 i f  t , 
reduce d r a g ,  o r  alleviate adve r se  i n t e r f e r e n c e  and h e a t i n g  e f f e c t s .  Advanced 
c o m p u t i ~ t i o ~ i i ~ l  techniques are being sought , e s p e c i a l l y  f o r  three-dimensional 
t r a n s o n i c  f.lows , t o g e t h e r  w i th  methods f o r  i n c r e a s i n g  t h e  effectiveri .ess of 
digita:L and analog computers. 
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Noise and Sclnic Boom ---- 

The noise  problem r e q u i r e s  g r e a t e r  emphasis on b a s i c  r e sea rch  aimed a t  under- 
s t and ing  t h e  o r i g i n  and means of minimizat ion of n o i s e  i n  gene ra l  and ,  i n  
p a r t i c u l a r ,  at  understanding t h e  fundamental p r i n c i p l e s  involved f o r  developing 
very  much q u i e t e r  a i r c r a f t  engines .  Consequently,  r e sea rch  is (d i r ec t ed  toward 
understanding i n  g r e a t e r  depth  t h e  mechanisms of n o i s e  gene ra t ion  and  prop- 
a g a t i o n  frcloi engine exhaust  je ts ,  r o t a t i n g  machinery (compressors,  t u r b i n e s  
and l i f t i n g  r o t o r s ) ,  and from i n l e t  d u c t s  i n  which complicated unsteady, t h r e e  
dimensional. flow f i e l d  i n t e r a c t i o n s  i n  cascade s e c t i o n s  occur .  Reduction in 
t h e  l e v e l  of s o n i c  booms is a l s o  u r g e n t l y  needed i n  o r d e r  t h a t  t h e  f u l l  b e n e f i t  
of supe r son ic  f l i g h t  may be r e a l i z e d  by o p e r a t i o n  over  land r o u t e s .  R e s e a r c h  
is proceeding on ways t o  b e t t e r  p r e d i c t  t h e  gene ra t ion  and propagat ion of 
s o n i c  booms , ELS w e l l  as on c o n f i g u r a t i o n  changes f o r  minimizing boonis. Analyses 
are being clweloped,  f o r  example, f o r  t h e  p r e d i c t i o n  of t h e  e f f e c t s  of 
maneuvering and t h e  e f f e c t s  of a tmospheric  c o n d i t i o n s  on s o n i c  boom formation 
and t ransmiss ion .  In p a r t i c u l a r ,  t h e  complex high i n t e n s i t y  pressur  e f i e l d  
caused by atmospheric  d i f f r a c t i o n  or by maneuvering--which can cause n o i s e  
l e v e l s  sevc!iral. times g r e a t e r  than normal s o n i c  booms--will be s t u d i e d  
theoretical..ty i n  wind t u n n e l s  and i n  f l i g h t .  Ana ly t i c  and exper imenta l  in- 
v e s t i g a t i o n s  of a i r c r a f t  c o n f i g u r a t i o n s  t h a t  show promise of loweririg s o n i c  
boom ove rp res su res  below c u r r e n t  l e v e l s  are a l s o  being pursued.  Prcilgrams t o  
o b t a i n  th re sho ld  Mach number informat ion  i n  s t a b l e  a i r  masses and under con-. 
d i t i o n s  of  turbulence are underway f o r  a p p l i c a t i o n  t o  t r a n s o n i c  t r a n s p o r t  des igns .  

A i r c r a f t  :Plight Dynamics 

To f u l l y  e x p l o i t  t h e  o p e r a t i o n a l  s e r v i c e  performance c a p a b i l i t y  oi advanced 
s u p e r s o n i c ,  hypersonic ,  and V/STOL a i r c r a f t  , and t o  minimize development c o s t s  
and times, the  a n t i c i p a t e d  response  behavior  and p i l o t a b i l i t y  of suc:.h a i r c r a f t  
must be acc:urately p r e d i c t e d  i n  t h e  des ign  s t a g e .  The research program i n  air- 
c r a f t  hand:llng quali t ies now underway is aimed a t  provid ing  such inf’ormatiori 
through f l i g h t  and s imula t ion  s t u d i e s ,  as w e l l  as by applying advanc:ed c o n t r o l  
theory  t o  isch Leve inc reased  knowledge and understanding of t h e  p i l o t - v e h i c l e  
combination in s t eady  f l i g h t ,  i n  maneuvers and under cond i t ions  of !;pin and 
atmospheric  tu rbulence .  A t t e n t i o n  w i l l  be given to  t h e  p r a c t i c a l  improvements 
p o s s i b l e  i n  b a s i c  a i r f r a m e  responses  by t h e  use  of novel  methodls of a i r c r a f t  
c o n t r o l .  Advanced s imula to r s  f o r  such r e s e a r c h  w i l l  be developed by incorpo- 
r a t i o n  of t h e  la tes t  i n  d i s p l a y  dev ices  technology and improved, s imi i la t ion  
techniques  which account f o r  a i r c r a f t  response t o  a i r  d i s t u r b a n c e s  . Ex- 
pansion and a p p l i c a t i o n  of f l i g h t  dynamics t h e o r i e s  t o  problems of i i i r c r a f  t 
f l i g h t  pat’h and dynamic response  behavior  w i l l  con t inue  t o  be perfo-i:med 
u t i l i z i n g  advanced mathematical  op t imiza t ion  techniques.  
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Aerodynamic Loads 

Improvements i n  performance, i n  s a f e t y ,  and i n  economy of ope ra t ion  of air- 
c r a f t  r e q u i r e  ii cont inued i n v e s t i g a t i o n  of t h e  aerodynamic loads  intxoduced 
i n t o  an a i r c r a f t  s t r u c t u r e  and of t h e  e f f e c t s  of t h e s e  aerodynamic f a r c e s  on 
t h e  s t r u c t u r e .  For example, response of a i r c r a f t  t o  a tmospheric  t u rbu lence ,  
b u f f e t  and o t h e r  aerodynamic f l i g h t  loads  become p r o g r e s s i v e l y  more jmportant 
f o r  l a r g e  a i i r c r a f t  as a consequence of t h e i r  g r e a t e r  s t r u c t u r a l  f l e x i b i l i t y .  
An important: r e sea rch  o b j e c t i v e  is t h e  improvement of a n a l y t i c a l  methlods f o r  
p r e d i c t i n g  t:he e l a s t i c  response  of such a i r c r a f t  and t h e  development of means 
f o r  minimizing o r  a l l e v i a t i n g  t h i s  response.  Comparison of f l i g h t  t e s t  d a t a  
wi th  measurements ob ta ined  on a e r o e l a s t i c a l l y  sca l ed  models i n  a t r a n s o n i c  
dynamics wind t:unnel is being c a r r i e d  o u t  t o  v a l i d a t e  a wind tunne l  technique! 
f o r  g u s t  response r e sea rch .  This  t u n n e l  technique  w i l l  be  used i n  subsequent 
s t u d i e s  of o t h e r  a i r c r a f t  models t o  o b t a i n  g u s t  response p r e d i c t i o n s  and to  
e v a l u a t e  v a r i o u s  methods of coun te rac t ing  f l e x i b i l i t y  e f f e c t s  by appzopr i a t e  
motions of the c o n t r o l  s u r f a c e s .  

A comprehensive program on b u f f e t i n g  ranging  from b a s i c  measurements of 
b u f f e t i n g  p r e s s u r e s  on wind tunne l  models t o  measurements of b u f f e t  l oads  on 
an a i r p l a n e  An f l i g h t  is underway and w i l l  be cont inued du r ing  FY 1972. 
Buffe t  measurements on convent iona l  r i g i d  wind tunne l  models w i l l  be used to  
o b t a i n  a qual.it:ative e v a l u a t i o n  of t h e  i n f l u e n c e  of a i r p l a n e  c o n f i g u r a t i o n .  
A e r o e l a s t i c  nioclels which s i m u l a t e  t h e  dynamic response  of f u l l  s c a l e  a i r p l a n e s  
w i l l  a l s o  be: used f o r  b u f f e t  loads  measurements and f o r  o v e r a l l  v e h i c l e  
motions r e su l - t i ng  from o p e r a t i o n  i n  f l i g h t  regimes where buff  e t  occurs  . 
Stud ies  t o  dii te have i n d i c a t e d  t h a t  w i n g - l i f t  dev ices  such as sLa t s  and f l a p s  
can substant : ia l . ly  a l l e v i a t e  wing b u f f e t i n g  du r ing  maneuvers. Thie emphasis i n  
f u t u r e  wind tunne l  and f l i g h t  tests w i l l  be t o  e v a l u a t e  more f u l l y  t h e  b u f f e t  
improvements, p o s s i b l e  wi th  such dev ices .  

In  o rde r  t o  a s s u r e  adequate  margins of s a f e t y  from wing and t a i l  f l u t t e r ,  
p a r t i c u l a r l y  in t h e  t r a n s o n i c  speed range  where aerodynamic theory  is  
inadequate ,  a cont inuing  r e s e a r c h  e f f o r t  w i l l  be  maintained c o n s i s t i n g  of wind 
tunne l  s t u d i e s  of a e r o e l a s t i c a l l y  s c a l e d  ( f l u t t e r )  models. A s p e c i f i c  l i n e  
of endeavor wil.1 involve  a s tudy  t o  e s t a b l i s h  t h e  t r a n s o n i c  f l u t t e r  behavior  
of advanced wing c o n f i g u r a t i o n s  wi th  s u p e r c r i t i c a l  a i r f o i l  s e c t i o n s .  
f l u t t e r  probI.enis a t  hypersonic  speeds w i l l  a l s o  r e c e i v e  a t t e n t i o n .  
r e sea rch  has 1e.d t o  a reasonably  good understanding of t h e  s e p a r a t e  i n f l u e n c e s  
of many of t h e  f a c t o r s  which are involved i n  t h e  f l u t t e r  of s k i n  pane l s  i n  
t r a n s o n i c  a n d  supe r son ic  flow. I n  f u t u r e  s t u d i e s  t h e  emphasis w i l l  be  on t h e  
e f f e c t  of bolimd.ary l a y e r  t h i ckness  and Mach number on f l u t t e r  boundaries .  

P o t e n t i a l  
P a s t  

General  Avia t ion  A i r c r a f t  ---- 

To achieve  t h . e  b a s i c  o b j e c t i v e s  of i nc reased  s a f e t y ,  u t i l i t y  and economy 
f o r  gene ra l  a v i a t i o n  a i r c r a f t ,  fou r  areas of r e sea rch  are be ing  (emphasized. 
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E f f o r t s  w i l l  cont inue  i n  aerodynamics,  s i m p l i f i e d  c o n t r o l  and d i s p l a y  systems,  
a v i o n i c s  system i n t e g r a t i o n  and e v a l u a t i o n  and improved cockp i t  environment. 

S tud ie s  i m  con f igu ra t ion  aerodynamics w i l l  cont inue  t o  determine the  effect :  
of engine n a c e l l e  shape and l o c a t i o n  i n  a d d i t i o n  t o  t h e  f u l l  s c a l e  wjnd t u n n e l  
e v a l u a t i o n  of r e p r e s e n t a t i v e  a i r p l a n e  conf igu ra t ions .  E f f o r t s  toward summarizing 
e x i s t i n g  d a t a  a p p l i c a b l e  t o  g e n e r a l  a v i a t i o n  w i l l  cont inue  du r ing  FY 1972 wit:h 
t h e  emphasis s h i f t i n g  toward summation of c o n t r o l  and s t a b i l i z a t i o n  data and 
t h e  developinlent of p r e d i c t i o n  techniques  f o r  s t a l l  and s p i n  c h a r a c t e r i s t i c s .  

I n - f l t g h t  s t u d i e s  us ing  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  as w e l l  as ground basedl 
s imula t ion  e E f o r t s  are underway and w i l l  cont inue  be ing  d i r e c t e d  toward de- 
f i n i n g  optimism a i r p l a n e  and c o n t r o l  system c h a r a c t e r i s t i c s .  R e s u l t s  of t h e s e  
e f f o r t s  wil :L be  used t o  i n i t i a t e  t h e  development of exper imenta l  r e l i a b l e  low 
c o s t  devices  t o  achieve  t h e s e  c h a r a c t e r i s t i c s .  P a r t i c u l a r  emphasis I s  being 
placed on t h e  use of d i r e c t  l i f t  and drag  c o n t r o l  as a means of s impl i fy ing  
t h e  landing  iipproach and f l a r e  p i l o t i n g  t a sk .  

Cont inuing e f f o r t s  are being d i r e c t e d  toward t h e  a c q u i s i t i o n  O E  exper imenta l  
hardware and t h e  a d a p t a t i o n  of a v i o n i c s  dev ices  and systems s p e c i f i c a l l y  
t a i l o r e d  t o  t h e  requirements  of g e n e r a l  a v i a t i o n .  During FY 1972 p a r t i c u l a r  
emphasis wi3.1. be  placed on t h e  a p p l i c a t i o n  of mass produced i n t e g r a t e d  c i r c u i t  
components t:o t h e  des ign  and f a b r i c a t i o n  of communications and nav iga t ion  
dev ices .  Fl.uidlic techniques  w i l l  be used t o  mechanize a s imple ,  r e l i a b l e  f u l l  
t i m e  wings 1eve.ler similar i n  f u n c t i o n  t o  t h e  c u r r e n t  e lectro-mechanical  
dev ices ,  but w i th  t h e  p o t e n t i a l  f o r  very  low c o s t  and cons ide rab ly  i m r e a s e d  
r e l i a b i l . i t y  . 

E f f o r t s  i n d t l a t e d  du r ing  FY 1971 i n  t h e  area of improving t h e  comfort and 
s a f e t y  of t h e  cockp i t  environment have emphasized t h e  r educ t ion  of n o i s e  l e v e l s  
i n  t h e  cockp i t  and t h e  i n c r e a s e  i n  f i r e  p r o t e c t i o n  p o s s i b l e  through the use  of 
new developments i n  f i r e  r e t a r d a n t  foam materials. Cont inua t ion  of this e f f o r t  
dur ing  FY 1972 w i l l  i nc lude  l a b o r a t o r y  and a n a l y t i c a l  s t u d i e s  of t h e  s t r u c t u r a l  
c h a r a c t e r i s t i c s  of foam r e i n f o r c e d  s k i n  l ead ing  t o  t h e  f l i g h t  v a l i d a t  Lon of t tie 
sound a t t e n u a t i o n  and o p e r a t i o n a l  wear r e s i s t a n t  c h a r a c t e r i s t i c s  of t h i s  type 
material. 

V/STOL A i r c r a f t  ----- 
The primary emphasis i n  M 1972 w i l l  be a s s o c i a t e d  w i t h  t h e  continuc.?d 

development of t h e  technologies  r e l a t e d  t o  jet  STOL a i r c r a f t ,  l i f t - f a n  V/STOL 
a i r c r a f t  and r o t o r c r a f t  t o  provide  t h e  informat ion  r equ i r ed  f o r  t h e  s e l e c t i o n  
and development of f u t u r e  V/STOL a i r c r a f t  and systems. Apart  from tht! f l i g h t  
test of t h e  je t  augmentor wing concept on t h e  C-8A a i r p l a n e ,  cont:inuecl emphas:ls 
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wil l  be given i n  s t u d i e s  of t h i s  concept t o  developing improved (and a n a l y t i c a l  
h i g h - l i f t  p r e d i c t i o n  methods, and t o  ob ta in ing  paramet r ic  two dimensional d a t a  
on a i r f o i l  sect: ions wi th  d i f f e r e n t  arrangements of f l a p  geometry. 
is t o  develop i31 b e t t e r  understanding of t h e  b a s i c  f a c t o r s  i n  t h e  l i f t  augmentation 
process  and t o  provide necessary  d a t a  f o r  a sys t ema t i c  series of a i r f o i l - f l a p  
geometr ies  arid j e t  flow cond i t ions  t o  permit  t h e  des ign  of jet  awgmentor-wing 
a i r c r a f t :  f o r  matximum l i f t  augmentation. Large scale wind tunne l  tests w i l l  be  
conducted of a swept-wing j e t  augmentor model r e p r e s e n t a t i v e  of a jet  STOL air- 
c r a f t  having g r e a t e r  speed p o t e n t i a l  than t h e  s t r a i g h t  wing C - 8 A .  Pre l iminary  
f e a s i b i l i t y  s t u d i e s  w i l l  be  made of means t o  f l i g h t  test  a j e t  augmentor swep t  
wing on an e:xpc!rimental a i r c r a f t  r e p r e s e n t a t i v e  of an advanced jet STOL t r ans -  
p o r t .  

The o b j e c t i v e  

The s t eady  advancements i n  l i f t - f a n  engines  have opened new hor izons  f o r  
l i f t - f a n  t r a n s p o r t  conf igu ra t ions  t o  o p e r a t e  i n  e i t h e r  t h e  VTOL lor STOL mode. 
Research aimed a t  f u r t h e r  improving t h i s  technology is descr ibed  i n  t h e  
Aeronautical  Propuls ion  program. Wind tunne l  tests w i l l  cont inue  t o  i n v e s t i g a t e  
t h e  i n t e g r a t e d  performance of r e p r e s e n t a t i v e  l i f  t - fan concepts  i n  t y p i c a l  
i n s t a l l a t i o n s  such as wings,  pods, and along t h e  fuse l age .  Receint wind tunne l  
tests of smal.1 scale l i f t - f a n  a i r c r a f t  models f o r  sys t ema t i c  s t a ' b i l i t y  and 
c o n t r o l  s t u d i e s ,  and l a r g e - s c a l e  models f o r  performance i n v e s t i g a t i o n  have 
shown marked improvement compared t o  earlier c o n f i g u r a t i o n s  conclepts. Wind 
tunne l  t e s t a  of a d d i t i o n a l  l i f t - f a n  a i r c r a f t  con f igu ra t ions  w i l l  be  conducted 
i n  FY 1972. One of t h e  l a r g e  scale wind tunnel  models t o  be cons t ruc t ed  w i l l  
be  r e p r e s e n t a t i v e  of a p o s s i b l e  l i f  t - fan t r a n s p o r t  type r e sea rch  airplane. 
F e a s i b i l i t y  s t u d i e s  w i l l  cont inue  concerning a r e sea rch  v e h i c l e  f o r  f l i g h t  
tests of a l i f t - f a n  r e sea rch  a i r c r a f t  t o  v a l i d a t e  t h e  l a b o r a t o r y  inves t iga -  
t i o n s  and provide  f l i g h t  exper ience  f o r  t h e  design of an operat i tonal  V/STOL 
l i f t - f a n  t r a n s p o r t .  I n  t h e  meantime, f l i g h t  tests i n i t i a t e d  i n  FY 1968 wi th  
t h e  XV-5B a i r c r a f t  t o  determine t h e  f l i g h t  performance, s t a b i l i t y ,  c o n t r o l  and 
handl ing qual.it.ies of a fan-in-wing v e h i c l e ,  w i l l  be  completed. 
w i l l  be conducted on r o t o r  a i r f o i l s  f o r  improved performance and on r o t o r  
geometry vari.at.ions (b lade  t i p  shape,  s t a g g e r ,  and span)  t o  reduce b l ade  t i p  
v o r t e x  s t reng; th ,  which can s i g n i f i c a n t l y  a f f e c t  v e h i c l e  v i b r a t i o n  and aero-  
e l a s t i c  c h a r a c t e r i s t i c s .  For high speed r o t o r c r a f t  a p p l i c a t i o n s ,  emphasis 
w i l l  be on 1.arg;e scale model tests of wing mounted r o t o r s  t h a t  tilt i n  
t r a n s i t i o n  from vertical t o  h o r i z o n t a l  f l i g h t .  S tud ie s  are a l s o  planned 
f o r  a r o t o r  test bed experimental  v e h i c l e  f o r  f l i g h t  test of adv,anced r o t o r  
and h e l i c o p t e r  concepts .  

I n v e s t i g a t i o n s  

The continued improvement i n  t h e  h i g h - l i f t  c a p a b i l i t y  of V/STOL a i r c r a f t  
and r o t o r c r a f t  concepts  w i th  a t t e n d a n t  increased  downwash r e q u i r e s  a per- 
s i s t e n t  e f f o r t  which w i l l  be  cont inued i n  FY 1972 t o  improve wind tunne l  test 
techniques arid t o  assess t h e  v a l i d i t y  of t h e  r e s u l t s .  The e f f e c t s  of con- 
s t r u c t i o n  d e t a i l s  such as j o i n t s ,  p ro tuberances ,  s t r u c t u r a l  def lec t ic lns  and 
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SO f o r t h  become i n c r e a s i n g l y  impor tan t  i n  extremely h i g h - l i f t  concepts  such as 
t h e  j e t  augmc!nt:or wing. The ne t  r e s u l t  is to  f o r c e  g r e a t e r  emphasis on l a rge -  
scale tests of c a r e f u l l y  designed wind tunne l  models, and toward proof-of-concept 
f l i g h t  t:es ts . 

Subsonic/Transonic  A i r c r a f t  ---- 
In a d d i t i o n  t o  t h e  fundamental  technology d i r e c t e d  toward e x p l o i t i n g  super- 

cr i t ical  wing technology,  t h e r e  is a body of ongoing r e s e a r c h  important  t o  
t h e  broad spectrum of both m i l i t a r y  and c i v i l  a i r c r a f t  in t h e  subsonii: / transonic 
speed regime. This  i nc ludes  wind tunne l  tests and a n a l y s i s  i n  suppor t  of pro-  
blems t h a t  a r i s e  on e x i s t i n g  a i r c r a f t ,  as w e l l  as gene ra l i zed  and par , imet r ic  
i n v e s t i g a t i o n s  t o  permit  improved des ign  of f u t u r e  a e r o n a u t i c a l  vehicLes i n  
such areas a s  a l l e v i a t i o n  of adverse  propuls ion  system-airframe i n t e r f e r e n c e  
e f f e c t s ;  ob ta in ing  sys t ema t i c  d a t a  on advanced a i r f o i l s  i n  t h e  t ransoi i ic  
regime; ob ta in ing  low speed d a t a  on such a i r f o i l s  w i th  h i g h - l i f t  devic:es; 
developing improved methods f o r  t r a n s l a t i n g  a i r f o i l  d a t a  t o  r e l i a . b l e  :wept  
wing des ign  i n  bo th  t h e  t r a n s o n i c  and t a k e o f f / l a n d i n g  f l i g h t  regimes; and 
conducting both  a n a l y t i c a l  and exper imenta l  i n v e s t i g a t i o n s  t o  prowide a b a s i s  
f o r  op t imiz ing  wing planform and twist f o r  t h e  t r a n s o n i c  regime. Whei-eas 
t h e  s t a t e  of t he  a r t  i n  g e n e r a l  has  developed s a t i s f a c t o r i l y  through i h e  
yea r s  t o  des:i;;n a i r c r a f t  t o  f l y  s a f e l y  through t h e  t r a n s o n i c  regime, 
t h e o r e t i c a l  OT a n a l y t i c a l  methods and paramet r ic  exper imenta l  d a t a  arc 
c u r r e n t l y  inadequate  t o  opt imize  des ign  f o r  s u s t a i n e d  e f f i c i e n t  f l i g h t  
a t  t r a n s o n i c  rind low supe r son ic  speeds .  P a r t i c u l a r  emphasis i n  FY 1972 w i l l  
be toward developing t h e  necessary  wind tunne l  d a t a  and a n a l y t i c a l  toclls t o  
assess t h e  promise of a low supe r son ic  speed t r a n s p o r t  concept  which would 
t ake  advantage of a s o n i c  boom c u t  o f f .  

Supersonic  A i r c r a f t  

The supersonic  a i r c r a f t  program provides  t h e  advanced aerodynamics and f l i g h t  
dynamics technology f o r  t h e  development of c o n f i g u r a t i o n  des igns  t h a t  l ead  t o  
t h e  r e a l l z a t i c i n  of s a f e  and e f f i c i e n t  supe r son ic  f l i g h t  f o r  comme:ccial and 
m i l i t a r y  a p p l i c a t i o n s  and improved maneuvering performance f o r  mi.Litary air- 
c r a f t  . 

I n  g e n e r a l ,  t h e  performance and t h e  s t a b i l i t y  and c o n t r o l  s t u d i e s  of super- 

Emphasis w i l l  be p laced  on 
s o n i c  c o n f i g u r a t i o n s  developed by use  of automated a n a l y t i c a l  techniqulas and 
wind tunne l  experiments  w i l l  be  cont inued .  
improving t h e  t r a n s o n i c  maneuvering c h a r a c t e r i s t i c s  of some of t h e s e  a l r c r a f t  
f l y i n g  a t  high a l t i t u d e s  and by e v a l u a t i n g  promising des ign  modi f ica t icws  i n  
f l i g h t .  
C h a r a c t e r i s t i c s  eof l a r g e  f l e x i b l e  supe r son ic  a i r c r a f t  w i l l  con t inue  i n  which 
f l i g h t ,  wind tunne l ,  and c a l c u l a t e d  r e s u l t s  are compared. Trade-off s t u d i e s  

An e v a l u a t i o n  of c u r r e n t  procedures  f o r  e s t i m a t i n g  aerodynamili: 
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w i l l  be  cont::Lntied t o  de te rmine  t h e  p e n a l t i e s  to  be pa id  i n  terms of 3l.oss 
of aerodynam:lc s t a b i l i t y  f o r  ga ins  i n  performance. S tud ie s  w i l l  be con- 
ducted t o  deiteirmine c o n t r o l  requi rements  f o r  s p e c i f i c  miss ions  and tc:l  what 
degree s tabi.li!:y can be  r e l axed .  

Advanced concepts  i n  aerodynamic wing des ign  and a i r c r a f t  component.. i n t e -  
g r a t i o n  w i l l  be inco rpora t ed  i n  c o n f i g u r a t i o n s  cons idered  f o r  commercial and 
m i l i t a r y  miss ions .  The c a p a b i l i t y  w i l l  be developed of p r e d i c t i n g  t h e  flow 
f i e l d ,  i nc lud ing  t h e  i n f l u e n c e  of l i f t i n g  f u s e l a g e  fo rebod ies  , a t  thcl 
l o c a t i o n s  of s%de mounted supe r son ic  i n l e t s .  Problems of i n l e t - a i r c r a f t  
i n t e g r a t i o n  :Leading to  t h e  des ign  of v e h i c l e s  w i th  high performance end wi th  
minimum sens:Ctj.vity t o  a i r c r a f t  a t t i t u d e  changes w i l l  be eva lua ted .  I n  
a d d i t i o n ,  l a r g e  scale tests f o r  supe r son ic  f i g h t e r  c o n f i g u r a t i o n s  and com- 
mercial t r a n s p o r t s  w i l l  be conducted a t  low speeds to  develop high l i f t  systems 
f o r  landing  imcl take-of f f l i g h t  . 

The f l igh t :  s imu la to r  f o r  advanced a i r c r a f t  w i l l  be used i n  p i l o t e d  simu- 
l a t i o n s  d i r e c t e d  a t  some of t h e  c e r t i f i c a t i o n  problem areas and i n  the 
s tudy  of sonit? of t h e  supe r son ic  handl ing  q u a l i t i e s  problem areas. T h i s  
s imu la to r  w i l l  a l s o  be  used i n  r e s e a r c h  more s p e c i f i c a l l y  d i r e c t e d  a t  t h e  pro- 
blem areas of supe r son ic  t r a n s p o r t  a i r c r a f t .  

Analyt ical .  means w i l l  b e  employed t o  p o i n t  o u t  areas of t h e  supersclnic 
f i g h t e r  a i r c : r a f t  f l i g h t  envelope where handl ing  q u a l i t i e s  problems might be 
expec ted ,  anti several ground based s i m u l a t o r s  w i l l  be used to  i n v e s t i g a t e  
t h e s e  areas i n  g r e a t e r  d e t a i l .  E f f e c t s  of variations i n  key s t a b i l i t y  and 
c o n t r o l  der iva t : ives  and s t a b i l i t y  augmentation system c h a r a c t e r i s t i c s  on 
p i l o t  op in ion  r a t i n g s  of dynamic behavior  and ease of c o n t r o l  w i l l  be 
determined f o r  high speed f l i g h t  and i n  combat maneuvering and t r a c k i n g  
t a s k s .  

Hnersonic :  ---- A i r c r a f t  

The long rcmge g o a l  of t h i s  program is to  provide  t h e  t e c h n i c a l  b a s i s  f o r  
e f f i c i e n t  hypersonic  a i r c r a f t  s u i t a b l e  f o r  a number of p o t e n t i a l  commercial, 
m i l i t a r y  and, space  miss ions .  The immediate o b j e c t i v e  is to  d e f i n e  and e v a l u a t e  
va r ious  a i rb rea . th ing  v e h i c l e  c o n f i g u r a t i o n a l  concepts  which explloit  t h e  c l o s e -  
coupled in t e rac . t i ons  between t h e  v a r i o u s  d isc ip l ines-aerodynamics ,  s t r u c t u r e s ,  
and propuls ion .  

Ana ly t i ca l  procedures  w i l l  be developed f o r  t h e  des ign  and performance 
p r e d i c t i o n  of s i m p l i f i e d  a i r c r a f t  c o n f i g u r a t i o n s .  The more s o p h i s t i c a t e d  
c o n f i g u r a t i o n s  de r ived  a t  least i n  p a r t  from t h e s e  procedures  w i l l  be 
eva lua ted  exper imenta l ly  and s e l e c t e d  promising shapes w i l l  be t e s t e d  through- 
o u t  t h e  speed range.  Improvement of t h e  c a p a b i l i t y  t o  e x t r a p o l a t e  from 
wind tunne l  r e s u l t s  t o  f l i g h t  c o n d i t i o n s  w i l l  cont inue  t o  be sou:ght. The 
i n t e g r a t i o n  clf t h e  p ropu l s ion  system w i t h  an a i r f r a m e  t o  e x p l o i t  t h e  



f avorab le  i n t e r a c t i o n s  between t h e  v e h i c l e  l i f t i n g  s u r f a c e  and t h e  erigine flow 
f i e l d  w i l l  l x  of paramount importance throughout t h e s e  i n v e s t i g a t i o n s , .  Jet  
exhaust i n t e r f e r e n c e  e f f e c t s  on r e p r e s e n t a t i v e  c o n f i g u r a t i o n s  w i l l  bel eva lua ted  
throughout t h e  Mach number range. As p r e d i c t i o n  techniques are v e r i f i e d ,  they 
w i l l  b e  inco rpora t ed  i n t o  a master computer des ign  program -- an exti-emelp urieful 
design t o o l  €or e v a l u a t i n g  a i r c r a f t  c o n f i g u r a t i o n s  intended f o r  hypeisonic  f l i g h t .  

Two b a s i c a l l y  d i f f e r e n t  methods f o r  a c t i v e l y  coo l ing  t h e  a i r f r a m e  -.- i n t e r n a l  
coo l ing  and . s lo t  coo l ing  -- have opened t h e  way f o r  a new class of hypersonic: 
c o n f i g u r a t i o n s  . Conf igu ra t ion  r e s e a r c h  w i l l  be  conducted f o r  which t h e s e  coo l ing  
concept:; may be app l i ed  and f o r  which aerodynamic design c o n s t r a i n t s ,  such as 
those a:;soc:Lntad wi th  d e l t a  wings and b l u n t  wing l ead ing  edge w i l l  bas removed. 

Experimental  Hardware 

Jet Augmen tor Wing -- 

The j e t  augmentor wing p r i n c i p l e  u t i l i z e s  turbofan a i r  ducted through a span- 
w i s e  nozzle  i n t o  a channel formed by a r a t h e r  complex arrangement of d e f l e c t e d  
f l a p  segment::;, and i n  so doing e n t r a i n s  flow from t h e  wing upper and lower 
s u r f a c e s  which g r e a t l y  augments t h e  l i f t  beyond t h a t  r e s u l t i n g  from t h e  down- 
ward mornentriin of t h e  ducted flow. Based upon e x t e n s i v e  wind t u n n e l  tests,  
a n a l y t i c a l  s tuti ies,  ground based s imula t ion  i n v e s t i g a t i o n s  and f l i g h t  tests of 
t h e  propel1e:c d r i v e n  C-8A a i r c r a f t ,  a j o i n t  program has been i n s t i t u t e d  wi th  
t h e  Canadian government t o  modify a C-8A a i r p l a n e  f o r  f l i g h t  tests of t h e  jet. 
augmentor wing,, The Canadian Department of I n d u s t r y ,  Trade and Commerce is 
providing the f a n - j e t  p ropu l s ion  system and n a c e l l e s  f o r  t h e  r e sea rch  a i r p l a n e .  
The a i r p l a n e  mod i f i ca t ion  i n i t i a t e d  i n  M 1971 is scheduled f o r  completion laite 
i n  EY 1972. Related ground based s i m u l a t i o n  tests i n i t i a t e d  i n  FY 1971 w i l l  
a l s o  b e  comp:Let:ed i n  FY 1972 l ead ing  t o  t h e  i n i t i a l  f l i g h t  tests neax t h e  endl 
of F'Y 1972. 

It is a n t i c i p a t e d  t h a t  t h e  modified experimental  STOL a i r p l a n e  w i l l  have 
landing and take-off speeds under 65 kno t s ,  r e s u l t i n g  i n  t h e  c a p a b i l i t y  of 
o p e r a t i n g  from 1,500-foot f i e l d s ,  and w i l l  be  a b l e  t o  u t i l i z e  r e l a t i v e l y  steep- 
approach and climb-out f l i g h t  pa ths  t o  reduce n o i s e  l e v e l s  and exposure t i m e s .  
The f l i g h t  1:esi:s w i l l  i n v e s t i g a t e  performance, s t a b i l i t y ,  c o n t r o l ,  arid handl ing 
q u a l i t i e s  of t h e  j e t  augmentor wing enab l ing  v e r i f i c a t i o n  of c h a r a c t e r i s t i c s  
i n d i c a t e d  i n  previous wind t u n n e l  tests. The a i r c r a f t  a l s o  w i l l  be used f o r  
s tudy ing  c e r t i f i c a t i o n  cr i ter ia  as w e l l  as o p e r a t i o n a l  and air  t r a f f i c  pro- 
blems of o t h e r  classes of j e t  STOL a i r c r a f t .  
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Rotating-Cy Hinder Flap -_-.-I-- 
A twin-turboprop OV-1OA a i r c r a f t  has  been modified t o  inco rpora t e  a r o t a t i n g -  

I n  take-off and landing  f l i g h t  t h e  rear h a l f  of t h e  wing p i v o t s  cy l inde r  f l a p .  
downward exposing a c y l i n d e r  on t h e  upper s u r f a c e  whose high r o t a t i o n a l  speed 
tends t o  prevent  s e p a r a t i o n  of t h e  p r o p e l l e r  s l i p s t r e a m  over  t h e  largc! d e f l e c t e d  
a r e a  and thereb-y induces much h ighe r  l i f t  than p o s s i b l e  wi th  o rd ina ry  f l a p s .  
Based upon e a r l p  wind tunnel  model tests, it is a n t i c i p a t e d  t h a t  t h e  f l a p  modi- 
f i c a t i o n  w i l l  reduce t h e  take-off and landing  speeds by a t h i r d  compared t o  t h e  
b a s i c  a i r c r a f t  and t h e  a s s o c i a t e d  take-off and landing  d i s t a n c e s  by a h a l f .  
Subsequent t o  t e s t s  of t h e  modified a i r c r a f t  i n  t h e  40- by 80-foc)t wind tunnel  
i n  l a te  FY 1 9 7 1 ,  t h e  a i r p l a n e  w i l l  undergo r e s e a r c h  f l i g h t  test i n  FY 1972 
t o  e v a l u a t e  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 .  

YF-12 

The NASA YF-12 r e sea rch  program c o n s i s t i n g  of both f l i g h t  and E:rounci-based 
tests w i l l  cont inue  t o  o b t a i n  informat ion  d i r e c t e d  p r i n c i p a l l y  toward thermal  
s t r u c t u r a l  loads  and d e f l e c t i o n s ,  p ropuls ion  system a i r f r a m e  i n t a r a c t L o n s ,  and 
s t a b i l i t y  and c o n t r o l .  P a r t  of t h e  propuls ion  e f f o r t  w i l l  be  concern1.d wi th  
t h e  i n t e r n a l  flow dynamics of t h e  a i r  induc t ion  system and t h e  effect is  of 
v a r i a t i o n s  in propuls ion  system o p e r a t i o n  on t h e  aerodynamic c h a i ? a c t e c i s t i c s  
of t h e  a i r p l a n e  as an e n t i t y .  Small and f u l l  s c a l e  models of t h e  i n l e t  system 
w i l l  be  t e s t e d  in t h e  wind t u n n e l ,  eva lua ted  and compared wi th  f l i g h t  r e s u l t s .  
A model of t h e  YF-12 a i r p l a n e  w i l l  be t e s t e d  i n  t h e  wind tunne l  t o  determine  
t h e  changes i n  t h e  aerodynamic c h a r a c t e r i s t i c s  r e s u l t i n g  from propuls lon  
system v a r i a t i o n s .  I n  t h e  s t r u c t u r a l  r e s e a r c h  p o r t i o n  of t h e  YF--12 program, 
a e r o e l a s t i c  s t u d i e s  w i l l  c o n s i s t  of a n a l y t i c a l  c a l c u l a t i o n s  and exper imenta l  
i n v e s t i g a t i o n s  i n  ground f a c i l i t i e s  f o r  comparison of r e s u l t s  from f l i g h t  
tests t o  be cont inued dur ing  FY 1972 a t  t h e  F l i g h t  Research Center .  

L i f e  Sciences - 

L i f e  sciences;  r e s e a r c h  and 
techno1og;y ...................... $3,000,000~ - $2,100,000 $3,100,000 

T o t a l . .  . ,,. ...................... $3,000,000 $2,100,000 -. $3,100,000 - 

The a e r o n a u t i c a l  l i f e  s c i e n c e s  e f f o r t  is d i r e c t e d  t o  de te rmining  thle l i m i -  
t a t i o n s  and ;adaptations of man re la t ive t o  a e r o n a u t i c a l  systems;  develops 
methods and equipment t o  enhance human performance and s a f e t y  i n  a v i a t i o n  
systems ; and advances t h e  state of t h e  a r t  of a e r o n a u t i c a l  simulatiori  tech- 
nology f o r  ies a p p l i c a t i o n  t o  a i r  and ground personnel  t r a i n i n g  and pro- 
f i c i e n c y  maintenance, and f o r  conduct ing aeromedical  r e s e a r c h  r e l a t i v e  t o  
a e r o n a u t i c a l  problems. 



I n  FY :L972 r e sea rch  w i l l  be i n i t i a t e d  i n  v i s u a l  requirements  f o r  STOL 
a i r c r a f t .  
a i r c rew and t h e  community. 
w i l l  be in i t l i 3 t ed  t o  determine t h e  v i s i o n  and motion requirements  f o r  
realistic: sirmilation. 

An increased  emphasis w i l l  be placed on STOL n o i s e  e f f e c t s  on 
In  t h e  area of s imula t ion  technology,  s t u d i e s  

L i f e  Sciences Research and Technology -__- 
Environmental E f f e c t s  -___--- 

Advances i n  technology have been a major f a c t o r  i n  inc reas ing  envircln- 
mental  problems,. Inc reas ing  a i r c r a f t  o p e r a t i o n s  are c o n t r i b u t i n g  t o  t h e s e  
environmentalt problems. For a v i a t i o n ,  t h e  primary environmental  p o l l u t a n t  
is  n o i s e  and t h i s  problem i s  a l r eady  i n h i b i t i n g  growth i n  a v i a t i o n  develop- 
ment. The Aaironautical L i f e  Sciences p r o j e c t  is  developing techniques f o r  
p r e d i c t i n g  t h e  e f f e c t s  of n o i s e  on man. The environment which advanced 
a e r o n a u t i c a l  systems imposes on man a f f e c t s  him p h y s i o l o g i c a l l y  and 
psycho1ogica1.1.y. Some of t h e  elements  of t h i s  environment a r e  v i ' b ra t ion ,  
phys i ca l  stress, and r a p i d  t r a v e r s a l  of t i m e  zones. This  program w i l l  
conduct r e sea rch  t o  o b t a i n  q u a n t i t a t i v e  informat ion  on human annoyance 
and phys io log ica l  damage due t o  a i r c r a f t  n o i s e  and v i b r a t i o n ,  and t o  
measure t:he phys io log ica l  and psychologica l  e f f e c t s  of o t h e r  s t r e , s s e s  such 
as f a t i g u e ,  desynchronos is ,  d i s o r i e n t a t i o n  and v i s i o n  a b e r r a t i o n s .  

Man Svs t e m s  Technolow 

The l i n i i t a t i o n s  of a i r c r a f t  f l i g h t  i n s t rumen ta t ion  and d i s p l a y s  and of 
a i r  t r a f f i c  ccmtro l  equipment and procedures  f r e q u e n t l y  r e q u i r e  cu r t a i lmen t  
of a i r  o p e r a t i o n s .  This  program w i l l  conduct r e sea rch  and techno.logy t o  
d e f i n e  man's c a p a b i l i t i e s  as an o p e r a t o r  of v e h i c l e s  and as an o p e r a t o r  of 
a i r  t r a f f i c  cclntrol  systems,  t o  develop c r i t e r i a  f o r  f l i g h t  displinys and 
c o n t r o l  des ign ,  t o  develop workload s t anda rds  which w i l l  provide des ign  
cri teria f o r  improving a i r c r a f t  seat r e s t r a i n t  systems,  p r o t e c t i v e  equip- 
ment, and environmental  c o n t r o l s .  

Simulat ion --- Technology and App l i ca t ions  

The s imula t ion  technology and a p p l i c a t i o n s  e f f o r t  w i l l  develop c r i t e r i a  
and s t anda rds  t o  improve t h e  u t i l i t y  of a e r o n a u t i c a l  s i m u l a t o r s  by de f fn ing  
t h e  v i s u a l ,  motion, a u r a l ,  and tac t i le  l i m i t s  of man t o  provide  t h e  inEor- 
mation needed t o  improve d a t a  a c q u i s i t i o n  and monitor ing systems,  and by 
ana lyz ing  t h e  requirements  f o r  and degree of achievement of s imula t ion  
f i d e l i t y  . 
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Propuls ion 

19 70 1971 .L972 

Propuls ion r e sea rch  and 

E xp e r i m e i n  t a.1 hardwar e 
teehno1og:y.. ................ $14,552,000 $14,111,000 $ll,O50,000 ......... 9,789,000 11 "50,000 14,867,000 --A - 
Tota l . . . . . . . . . . . .  ........... $29,419,000 $23,900,000 z 4  $22 '100,000 

The ]primary g o a l s  of t h i s  program are t o  provide advanced technology 
through ani3 1yt:ical and experimental  i n v e s t i g a t i o n s  of engine colmpontm ts and 
engine systlam:; . This  program is aimed a t  improving engine performance, 
o p e r a t i o n a l  c a p a b i l i t y ,  s a f e t y  and r e l i a b i l i t y ,  and reduced weight a.nd s i z e . .  
During FY :LB7:!, a g r e a t  d e a l  of a t t e n t i o n  w i l l  be  given t o  t h e  envii.onmenta1. 
problems of a i r c r a f t  n o i s e  and p o l l u t i o n .  A i r c r a f t  n o i s e  r e s e a r c h  w i l l  in-  
c lude  studjies and experiments both small scale and f u l l  scale.  P a r t i c u l a r  
a t t e n t i o n  tr:Lllt be  given t o  t h e  problem of a i r c r a f t  n o i s e  f o r  Shor t  lake-Off 
and Landing (STOL) v e h i c l e s .  I n  a d d i t i o n  t o  t h e  n o i s e  r e sea rch  a s s o c i a t e d  
w i t h  t h e  drwellopment of t h e  NASA experimental  q u i e t  engine program, an ex- 
t e n s i v e  r e sea rch  e f f o r t  w i l l  be undertaken t o  develop j e t  n o i s e  suppres so r s  
f o r  superscmic: a i r c r a f t  p ropu l s ion  systems. 

P ropu l s ion  Research and Technology 

Research vi1.1 be cont inued on engine components and unique p ropu l s ion  
system conc.ept:s e i t h e r  n o t  r e a d i l y  i d e n t i f i e d  w i t h  a s p e c i f i c  f l i g h t  spec- 
trum ox i d e n t i f i e d  over  a broad range of f l i g h t  v e h i c l e  a p p l i c a t i o n s .  
A n a l y t i c a l  and. experimental  s t u d i e s  w i l l  b e  cont inued on : advanced bear ing 
and 1ubrica.t:ion system concepts ,  engine s h a f t  seals, and high slpeed s h a f t i n g  
and gea r ing .  Research on p o l l u t i o n  is aimed a t  reducing t h e  amount of smoke 
and oxi.des clf n i t r o g e n  from t h e  exhaust  gases  emi t t ed  from t u r b o j e t  engines.  

Some design compromises i n  terms of lower engine p r e s s u r e  r a t i o s  and 
lower t u r b i n e  i n l e t  temperatures  permit  c o n s i d e r a t i o n  of less s o p h i s t i c a t e d  
and lower cclst engine components and lower c o s t  f a b r i c a t i o n  t e c l ~ n i q u ~ e s  f o r  
use on missiles, t a r g e t  drones,  and l i g h t  g e n e r a l  a v i a t i o n  a i r c r a f t .  Re- 
s ea rch  w i l l  be continued on t h e  low c o s t  engine component and engine system 
area. 
components f o r  s m a l l  ga s  t u r b i n e  engines  f o r  a i r c r a f t  a p p l i c a t i o n s  r e q u i r i n g  
high performance. This  r e sea rch  i n c l u d e s  experimental  investigation13 of 
s m a l l  a x i a l  f low and c e n t r i f u g a l  flow compressors, r a d i a l  i n f low tur l l ines ,  
and high temperature  combustors and t u r b i n e s .  

Research w i l l  a l s o  be continued on improving t h e  performance iof engine 
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I n  t h e  V/:STOIL a i r c r a f t  technology area, r e s e a r c h  e f f o r t s  w i l l  be  focused 
on s tudy ing  va r ious  high t h r u s t  t o  weight r a t i o  p ropu l s ion  systems t l ia t  
have t h e  p o t e n t i a l  of meeting t h e  s t r i n g e n t  n o i s e  requirements  f o r  tliis 
c l a s s  oE v e h i c l e .  Research w i l l  b e  conducted on: low n o i s e  f a n s  an(\ prop- 
f a n s ,  a p p l i c a t i o n  of advanced composite materials i n  f a n  d e s i g n s ,  vel-y high 
bypass r a t i o  engine concepts i n c o r p o r a t i n g  low n o i s e  engine des ign  p i - inc i -  
p l e s  (b.lade/van spac ing ,  blade/vane r a t i o ,  s o n i c  i n l e t s ,  v a r i a b l e  geometry 
n o z z l e s ,  and a p p l i c a t i o n  of a c o u s t i c  treatment i n s i d e  t h e  engine)  , hj  gh 
workload t u r b i n e s ,  and engine components unique t o  i n t e g r a l  and remot e 
d r iven  l i f  t--.€an engine concepts .  

Advanced supe r son ic  a i r c r a f t  must o p e r a t e  e f f i c i e n t l y  a t  both subsclnic 
and superson:ic speeds.  These advanced a i r c r a f t  w i l l  r e q u i r e  high t h r u s t  t o  
weight r a t i o  engines  capable  of providing good performance a t  a l l  des ign  
cond i t ions  which i n c l u d e s  those f l i g h t  c o n d i t i o n s  ( f l i g h t  maneuvers, g u s t s ,  
t u rbu lence ,  e t c  .) r e s u l t i n g  i n  h i g h l y  d i s t o r t e d  flow e n t e r i n g  t h e  i n l e t  
and s t a l l i n g  t h . e  engine.  The r e s e a r c h  on some of t h e  more d i s t o r t i o n  
s e n s i t i v e  enF:iae components such as  i n l e t s ,  i n l e t  c o n t r o l s ,  f a n s  and com- 
p r e s s o r s  is  aimed a t  developing t h e s e  components so t h a t  they w i l l  o p e r a t e  
e f f i c i e n t l y  under a l l  o p e r a t i n g  cond i t ions .  Experimental  des ign  techniques 
have been evolved t h a t  s u b s t a n t i a l l y  increase t h e  o p e r a t i n g  range of f a n s  
and compressors. The a p p l i c a t i o n  of t h e  cas ing  t r ea tmen t  technique t 3  

t h e  fan/compr e s s o r  hub area and t o  m u l t i s t a g e  fan/compressor components 
w i l l  be  examined i n  FY 1972. The t r end  towards h i g h e r  temperatuices 
( t o  4,000°F) and p r e s s u r e s  ( t o  500 p s i )  i n  combustion systems f o r  advanced 
a i r c r a f t  engines  has  n e c e s s i t a t e d  a cont inuing r e s e a r c h  e f f o r t  on combustor 
l iner  cool ing and development of ve ry  s h o r t  combustors t o  reduce coo l ing  
a i r  requirements .  Reducing combustor l eng th  minimizes combustion r e s l d e n c e  
t i m e  and results i n  reduced oxides  of n i t r o g e n  emissions.  An increaslzd 
r e sea rch  e f f o r t  w i l l  be d i r e c t e d  a t  f u r t h e r  r e d u c t i o n s  i n  t h e  gerieratton 
of p o l l u t a n t s  from high performance combustion systems. The t u r b i n e  is 
perhaps t h e  ,nost c r i t i c a l  component of advanced high performance engiiies. 
Turbine aerodynamic r e sea rch  w i l l  be conducted t o  o b t a i n  t u r b i n e s  t h a :  
perform e f f i c i e T t l y  under high temperature  c o n d i t i o n s ,  having reduced s i z e  
and weight and required f l e x i b i l i t y  of o p e r a t i o n .  Concurrent ly ,  turbi.ne 
coo l ing  r e sea rch  w i l l  be  conducted t o  provide r e l i a b l e  methods of precl ic t ing 
cool ing performance and t u r b i n e  b l ade  l i f e ,  developing coo l ing  method:; f o r  
coo l ing  b l a d e s  and vanes a t  gas temperatures  up t o  s t o i c h i o m e t r i c  temlleratures 
and pressure:; t o  600 p s i ,  developing improved f a b r i c a t i o n  t echn iques  i o r  
cooled t u r b i n e s ,  and i n v e s t i g a t i o n  of methods of reducing cool ing a i r  temper- 
a t u r e s .  TurbLne engine systems f o r  advanced s u p e r s o n i c  a i r c r a f t  w i l l  r e q u i r e  
a c o n t i n u a l  development of t h e  technology re la t ive t o  seek ing  and undtbrstandirig 
and solult ion of t h e  dynamic i n t e r a c t i o n  problems (airframe-inlet-engir.e) asso-  
c i a t e d  wi th  wipersonic  f l i g h t .  The e f f e c t s  of t h e  dynamic d i s t u r b a n c c s  en- 
countered dui- in$: supe r son ic  f l i g h t  o p e r a t i o n s  and t h e  r e s u l t i n g  dynamj c 



i n t e r a c t i o n s  w i l l  be  examined i n  g r e a t  d e t a i l  u s ing  newly developed experi-  
mental  d i a g n o s t i c  i n s t rumen ta t ion  and measuring dev ices .  The long range 
o b j e c t i v e s  of t h e  t u r b i n e  engine systems r e s e a r c h  are t o  develop a r e l i a b l e  
three-dimensfional s imula t ion  test technique t h a t  w i l l  d r a s t i c a l l y  reduce t h e  
amount of experimental  work r equ i r ed  du r ing  t h e  development of aldvanced 
engine concepts .  A con t inu ing  r e sea rch  e f f o r t  is underway t o  develop t h e  
technology f o r  t h e  design of exhaust  nozzles  f o r  supe r son ic  a i r c r a f t .  Par -  
t i c u l a r  emphasis w i l l  b e  placed on t h e  performance, c o o l i n g ,  n o i s e  suppres s ion ,  
and va r i - ab le  geometry problems t h a t  are encountered du r ing  o p e r a t i o n .  I n  
a d d i t i o n ,  s t u d i e s  w i l l  be made of t h e  mutual i n t e r a c t i o n  problems t h a t  occur 
when i n t  egratinig t h e  nozz le  i n t o  a complete a i r f r a m e  and p ropu l s ion  s y s t e m .  
The ground t e s t  f a c i l i t i e s  are complemented by a f l i g h t  test program lghich 
i s  based on t.he use of a F-106 a i r c r a f t  w i th  unique m o d i f i c a t i o n s  f o r  nozz le  
research. One of t h e  nozzles  t e s t e d  (plug nozzle)  i n d i c a t e d  a p o t e n t i a l  f o r  
low n o i s e  ou tpu t .  Noise tests using a cooled plug nozz le  capable  of i lperating 
i n  an a f t e r b t r n i n g  j e t  environment w i l l  be  conducted i n  a ground test f a c i l i t y  
and du r ing  an F-106 f lyby .  

In  t h e  hypersonic  a i r c r a f t  technology area, r e s e a r c h  w i l l  be  conduc1:ed on 
two and t h r e e  dimensional f i x e d  geometry i n l e t  concepts  w i t h  t h e  emphiisis on 
s t i m u l a t i n g  combustor i n l e t  i n t e r a c t i o n s  and developing s imula t ion  tec:hniques 
f o r  i n l e t  t e s t i n g .  

Experimental Hardware 

Quiet  E n g i n e  -L 

A c o n t r a c t  was l e t  i n  J u l y  1969, f o r  t h e  des ign ,  f a b r i c a t i o n  and sei-o- 

a c o u s t i c  eva.Luation of an experimental  high bypass r a t i o  turbofan engxne 
which would l x  15 t o  20 PNdB q u i e t e r  i n  o p e r a t i o n  than c u r r e n t  subson-ic 
t r a n s p o r t  engines .  The program o b j e c t i v e  was t o  develop and e s t a b l i s f i  t h e  
technology rcqu:Lred f o r  t h e  design and development of a tu rbofan  engirie 
which product?:; a minimum of n o i s e  by q u i e t i n g  t h e  n o i s e  sou rces  withiri t h e  
engine through b a s i c  changes i n  engine design.  The f i r s t  f u l l  scale cluiet 
f a n  and i ~ c o u r ; t i < ~  model f a n  have been b u i l t  and a e r o a c o u s t i c  tests are 
underway. I t s  is expected t h a t  t h e  f a n  test p o r t i o n  of t h e  program w i l l  be 
completed by about  mid-1971 a t  which t i m e  t h e  f i rs t  engine w i l l  be under 
test .  Engine n o i s e  r e s u l t s  w i l l  b e  a v a i l a b l e  i n  e a r l y  1972 w i t h  d e l i v e r y  
of t h e  q u i e t  engine scheduled f o r  t h e  end of 1972. 

Hypersonic Itesear ch Engine ( HRE ) 

I n  t h e  Mid--:t960's NASA undertook a program t o  d e s i g n ,  develop,  .and 
f a b r i c a t e  a r e sea rch  engine capable  of o p e r a t i n g  f o r  s u s t a i n e d  pe r iods  a t  
speeds from t:hree t o  e i g h t  t imes t h e  speed of sound. P r i o r  t o  t h e  HRE 
program, hydrogen f u e l  combustion i n  a supe r son ic  stream had been demon- 
s t r a t e d  on ly  i n  l a b o r a t o r y  type test r i g s .  This  program w a s  t o  p rav ide  a 
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focus  f o r  hypersonic  propuls ion  r e sea rch  dur ing  t h e  1960 ' s ,  and accomplished 
t h i s  through d e t a i l e d  component r e sea rch  and u l t i m a t e  i n t e g r a t i o n  of t he  in- 
l e t ,  combust:or, and nozz le  i n t o  a workable propuls ion  system. 
t h i s  concent.ra.ted r e sea rch  is ev iden t  i n  t h e  test of t h e  f i r s t  of t h e  two 
comp1et:e models i n  t h e  wind tunne l .  The f i r s t ,  a complete r ege i i e ra t ive ly  
cooled f l i g h t  weight s t r u c t u r e ,  has  s u c c e s s f u l l y  demonstrated i ts  s t r u c t u r a l  
i n t e g r l t y  dur ing  r e c e n t  tests conducted i n  a Mach 7 environment.  Thie second 
model Is a heavy du ty ,  water cooled model which w i l l  demonstrate  t h e  propul- 
s i v e  performance of t h e  HRE dur ing  FY 1972. 

The proof of 

New and promising propuls ion  system concepts  are be ing  developed which 
promise t o  g r e a t l y  reduce t h e  amount of f u e l  r equ i r ed  t o  cool  t he  p ropu l s ive  
s t r u c t u r e .  This  excess cool ing  capac i ty  could then  be u t i l i z e d  f o r  iother 
important  f u n c t i o n s ,  such as cool ing  of t h e  e n t i r e  v e h i c l e  s t r u c t u r e .  Severa l  
concepts  a r e  being s t u d i e d  t o  determine t h e i r  r e l a t i v e  c a p a b i l i t i e s ,  and t o  
provide a new technology l e v e l  on which t o  concen t r a t e  i n  the  1970's. 

Operat ing Systems- 

19 7 1  -~ 19 70 1972 - 

Operat ing systems r e sea rch  and 
technology ...................... $6,996,000 $8,000,000 $6,300,000 __--__ 

Tota l . .  ......................... $6,996,000 $8,000,000 $ ~ ; O O , O O O  -- -__- 

The o b j e c t i v e s  of t h i s  a c t i v i t y  are t o  provide a b e t t e r  unders tandmg of 
and t o  so lve  t h e  i n t e r f a c e  problems between an a i r c r a f t  and i t s  oper;i t ing 
environment--natural  and man-made. Many f a c t o r s  must be  cons idered ,  such 
as t h e  l o c a t i o n  of a i r p o r t s  and s i t i n g  of runways, n o i s e  c o n s i d e r a t i o n s ,  
a i r  t r a f f i c  c o n t r o l  equipment and concepts ,  p i l o t  workload, a i r c r a f t  dynamics 
and f l i g h t  inDdes, a i r c r a f t  o p e r a t i o n a l  c o n s i d e r a t i o n s ,  wake turbulenc e and 
weather cond i t ions .  NASA must be  involved i n  r e sea rch  on both t h e  v t ih ic les  
and t h e  environment i n  which t h e  v e h i c l e s  must o p e r a t e  i n  o r d e r  t o  mike 
proper  choic2s between f u t u r e  a i r c r a f t  c h a r a c t e r i s t i c s ,  a v i o n i c  equillment 
c h a r a c t e r i s t i c s ,  and f u t u r e  a i r  t r a f f i c  systems which would promote lletter 
i n t e g r a t i o n  of t h e  a i r c r a f t  and its p i l o t  w i t h  t h e  a i r  t r a f f i c  envircinment, 
a l low more o3eirations i n  bad weather ,  provide g r e a t e r  s a f e t y  and deptmdabi l i ty  
i n  a crowded a.Lr space ,  and enhance community acceptance .  

The r e sea rch  e f f o r t  under t h i s  program broadens t h e  t r a d i t i o n a l  a e ~ o n a u t i c a l  
engineer ing  emphasis upon f l i g h t  v e h i c l e s  t o  inc lude  o t h e r  technology areas 
such as nav iga t ion ,  guidance,  a i r  t r a f f i c  c o n t r o l ,  and runway and environ- 
mental  impact: i n t e r f a c e s .  S ince  a i r  t r a n s p o r t a t i o n  systems are complex, t h e  
problems musi: he approached i n  t h e i r  e n t i r e t y  r a t h e r  than from the  unconnected 
viewpoints  o!E s i n g l e  e lements .  
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The r o l e  of t h e  a e r o n a u t i c a l  Operating Systems program is t o  focus 
s p e c i a l i z e d  knowledge which ex is t s  i n  NASA upon systems p r o b l e m .  

Operating Systems Research and Technology 

A i r  T r a f f i c  Systems 
_1_1_-- 

The rese.arch i n  t h e  a i r  t r a f f i c  systems area w i l l  s e r v e  t o  create a 
technology base and t echn iques ,  i nc lud ing  technology demonstrat: ions,  
on which i n d u s t r y  can b u i l d  i n  developing e f f e c t i v e  a v i o n i c  s y s t e m s ,  
Emphasis is being placed on STOL a i r c r a f t  o p e r a t i o n s  i n  t h e  termina:l. 
area. This  emphasis is  u r g e n t l y  r equ i r ed  i f  STOL a i r c r a f t  are t o  fi l l-  
f i l l  their  promise of r e l i e v i n g  congest ion on t h e  runways of ma.jor itir- 

p o r t s  and (of E a c i l i t a t i n g  c i t y  t o  c i t y  s h o r t  h a u l  t r a v e l .  

Research c J i l l  emphasize t h e  a p p l i c a t i o n  of c o n t r o l  theory and will.  
b u i l d  on p a r t  Lcular c a p a b i l i t i e s  of c o n t r o l ,  guidance,  computers, aitd 
ground e l e c t r o n i c  a i d  systems. 

Research T . d . 1 1  be conducted i n  t h e  fol lowing in t e rdependen t  areas: 

1. Optirnum performance du r ing  l and ing  and take-off .  Climbs and 
descen t s  mii,st be as s t e e p  as p o s s i b l e  t o  minimize n o i s e  and t o  cleai. 
o b s t a c l e s  aroiind STOLports; ground r o l l s  should be as s h o r t  as p o s s i b l e  
t o  minimize STOL runway l e n g t h  requirements  ; t h e  a i r c r a f t  should cle:ar 
t h e  area as qu ick ly  as p o s s i b l e  t o  meet t r a f f i c  flow requirements;  and 
curved approac:hes must be used t o  avoid s e n s i t i v e  neighborhoods,  avcdd 
i n t e r f e r e n c e  wi th  convent ional  t r a n s p o r t  o p e r a t i o n s ,  and i n c r e a s e  
landing rates. Much work remains t o  be done i n  t h e  t r a j e c t o r y  cornpt.- 
t a t i o n s .  Techniques which w i l l  permit  p r e c i s i o n ,  t i m e  c o n s t r a i n e d ,  
s t e e p  grad%cmt, c u r v i l i n e a r  approaches t o  t h e  l and ing  under low 
v i s i b i l i t y  c o n d i t i o n s  r e l y  h e a v i l y  on a high l e v e l  of mathematical  
s o p h i s  tical: ion. 

2.  Area nav iga t ion  and use of low a l t i t u d e  a i r s p a c e .  It is  
g e n e r a l l y  i:ecognized t h a t  t h e  low a l t i t u d e  a i r s p a c e  (up t o  3,000 f e e t  
over t h e  te i r ra in)  is c r i t i c a l  t o  economical STOL a i r c r a f t  o p e r a t i o n s .  
The e f f e c t i v e  use of t h i s  a i r s p a c e  is  dependent on t h e  use  of area 
n a v i g a t i o n ,  which invo lves  an  onboard computer which would c a l c u l a t e  
a i r c r a f t  po:;it:ion cont inuously from s i g n a l s  de r ived  from both a i r b o r n e  
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senso r s  and ground t r a n s m i t t e r s .  S tud ie s  w i l l  be  made t o  de te rmine  t h e  
e x t e n t  t o  wliicln t h e  e n t i r e  course  of t h e  a i r c r a f t  can be automated. 

3. All-weather l and ing  c a p a b i l i t y .  Problems of t r a j e c t o r y  opt imi: :a t ion,  
p o s i t i o n  measurement, and c o n t r o l  merge i n  t h e  landing  maneuver undei- l o w  
v i s i b i l i t y  cond i t ions .  
a i r c r a f t  i n  *nanual and au tomat ic  f l i g h t  modes w i l l  be  made, and both  hardware 
and so f tware  w i l l  be designed and implemented f o r  a technology demonc, t ra t ion.  

Closed loop a n a l y s i s  of a l l -weather  l and ing  i'or STOL 

4. Airpor t  s u r f a c e  guidance and c o n t r o l .  Techniques w i l l  be studi~.ed f o r  
provid ing  a ineims t o  avoid c o l l i s i o n s  and t o  prevent  a i r c r a f t  from becoming 
' ' l o s t "  on a ina:jor a i r p o r t  i n  low v i s i b i l i t y  cond i t ions .  

The STOL ; w i o n i c s / a i r  t r a f f i c  c o n t r o l  program which w a s  i n i t i a t e d  j.n FY 
1971 ha:; been c l o s e l y  coord ina ted  wi th  DOT/FAA. 

A f l e x i b l e ,  area nav iga t ion  system t o  determine t h e  a p p l i c a t i o n  of 
va r ious  contending nav iga t ion  techniques  t o  STOL t e r m i n a l  area nav iga t ion  
and guidance is expected t o  start f l i g h t  tests i n  t h e  summer of 1971.  An 
approach and landing  a v i o n i c s  system f o r  STOL a i r c r a f t  capable  of au tomat ic  
landings  us ing  curved approaches wi th  a microwave scanning  l and ing  guidance 
system provided by t h e  FAA is  scheduled t o  commence f l i g h t  experiments  i n  
September 19'72 i n  a STOL a i r c r a f t .  

Operat ing ]?actors  

The programs i n  t h i s  r e sea rch  area are aimed a t  s o l v i n g  problems r e l a t e d  
t o  runway suitface and atmospheric  environments,  o p e r a t i o n a l  haza rds ,  f l i g h t  
instrumentatAon, n o i s e  and s o n i c  boom e f f e c t s  on b u i l d i n g s  and equipment. 
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  procedures  and t o  exp lo re  s o l u t i o n s  t o  air-  
c r a f t  operat : ional  problems. The r e s u l t s  w i l l  p rovide  both t h e  b a s i c  tech- 
nology f o r  s a f e r  and more economical a i r c r a f t  o p e r a t i o n s  and t h e  b a s i c  
environmentstl. d a t a  f o r  a p p l i c a t i o n  t o  t h e  des ign  of a i r c r a f t .  

Atmospheric: environmental  r e sea rch  inc ludes  l a b o r a t o r y  s t u d i e s  and 
t h e o r e t i c a l  i .nves t iga t ions  of warm fog mod i f i ca t ion  concepts  ; thle a n a l y s i s  
and correlat.j.on wi th  atmospheric  parameters  of t u rbu lence  and tempera ture  
d a t a  col.lect.ed on test  a i r c r a f t  and from satell i tes;  low l e v e l  wind shears; 
and t h e  e1ec:t:rcbmagnetic c h a r a c t e r i s t i c s  of s e v e r e  s torms .  Runway s u r f a c e  
r e sea rch  inc I.ud,es t ire t r a c t i o n  experiments planned t o  assess t h e  a b i l i t y  
of va r ious  s8urf aces, t ire c o n s t r u c t i o n  and braking  dev ices  t o  improve 
a i r c r a f t .  b rak ing ,  t i r e  wear, and a i r c r a f t  c o n t r o l  on t h e  ground. 

I n  t h e  o p e r a t i o n a l  hazards  area, t h e  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 l e c t r i c a l  systems w i l l  be assessed i n  l a b o r a t o r y  experiments .  
Research is underway t o  develop a sys t e m  t o  measure atmospheric  winds 
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from a reimote l o c a t i o n ,  and t h i s  system is expected t o  assist i n  tlie 
a l l e v i a t i o n  of a i r c r a f t  t r a i l i n g  v o r t e x  and c l e a r  a i r  turbulence  
hazards .  

A i r c r a f t  no ise  and s o n i c  boom e f f e c t s  s t u d i e s  w i l l  be conducted uncier 
c a r e f u l l y  c o n t r o l l e d  cond i t ions  t o  i d e n t i f y  and q u a n t i f y  d e t r i m e n t a l  
e f f e c t s  of t h e  ove rp res su re  on ground s t r u c t u r e s  and equipment. Sonic 
boom induced v i b r a t i o n s  , no i se  t ransmiss ion  and b u i l d i n g  s t r u c t u r e  d4images 
due t o  repea ted  loads  are of p a r t i c u l a r  concern.  T h e o r e t i c a l  st.udie:; 
and l a b o r a t o r y  s imula to r  experiments w i l l  be used t o  a c q u i r e  the  neetied 
da t a .  'The information w i l l  be  u s e f u l  i n  f u t u r e  s t r u c t u r a l  des igns  aiid 
i n  t h e  development of o p e r a t i o n a l  procedures  t o  minimize d e t r i m e n t a l  
e f f e c t s .  

Materials and S t r u c t u r e s  
-.-.I--__ - __.__I- 

Materials and s t r u c t u r e s  
a e r o n a u t i c s  r e sea rch  and 
technlology.. . . . , . . . . . . . . . . . . . . 

__I_____ $7,646,000 - $7,400,000 -- - - $11,000,000 - - - - - - - 

This  ac t iv . i t y  has as i t s  o b j e c t i v e s  an understanding of materials and t h e  
development (of new materials and s t r u c t u r e s  t o  c a r r y  t h e  loads ,  stre:;ses, 
and temperatnres  encountered by advanced a i r c r a f t .  

A broild m a t e l r i a l s  and s t r u c t u r e s  program is necessary  t o  i n c r e a s e  !:he 
po ten t i i l l  of a:L1 classes of a i r c r a f t .  For example, gene ra l  a v i a t i o n  
r e q u i r e s  low c o s t ,  l i g h t  weight ,  e a s i l y  f a b r i c a b l e  materials; w h i l e  tiigh 
speed aircraEt demand s t r o n g e r  and l i g h t e r  materials capable  of operzit ing 
a t  high temperatures  and i n  co r ros ive  environments.  The b a r r i e r s  t o  such 
development:; are a l i m i t e d  understanding of materials, and inadequatt!  
s t r u c t u i t a l  des:ign techniques and concepts .  

In  o r d e r  1113 b e t t e r  d e f i n e  t h e  problem areas and t o  h a s t e n  t h e  app1:i.- 
c a t i o n  of r e c e n t l y  developed composite materials, a s i z e a b l e  increasc: is 
planned i n  funding f o r  FY 1972. The p r i n c i p a l  t h r u s t  of t h i s  increa5,ed 
e f f o r t  w i l l  be i n  t h e  des ign ,  f a b r i c a t i o n ,  and test of f u l l  scale 
composite r e in fo rced  s t r u c t u r e s  and a l l  composite engine components brhich 
w i l l  be  t e s t e d  i n  propuls ion  systems and ope ra t ing  a i r c r a f t .  
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Mia t e i r ia l s  and S t r u c t u r e s  Research and Technology --- 

Materials engineer ing  ranges from understanding why materials f a i l  t o  
apply ing  ntw ;and improved materials t o  a i r c r a f t  s t r u c t u r e s  and propuls ion  
system:;. 1111 improved understanding of t h e  mechanism f o r  sa l t  stress 
corros:Lon o E  t i t an ium w a s  ob ta ined  and i n  N 1972 t h e  development of improved 
ti tan i im all Loys w i l l  be  emphasized. 
as a r e s u l t  of a l l o y i n g  s t u d i e s .  Resu l t s  of t h i s  r e sea rch  w i l l  be app l i ed  i n  
FY 1972 t o  developing a i r c r a f t  s t r u c t u r a l  materials and t u r b i n e  b l ade  materials. 
New coiatinj;:; t o  p r o t e c t  t hese  new supe ra l loys  from ox ida t ion  a t  high temper- 
a t u r e s  will1 aILso be  emphasized next  year .  

S t ronger  n i c k e l  base  a l l o y s  w e 1  e developed 

Composite materials r e sea rch  has  r e s u l t e d  i n  new high modu1-us and high 
s t r e n g t h  g1:iaptli te  , boron, and g l a s s  f i b e r s  . These f i b e r s  w i l l  b e  incorporat.ed 
i n t o  p:Lastl.c:s i n  FY 1972 i n  o rde r  t o  develop low-weight, high-performance p l a s t i c  
composites :!or bo th  a i r f r ame  s t r u c t u r e s  and engine  components. 

The s y n t h e s i s  of non-flammable polymers w i l l  cont inue  i n  FY 1972 Elecause 
of t h e  encouraging r e s u l t s  obtained las t  yea r .  Severa l  intumescent  and foam 
 composition:^ were developed which markedly reduced f i r e  hazards  i n  Elxperimental 
a i r c r a f t  f i res ; .  

As a restt:Lt of b a s i c  r e sea rch  on carbons and g raph i t e9  f o r  nuclear  propuls ion  
improved s c ! i a l s  f o r  high temperature  a i r c r a f t  engines  were r e c e n t l y  developed. 
Add i t iona l  s t u d i e s  on s e v e r a l  new carbons w i l l  b e  made next  yea r  w i th  t h e  goa l  
of i nc reas ing  l i f e  t i m e s .  Basic s t u d i e s  on f r i c t i o n  and wear phenomena w i l l  
cont inue  i n  o r d e r  t o  i d e n t i f y  t h e  importance parameters  f o r  low f r i c t i o n  and 
wear bear ings . ,  seals, and l u b r i c a n t s .  So l id  l u b r i c a n t s  f o r  u se  i n  high temper- 
a t u r e  m g i n e s  w i l l  r e c e i v e  emphasis i n  FY 1972. 

Requirements f o r  long l i f e  materials are i n c r e a s i n g  as t h e  c o s t  of a i rcraf t  
goes up. Therefore ,  b a s i c  s t u d i e s  of f a t i g u e ,  f r a c t u r e  mechanics, co r ros ion ,  
f r i c t i o n  arid wear w i l l  be cont inued t o  provide t h e  new r e l i a b l e  m a t e r i a l s  
f o r  t h e  adtriinced a i r c r a f t  of t h e  f u t u r e .  

Composite materials a p p l i c a t i o n s  t o  a e r o n a u t i c a l  s t r u c t u r e s  w i l l  b e  s t u d i e d  
i n  a broad program wi th  emphasis on l abora to ry  and service f l i g h t  demonstrat ions 
of t h e  use  of composites f o r  s e l e c t i v e  reinforcement  of metal a i r c r a f t  
s t r u c t u r e s ,  S u i t a b l e  mod i f i ca t ions  t o  a i r c r a f t  and primary s t r u c t u r a l  com- 
ponents w i l l  be  i d e n t i f i e d ,  des igned ,  f a b r i c a t e d ,  and ground and f l i g h t  t e s t e d .  
The components s e l e c t e d  w i l l  be primary s t r u c t u r e s  o r  s u b s t r u c t u r e s  i n  high 
use i n  airc:i:aft. The modified s t r u c t u r e s  w i l l  be  designed t o  achieve  s i g n i -  
f i c a n t  weight  s av ings  wi thout  s a c r i f i c i n g  c u r r e n t  s t r u c t u r a l  performance. 
For t h e  most p a r t ,  they w i l l  be  in t e rchangeab le  wi th  e x i s t i n g  clomponents 
o r  assembl ies  I 



A s  a resu;ltt of s t u d i e s  p a r t i a l l y  completed i n  FY 1971, t he  FY 1972 program 
w i l l  incorpora1:e t h e  select ive reinforcement  concept i n  p a r t  of t h e  C-130 w i n g  
s t r u c t u r e ,  and i n  the  DC-8 h o r i z o n t a l  t a i l  s t r u c t u r e .  The s t r u c t u r a l  com- 
ponents f o r  t h e s e  a i r c r a f t  w i l l  be redesigned,  f a b r i c a t e d  and ground t e s t e d .  
I n s t a l l a t i o n  i n  t h e  a i r c r a f t  and f l i g h t  s e r v i c e  eva lua t ion  w i l l  fol low.  

Appl ica t ions  of s t r u c t u r a l  composites t o  o t h e r  a i r c r a f t  w i l l  a l s o  be 
s t u d i e d .  Based on c u r r e n t  i n v e s t i g a t i o n s ,  t h e  CH-54 crane  h e l i c o p t e r  fuse-  
l a g e  and r o t o r  b l a d e s ,  and va r ious  t r a n s p o r t  a i r c r a f t  fu se l age  s e c t i o n s  and 
landing  gear  components are promising candida tes  f o r  s t r u c t u r a l  improvement 
through t h e  a p p l i c a t i o n  of s e l e c t i v e  reinforcement .  

FY 1972 ac t iv i t i e s  w i l l  a l s o  inc lude  s t u d i e s  t o  inco rpora t e  new s t r u c t u r a l  
materials int:o t r a n s p o r t  technology and the  STOL v e h i c l e  p r o j e c t .  Research 
t o  provide engineer ing  des ign  informat ion  on new materials f o r  gene ra l  a i r -  
c r a f t  a p p l i c z t i o n  is planned. Much of t h i s  e f f o r t  w i l l  involve  f a t i g u e  
t e s t i n g  of m a t e r i a l  specimens and r e p r e s e n t a t i v e  s t r u c t u r a l  components which 
inco rpora t e  r.ew materials. 

The technology of f a b r i c a t i n g  s t r u c t u r a l  composites w i l l  be invest i izated 
by means of des ign  and manufacture of t y p i c a l  s t r u c t u r a l  elements employing 
al l -composi te  materials. Emphasis w i l l  be placed on nondestructi .ve t a s t i n g  
techniques i n  o rde r  t o  develop s u i t a b l e  c r i t e r i a  and methods f o r  guarantee ing  
s t r u c t u r a l  i n t e g r i t y .  

Because of t h e  growing s i g n i f i c a n c e  of l i gh twe igh t  s t r u c t u r e s  t:o thl? 
performance of a i r c r a f t ,  i t  i s  important  t o  provide  t h e  des igne r  w i t h  
accu ra t e  and e f f i c i e n t  methods of s t r u c t u r a l  a n a l y s i s  and des ign .  Sti idies 
are cont inuing  t o  provide t h e s e  methods through t h e  development of coillputer 
methods and .Dro:grams f o r  a c c u r a t e  a n a l y s i s  and r a p i d ,  optimum des ign  of 
s t r u c t u r a l  conponents.  A special  purpose computer program has been dtveloped 
f o r  t h e  des ign  of l i gh twe igh t  wings which s a t i s f i e s  both s t r e n g t h  and 
f l u t t e r  requirements.  Major improvements have r e s u l t e d  i n  subs t an t i a l .  
reduct ion  i n  computer run t i m e .  The e f f o r t  i n  FY 1972 w i l l  be aimed loward 
improving o t h e r  computer programs f o r  t he  pre l iminary  des ign  and weigt t 
de te rmina t ion  of a i r c r a f t  wing s t r u c t u r e s .  Parametr ic  s t u d i e s  w i l l  bc 
made, us  ing i:’ie:;e programs, t o  determine t h e  in f luence  of va r ious  des j  gn 
parameters  on t h e  weight of a i r c r a f t  s t r u c t u r e s .  The r e s u l t s  of thesc 
s t u d i e s  Ijhou L d  i nd ica t e  promising avenues f o r  more e f f i c i e n t  s t r u c t u r a l  
conf igu ra t ions .  The e f f o r t  i n  FY 1972 w i l l  a l s o  emphasize f u r t h e r  r e f i n e -  
ment of m a l p s e s  f o r  c y l i n d r i c a l  and con ica l  s h e l l s ,  more a c c u r a t e  f a i  l u r e  
p r e d i c t i o n  of i r iper fec t  s t r u c t u r e s ,  and improved des ign  methods f o r  l z r g e  
components. Optimizat ion techniques w i l l  a l s o  be developed f o r  l a r g e  
s t r u c t u r a l  components, inc luding  f u l l y  s t r e s s e d  wing s t r u c t u r e s .  E f f o r t s  
w i l l  a l s o  be devoted t o  de te rmina t ion  of p re s su re  d i s t r i b u t i o n s  from 
l i n e a r i z e d  supersonic  aerodynamics, p r e d i c t i o n  of s t a t i c  a e r o e l a s t i c  
c h a r a c t e r i s t i c s ,  and f l u t t e r  checks.  
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Guidance, Cont ro l  and Information Systems 

19 70 19 71 
I 19 72 _ _  

E l e c t r o n i c s  and informat ion  systems 
research and technology. . . . . . . . . . $10,190,000 $4 200 OOCl $:I  ,000,000~ A- -- 

The o b j e c t i v e  of t h i s  a c t i v i t y  is  t h e  development of av ion ic s  t e c h ~ ~ o l o g y  wl-lich 
is b a s i c  t o  t h e  needs of modern a v i a t i o n .  A modern a i r c r a f t  u ses  avj  o n i c s  i n  
performing every func t ion  on board ,  and many of t h e s e  f u n c t i o n s  are c:ri t ical  
t o  f l i g h t  s a f e t y .  Since t h e  p i l o t  is and f o r  some t i m e  w i l l  be a kelp f a c t o r  
i n  t h e  :safe Dperation of a i r c r a f t ,  one of t h e  major t h r u s t s  of t he  o \ . e r a l l  
program is 'the use  of av ion ic s  t o  e x p l o i t  and augment p i l o t  decision-making 
and mode se:Lecc:ing e x p e r t i s e  i n  t h e  b e s t  p o s s i b l e  way. One way of dcdng this1 
is by developing av ion ic s  equipment which w i l l  r e l i e v e  him of t h e  meri ia l  and 
r o u t i n e  t a s k s  which now h e a v i l y  burden him dur ing  s i t u a t i o n s  such as approach 
and l and ing .  Another approach is t o  des ign  improved s i t u a t i o n  d i s p l a y s  and 
i n d i c a t o r s  which he lp  t h e  p i l o t  i n  e x e r c i s i n g  h i s  decision-making c a p a b i l i t y .  
The increast?d d e n s i t y  of a i r  t r a f f i c  which is  a l r eady  upon us and the inc reased  
performance of modern a i r c r a f t  a l s o  make i t  mandatory t h a t  w e  develop new senmors 
f o r  imprwecl naviga t ion  and hazard avoidance. These developments are p a r t i -  
c u l a r l y  impoirtant i n  f l y i n g  t h e  s teep-angle  descen t s  and maneuvering approaches 
which reduce n o i s e  l e v e l s  and thus  make t h e  a i r c r a f t  and a i r p o r t  a welcome 
neighbor i n  t h e  i n n e r  c i t y .  

--- E1ec:l:rcinics and Information _- Systems Research -- and ' l e c h n o l l a  

Research ~1.11 be  continued t o  augment t h e  p re sen t  base  and develop new 
sources  of k.nmledge a p p l i c a b l e  t o  a e r o n a u t i c a l  systems. One of t h e  major 
t h r u s t s  i n  t h i s  area is  t h e  development of b e t t e r  theory f o r  t h e  c o n t r o l  of 
a i r c r a f t  . This theory  is p r e s e n t l y  dependent l a r g e l y  upon pa r t i a l .  s o l u t i o n s  
and cut-and- t . ry  methods t o  achieve  p r a c t i c a l  r e s u l t s .  The t h e o r e t i c a l  
approaches w i l l  be  augmented by f l i g h t  tests of new i d e a s  such a!; a cDmplete 
fly-by-wire c:ontrol system, which o f f e r s  t h e  advantage of improved r i d e  
c h a r a c t e r i s t i c s ,  g r e a t e r  s a f e t y  and reduced weight and drag .  

A i r  t r a f f i c  c o n t r o l  is a r e l a t i v e l y  new area of r e sea rch  t o  many u n i v e r s i t i e s .  
During t h e  nesxt year  a program of r e sea rch  g r a n t s  w i l l  be  s t a r t e d  t o  (encourage 
t h e  u n i v e r s i t y  community t o  draw toge the r  i ts many d i s c i p l i n e s  which nlready 
b e n e f i t  t h e  a v i a t i o n  community and t o  focus  them as an i n t e r d i s c i p l i n a r y  e f f o r t  
d i r e c t e d  t o  f u t u r e  a i r  t r a f f i c  c o n t r o l  concepts  and problems. This  w l l l  
encourage the development of a technology base  d i r e c t e d  s p e c i f i c a l l y  to  a i r  
t r a f f i c  c o n t r o l  inc luding  cur r icu lum,  f a c i l i t i e s ,  and f a c u l t y  e x p e r t i s e  f o r  
cont inuing  r e sea rch  work. 
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Improved sensors  w i l l  a l s o  be developed t o  improve landing  s a f e t y  #tnd 
permit  t h e  avofdance of hazards  i n  f l i g h t .  Pas s ive  microwave techniclues 
w i l l  be  used i n  a new independent landing monitor which g ives  t h e  p i l o t  a 
p i c t u r e  of t h e  runway and a i r f i e l d  even under ins t rument  landing, cont l i t ions 
and thus  permi ts  him t o  monitor t h e  ope ra t ion  of t h e  primary instrumcmt 
landing  system. For hazard avoidance both  lasers and microwave detec:tors 
w i l l  be  designled t o  probe t h e  a i r  ahead of high f l y i n g  a i r c r a f t  t o  wiwn of 
t h e  presence oE clear a i r  tu rbu lence ,  and o p t i c a l  d e t e c t o r s  w i l l  be  l 'ur ther  
developed t o  warn of t h e  p o s s i b i l i t y  of c o l l i s i o n  wi th  o t h e r  a i r c r a f  1 . .  

D i g i t a l  methods w i l l  be developed and t e s t e d  f o r  communicating datzl 
both w i t h i n  t h e  a i r c r a f t  and t o  t h e  ground v i a  sa te l l i te .  Digi ta l .  ccmmuni- 
ca t ion  sys t ens  of f e r  g r e a t l y  improved r e l i a b i l i t y  of t ransmiss ion  am. 
g r e a t e r  f l e x i b i l i t y  i n  process ing  of d a t a  and mathematical  computations.  
Fly-by-wire c o n t r o l  systems have a p a r t i c u l a r l y  s t r i n g e n t  requiremenl. f o r  
r e l i a b i l i t y  'of d a t a  t ransmiss ion  s i n c e  they have no mechanical backurl system 
i n  case of e lec t r ica l  f a i l u r e ,  and t h e r e f o r e  d i g i t a l  t echniques  and Diode 
swi tch ing  w i l l  b e  adapted t o  t h e  development of such a system. 

The use o:E d:Lgital systems a l s o  ermits more e f f i c i e n t  use of la rgc  
scale imtegixttion and microe lec t ron  c techniques ,  w i th  a consequent t educt ion  
i n  t h e  s i z e ,  weight ,  and power conssslption of a v i o n i c  equipment. A t r o a d  
developinent program w i l l  t he re f  o r e  D e  cont inued t o  e x p l o i t  t h e s e  techniques  
and t o  tleve:Lop new and improved pr xesses , d e v i c e s ,  and p r a c t i c a l  api1 lica- 
t i o n s  o f  mo:Lecular phenomena. 

Work w i l l  a l s o  cont inue  on t h e  development of t h e  technology which 
support:; NASA and FAA a v i a t i o n  system development. Aeronaut ica l  sate l l i t e s  
have a partic:u:lar problem i n  communicating wi th  a i r c r a f t  a t  low elevalt ion 
ang le s .  These low ang les  produce mult i -path i n t e r f e r e n c e  which can tlest be 
a l l e v i a t e d  by t h e  use of d i r e c t i o n a l  antennas favor ing  t h e  d i r e c t  r a t h e r  
than r e f l e c t e d  s i g n a l .  Antennas s u i t a b l e  f o r  f l u s h  i n s t a l l a t i o n  on j e t  
a i r c r a f t  wi1l:L b e  developed and f l i g h t  t e s t e d ,  and t h e  r e s u l t i n g  data w i l l  
be furn ished  t o  NASA s a t e l l i t e  system des igne r s  and t o  t h e  FAA t o  permit  
s e l e c t i o n  of t h e  b e s t  o v e r a l l  system c h a r a c t e r i s t i c s .  

Power 

1970 1971 __ 1972 - -. 

Power rescarc:h and technology..  . . . . . $200,000 $400,000 $4oc - ,000 - 

Tota l . . .  ........................... $200,000 $400 000 . _ ~  $400,000 --- - -A- 
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Under t h i s  a c t i v i t y ,  important  recent  advancements i n  s p a c e c r a f t  el1i:ctrical 
system techncllogy w i l l  be adapted and extended t o  provide needed imprlmements 
i n  s a f e t y ,  performance, and economy f o r  f u t u r e  a i r c r a f t .  

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  electrical systems 
is underway, t oge the r  wi th  a low l e v e l  RbD e f f o r t  toward reducing t h e  weight ,  
complexity and maintenance requirements  of a i r c r a f t  e lectr ical  sys tern.;. 

Ongoing s t u d i e s  are expected t o  be  completed i n  FY 1972 w i t h  l i t t l e  o r  no 
build-up i n  t h i s  area, cont ingent  on f u r t h e r  i d e n t i f i c a t i o n  of pxobleriis and 
review of t h e  s tudy f i n d i n g s .  

- S u E e r c r i t i c a l  Technology 

Fundamental technology..  ........ $325,000 $4,670,000 $4,00('1,000 
Exploratory f l i g h t  r e sea rch . .  ... 470,000 780,000 1 i20(1 loo0 
Systems s t u d i e s . .  ............... --- 3,650,000 1,50C5000 --___ 

T o t a l . .  ....................... $795,000 $9,100,000 $6,700,000 --- --- 

The purpose of t h i s  a c t i v i t y  is  t o  advance t h e  s t a t u s  of s u p e r c r i t i c a l  
aerodynamic 1:echnology so t h a t  i t  can be app l i ed  wi th  confidence t o  com- 
mercial and m i l i t a r y  a i r c r a f t ,  and t o  determine compatible  advances in 
o t h e r  t e c h n i c a l  d i s c i p l i n e  areas which, i n  combination wi th  t h e  s u p e r c r i t -  
i c a l  technology,, can be  u t i l i z e d  t o  develop a s u p e r i o r  next  genera t ion  
t r a n s p o r t  sys1:eni i n  t h e  family of j e t  t r a n s p o r t s  ope ra t ing  a t  nea r  
s o n i c  speeds .  
and t e s t  f o r  rhc! p a s t  s i x  y e a r s ,  appears  t o  o f f e r  t h e  p o t e n t i a l  of impor- 
t a n t  c r u i s e  speed and economic advantages f o r  t r a n s p o r t  a i r c r a f t ,  and i m -  
proved maneuverabi l i ty  f o r  combat v e h i c l e s .  Comparable advances i n  m a t e r i a l s ,  
s t r u c t u r e s ,  p ropu l s ion ,  f l i g h t  c o n t r o l s ,  and av ion ic s  can be  combined with 
supercr i t : ical  technology t o  permi t  t h e  development of new long range a i r  
t ransport .  systems wi th  s i g n i f i c a n t l y  improved q u a l i t y  i n  terms of c o s t ,  
s a f e t y ,  communit.y acceptance ,  and c o n t r i b u t i o n s  t o  t h e  n a t i o n a l  economy. 

The s u p e r c r i t i c a l  aerodynamics technology, under s tudy  

Development of t h e  s u p e r c r i t i c a l  technology n e c e s s i t a t e s  cons ide rab le  
l a r g e  scale wind. t unne l  and f l i g h t  t e s t i n g  i n  t h e  t r a n s o n i c  regime, which 
has  heret:ofoxc: been avoided as a s t eady- s t a t e  ope ra t ing  area and is no t  
y e t  amenable t:o a n a l y t i c a l  o r  small scale l abora to ry  s tudy .  The 1:Y 1972 
a c t i v i t y  c o n s i s t s  of fundamental  technology e f f o r t ;  exp lo ra to ry  f l i g h t  
r e sea rch ;  and s y s t e m s  s t u d i e s  t o  d e f i n e  t h e  d e s i r a b l e  mix of technology 
advances f o r  t he  next  gene ra t ion  of t r a n s p o r t  a i r c r a f t ,  and t h e  a d d i t i o n a l  
r e sea rch  a c t i v i t y  r equ i r ed  t o  accomplish them. 
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The fundamental technology e f f o r t  i nc ludes  both in-house and co1ntrac:tual 
a n a l y t i c a l  and t e s t  a c t i v i t y  i n  s u p e r c r i t i c a l  aerodynamics and i n  r e k i t e d  
t e c h n i c a l  d i s c i p l i n e  areas, wi th  p a r t i c u l a r  emphasis on propuls ion  re5,earch 
d i r e c t e d  toward l a r g e  r e d u c t i o n s  i n  n o i s e  and p o l l u t i o n  l e v e l s .  The 
exp lo ra to ry  f l i g h t  r e sea rch  work is  a c o n t i n u a t i o n  of a f l i g h t  v a l i d a t  i on  
of t h e  s u p e r c r i t i c a l  aerodynamic concepts .  The systems s tudy  a c t i v i t ) ,  is a 
con t inua t ion  of t h e  1971 e f f o r t  i n  t h i s  area,  extended t o  i d e n t i f y  spcscific 
r e s e a r c h  requi rements .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIMATES 

OFFICE OF AlYJANCED RESEARCH AND TECHNOLOGY --- SPACE RESEARCH AND 
TECHNOLOGY PRCl GRAM 

PROGRAM 0BJECT:CVES AND JUSTIFICATION: 

Space Resemxh and Technology (R&T) f o r  NASA o p e r a t i o n s  i n  t h e  coming 
decades r e q u i r e  a cont inuing  s t r o n g  r e sea rch  a c t i v i t y  now. Near tern1 
p r o j e c t s  mu:; t use  t h e  technology being developed from p r i o r  y e a r ' s  research .  
The FY :L972 Space R&T budget is a ba lance  between t h e  research  and tcchnology 
e f f o r t s  t h a t  w i l l  be used i n  t h e  f u t u r e ,  and t h e  more immediate suppcirt o f  
t h e  Agency's manned and unmanned program o b j e c t i v e s  o f  t h e  p r e s e n t  decade. 

Research trLl:L be  continued i n  t h e  areas o f  materials and s t r u c t u r e h ,  power 
and propuls ion, ,  guidance, c o n t r o l  and informat ion  systems. There w i l l  be  a 
continued em3hasis on advancing t h e  technology t o  produce l a r g e  amouri ts of  
e lectr ical  ~ O W W ( X  i n  space,  t o  develop h igh  s p e c i f i c  impulse propulsicln s y s  tenis, 
inc luding  e:lecl:ric propuls ion .  OART w i l l  suppor t  t h e  Agency's n e a r  term 
o b j e c t i v e s  wi th  a c t i v i t y  i n  t h e  c r i t i c a l  areas of thermal  p r o t e c t i o n  systems,  
aerothermodyna~nics,  c o n f i g u r a t i o n  development and e n t r y  technology fcir t h e  
space s1iutt:te program. I n v e s t i g a t i o n s  w i l l  be conducted r e l a t i v e  t o  advanced 
concepts .  

SUMMARY --- OF IESOURCES REQUIREMENTS : 

1972 - 1971 - 19 70 - 
Space propuls ion  and power 

Materials and s t ruc tures . . . . . . . . .  29,419,000 25,800,000 18,600,000 
Guidance, c o n t r o l  and informat ion  

systems .......................... 23,473,000 17,500,000 17,055,000 
Safe ty  and o p e r a t i n g  systems ..... 1,448,000 1,900,000 1,700,000 
Entry t echnol.ogy ................. 9,893,000 9,500,000 9,150,000 

genera t ion , .  .................... $36,954,000 $36,500,000 $28,600,000 

* L i f e  sciexices.. .................. 18,790,000 15.800.000 -- 

Tota l . .  .......................... $119,977,000 $107,000.000 $75,105,000 - 
*Transferred t o  O f f i c e  of  Manned Space F l i g h t  and is c a r r i e d  under t h e  Space 

F1 i gh t Ope j-ons pro  gram. 
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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 :  
-I_-- 

1970 - 
Manned Spacecraf t  Center . . . . . . .  $8,605,000 
Marshal l  Space F l i g h t  Center . . .  10,641,000 
Goddard Space F l i g h t  Center. . . .  9,190,000 

Wallops S ta t ion . . . . . . . . . . . . . . . .  1,734,000 
Ames Research Center . . . . . . . . . . .  12,686,000 

Jet  Propuls ion Laboratory. .  .... 16,513,000 

E l e c t r o n i c s  Research Center . .  .. 3,556,000 
F l i g h t  Research Center .  ........ 1,689,000 
Langley Research Center . . . . . . .  . 26,927,000 

FASA Headquarters .  ............. 8,935,000 
L e w i s  Rese,srch Center . .  ........ 19,501,000 

BASIS 0 F FUND REQUIREMENTS : 

1971 

$6,282,000 
10,675,000 

6 , 540 , 000 
14,545,000 

12,362,000 

2,055,000 
25,125,000 
21,788,000 

7,528,000 

- 

100,000 

--- 

1972 

$1 ,300,000 
10,370,000 

4 ,475,000 
14  940,000 

7,435,000 

1 ,000 ,000  
15 ,380 ,000  
16 145,000 

4 060,000 

--- 
--- 

Space Propuls ion  and Power Generat ion 

Propuls ion  and power research  
and techno logy.. ............... $36,454,000 $36,225,000 $28., 600,000 

Space e lec t r ic  rocket  test (SERT) 500,000 275,000 -- --- 
Tota l  .......................... $36,954,000 $36,500,000 $28.6OO,OOO 

(---I Program) ....................... ($150,000) (---) 
Agena (Laiincli Vehicle  Procurement 

T o t a l  ( i ic : tuding launch 
vehic-t es:) .................... ($37,104,000) ($36,500,000) ($28,600,000) - 

Propuls ion  and Power Research and Technology 

Chemica.L P ro  m t s i o n  

A c t i v i t i e s  d i r e c t e d  toward provid ing  c r i t i c a l  p ropuls ion  technolog).  f o r  t h e  
space  sliutt :L~~ w i l l  cont inue  and should be  completed wi th  FY 1972 funcling. 
I n v e s t i g a t i o n s  i n  t h i s  area w i l l  improve t h e  handl ing  of l i q u i d  hydrcgen near  
i t s  b o i l i n g  >3o:int, i n v e s t i g a t e  feed systems and pump changes t o  avoic POGO 
i n s t a b i  Lity., a s s u r e  maximum performance and s t n 1 ) i l i t y   fro^ h C J i  n < i i n  enc-i;:e 
an2 r e a c t i o n  c o n t r o l  t h r u s t e r s ,  and e v a l u a t e  methods such a s  low theimal  
capac i tance  i n t e r n a l  i n s u l a t i o n  i n  feed l i n e s  t o  reduce chill-down lclsses . 
The perhrmanct?  of  components f o r  t h e  a t t i t u d e  c o n t r o l  systems fOK bcth  t h e  
s h u t t l e  boos te r  and o r b i t e r  w i l l  be eva lua ted .  The b e s t  f e a t u r e s  of  t h e  
c u r r e n t  i g n i t i o n ,  i n j e c t o r ,  b i p r o p e l l a n t  va lve ,  and t h r u s t  chamber programs 
w i l l  b e  exerc ised  over  a range of o p e r a t i o n  t y p i c a l  of  s h u t t l e  du ty  cyc le s .  

A high p e r  Eoirmance propuls ion  system is  needed f o r  t h e  mul t iyea r  d u r a t i o n  
p l a n e t  orbit:.Lng and landing  miss ions .  Liquid hydrogen would s lowly h o i l  away 
dur ing  t h e s e  long  f l i g h t s .  Accordingly,  a major goa l  o f  t h i s  r e sea rch  and 
technology program is  t h e  demonstrat ion o f  a high s p e c i f i c  impulse ( 4  00 seconds) 
space  strorab.te propuls ion  system. Two systems are c u r r e n t l y  being eramined: 
one of ].ow t h r u s t  (1000 pounds) and one o f  h igh  t h r u s t  (5000 pounds). The 
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low t h r u s t  a p p l i c a t i o n  r e q u i r e s  a s imple p r e s s u r i z e d  system, t h e  high t h r u s t  
a p p l i c a t i o n s  f axor  a more complex turbopump. Both r e q u i r e  f l u o r i n a t e d  
o x i d i z e r s  f o r  h.igh performance. The pressure-fed propuls ion  concept is under 
i n v e s t i g a t i o n  a t  JPL.  As a component technology matures ,  subsystems w i l l  b e  
assembled and sub jec t ed  t o  thorough t e s t i n g  p r i o r  t o  i n t e g r a t i o n  i n  t h e  
complete propuls ion  module. The p r i n c i p a l  p r o p e l l a n t  combination o f  i n t e r e s t  
he re  is 0~2-Diborane.  The h i g h e r  t h r u s t ,  pump-fed system u t i l i z e s  FLOX (a  
mixture  o f  oxygen and f l u o r i n e )  and l i q u i d  methane and is under i n v e s t i g a t i o n  
a t  L e w i s  Research Center (LeRC). I n  FY 1972, emphasis w i l l  be placed on one 
of  t h e  two approaches.  I n  subsequent yea r s  t h i s  program w i l l  assemble a 
complete propuls ion  system inc lud ing  s t r u c t u r e ,  tankage and tank SuppiJrts, 
tank p r e s s u r i z a t i o n  systems, pas s ive  thermal c o n t r o l  systems (super  i n s u l a t i o n ,  
shadow s h i e l d s ,  e t c ) ,  a u x i l i a r y  propuls ion ,  and main engine.  

The t r a n s f e r  o f  c ryogenic  p r o p e l l a n t s  from one v e h i c l e  i n  space  t o  another  
v e h i c l e  is remquired f o r  many f u t u r e  ope ra t ions .  An example is t h e  r e f u e l i n g  
o f  a "Space Tug." The o b j e c t i v e  o f  t h i s  r e sea rch  and technology program is 
t o  provide t h e  technology and des ign  d a t a  f o r  e f f i c i e n t  and predfictable 
t r a n s f e r  of  l a r g e  amounts of hydrogen under zero g r a v i t y  cond i t ions .  Follow- 
ing  ex tens ive  ground t e s t i n g ,  a f l i g h t  experiment w i l l  be designed,  b d l t  and 
o r b i t e d  t o  co l lec t  d a t a  and v e r i f y  t r a n s f e r  mechanisms. I n  J?Y 1972 a p o r t i o n  
of  t h e  ground t e s t i n g  program and a pre l iminary  d e f i n i t i o n  of  t h e  f l i S h t  
experiment w i l l  b e  completed. 

Advanced s o l i d  p r o p e l l a n t  rocke t  technology a c t i v i t y  inc ludes  two s o e c i f i c  
motor demonstrat ion programs: a high-performance p r o p e l l a n t ,  r e s t a r t n b l e  
motor and a low t h r u s t ,  long  burning t i m e  motor. The h igh  energy sto-9 and 
restart motor i s  a r e l a t i v e l y  s h o r t  term replacement  cand ida te  f o r  c u r r e n t  
upper s t a g e s  o f  t h e  Scout o r  Burner I1 type.  It o f f e r s  10% more s p e c i f i c  
impulse than  c u r r e n t  s o l i d  p r o p e l l a n t s  and t h e  c a p a b i l i t y  of  quenchinq 
combustion a t  any t i m e  du r ing  burning f o r  a coast-phase p r i o r  t o  r e i g n i t i o n .  
This  s u b s t a n t i a l l y  i n c r e a s e s  t h e  payload t h a t  can be  i n j e c t e d  i n t o  a liigh 
o r b i t .  I n  FY 1972, a f u l l  scale motor u t i l i z i n g  heavyweight hardware w i l l  
be test f i r e d .  T e s t s  of  t h e  low t h r u s t ,  long  d u r a t i o n ,  p l ane ta ry -o rb i t  
i n s e r t i o n  motor a t  JPL have been very  success fu l .  I n  FY 1972 t h i s  motor w i l l  
b e  t e s t e d  u s i n g  convent iona l  s o l i d  p r o p e l l a n t s ,  and h ighe r  energy pro1)ellants 
w i l l  be  t e s t e d  i n  subsca le .  

New c h a r a c t e r i s  t i c s  of  s o l i d  p r o p e l l a n t  and hybrid ( s o l i d / l i q u i d )  p eopel- 
l a n t  systems, e .g . ,  v a r i a b l e  t h r u s t ,  l ong  burn t i m e ,  low a c c e l e r a t i o n  
r o t o r s ;  s t e r i l i z a b l e  systems; wide temperature  range c a p a b i l i t y ;  and #:en 
year  s t o r a g e  l i f e  i n  space, w i l l  be  developed i n  FY 1972. These advaiices 
w i l l  extend t h e  u t i l i t y  o f  low c o s t  s o l i d  motors i n  space  missioris. llore 
e n e r g e t i c  p r o p e l l a n t s  t o  be used i n  space  v e h i c l e s  n e c e s s i t a t e  new b i  ider  
development, and b e t t e r  process ing  and handl ing.  Higher performance 
p r o p e l l a n t s  and r e s t a r t a b l e  systems a l s o  r e q u i r e  improvements i n  nozz Le 
d u r a b i l i t y .  Better l i n e r  and i n s u l a t i o n  materials w i l l  be developed IIO 
minimize i n e r t  weight .  P r o p e l l a n t  mechanical behavior  p r e d i c t i o n  is 
e s s e n t i a l  t o  motor des ign .  The mechanism o f  f r a c t u r e  and e1as t ic : i ty  o f  
p r o p e l l a n t  m a t e r i a l s  and development of  nondes t ruc t ive  t e s t i n g  techniclues 
t h a t  are s u i t e d  t o  s o l i d  propuls ion  motor systems are be ing  s t u d i e d .  
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E l e c t r o n  paramagnetic resonance rnethods w i l l  be  developed to  examine f r a c t u r e  
mechanisms . i T  polymeric materials. Combustion and k i n e t i c s  researc!i w i l l  
supply b e t t e r  d a t a  on flame s t r u c t u r e s  and p rocesses ,  i np rove  combust i o n  
modeling and pirovide in fo rma t ion  i n  a form u s e f u l  t o  tile d e s i g n  engir eer. 

Tne goal  o €  ;.iquid p r o p e l l a n t  rocke t  technology e f f o r t  i s  t c j  provicle a 
sound base f o r  t h e  d e s i s n  of  f u t u r e  p ropu l s ion  systems. I n  FY 1972 feed 
s y s  t e m  m d  t:lig.ine accesso ry  work wi 11 examine f l u i d  dynanic  ef f c c t s  i n  
f l u i d  i n l e t  ;ystems and i n  high speed turbonumps i n  o r d e r  t o  understznd 
mechanisms I-~x~dinp,  toward v e h i c l e  POCO i n s t a b i l i t i e s .  T h i s  vork  is r e c e s s a r y  
t o  prevent  r e sonan t  coupl ing between engine t h r u s t  and l i g h t w e i g h t  e l a s t i c  
s t r u c t u r e s  t.:rpi.cal o f  t h e  next gene ra t ion  of high performance r o c b e t  systems. 
Other  new ta:;kc; w i l l  develop ways t o  improve l i f e  of  components siicli as f a s t  
a c t i n g  valve:;. Cxperimental and a n a l y t i c a l  vork on t h r u s t  chambers and 
i n j e c t o r s  w i - L l  d e f i n e  h e a t  t r a n s f e r  a t  t h e  high chamber p r e s s u r e s  a n i  tempera-  
t u r e s  of h igh  performance clianibers. Another e l f o r t  w i l l  e x p l o r e  nonc i r c u l n r  
i n j e c t i o n  or:.fi.ces f o r  combustion chambers. Better p h y s i c a l ,  thermochemical, 
and k i n e t i c  expansion d a t a  f o r  p r o p e l l a n t s  w i l l  b e  generated.  T ' i c  chemical 
e f f e c t s  of  l o n ~ :  t i m e  s t o r a g e  of t l iese  p r o p e l l a n t s  i n  s imula t ed  sys tens  w i l l  
be  s t u d i e d .  Add i t iona l  a c t i v i t y  w i l l  i nc lude  work on  combustion, copbust ion 
d r i v e n  i.nsta1)il i t y ,  i g n i t i o n ,  and gas dynamics. Better understanding o f  
i g n i t i o n  o f  t.hc non-liyperyolic hydrogen oxygen p r o p e l l a n t s  i s  v i t a l  t o  
r e s t a r t a b l e  s h u t t l e  eng ine  and r e a c t i o n  c o n t r o l  r equ i r e r i rn t s .  Continued 
work w i l l  be  d i r e c t e d  toward tlie c o n t r o l l i n g  combustion d r i v e n  i n s t a b i l i t y  
by u s e  of accius t i c  abso rbe r s .  

Llec t r i c :  Pro8pul s i on  

P r i n c i p a l  riot i v a t i o n  f o r  r e s e a r c h  i n  e l e c t r i c  propuls ion  is t h c  p o t e n t i a l  
f o r  s igr i i f  i c m t l y  inc reased  mission c a p a b i l i t y  m d  f l e x i b i l i t y  aiitl reduced 
s i z e  and/or  c o s t s  as conparec! w i  t i l  e x i s  t i n o  systems. T h i s  performance 
advantap,e a r i s c s  from t h e  Cact t h a t  e l e c t r i c  t h r u s t e r s  are  t'ie hirGicst 
s p e c i f i c  i m p i i l s e  rockc t  e:ixi:?es 'imown and consequent ly  have t h e  Lowest 
p r o p e l l a n t  expend i tu re  rates.  Using such engines ,  missions which a r e  
t o t a l l y  impr2ct ical  otl icrwise,  such as north-south s t a t i o n  1:eevinp o f  
synchrorous communications s a t e l l i t e s  nr,d o r b i t e r s  of  ' k r c u r y ,  c<in be  
exccutetl. 1rl:crent i n  t h e  c h a r a c t e r i s  t i c s  of  such systems are  ad t l i t i ?na  
advantapes S L C ~  as f l e x i b l c  c o n t r o l  of  f l i q l i t  path du r ing  major p o r t i m s  
of a mission,  a b i l i t y  t o  u s e  biowastes  as p r o p e l l a n t ,  and a v a i l a l i i l i t y  o 
l a r g e  amounts of  power a t  d e s t i n a t i o n .  

I n  t h e  area of  a u x i l i a r y  p ropu l s ion ,  work w i l l  con t inue  on t h e  one n i l l i -  
pound t h r u s t  cesium bombardment i o n  engine f l i d i t  experiment f o r  t h e  Eorth- 
coming Appl ica t ions  Teclinoloey S a t e l l i t e  (ATS-F) . This  o p e r a t i o n a l  
experiment i s  aimed a t  v e r i f y i n g  and o b t a i n i n g  o p e r a t i o n a l  d a t a  on an i o n  
engine systerr s u i t a b l e  f o r  north-south s t a t i o n  keeping o f  e q u a t o r i a l  
synchronous s a t e l l i t e s .  Sucii a system o f f e r s  a f u n c t i o n a l  capab1.1ity 
i d e a l l y  s u i t e d  t o  t h e  requirements  o f  f u t u r e  XASA, Comsat and 901) l on :  l i f e  
geosynchronous s a t e l l i t e s .  The expe r inen t  w i l l  c o n s i s t  o f  two 150 w a l i t  
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t h r u s t e r  systems capable  o f  7' t h r u s t  vec to r ing  i n  o r d e r  t o  demonstrate  
a t t i t u d e  c o n t r o l .  
one year .  

The north-south s t a t i o n  keeping c a p a b i l i t y  vi11 exceed 

Evalua t ion  o f  t h e  pulsed plasma t h r u s t e r  has  v e r i f i e d  i t s  s u i t a b i h t y  f o r  
long  l i f e  missions o r  those  r e q u i r i n g  p r e c i s e  maneuvers. The s y s t e m  f o r  
example con ta ins  no va lves  which impl ies  enhanced r e l i a b i l i t y .  Const!quently , 
an e f f o r t  t o  b u i l d  and test  a t h r u s t e r  s u i t a b l e  t o  t h e  synchronaus mt!teoro- 
l o g i c a l  sate11 Ltes (SMS) p r e c i s i o n  c o n t r o l  and east-wes t s t a t i o n  keeliing 
requiranent:s w a s  i n i t i a t e d  i n  FY 1971. This  e f f o r t  should l a y  t h e  gl-oundwork 
f o r  u se  o f  such t h r u s t e r s  n o t  on ly  on SMS, bu t  a l s o  on s p a c e c r a f t  bolmd f o r  
t he  o u t e r  pLsnets.  During FY 1972 a d d i t i o n a l  a u x i l i a r y  propuls ion  e i ' f o r t s  
w i l l  con ti nu^^ on hydrazine and biowaste  r e s i s t o j e t s .  Gases r e s i d u a l  t o  l i f e  
suppor t  systems; on manned space  s t a t i o n s  such as C02,  CH4 and H20 car1 b e  
used as propel l -ants  i n  resis t o j e t s  t o  provide  atmospheric  d rag  cancel  l a t i o n  
and a t t i t u d e  c o n t r o l  i n  low e a r t h  o r b i t ,  reducing p r o p e l l a n t  resupply 
requirements  , 

For primary propuls ion  a p p l i c a t i o n s  major program a t t e n t i o n  is focused on 
systems based on t h e  mercury e l e c t r o n  bombardment t h r u s t e r .  I n  a d d i t i o n  t o  
space  tests cin SERT I and 11, such t h r u s t e r s  have been t h e  s u b j e c t  of a 
systems technology program aimed a t  s imula t ing  as r e a l i s t i c a l l y  (3s p o s s i b l e  
a l l  requi red  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 a n e t a r y  iniss ion.  
While t h e  SERT I1 t h r u s t e r s  f e l l  some 600 hours  s h o r t  o f  ach iev ing  t h e  
o b j e c t i v e ,  4383 hour ( 6  months) test ,  a cons ide rab le  amount of new and 
important  engineer ing  d a t a  were obta ined .  S p e c i f i c a l l y ,  i on  t h r u s t e r s  were 
found t o  have no unmanageable p h y s i c a l  o r  o p e r a t i o n a l  i n t e r a c t i o n s  wi th  
s p a c e c r a f t  and performed as expected i n  t h e  space  environment. The ground 
test program is proceeding on schedule  toward f u l l y  automatic  c losed  loop 
o p e r a t i o n  i n  t h e  l a t te r  h a l f  of  FY 1971. T h i s  work is expected to cont inue  
i n  FY 1972 wi th  emphasis on s o l v i n g  system problems, improving t h r u s t e r  
endurance and performance a t  lower s p e c i f i c  impulses (2800 sec),  and Itesting 
o f  improved s y s t e m  components. Both f l i g h t  and ground tes t  experiencc? have 
permit ted i n i t i a l  planning du r ing  FY 1971 o f  a s o l a r - e l e c t r i c  multimi:;sion 
space  v e h i c l e  program (SEMMS). The SEMMS e f f o r t  is viewed as the nexl': and 
f i n a l  logica.1 s t e p  i n  t h e  technology r equ i r ed  t o  realize t h e  advantages of  
e l e c t r i c  propu1:sion f o r  e x p l o r a t i o n  missions such as cometary and as t t!roid 
rendezvous , Mercury and o u t e r  p l a n e t  o r b i t e r s ,  c lo se - in  s o l a r  probes and 
out-of-the-ec.-liptic a t  1 A.U. Analysis  o f  a l t e r n a t i v e  approaches f o r  f l i g h t  
eva lua t ion  of an advanced technology mult imission space  v e h i c l e  w i l l  con t inue  
i n  FY 19'72 toward d e f i n i t i o n  of t h e  s i n g l e ,  most promising approach. 

S o l a r  Techno lLou!r_ 

Major emphasis i n  t h e  s o l a r  power program w i l l  be  on achiev ing  a new 
capabi l i t :y ,  L e . ,  a r r a y s  p u t t i n g  o u t  s e v e r a l  thousands o f  v o l t s .  Such 
power systems,  if f e a s i b l e ,  would be  more e f f i c i e n t  and r e l i a b l e  .as w e l l  as 
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l i g h t e r  i n  weight t han  p r e s e n t  systems f o r  communications and e a r t h  app l i ca -  
t i o n s  sate1l:ttas and electric propuls ion.  Work w i l l  be  cont inued on improved 
r a d i a t i o n  r e s i s t a n c e ,  less c o s t l y  methods o f  a r r a y  d e s i g n  and assembly, and 
improved so3.izr ce l l  e f f i c i e n c y  . 

Technology r ead iness  o f  a 30 w a t t  p e r  pound s o l a r  a r r a y  has been n e a r l y  
achieved. Remaining t o  be completed are s t u d i e s  on dynamic i n t e r a c t i o n s  o f  
l a r g e  arrays,  of: t h i s  t ype  wi th  unmanned s p a c e c r a f t .  Such s t u d i e s  w i l l  b e  
completed i n  J3’ 1972. Whereas i t  used t o  be thought t h a t  1-2KW was t h e  
upper l i m i t  o f  s o l a r  power systems in space ,  w e  now are des ign ing  15 and 
25 KW systems. Fu r the r  i n c r e a s e s  appear  q u i t e  f e a s i b l e .  Recent s t u d i e s  
conducted by t h e  NASA Research Advisory Counnittee on  Power and Elec t r ic  
Propuls lon i n d i c a t e  t h a t  t h e r e  are major improvements p o s s i b l e  i n  s o l a r  ce l l  
power systems; such as inc reased  e f f i c i e n c y  and reduced c o s t .  EfEorts  w i l l  
be i n i t i a t e d  in. FY 1972 t o  b e t t e r  d e f i n e  t h e s e  improvements and the r e sea rch  
program necessa ry  f o r  t h e i r  achievement. A modest e f f o r t  w i l l  be cont inued 
on exp lo r ing  t h e  behavior  o f  s o l a r  cells  i n  deep space ,  measuring t h e i r  
e f f i c i e n c i e s  under low i n t e n s i t y  s u n l i g h t  and t h e i r  r a d i a t i o n  resistance a t  
low temperatures .  

Chemical Technology 

Continuing work i n  t h e  chemical power program is concerned wi th  improving 
t h e  c y c l e  l i f e ,  r e l i a b i l i t y ,  and energy d e n s i t y  o f  s e a l e d  nickel-cadmium 
b a t t e r i e s  and t h e i r  a d a p t a t i o n  t o  manned missions.  Here, c o o l i n g  o f  Large 
blocks o f  b a t t e r i e s  becomes a problem. I n  a d d i t i o n ,  t h e  wet-stand l i l e  of 
b a t t e r i e s  for l o n g  d u r a t i o n  deep space  missions is be ing  improved. V,irious 
ino rgan ic  subs t ances  are being explored both as b a t t e r y  s e p a r a t o r s  ant1 as 
f u e l  ce l l  m a t r i c e s .  The main aim of f u e l  cel l  technology is t o  niinimtze 
deg rada t ion  .and, t hus ,  t o  l eng then  o p e r a b l e  l i f e .  

T e s t  equipment w i l l  have been i n s t a l l e d  and ce l l s  w i l l  have been procured 
i n  ri 1972 i n  p r e p a r a t i o n  f o r  a program t o  p r e d i c t  long term cel l  and 
b a t t e r y  l i f e  by a s h o r t  d u r a t i o n  nondes t ruc t ive  test method. The cryll t-  
a n a l y t i c  technique developed i n  t h i s  program is  being: explored f o r  meclical 
d i agnos t  Lc purposes. 

Development of a 100 amp-hour ce l l  technology by NASA has given rise: t o  
t h e  l a r g e s t  s i z e  nickel-cadmium c e l l  produced t h u s  f a r .  Seve ra l  companies 
are now making such cells. Modest e f f o r t s  have begun on b u i l d i n g  noneassing,  
f a i l - s a f e  niclcell-cadmium cel ls ,  and on p u l s e  charging of space ce l l s  t o  
improve l i f e  iintl rates of charge acceptance.  

A s e a r c h  is being made for a low temperature ,  s o l i d  e l e c t r o l y t e  t o  b e  
compatible wi th  an a lka l i -me ta l  anode and an oxygen cathode. 
e l ec t rochemica l  couple  should show a t e n f o l d  i n c r e a s e  i n  energy d e n s i t y  
over  conventionad cel ls .  The s o l i d  s e p a r a t o r  should i n s u r e  a muc’h longe r  
s h e l f  l i f e  as we! l l .  

Such an 
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Power Process ing  Technology 

Ground tes t  and f l i g h t  exper ience ,  coupled wi th  a n t i c i p a t e d  needs Eor 
f u t u r e  missions,  emphasizes t h a t  f u r t h e r  s i g n i f i c a n t  advances i n  teclinology 
for e l e c t r i c a l  power p rocess ing  and d i s t r i b u t i o n  are e s s e n t i a l  t o  acliievement 
of p ro jec t ed  o p e r a t i o n a l  c a p a b i l i t i e s  f o r  more d i f f i c u l t  space  niissions now 
i n  va r ious  s t a t e s  of  p re l imina ry  p repa ra t ion  o r  planning.  

Cen t ra l  o b j e c t i v e s  i n  t h i s  area cont inue  t o  be  t h e  development of ,in 
adequate  technology base  f o r  h igh  power (10-1OOKW) and f o r  long  l i f e  (10 
years )  power process ing  and d i s t r i b u t i o n  systems. Technical  d i f f i c u l t i e s  
i nhe ren t  i n  t h e s e  o b j e c t i v e s  are compounded by t h e  concurren t  en1phas:i.s on 
minimum weight ,  p a r t i c u l a r l y  f o r  space s h u t t l e  and e l e c t r i c  propuls ion  
a p p l i c a t i o n s .  

S t u d i e s  f u l l y  d e f i n i n g  t h e  extent of technology requirements  f o r  tlLe space  
s t a t i o n  and s h u t t l e  are not  complete, bu t  i t  is apparent  t h a t  general improve- 
ments i n  dir; tr Lbution components (e.g., swi tches ,  c i r c u i t  b reake r s ,  i .e lays)  
and power pitocessors (e.g., i n v e r t e r s ,  conve r t e r s ,  b a t t e r y  chargers )  w i l l  be 
needed. Ea r ly  i d e n t i f i c a t i o n  of problems and es tab l i shment  of commonality, 
where poss ib  Le, between s t a t i o n / b a s e  and s h u t t l e  should reduce develclpment 
and l o g i s t i c s  c o s t s  f o r  both v e h i c l e s .  For t h e  space  s h u t t l e ,  t h e  c a p a b i l i t y  
f o r  automat:tc p r e f l i g h t  checkout,  i n f l i g h t  monitor ing,  mal func t ion  dJ agnos is  
and c o r r e c t i o n  have been i d e n t i f i e d  as primary e l e c t r i c a l  system neecs.  
E f f o r t s  i n  t h e s e  areas w i l l  be  cont inued i n  FY 1972. 

Substantia.L progress  has  been made i n  e s t a b l i s h i n g  technology readj: ness  
for power processors  f o r  ion  engine  a p p l i c a t i o n s  and ex tending  t h e  pciwer 
process ing  technology a p p l i c a b l e  t o  low vo l t age ,  h igh  tempera ture  sources  
as f o r  an  R l X  gene ra to r  source.  This  work w i l l  con t inue  a t  reduced l e v e l s  
i n  FY 1972, phasing o u t  as technology r ead iness  is demonstrated.  

Advancemeritrs i n  key power process ing  components, s p e c i f i c a l l y  d iodes ,  
control l -ed r e c t i f i e r s ,  power t r a n s i s t o r s ,  and magnetics have con t r ibu ted  
d i r e c t l y  t o  essential  c i r cu i t / equ ipmen t  technology improvements. D e v i c e  
l i m i t a t i o n s ,  p a r t i c u l a r l y  high energy d e n s i t y  c a p a c i t o r s ,  however, remain 
a broad prob1.eni area n o t  adequate ly  supported a t  p re sen t .  
program i n  t h i s  area is planned for FY 1972. 

An i nc reased  

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

- 19  70 - 1971 1972 
Materials andl s t r u c t u r e s  

research  and technology..  ..... $28,674,000 $25,555,000 $18,400,000 
Meteoroid s a t e l l i t e . .  ........... 745,000 245,000 200,000 

To ta l . .  ....................... $29,419,000 $25,800,000 $18,600,000 

Scout (Laurlc h Veh i c  l e  Procure- 
) ($1,200,000) ment Program). --- --- ................ 

Tota.1 ( inc lud ing  launch 
v e h i c l e s )  ................... ($29,419,000) ($25,800,000) ($l93OO,OOO) ---- 
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Materials and S t r u c t u r e s  Research and Technology 

Fundamental materials r e s e a r c h  is aimed a t  p rov id ing  t h e  b a s i c  knolfledge 
r e q u i r e d  for  t h e  development of  eng inee r ing  materials. Specif  ic :a l ly  t h i s  
program is  aimed a t  understanding t h e  b a s i c  p r o p e r t i e s  of  t h e  s o l i d  s ta te  
f o r  s t r u c t u r a l  e l e c t r o n i c  and r a d i a t i o n  s h i e l d i n g  a p p l i c a t i o n s  i n  spice. 
These s t u d i e s  i n c l u d e  s o l i d  s t a t e  physics  and chemistry o f  s u r f a c e s  'ind of 
b u l k  m a t e r i a l s ,  t h e  p r o p e r t i e s  of e l e c t r o n i c  materials,  t h e  e f f e c t s  o f  
r a d i a t i o n  on matter arid s t u d i e s  of  t h e  r a d i a t i o n  environment anc, o p t  .cal 
contamination a n t i c i p a t e d  i n  space missions.  

Research i n  s o l i d  s t a t e  phys ic s  seel-s neT! knowledge of  a v a r i e t y  0 1 -  

materials bchavior .  I n  IT 1972 atomic sca le  d e f e c t  s t u d i e s  w i l l  b e  ;timed 
a t  producins  h igh  s t r e n g t h ,  h igh  temperature  s t r u c t u r a l  ciaterials antl h i g h  
d e n s i t y  com3ut:r memory materials f o r  i nc reased  s p a c e c r a f t  d a t a  c a p a t l i l i t i e s , .  

Seniconductor physics  has heen aimed a t  mater ia l s  f o r  inproved so l t i r  c e l l  
e f f i c i e w i e : ;  and h ighe r  o p e r a t i n c  temperatures .  I n  t:ie p a s t  y e a r ,  bcisic 
r e s e a r c h  a t  Langley Research Center  achieved s i z n i f  i c a n t  acco~~iplislimc n t s  of 
providing t h 3  Eirst doping of  s i l i c o n  wi th  beryl l ium. This new senic  onductor  
material e x h i b i t s  i nc reased  t e n p e r a t u r e  s t a b i l i t y  and o f f e r s  s t r o n g  r o t e n t i a l  
f o r  t h e  tieveloynent of  advanced e l e c t r o n i c  dev ices .  Th i s  r e s e a r c h  t r i l l  
con t inue  i n  ET 1972. 

Superconduc:.t:;vity r e s e a r c h  has been and w i l l  con t inue  t o  be d i r e c t c d  toward 
o b t a i n i n g  h ighe r  opera t in ,?  t e n p e r a t u r e s  f o r  r a d i a t i o n  s h i e l d i n g  a p p l i c a t i o n s  
and increasccl e f  f i c i e n c i e s  o f  e l e c t r o n i c  components. 

Recent: s t u d i e s  of  t h i n  f i l m  n u c l e a t i o n  and growth a t  Ames Iiese3rch Center 
l e d  t o  t h e  innova t ion  of  a new technique t o  provide e l e c t r o n  microscopy w i t h  
a r e s o l u t i o n  c a p a b i l i t y  f i v e  times Zreater t h a n  convent ional  met?ods. Th i s  
new metliod w--11 a c c e l e r a t e  s u b s t a n t i a l l y  the p rogres s  o f  ;i!Si'. r e s e a r c h  i n  
t ' i in f i l m  arid o t h e r  areas of b a s i c  s u r f a c e  phys ic s .  Su r face  phys ic s  s t u d i e s  
i n  EY 1972 w:- l l  see!: b a s i c  knowledge of t:ie i n t e r a c t i o n  of  a t o m  <and molecule:; 
w i t h  s o l  i d  sur f  aces t o  eii'iance : !MA c a p a ; , i l i t i c s  i n  t h i n  F i l r i  t e c l i n o l 3 ~ 7  f o r  
e l e c t r o n i c  dcivices and t h e  c o n t r o l  of  s u r f a c e  beiiavior of  n a t e r i d s  f s r  
s t r u c t u r a l  a p p l i c a t i o n s .  

T!ie ef f e c t c  oE r a d i a t i o n  on materials,  both s t r u c t u r a l  and b i o l o g i c i l ,  
exposed t o  space  environnent  a r e  being i n v e s t i g a t e d .  T h e o r e t i c a l  models of  
t h e  space  r a d i a t i o n  environment have been developed and are being used as 
t h c  b a s i s  fo r  s tudy  o f  t h e  i n t e r a c t i o n  o f  r a d i a t i o n  w i t h  space s l i i e ld ing  
materials i n  o r d e r  t o  i d e n t i f y  secondary e f f e c t s  p o s s i b l y  experitmced by 
s p a c e c r a f t .  :JeiJ and improved r a d i a t i o n  d e t e c t i o n  and s h i e l d i n g  conce,,ts 
w i l l  be  analyzed and developed i n  FY 1372 t o  a s s u r e  adequate  pro1:ection 
from r a d i a t i o n  hazards  i n  space  missions.  



O p t i c a l  contamination s t u d i e s  scek de tc rn i r r a t ion  o f  t;ie naeni t -u ie  o f  
deXr~dnt io i1  of o y t i c n l  su r fnccs  . T' icqc  qturlies xi1 i ~*uic?e  t i le cicvclt,ni.lcnt 
of t ' i c '  tec'inology necc5r;,-r:.7 LO F r o t c c t  s y a c e c r a f t  s y s t e n s  Drioi- t o  a i r i  
Curin0 f l i y ' i t .  I n  N 1172 t lis rcsearclt  x r i J  1 iilcltlde t:ieorcticc!l am1 
e x p c r i n e n t a l  s t u d i e s  i n  con tan ina t ion  t r a n q p o r t ,  o u t - ; t s ~ i n ~  behavior  o f  
iwter ia l s ,  >; \s ic  s u r f a c e  phys ic? of  s t i c k i n n  c o e f f i c i e n t s  and n u c l e a : i o n  
of  v a r i o u s  con t a n i n a n t s ,  tile ef f e c t s  of  e l e c t r o m n ~ i i e t i c  r a i i a t i c l n  an(! 
develop lent 7 f  techniques of c l r>a r inv  cont,aminated o p t i c a l  surf'qccs 1.n 
snace.  Eurino, tlie p a s t  y e  ir e x t e n s i v e  cleveloprierit and u t i l i z a t i o n  c)  . q u a r t z  
c r y s t a l  mic r?> d n n c c  techniques a t  .Jet Propuls ion  La?>oratory and t:ic . 'ars ' ial l  
Space FLich t Center proviclccl m j o r  i n p e t u s  t o  p e r f e c t i o n  of  spacccra!  t environ- 
ment monito rin,: i n s t rumcn ta t ion .  

; iatcr i a l s  xxTineeri no s t u d i e s  f o r  sqacc a p p l i c a t i o n s  are  concerned w i t ' i  
!iov rnatcria.i:; iieiiave i n  t h e  eiivironnents of  snace and space power anc propul-  
s i o n  system;.  I h r i n v  t h e  ?ayt  y e a r ,  s u b s t a n t i a l  p r o c r e s s  I J ~ S  madc i r  def i n i r i c ;  
t ;ie r e ~ u i r e r i ~ ~ n t s  and l i n i t n t i o n s  of  hioh t e n p e r a t u r e  n a t e r i n l s  f o r  ST ace 
s h u t t l e . ,  T h e  Fab r i ca t ion  and processinp, of  a d i spe r s ioned  strenvtliericd a l l o y  
vas develoFet1 f o r  l a reer  s i z c s  and  q u a n t i t i e s .  The mechanical propcr t i e s  o f  
t h i s  al:!oy vcrc deten>iinec! f o r  t:ie cxnectec! t e n p e r a t u r e s  t o  b e  encour t e r e d  
i n  t h e  spacc s l i u t t l e .  I ts  o x i d a t i o n  behavior  was a l s o  s tudic t i .  I n  TY 1'772 
a d d i t i o n a l  improvements w i l l  Be pursued i n  hiell  t c r in r r a tu re  d u c t i l  i t y  and 
o x i d a t i o n  resistance. 

1lefrac:tory tnctals  v5ich are of  i n t e r e s t  f o r  t!ie space s h u t t l e  and space 
power systems w i l l  con t inue  t o  b e  s t u d i e d  f o r  t h e  purpose o f  irlproving t!icir 
o x i d a t i o n  c h a r a c t e r i s t i c s ,  e i t h e r  by a l l o y i n ?  o r  t h e  a p p l i c a t i o n  of  p ro t ec -  
t i v e  cozitinps. Proqress  ;ms been S ~ O T I  and so t h i s  e f f o r t  w i l l  r 2 c c i v e  
g r e a t e r  emphasis i n  I.Y 1 9 7 2 .  

Composite r m t e r i a l s  o f f e r  c o n s i d e r a b l e  p o t e n t i a l  f o r  reducing ~ i i ~  weight 
of  s p a c e c r a f t  and thereby inproviny t h e i r  payload c a p a b i l i t y  o r  i nc reas ing  
t h e i r  o v e r a l l  performance. Xesearch am1 development on composites s p c c i f  i- 
c a l l y  f o r  a spaze s h u t t l e  i s  be ing  pursued t h i s  yea r .  Basic r e s e a r c h  on t h e  
behavior  of  f i b c r  n a t r i x  systems w i l l  con t inue  i n  o r d e r  t o  p rov ide  t i l 3  ha5i.c 
knowledpe fo r  inproviny: t'ieir mechanical Yropert  ies . 

A s  inyrovements are made i n  i n c r e a s i n z  t h e  s t r e n g t h  of  ne t s l s ,  ce ra i i c s ,  
and cornposite materials,  t h e i r  d u c t i l i t y  o r  toughness dec reases .  Suc I 
na t e r i a l s  then  f a i l  i n  c a t a s t r o p h i c  nanner.  S t u d i e s  o n  f r a c t u r e  and Ea i lu re  
mechanisns have been conducted arid wil l  con t inue  i n  Iry 1 3 7 2 .  T h i s  r e j e a r c h  
is p a r t i c u l a r l y  important  f o r  s p a c e c r a f t  des ign  f o r  l ong  r i i s s ion  t.ir.1e.s . 

T h e  proqra? o f  s y n t h e s i z i n g  nev7 liiqh temperature  polyiners f o r  ab?.at ives 
and s t r u c t u r . i l  Zonponents o f  s p a c e c r a f t  has produced many succesr- f u l  ,ichicve- 
ments i n  t h e  pas t  and promises t o  do so i n  t h e  f u t u r e .  Last y e a r  a nI?x 
polyimide w i t  I : r ea t ly  improved mechanical p r o p e r t i e s  was synthez i zed 
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Addi t iona l  r e sea rch  w i l l  be  conducted i n  FY 1972 t o  determine i f  t h i s  new 
polyimide can be used as high  temperature  adhes ives .  A new c l a s s  o f  electri-  
c a l l y  charged polymers, c a l l e d  Ionenes,  were a l s o  synthes ized  last year .  It 
promises t o  have a p p l i c a t i o n  t o  biomedical engineer ing ,  an  i n t e r e s t i n g  s p i n  
o f f .  

The long  miss ion  t i m e s  f o r  advanced s p a c e c r a f t  a l s o  pose probl-ems €or  t h e  
des igne r  i n  regard  t o  t h e  tempera ture  c o n t r o l  of  space  v e h i c l e s .  Thcmnal 
c o n t r o l  coa t ings  degrade a t  such a ra te  t h a t  they  are n o t  adequate  f o r  many 
missions o f  one year  o r  more. S u b s t a n t i a l  r e sea rch  has  been conducted and 
w i l l  be cont inued i n  FY 1972 t o  improve coa t ings  by an o r d e r  o f  magnLtude. 
Research and development of  a l t e r n a t i v e  devices ,  such as h e a t  p ipes ,  w i l l  be 
i n i t i a t e d  i n  FY 1972 t o  broaden t h e  technology base .  

The p r o t e c t i o n  o f  s p a c e c r a f t  from meteoroids  a l s o  becomes more important  
as mission timles i nc rease .  Research i n  t h e  p a s t  on t h i s  problem has only  
been modest. The advent of  space s t a t i o n ,  s h u t t l e  and p lane tary  prolies 
demands an inc reased  emphasis i n  Fy 1972 and beyond. 

Research i3nd technology ac t iv i t i e s  f o r  space  s t r u c t u r e s  cover  a broad 
spectrum of  i n v e s t i g a t i o n s  t o  exp lo re  t h e  p o t e n t i a l  o f  apply ing  advariced 
concept:; anti materials, develop improved techniques  f o r  s t r u c t u r a l  axialysis 
and des ign ,  and provide  advances i n  methods f o r  de te rmining  t h e  dynamiic 
load ing  and response o f  complex s t r u c t u r e s .  I n  FY 1972 emphasis w i l l  be 
given t o  t h e  most c r i t i c a l  s t r u c t u r e s  problems a s s o c i a t e d  wi th  t h e  space  
s h u t t l e ,  p l ane ta ry  v e h i c l e s ,  and o t h e r  types  o f  f u t u r e  space  systems which 
w i l l  r e q u i r e  s u b s t a n t i a l  advancement i n  technology t o  achieve  t h e  nec e s s a r y  
l e v e l s  o f  e f f i c i e n c y  and i n t e g r i t y .  

S i g n i f i c a n t  progress  has  been made i n  e s t a b l i s h i n g  t h e  f e a s i b i l i t y  o f  
s t r u c t u r a l  airretngements u t i l i z i n g  composite materials t o  r e i n f o r c e  meta l  
components. St:udies have i n d i c a t e d  t h a t  apprec i ab le  weight  s av ings  a r e  
p o s s i b l e  wit:hout excess ive  c o s t  i n c r e a s e s  wi th  t h i s  approach which malkes 
e f f e c t i v e  u s e  o f  a minimum amount of h igh  c o s t  composites.  
boron-epoxy and graphite-epoxy wi th  aluminum and t i t a n i u m  a l l o y s  are p a r t i c -  
u l a r l y  a t t r a i c t l v e  candida tes  f o r  s h u t t l e ,  p r i m a r i l y  s t r u c t u r e s  such a s  beams, 
t r u s s e s ,  and s t i f f e n e r s  i n  areas which are r e l a t i v e l y  coo l .  For p re s su re  
vessels, previous e f f o r t s  have demonstrated t h a t  s m a l l  m e t a l  t anks  can be  
e f f e c t i v e l y  r e in fo rced  by overwrapping wi th  g l a s s  f i l amen t s .  Use of  advanced 
f i laments  show promise of  g r e a t e r  e f f e c t i v e n e s s  f o r  r e i n f o r c i n g  .Large tanks  
of aluminum, t i t an ium,  o r  n i c k e l  a l l o y s  which would have impor tan t  advantages 
f o r  load-bearing main p r o p e l l a n t  tanks  i n  t h e  space  s h u t t l e .  These cloncepts 
f o r  composi te-reinforced metal components will a l s o  have important  appl ica-  
t i o n  t o  many o t h e r  aerospace s t r u c t u r e s .  
w i l l  be expanded, Larger  scale components w i l l  be f a b r i c a t e d  and t e s t e d  t o  
i n v e s t i g a t e  f a b r i c a t i o n  and r e l i a b i l i t y  problems, and t o  permit  : r e a l i s t i c  
assessments  t o  be made o f  t h e  weight  and c o s t  e f f e c t i v e n e s s  f o r  jEull scale 
a p p l i c a t i o n s .  

Appl ica t ions  of 

I n  FY 1972 s t u d i e s  o f  *these concepts  
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E f f o r t s  will be  cont inued on t h e  deve lomen t  of  concepts  f o r  .Larzer, 
l i ? I i t w 3 . $ i t  e r e c t a b l e  comnunication antenna s t r u c t u r e s  f o r  m i s s  ions t o  t h e  
o u t e r  p l a n e t s .  Recent work has i d e n t i f i e d  promising concepts  and c i a t e r i a l s ,  
and i n  t h e  co r ing  y e a r  a 15 f o o t  model of  a conical antenna w i l t  be f a b r i c a t e d  
and tes ted  t o  c o n f i r n  t'ie p o t e n t i a l  o f  t h e  concept Tor a p p l i c a t i o n  t z J  much 
l a r g e r  antennas.  !'.esearch 1 5 1 1  also :JP continued on e f f i c i e n t  a e r o s  le11 
s t r u c t u r e s  f o r  p l a n e t a r y  e n t r y  missions !ltyond Vi?:inc:. 

S t r u c t u r a l  a n a l y s i s  and c1esir:n r e q u i r e v e n t s  of l a r g e  and conp.Lex s ~ a c e  
v e h i c l c s ,  sbch as tiie r e u s a b l e  s h u t t l e ,  vi11 pu t  a p remim O F  advanced 
techniques t o  ach ieve  t h e  needec: deg ree  o f  inEenui ty ,  accuracy,  and zf f i c i e n c y  
Lxtensive e f f o r t s  a re  under way t o  provitle methods o f  analysis .ciit:i the reclui- 
s i t e  c a p a b i l i t y  f o r  a c c u r a t e  d e t e r p i n a t i o n  of  t h e  s t re r ,? th  an2 i-i-cid i t y  o f  
s t r u c t u r e s  \.:iich ev'iody tlie 1atcc;t l l es ion  concepts  and ixaterials coriiinationc;. 

: :AS'rEAX, t h c  comprehens ive s t r u c  t ural. a n a l y s i s  conpu t e r  pro c; r an  p r  lwious l y  
developed i n  tliis p r o g a n ?  w i l l  con t inue  t o  be maintained and iii?rovlxl. 
Advanced c o r p u t e r  analysis tcc:iniqucs sucii 3s .,ALL).i 'U1l .  rill i:: :j;)plic2 .: 2nd 
ne:: a m l y s i s  methods f o r  s t r u c t u r a l  o p t i m i z a t i o n  w i l l  b e  developed tal 

f a c i l i t a t e  t h e  s e l e c t i o n  of  t h e  most e f f i c i e n t  s t r u c t u r e s  v i t h  t:!ic r l q u i r c d  
l e v e l s  o f  i r i t e ; r i ty  and r e l i a D i ? i t y  f , ,r  t h e  c!cc;iyn cn;i l i t io;zr, .  T,:ql?o r a t o r y  
test.i.ny, oi l a r g e  s c a l e  co~:?ponents . . J i l l  b c  con2uctzd under  r e a l i s t i c  ,:op?::ina- 
t i o n s  of .loatis a d  temperatures  t o  confirm t l l t  r e l i a b i l i t y  oE t l i c  a n x l v t i c a l  
nethods as well as t o  d e n o n s t r a t e  t h e  s t r u c t u r a l  intc; .r i ty.  For  tllc s w c e  
sliiittle, s p e c i f i c  enphasis  l . 7 i l l  h e  Ziven t o  e v a l u a t i o n  01 a l t e r n n r i v ?  
approac!ies t o  t h e  i n t c g r a t i o n  of  t h e  e n t r y  thermal p r o t e c t i o n  system w i t 1 1  
t he  primary s t r u c t u r e  t o  e s t a b l i s h  t i ie most optiriun d e s i z n  a r ranzenei i t s  . 
The advanced met:iods o f  a n a l y s i s  and des iqn  vi11 3e  a p p l i e d  t o  ;i v a r i e t y  o €  
space v e h i c l e  s t r u c t u r e s  i n  a d d i t i o n  t o  t h e  s : iu t t le  t o  d e f i n e  t p e s  o f  
s t r u c t u r e s  f o r  f u t u r e  s y s t e m  trllich : , r i l l  provide t:ie des i r e t i  rJej.;:ht, c o s t ,  
and r e l i a b i l i t y .  'These s t u d i e s  w i l l  a l s o  f ac i . l . i t a t e  tlie establi .r , ; ine.i t  o f  
n o r e  conprc.icnsive and e f f e c t i v e  s t r u c t u r a l  desicrn c r i t e r i a .  T:ti.s e t ifort  
w i l l  be  continued t o  p rov ide  u n i f o m  c r i t e r i a  and a c c e p t a b l e  practices w?:icl: 
d e s c r i b e  t i le 1cvel.s t o  whic!? space v e h i c l e s  s!iould be  desi::ncc:. 

- ~ . (,,"-, ,, i. 

T h e  d y n m i c  load ing  and response o f  space  vc l i i c l e  s t r u c t u r e s  is n p o r t a n t  
n o t  on ly  t e - ause  i t  d i r e c t l y  rc la tes  t o  i n t e y r i t y  o f  t 'ie s t r u c t u r e ,  1)ut i t  
a l s o  determine; t'ie i n t e n s i t y  o f  v i ? ) r a t o r y  i c p u t s  t o  a l l  t h e  equipne1it and 
personnel  aonnrd. :;e;? and more s e v e r e  dynnv,ic p r o b l e ~ s  are  i m c s e d  1)y t;ie 
concept; and missions a s s o c i a t e d  .cr i t : i  advanced v e h i c l e s  such as t !e :;pace 
s i i u t t l e .  T i e  t y p i c a l  c o n f i y u r a t i o n s  and miss ion  ciiaracteris t i c s  Dlarined 
f o r  t::c sIiu:tl? pose a combination of  c r i t i c a l  r!ynamic fncLors 1 ;:icii r t q u i r c  
i n t e n s i v e  i i i v e : ; t i ~ a t i o n  t o  Provicle qn adequate  technology basc f o r  coning 
w i t h  p o t e n t i a l  problens.  

Previous e f f o r t s  have es tab l i s ' i e t l  t h e  b a s i c  techniques f o r  u t i l i z i r l z  s n n l l  
scale  d.ynamic i:iodels and have demonstrated t h e  v a l i d i t y  o f  t.iis a?proac'i t o  
o b t a i n  . i c c u r i t ~ ?  d a t a  i n  a t imely and c o s t  c f f c c t i v e  rmnner. Various types  
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of  models a re  be in?  used t o  i n v e s t i g a t e  t h e  most i n p o r t m t  s t r u c t u r a l  dynamic:s 
problems f o r  tile space  s h u t t l e .  P re l imina ry  d a t a  have been ob ta ined  on  some 
parameters  tdiich could s t r o n g l y  i n f l u e n c e  d e c i s i o n s  011 s h u t t l e  c o n f i g u r a t i o n  
and desi-gn rc:quirenents. One such area is  € l u t t e r  due t o  i n t e r f e r e n c e  between 
l i f t i n g  s u r f a c e s  of t h e  b o o s t e r  and o r b i t e r  be fo re  s e p a r a t i o n .  Yind tunne l  
test r e s u l t s  wi th  a e r o e l a s t i c  model..; have shown how t h e  f l u t t e r  sneed i s  
s e r i o u s l y  aff 'ected by t?ie c l o s e  proximi ty  of t h e s r  s u r f a c e s .  Research i n  
o t h e r  problcm a r e a s  i s  undervay and emphasis r r i l l  be g iven  i n  t h e  coming 
yea r  t o  p a r t i c u l a r  s t r u t t l c  p r o b l e m  suc5  as response  t o  grounc? winds ,  f l i y h t  
wi.nds, Enginc and aerodynamic n o i s e ,  b u f f e t ,  and s taze s e p a r a t i o n  1033s. 
S t u d i e s  w i l l  a l s o  be concerned t r i t h  methods o f  avoid in?  o r  a t t e n i t a t i n ?  c r i t i c a l  
dynamic i n s t a b i l i t i e s  due t o  i n t e r a c t i o n s  between t h e  s t r u c t u r e  : i~id propel1ant.s 
as occur  i n  POGO o s c i l l a t i o n s .  ;!any of t h e s e  dynamic s t u d i e s  a l s o  haJe aFpli::a-- 
t i o n  t o  o t h e r  types  of  space  v e h i c l e s .  

Research w i l l  con t inue  on a variety of l o a d i n s  and response  problem; wi th  
a t t e n t i o n  t o  high frequency dynamic behavior  of  space  s t r u c t u r e s .  I rn~~rovernen~:~  
a r e  needed i n  t:ie unders tandinz  and r r e a t n e n t  of aerodynanic  n o i s e  e f  1-ects and 
s t r u c t u r s l  response  t o  t r a n s i e n t  and random v i b r a t i o n  i n p u t s .  Studie:; \ r i l l  
c ons ide r  ndvcinced a n a l y t i c a l  and c x p e r i n e n t a l  methods f o r  p r e d i c t i n g  1 h e  
dynamic r c s p o ~ s ~  of space  s t r u c t u r e s  SUC!~ as R rotatin;:  space  s t a t i o n  which 
could n o t  b e  aadtiquately t e s t e d  i n  t h e  l a b o r a t o r y  us in?  a v a i l a b l e  t~~chrc iques .  

!Ieteoroid S a t e l l i t e  

r ,  rlie met:eoro:.d s a t e l l i t e ,  i n i t i a t e d  i n  IT 1369, w i l l  be  launched i n  I Y  1?72 
t o  neasure  t l i t 3  c>f fec t iveness  of  a promising meteoroid p r o t c c t i o n  dev ice  
r e f e r r e d  t o  EL:; a meteoroid bumper i n  t h e  a c t u a l  space  environment.  T?iese 
neasurencbn ts , t uy,e t h e r  v i  t'i w a s  urerients of m e t  eo r o i d  v e l o c i t y  a:il m e t  eo ro  id 
i m p a c t  f l u x  o n  t h e  sq t e l l i t e ,  vi11 provide  d a t a  f o r  t h e  des ign  o f  1i)ctcoroicl 
p r o t e c t i o n  sys terns and c o r r e l a t i o n  u i t h  Eround-based meteoroid e x x r i m e n t s .  
In  a d d i t i o n  t c  tile launch  o f  t h e  s a t e l l i t e ,  t h e  a c t i v i t i e s  t o  b e  c'3rried o u t  
i n  A' 1372 w i l l  be t?ic a n a l y s i s  o f  d a t a  ob ta ined  and t h e  p r e p a r a t i o n  oE a 
r e p o r t  on  t h e  p re l imina ry  r e s u l t s .  

Guidance, Control  and Informat ion  Sys ters 

1.970 
_I 

1971 -.- 1072 - .- 
Zlec t r o  n i c s  and i n  f o rna  t ion  

C lec t ro  n ics  snti in format ion  
s y s t c n s  r e sea rch  and tccllnoloqy $23,173,030 $ 1 7 , 5 0 ~ , 0 0 3  $17,3 i5,1933 
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E l e c t r o n i c s  and Informat ion  Sys tems Research and Technology --- 
Maximum r e t u r n  of  in format ion  from space  e x p l o r a t i o n  r e q u i r e s  a cont inuing  

e f f o r t  t o  improve t h e  bandwidth and e f f i c i e n c y  o f  space  vehicle-to-gi,ound 
c o m u n i c a t i o n  :Links. O p t i c a l  communication sys  t e m s  o f f e r  s u b s t a n t i a l  improve- 
ments ove r  c u r r e n t  microwave l i n k s  both i n  terms o f  t r a c k i n g  accuracy and 
d a t a  rates. In FY 1971, primary emphasis has  been p laced  on t h e  s tudy  and 
development of  o p t i c a l  power g e n e r a t o r s  ( l a s e r s ) ,  d e t e c t i o n  system arid exper i  - 
mental e v a l u a t i o n  of  t h e  e f f e c t s  o f  t h e  e a r t h ' s  atmosphere on o p t i c a l  d a t a  
l i n k s .  Bal1.oon tests of  o p t i c a l  propaEat ion systems have been made and r e s u l t s  
are being evi2luated. A i r c r a f t  tests a r e  being prepared t o  e v a l u a t e  t h e  e f f e c t s  
of a moving v e h i c l e  on o p t i c a l  communication systems.  I n  EY 1972, development 
of  s a t e l l i t e  t o  ground experiments  w i l l  be i n i t i a t e d  t o  demonstrate  t h e  
f e a s i b i l i t y  of  o p t i c a l  communications as h igh  capac i ty  d a t a  t r a n s f e r  sys  tems . 

The large i.nves tment i n  c u r r e n t  microwave networks r e q u i r e s  t h a t  maximum 
r e t u r n s  be sought  through improvements and innovat ions  i n  t h e  telchniques by 
which d a t a  is handled.  Research and development o f  more e f f i c i e n t  s p a c e c r a f t  
antennas,  h i g h e r  power s i g n a l  g e n e r a t o r s  and advanced coding techniques  is i n  
process  and w i l l  con t inue  i n  FY 1972. Conversion o f  t h e  c u r r e n t  S-band system 
t o  h i g h e r  f r equenc ie s  t o  improve d a t a  handl ing  capac i ty  w i l l  be  eva lua ted  
i n  an X-band experiment now being developed f o r  f l i g h t  on a f u t u r e  miss ion .  

Concomitant w i th  t h e  demand f o r  h ighe r  d a t a  rates is t h e  need .€or more 
e f f i c i e n t  anc! e f f e c t i v e  p rocess ing  o f  accumulated d a t a  both on t h e  ground 
and i n  space v e h i c l e s .  Techniques f o r  mass d a t a  s t o r a g e  are being i n v e s t i g a t e d  
wi th  p r i n c i p l e  emphasis on o p t i c a l  systems. Experimental  s t o r a g e  medLa have 
been developed. In FY 1972, emphasis w i l l  be  p laced  on t h e  deve:topment o f  
techniques f o r  t h e  read  i n  and read  o u t  of d a t a  i n t o  t h e s e  media,, Long 
dura t ion  missions such as t h e  grand t o u r  and s t a t i o n  r e q u i r e  d a t a  p rocess ing  
systems wi th  long ,  r e l i a b l e  o p e r a t i n g  l i v e s .  Techniques f o r  s e l f  tesi: and 
r e p a i r  o f  couputers  have been developed. Hardware t o  demonst ra te  the:;e 
techniques  i s  be ing  developed and w i l l  be  eva lua ted  i n  FY 1972. 

The e v o l u t i o n  of t h e  computer i n t o  small, compact d a t a  p rocess ing  u i i i t s  
makes t h e  automation of  many func t ions ,  formerly done through complex wi r ing  
into a l a r g e  central  computer, both f e a s i b l e  and p r a c t i c a l .  Mult iplexed d a t a  
bus techniques  a r e  be ing  developed f o r  t h e  space  s h u t t l e  and s t a t i o n .  Auto- 
mated i n f l i g h t  ,and ground-based checkout techniques  are be ing  deve1opc:d t o  
i n s u r e  t h e  f l i g h t  wor th iness  and improve t h e  r e u s a b i l i t y  o f  space t ra i i spor ta -  
t i o n  systems such as t h e  s h u t t l e .  These e f f o r t s  w i l l  con t inue  i n  FY 1.972. 

Data compre,ss ion techniques  p rov ide  s u b s t a n t i a l  r educ t ions  i n  t h e  aniount 
of  d a t a  t o  b e  t r a n s m i t t e d  from space  v e h i c l e s  t o  ground. In FY 1972, emphasis 
w i l l  be  placed on t h e  development o f  mathematical  t echniques  f o r  ex t rz ic t ing  
s i g n i f i c a n t  :Lnfonnation from l a r g e  masses of accumulated d a t a .  Video d a t a  
compress ion, pa t t e rn  r e c o g n i t i o n  and adap t ive  o r  s e l f  l e a r n i n g  techniques  
w i l l  be  explored  i n  an e f f o r t  t o  i n c r e a s e  t h e  on-board process ing  of data. 
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P r e c i s e  guidance and c o n t r o l  is a fundamental r e q u i r e n e n t  o f  a l l  s p a c e c r a f t  
d i e t h e r  t hey  h e  o r b i t i n g  p l a t fo rms  f o r  s c i e n t i f i c  o b s e r v a t i o n s  o f  tile e a r t h  
and i t s  envi.~-onrnent, t r a n s p o r t a t i o n  s y s  terns such as the space  s h u t t l e ,  o r  
i n t  e r p l a n e  tal-y v e h i c l e s  s e r v i n g  as carriers of  experiments and s ens or s t o  
exanine t h e  e:it.remes of t h e  s o l a r  system. A prime e f f o r t  i n  tile c u r r e n t  
program has been t h e  developrient of  s i n u l a t i o n  f a c i l i t i e s  t o  g e n i r a t c  guidanc,? 
and cont.ro1 l-atrs f o r  t h e  space  s : iu t t l e  v e h i c l e s .  I n  ITY 1972, t e d i n i q u e s  
developcA t; 1-0ugh ground-based s imula t ion  w i l l  be evaluated i n  f Light tests 
t o  demonstrate  t h e i r  f e a s i b i l i t y  and a F p l i c a b i l i t y  i n  t y p i c a l  s h i t  t l c  opera-  
t i o n s .  Long range i n t e r p l a n e t a r y  f l i g h t s  r e q u i r e  t h e  use  of approach guidance 
t o  i n s u r e  accuracy of  s p a c e c r a f t  maneuvers i n  tlie v i c i n i t y  of tar:l;et p l a n e t s .  
"lie f e a t i 3 i l i t y  o f  npproac!i quidnncc vas 2enons t r a t cd  v i a  s i m u l a t i o n  on 
l l a r ine r  V I  arid vi11 lie t e s t e d  i n  an  experir!cnt now being prepare11 f o r  f l i ,n ,ht  
on a f u t u r e  mission.  I n  TY 1972, r e s e a r c h  . T i l l  c e n t e r  or, t h e  o p t i m i z a t i o n  of 
on-board senso r s  and techniques f o r  mcciinnizinf: approach rwidnilcc? as a 
standard s y s  t eti i;. f i i t u re  in te rp l -nne tary  snacccrnf  t .  

Current puj  dance and c o n t r o l  sys  t a n s  r e l y  on moviriy dev ices  sucli as gyros ,  
motors and acce lerometers  t o  sense  and c o n t r o l  t h e  motion of  s p a c c  v c l i i c l c s .  
1)evelopment clf components .T i t i1  no nmvinz p a r t s  t o  iFprove t'ie re l i a b i l i t y  
and accuracy of t h e s e  systems is a continuin:: o b j e c t i v e  o f  t'iis p r o ~ r a n .  A 
small, cnmpnc t laser oyro is bein-  Ccvclooe,i inc' ~ 7 i L l  !IC> cvalua t l -~~ '  i n  f l i c h t  
t e s t s  i n  Fy 1972. Brushless  motors have been developed i n  vary in^^ s i z e s  f o r  
n nunl)cr of poss i ; , l t  space a p p l i c a t i o n s .  Current  c f f o r t s  c e n t e r  on t i c  
app l i ca t io r i  c f tliis technoloyy as t o r q u e r s  f o r  t;,e l a r q e  c o n t r o l  ~ - o , : ? ~ i t  
gyros used t c  stabilize. minnci space  v e h i c l e s  suc?i -2s 9l:ylab an11 tL ie  space 
s t a t i o n .  T h i s  e f f o r t  w i l l  con t inue  i n  FY 1372. Di r i ta l  c o n t r o l  :;ystems 
o f f e r  p r e c i s i o n  and f l e x i b i l i t y  f a r  s u p e r i o r  t o  c u r r e n t  analog tec'inology. 
In  FY 1372, Eriphasis w i l l  be placed on deve loa~ ien t  of  d i r e c t  d i g i t a l  sensors 
t o  r e p l a c e  tlie c u r r e n t  p r a c t i c e s  o f  convc r t ing  from analog t o  d i j ; i t a l  systems 
f o r  d a t a  processin:: and back t o  analog systems f o r  execu t ion  o f  c:ontr>lled 
f u n c t i o n s .  

Large spacc t e l e s c o p e s  o f f e r  man t h e  c a p a b i l i t y  t o  examine t h e  c x t r a m i t i e s  
of space ~ ~ i t h o u t  t!ie phys ica l  l i n i t n t i o n s  inposed by e a r t h ' s  a tnosphe re .  To 
r e a l i z e  t h i s  c a p a b i l i t y ,  however, techniques f o r  assembling and ope ra  t i n ?  
t h e s e  i n s  t rus 'en ts  i n  t!ie space environment m u s t  3e developer:. 2esearl:h i s  
con t inu ing  on t h e  development of  2-3 meter a c t i v e  o p t i c a l  systems v'ni,=:i can 
maintain d i f f r a c t i o n  l i m i t e d  performance i n  space.  P r i n c i p a l  cnpliasi~; i n  
IT 1971 has  been placed on tlie s tudy  of  t h i n  m i r r o r  techniques and tjil? 
a c t u a t o r s  necessary  t o  c o n t r o l  t h e  s u r f a c e  q u a l i t y  of  t:!ese m i r r o r s .  I n  
IT7 1972, comparative e v a l u a t i o n s  of  t h i n  m i r r o r s ,  seg1entc.d m i r r o r s  aiid 
temperature  compensated, l a r g e  s o l i d  mi.rrors w i l l  b e  i n i t i a t e ( !  t o  s e l c c t  t h e  
b e s t  t echn ique  f o r  f u t u r e  space  t e l e s c o p e  missions.  1nstrunentat:i.on IO 

maximize t!ie e f f e c t i v e  use  of s ~ a c e  t e l e s c o p e s  is bein,q developed. In 
bY 1972, development o f  h i g h l y  s e n s i t i v e  u l t r a v i o l e t  r a d i a t i o n  detectors and 
p r e c i s  i on  o p t i c a l  gratin.gs w i l l  b e  emphasized. 
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Development o f  advanced components and c i r c u i t  technology is necessary  t o  
s a t i s f y  t h e  requirements  f o r  more r e l i a b l e ,  long  l i f e  e l e c t r o n i c  systems i n  
space.  Resea.rch on new a p p l i c a t i o n s  of  s o l i d  s ta te  materials t o  e l e c t r o n i c  
component fur tc t ions is cont inuing .  I n  FY 1972, primary emphasis w i l l  be 
placed on solid state  d i s p l a y  dev ices  and high d e n s i t y  memories. Sol fd  s t a t e  
microwave components and h ighly  s e n s i t i v e  d e t e c t o r s  f o r  imaging s y s t e m  w i l l  
be developed f o r  use i n  S t a t i o n  and p l a n e t a r y  miss ions .  Development #of 
l a r g e  s c a l e  i n t e g r a t e d  c i r c u i t  p rocess ing  techniques w i l l  cont inue  wi th  
emphasis on methods f o r  a t t a i n i n g  h ighe r  swi tch ing  speeds and moire r e l i a b l e  
techniques f o r  i n t e rconnec t ing  t h e s e  devices  i n  e l e c t r o n i c  assembl ies .  

E l e c t r o n i c s  and Informat ion  Systems P r o j e c t s  

The only  e f f o r t  c u r r e n t l y  a c t i v e  i n  t h i s  area is t h e  Radio At tenuat ion  
Measurement p r o j e c t .  This  p r o j e c t  w a s  i n i t i a t e d  i n  FY 1965 t o  d e f i n e  t h e  
e x t e n t  o f  l o s s  of r a d i o  communications dur ing  t h e  atmospheric  e n t r y  p ' iase 
of  space  f l i g h t  and t o  e s t a b l i s h  techniques  t o  overcome t h i s  l o s s .  T\JO 
previous f l i g h t s  demonstrated t h e  c a p a b i l i t y  of  water i n j e c t i o n  t o  relluce 
and, i n  some cases, e l i m i n a t e  t h e  blackout  phenomena. The t h i r d  and Einal 
f l i g h t  i n  t h i s  p r o j e c t ,  RAX C - 1 1 1 ,  w a s  s u c c e s s f u l l y  completed on Septl2mber 30, 
1970. 
i n j e c t i n g  water and an  e l e c t r o p h i l i c  l i q u i d  (Freon E-3) i n t o  t h e  plasina 
shea th .  P r i o r  f l i g h t s  i nd ica t ed  water helped t o  r e s t o r e  communic:atioiis by 
cool ing  plasma. T h e o r e t i c a l  s t u d i e s  ind ica t ed  e l e c t r o p h i l i c  l i q u i d s  i?ould 
a c t  t o  n e u t r s l i z e  f r e e  e l e c t r o n s  and reduce t h e  d e n s i t y  of  t h e  pl.asma, 
Resul t s  of t h e  f l i g h t  showed t h a t  a t  a l t i t u d e s  above 200,000 feet.,  thi? f reon  
is approximately fou r  times more e f f e c t i v e  than water i n  reducing rad Lo 
frequency a t t e n u a t i o n .  Below t h a t  a l t i t u d e ,  t h e  two l i q u i d s  were aboiit 
equa l ly  e f f e c t i v e .  No a d d i t i o n a l  f l i g h t  a c t i v i t i e s  are planned j n  th1.s 
p r o j e c t  . 

Its  o b j e c t i v e  w a s  t o  perform comparative eva lua t ions  of  t h e  e f ' f e c t s  o f  

Sa fe ty  and Operat ing Systems 

1970 1971 - I972 -- 
Safe ty  management i n f o  rmat i o n  

sys tem. . . . . . . . . . . . . . . . . . . . . . . . .  $650,000 $1,000,000 $1,000,000 
Sa fe ty  research  and a n a l y s i s .  798,000 900,000 - :1'00,000 .... 

T o t a l  .......................... $1,448.000 $1,900 , 000 w o o ,  000 - 
Safe ty  Management Informat  i o n  System 

The Safe ty  Management Informat ion  System program is t h e  L e w i s  Reseairh 
Center  aerospace s a f e t y  d a t a  bank which is composed o f  t h e  L e w i s  infoi-mation 
s t o r a g e  imd r e t r i e v a l  system (LISR) and t h e  d a t a  bank. The b a s i c  in farmat ion  
systems capah Llit ies of  t h e  aerospace  s a f e t y  d a t a  bank w e r e  implemented i n  
August 1970. Even i n  i ts  i n i t i a l  implementation t h i s  system r e p r e s e n t s  a 
most f l e x i b l t ?  arid powerful d a t a  management c a p a b i l i t y .  Seve ra l  l a r g e  f i l e s  
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are p r e s e n t l y  being loaded i n t o  t h e  system. Negot ia t ions  are  underw:.y f o r  
t h e  acquis i t :  ion of  a comiunicat ions processor  t o  p rov ide  on- l ine  c a p a b i l i t i e s ,  
f o r  many USZ?:TS on a dial-up h a s i s .  Sub jec t  areas o f  s a f e t y - r e l a t e d  jnforma- 
t i o n  a l r e a d y  i n  s t o r a g e  w i l l  b e  expanded. 

S a f e t y  Research and Analysis  

Space c r a f t €''.E! Pro t e c t i on 

Comprehensi.vc s t u d i e s  are underway o r  planned f o r  t h e  d e t e c t i o n  o f  develop- 
ing  f i r e  hazards  and t h e  automatic  extinguishment o f  t h o s e  f i r e s  t h a t  do 
occur.  P r e s e n t l y  a v a i l a b l e  f i r e  d e t e c t i o n  systems f o r  s p a c e c r a f t  f a l l  s h o r t  
of meeting d e s i r e d  s t a n d a r d s  e i t h e r  because they  are  t o o  slow t o  d e t e c t  t h e  
hazard,  o r  r e q u i r e  an  i n i t i a l  f i r e  s i z e  f o r  d e t e c t i o n  which is  too  l a r g e  t o  
be accep tab le .  

The emphasis i s  be ing  placed on f i r e  d e t e c t i o n  by t h e  NASA S p a c e c r a f t  
F i r e  Hazards S t e e r i n g  Committee because o n l y  adequate  f i r e  e x t i n g u i s h a n t s  
f o r  spacecraf  t e x i s t .  The remaining problems i n  t h e  f i r e  extingiiishml2nt 
f i e l d  re la te  t o  improvements and t h e  eng inee r ing  of such systems f a r  space- 
c r a f t  a p p l i c a t i o n .  

Space Nuclear System S a f e t y  

Xore and mre  space  s y s  t e m  missions w i l l  b e  c a r r y i n 3  n u c l e a r  m a t e r i  11s 
i n  t h e  form 'of f u e l  elements f o r  r e a c t o r s  and /o r  i s o t o p e  hea t  sou rces  f o r  
space e l e c t r i c  power and propuls ion  systems.  

The o v e r a l l  a i m  o f  the  aerospace  n u c l e a r  s a f e t y  a c t i v i t i e s  i s  t.o in: ;ure  
t h e  s a f e  a p p l i c q t i o n  o f  n u c l e a r  energy du r ing  t h e  prelaunch mission aiid 
p o s t  miss ion  phases and t o  p r o t e c t  personnel  a s s o c i a t e d  wi th  t h e  a p p l  i-cation 
as well as  tile qeneral  world popu la t ion .  Extensive a n a l y s e s  and test!: a re  
r equ i r ed  t o  in su re  t h a t  adequate  sa fegua rds  have been designed i n t o  ttie 
sys  t e m s .  

Oxygen 1iandl.i i n  Aerospace Proprams 

The progran f o r  t h e  review of oxygen handl ing  and u t i l i z a t i o n  i n  aei.ospace 
systems ( s p a c ~ x i r a f t ,  a i r c r a f t ,  and suppor t ing  ground equipment) h a s  b<:en 
organized.  A c r i t i c a l  review of  oxygen technology and i t s  a p p l i c a t i o r  is 
i n  p rogres s .  

The goa l  of t h i s  program is t o  p rov ide  updated s t a n d a r d s ,  c r i t e r i a ,  and 
recommended p r a c t i c e s  f o r  t h e  des ign ,  f a b r i c a t i o n  and assembly, p r e p a r a t i o n ,  
and o p e r a t i o n  of oxygen s y s  t e m s .  
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- Safe ty  O C  Lit! l i t 1  :Icthanc as  A i r c r a f t  Fuel 

Advanced a i r c r a f t  need hea t  s i n k  c a p a b i l i t y ,  p a r t i c u l a r l y  a t  t h e  hot end 
o f  t h e  engine.  The use  o f  l i q u i d  methane ( l i q u i d  n a t u r a l  gas)  is  p a r t i c u l a r l y  
a t t r a c t i v e  f o r  t h i s  purpose. The improved engine  e f f i c i e n c y  and lowei engine 
weight  a:;soc-iated wi th  t h e  u s e  o f  methane improves t h e  f l i g h t  s a f e t y  and 
economic:; o f  t he  a i r p l a n e .  

I n  o r d e r  t h a t  methane can be  used s a f e l y  i n  a i r c r a f t  systems and i n  ground 
suppor t  equipment s e r v i c i n g  t h e  a i r p l a n e  ope ra t ion ,  cons iderably  more informa-. 
t i o n  i s  requ i r ed  on t h e  phys ica l  p r o p e r t i e s  of  methane i n  its l i q u i d  and 
gaseous s t a t e  t o  enable  engineers  t o  dev i se  s a f e  a i r c r a f t  and ground llandling 
f u e l  sys  t e m s .  

Sa fe ty  of Hydrogen-Fueled Airbrea th ing  Engine f o r  S h u t t l e  

P resen t  concepts  of  a i r b r e a t h i n g  engines  f o r  t h e  s h u t t l e  cons ide r  hydrogen 
as t h e  engine  f u e l .  The only known u s e  o f  hydrogen f o r  powering a i r c i a f t  was 
conducted as a demonstrat ion a t  t h e  L e w i s  Research Center  i n  1958. Ccinsider- 
a b l e  work w i l l  be  r equ i r ed  i f  a p r a c t i c a l  hydrogen system is t o  evolvcb f o r  
t h e  s h u t t l e .  These problems are i n t i m a t e l y  involved i n  t h e  s a f e t y  o f  t h e  
s h u t t l e .  The p a r t i c u l a r  s a f e t y  problems l i e  i n  t h e  realm of  hydrogen system 
p res su re  c o n t r o l ,  meter ing,  hea t  t r a n s f e r ,  a i r  condensat ion,  hydrogen ven t ing ,  
p re s su re  p e r t u r b a t i o n  a s s o c i a t e d  wi th  system s t a r t -up ,  s a f e  c h i l l  dowrt proced- 
u re s ,  l e a k s ,  f i r e  d e t e c t i o n  and f i r e  con t ro l .  

A i r c r a f t  S t a t i c  P res su re  Measurements 

During t h e  p a s t  two yea r s  s e v e r a l  a i r c r a f t  a c c i d e n t s  have occurred  tiuring 
what seemed It2 D e  a r o u t i n e  approach t o  landing .  

Evidence has  suggested t h a t  t h e  a i r c r a f t ,  i n  each case, w a s  i n  a i rwor thy  
cond i t ion  u n t i l  t h e  moment of impact. 
been r a i s e d  about t h e  r e l i a b i l i t y  and accuracy o f  barometr ic  a l t i m e t r y  systems. 

Severa l  agencies  (Nat iona l  T ranspor t a t ion  Safe ty  Board, FAA and NASA) have 
sponsored a s e r i e s  of f l i g h t  experiments  t h a t  would explore ,  under re idis t ic  
o p e r a t i n g  cond i t ions ,  t h e  n a t u r e  o f  a l t i t u d e  anomalies and t h e  causes  o f  
a l t i t u d e  misinformation.  

Therefore ,  susp ic ions  and doubi:s have 

Entry Technology 

19 7 1  - 19  70 - 
Lifting-boldy f l i g h t  r e sea rch  

Space v e h i c l e  aerothermo- 
program.. . . . . . . . . . . . . . . . . . . . . . .  $1,11O,OOO $1,200,000 

dynanics  program.. . . . . . . . . . . . . .  8,783,000 8,300,000 

Tota l . .  ........................ $9,893,000 $9,500,000 

Program) --- ($1,200,000) 
Scout (Lauinch Vehicle  Procurement ....................... 

T o t a l  ( i nc lud ing  launch vehicles)  ($9,893,000) (~10,700,000)  

11.9 72 -- 

&:I 50,000 

$9, :I. 50,000 

($9,:1.50,000) - 
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The Entry Technology program is composed of two p a r t s :  (1) Lifting-Body 
F l i g h t  Research program and (2)  Space Vehicle  Aerothermodynamics prog:i:am. 
The program is an a p p l i e d  r e sea rch  and technology program focused on space  
v e h i c l e  f l i g h t  through t h e  atmosphere o f  e a r t h  and o t h e r  p l a n e t s ,  The 
o b j e c t i v e s  are to: (1) conduct r e sea rch  on problems a s s o c i a t e d  with t h e  
c r u i s e ,  approach, and l a n d i n g  phases of l i f t i ng -body  re-entry s p a c e c r 3 i f t ;  
(2) e s t a b l i s h  and c a r r y  o u t  a r e sea rch  program focused on  requirement!; f o r  
aerothermodynamic des ign  of t h e  r eusab le  manned space s h u t t l e ;  arid (3'1 conduct 
r e sea rch  on t h e  complex problems a s s o c i a t e d  with unmanned s p a c e c r a f t  e n t r y  
i n t o  p l a n e t a r y  atmospheres. The main t h r u s t  o f  t h e  r e s e a r c h  program in 
FY 1972 is focused on s p a c e c r a f t  re-entry technology a s s o c i a t e d  wi th  \:he 
aerothermodynamics and thermal p r o t e c t i o n  sys  t e m  des ign  of t h e  manned space  
t rans po r t a t  i on sy s t em. 

Lifting-Body F l i g h t  Research Program 

An important f a c e t  i n  t h e  technology development o f  manned space t r a n s -  
p o r t a t i o n  systems is t h e  base  o f  information on l i f t i ng -body  t y p e  veh Lcles 
a v a i l a b l e  from comprehensive wind t u n n e l  i n v e s t i g a t i o n s  performed ove t t h e  
p a s t  f i f t e e n  y e a r s  and p i l o t e d  f l i g h t  r e sea rch  c a r r i e d  o u t  ove r  t h e  p a s t  
seven yea r s .  The c u r r e n t  Lifting-Body F l i g h t  Research program r e s u l t e d  from 
e a r l y  r e c o g n i t i o n  t h a t  s p a c e c r a f t  h o r i z o n t a l  l and ing  i n  t h e  manner of conven- 
t i o n a l  a i r c r a f t  would b e  a requirement f o r  e f f i c i e n t  o p e r a t i o n  of f u t u r e  
manned space t r a n s p o r t a t i o n  systems. Wind t u n n e l  and a n a l y t i c a l  r e s e , x c h  
on l i f t i ng -body  concepts began i n  t h e  mid-1950's and culminated :in t h e  
i n i t i a l  f l i g h t s  of t h e  M2-F2 and HL-10 des igns  i n  1966. Because of  the 
c l o s e l y  a l l i e d  i n t e r e s t  o f  t h e  A i r  Force i n  l i f t i ng -body  v e h i c l e s ,  t h e  
Lifting-Body F l i g h t  Research program has been a coope ra t ive  NASA and IJSAF 
ven tu re  s i n c e  i t s  i n c e p t i o n .  The program c u r r e n t l y  inc ludes  an Air F,irce 
design des igna ted  t h e  X-24A. 

The o b j e c t i v e s  of t h e  f l i g h t  program are t o  i n v e s t i g a t e  t h e  f l y i n g  ,and 
handling q u a l i t i e s  and p i l o t i n g  problems of s p a c e c r a f t  concepts  repreasenta- 
t i v e  o f  promising manned r e -en t ry  v e h i c l e s  du r ing  the  t e rmina l  phase (of 
space f l i g h t  from l o w  supe r son ic  speeds t o  l and ing .  Of equa l  importance 
i n  t h e  pr0gra.m is t h e  n e c e s s i t y  t o  e v a l u a t e  i n  f l i g h t  t h e  s u i t a b i l i t y  of 
v e h i c l e  c o n t r o l  systems e s p e c i a l l y  a d a p t a b l e  t o  l i f t i ng -body  type  v e h i c l e s .  
As of December 1970, 77 f l i g h t s  have been completed wi th  t h r e e  d i f f e r e n t  
v e h i c l e  concepts .  A l l  t h r e e  v e h i c l e s  have flown i n  a r o c k e t  powered inode 
i n  a d d i t i o n  t o  numerous unpowered g l i d e  f l i g h t s .  The HL-10 and X-24A have 
been flown a t  supe r son ic  speeds.  The HL-10 has  e s s e n t i a l l y  comp:Leted its 
planned f l i g h t  program and is now on standby b a s i s .  Cur ren t ly ,  ithe X-24A 
has been. flown t o  a Mach number o f  about 1 .3;  however, t h e  f l i g h t  envelope 
w i l l  be  extended t o  speeds approaching Mach number 2 t o  o b t a i n  important  
s t a b i l i t y  a n i  c o n t r o l  d a t a  and t o  extend t h e  gene ra l  p i l o t i n g  experience 
a t  t h e s e  higher  speeds.  The M2-F3 h a s  made fou r  f l i g h t s  t o  d a t e  and is 
performing va luab le  s e r v i c e  as a test bed t o  i n v e s t i g a t e  a new s p a c e c r a f t  
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r e a c t i o n  c o n t r o l  system. The Lifting-Body F l i g h t  Research program w i  1 1  employ 
both t h e  M2-F3 and X-24A i n  FY 1972 t o  f i rmly  e s t a b l i s h  t h e  f l i g h t  anti l and ing  
c h a r a c t e r i s t i c s  f o r  t h i s  class o f  manned l i f t i n g  s p a c e c r a f t  and t o  ga in  addi- 
t i o n a l  p i l o t  experience.  

Space Vehicle  Aerothermodynamics Program 

An active aersthermodynamic r e sea rch  program a s s o c i a t e d  wi th  probleiis  o f  
launch,  re-entry, and f l i g h t  o f  s p a c e c r a f t  i n  t h e  e a r t h ' s  atmosphiere lias been 
underway f o r  several years .  In t h e  p a s t ,  t h i s  program has suppor ted  'to t he  
f u l l e s t  ex t en t  t he  Mercury, Gemini, and Apollo programs i n  a l l  phlases o f  
aerothermodynamics. Also under t h i s  program exp lo ra to ry  wind tunne l  ,ind 
f e a s i b i l i t y  s t u d i e s  were conducted on e a r l y  concepts  o f  r eusab le  boos I:er and 
s p a c e c r a f t  con f igu ra t ions  ( inc lud ing  t h e  M s  and HL-10 c o n f i g u r a t l  ons) with  
emphasis i n  recent  years  d i r e c t e d  toward c u r r e n t  manned space  s h u t t l e  concepts .  
The requirement f o r  m u l t i p l e  reuse o f  l a r g e  s p a c e c r a f t  and boos te r s ,  1:ogether 
wi th  t h e  n e c e s s i t y  f o r  o p e r a t i o n a l  economy, is a d e c i s i v e  f a c t o r  i n  tlle design 
o f  t h e  space s h u t t l e .  P a r t i c u l a r  impact is f e l t  by des ign  requiremen1:s o f  the  
thermal p r o t e c t i o n  system which is c r i t i c a l l y  t i e d  t o  s e r v i c e  l i f e  ani1 turn-  
around t i m e .  Th i s ,  and o t h e r  problems such as spacec ra f t -boos t e r  s epa l r a t ion ,  
emergency a b o r t ,  maneuverabi l i ty  and handl ing of  both t h e  f l y  bac.k rei isable  
boos t e r  and o r b i t e r  s p a c e c r a f t  c o n t r i b u t e  t o  a c r i t i c a l l y  needed techiiology 
base i f  a s u c c e s s f u l  space  t r a n s p o r t a t i o n  system is t o  be  developed. 
e f f o r t s  i n  FY 1972 w i l l  be  c l o s e l y  t i e d  t o  t h e s e  problems. Extens ive  wind 
tunnel  i n v e s t i g a t i o n s  w i l l  be  undertaken as w e l l  as a n a l y t i c a l  e f fo r t : ;  t o  
provide a sound b a s i s  f o r  s o l u t i o n  t o  these  problems. 

Research 

Research w i l l  be  cont inued i n  FY 1972 on aerothermodynamic problems o f  
unmanned p l a n e t a r y  probes wi th  a major e f f o r t  d i r e c t e d  toward development 
of a technology base f o r  a J u p i t e r  probe. The p l a n e t  J u p i t e r  is t h e  Larges t  
p l a n e t  i n  t h e  s o l a r  system and, l i k e  t h e  Sun, appears  t o  b e  composed l a r g e l y  
of  hydrogen and helium. 
l i f e  s c i e n t i s t s  s i n c e  i t s  atmosphere is l i k e  t h e  p r imord ia l  atmospherc: o f t e n  
pos tu l a t ed  f o r  e a r t h  a t  t h e  t i m e  l i f e  began. 
veh ic l e s  t o  b e  s e n t  i n t o  J u p i t e r  which w i l l  e n t e r  t h e  J u p i t e r  atmosph(!re a t  
speeds as h igh  as 5 l / 2  t i m e s  t h e  speed o f  Apollo upon r e t u r n  t o  t h e  c!arth 
from t h e  moon. The h igh  e n t r y  speed w i l l  r e q u i r e  new h e a t  p r o t e c t i o n  concepts 
t o  p r o t e c t  t h e  probe from h e a t i n g  levels two t o  t h r e e  o r d e r s  o f  magnitude 
g r e a t e r  t han  t h a t  experienced by Apollo.  Research i n  FY 1972 w i l l  coi lcentrate  
on t h i s  complex hea t ing  problem, u t i l i z i n g  both t h e o r e t i c a l  and experimental  
work i n  ou r  r e sea rch  Centers .  As p a r t  o f  t h i s  e f f o r t ,  e x i s t i n g  f a c i h t i e s  
w i l l  be  upgraded t o  achieve  r a d i a t i v e  and convec t ive  h e a t i n g  l e v e l s  ncxessary 
t o  adequate ly  s Lmulate J u p i t e r  probe hea t ing .  

J u p i t e r  is o f  i n t e n s e  i n t e r e s t  t o  astronomer:! and 

Future  program plans  may inc lude  
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FISCAL YEAR 1972 ESTI'LITLS 

OFFICE 

P R O G P !  i 02JI:C'I IVES I?iiD JUST1FICATIO:I: 

The o v e r d . 1  a i m  of t h e  :>,clear Power and Propuls ion  program i s  t o  p rov ide  
t h e  techno1 ogli and  f l i T h t  q u a l i f i e d  space  n u c l e a r  power and propuls ion  systems 
t o  meet. the! c u r r e n t  and f u t u r e  needs o f  t h e  n a t i o n ' s  space o ? ) j e c t i v c s .  S i g n i f i -  
c a n t  acivanc:es i n  space power and propuls  ior, w i l l  become increas i n e l j  i n p o r t a n t  
as t h e  spac:e program undertakes more ambit ious mis s ions .  Uh i l e  t h e  deta i lec!  
n a t u r e  and s p e c i f i c  pace o f  p o s t  Apo l lo  a c t i v i t i e s  itave y e t  t o  b e  clc terminecl, 
t h e  general. o u t l i n e s  c o n t a i n  o b j e c t i v e s  t h a t  r e q u i r e  i n c r e a s i n g  amoints of 
energy € o r  both power and p ropu l s ion .  Nuclear energy is expected t c l  p l ay  an 
i n c r e a s i n g  wrt  i n  f u l f i l l i n g :  t h e s e  needs.  This  prop,ram is conduct6:d i n  
cooperatioti  with t h e  Atomic Energy Commission. 

The 11rogr~im i s  composed o f  t h r e e  p a r t s ,  n u c l e a r  power, nuclear 
propu l s ion ,  and e l e c t r o p h y s i c s .  The o b j e c t i v e  o f  t h e  ;!LISA n u c l e a r  ]iowcr ef Eort 
is t o  o b t a i n  the experimental  and a n a l y t i c a l  d a t a  needed f o r  t i e  ev< i lua t ion  arid 
development o € t h e  energy convers ion  equipment t o  be used i n  nc vanc4:d nucle#:ir 
e l ec t r i c  po,Jer gene ra t ing  systems as well  as t o  o b t a i n  necessary  dalza r equ i r ed  
f o r  t h e  proper  i n t e g r a t i o n  o f  n u c l e a r  power systems i n t o  p r a c t i c a l  Spacecraf t  
s y s  terns. 

:Juclear propuls ion o b j e c t i v e s  are t o  provide  t h e  technolozy f o r  drvelopment 
of  a r e u s a b l e  nuc lea r  r o c k e t  system, t o  extend t h e  tcchnology of- f i s s i o n  pro- 
pu l s ion  t o  the u s e f u l  p h y s i c a l  l ip i ts  f o r  space propuls ion  and t o  e x p l o r e  the 
f e a s i 3 i l i t y  of  f u s i o n  energy sources  f o r  space  n i s s i o n s .  Deve:toprient effort: 
on the IJCRVA 75,000 pound t h r u s t  f l i f f i i t  :?eight eng ine  has  been reduced, b u t  
work r j i l l  con t inue  on s e l e c t e d  long  l e a d  t ine  components t o  p r e s e r v e  t h e  
c a p a b i l i t y  t o  move forward with t h i s  lii?!dy e f f i c i e n t  rocke t  developcient when 
t h e  need a r i s e s .  

The o b j e c t i v e  of  e l e c t r o p h y s i c s  r e s e a r c h  is t o  provide new knowledge o f  wave 
( g a m a  t o  i. n f r a r e d ) and p a r t i c 1 e (e 1 e c t r o n -nu c 1 e u s - a t  om -in o 1 e c u 1 c ) i 11 t era c t i (3 ns  
underlyinp the  advances i n  d e s i g n  and c o n s t r u c t i o n  of  magneto? Lasnadynanic 
f i s s i c n  a n c  c o n t r o l l e d  f u s i o n  space  power and p ropu l s ion  syc rens  w?ic;i ria)' pave 
the way f o r  s i g n i f i c a n t  advances i n  f u t u r e  space  v e h i c l e s .  
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1972 - 19 70 1971 - 
Nuclear power r e sea rch  

and tech.rio1ogy.. ................ $16,952,000 $13,909,900 $3,32'3,c)00 
Nuclear  propuls ion .  ............... 36,317,000 35,000,000 15,000,000 

NEEVA.. ......................... (27,120,000) (32,009,090) (9,9q0,000) 
Yuclear  propuls ion  r e sea rch  

arid technology ................ (7,682,000) (5,090,000) (5,003,0190) 
NFdS opr?.caf: ions .  ................ (1,515,OOQ) (1,000,OO~) r100,000) 

E l  ec t ~ t o  phys i ( :s  .................... 2,  O N ) ,  000 3,300,Or)Q -- 3.400,OOO 

Tota l . .  .......................... S55,269,000 $55,200,0012 a, 720,OOr) 
__I_ 

---A I)istr.ibut:ilsn of  Program Amount by I n s t a l l a t i o n :  

:lamed I3pac:ecraf t Center . .  $100,090 --- --- 

Goddard Space F l i g h t  Center . .  ... 350,000 213,000 60,000 
3,6%, 000 3,534,000 3 ,200,000 

...... 
1Iar:;halL Space F l i g h t  Center .  ... 1,819,000 $1,690,009 $1,009,000 

3 e t 
A m e s  Research Center . .  .......... 250,000 340,000 4 75,000 
Langley Rescarch Center . .  ....... 350,000 565,000 525,000 
L e w i s  Research Center . .  ......... 14,578,000 12,G70,0(30 9,135,009 
Space Nuclear  S y s t e m  O f f i c e . .  .. 33,568,000 35,300,000 13,325,009 
N AS A E e ad q ua  r t er s ............... 

P r0 .p  u l  :j i o n  L ab o r  a t o  r y  ....... 

570,000 918, 0cJo --- 

Nuclear  Power Research and Technology 

T h e  primary o b j e c t i v e  o f  t h e  n u c l e a r  e l e c t r i c  power gene ra t ion  e f f  irt i s  t o  
o b t a i n  t h e  experimental  and a n a l y t i c a l  d a t a  needed f o r  t h e  c v a l u a t i o ?  and 
development o f  t h e  energy conversion equipment t o  be  used i n  advanced nuc lea r  
e lec t r ic  por.er gene ra t ing  systems and c e r t a i n  r e l a t e d  n u c l e a r  hea t  sou rce  
ac t iv i t i e s ,  as  r r d l  as t o  o b t a i n  necessa ry  d a t a  r equ i r ed  f o r  t!ie proper  
i n t e g r a  t i o n  of  n u c l e a r  power sys  terns i n t o  p r a c t i c a l  s p a c e c r a f t  :;ys t e n s .  The 
ACC p o r t i o n  of t h i s  progran is concerned w i t h  t ! ie  r e s e a r c h  and Jcvelapment 011 
i so tope  and nuc lear  hea t  sources  which \ r i l l  b e  u t i l i z e d  wi th  ? iA:X power con- 
version, equi prrent . 

During F"Y 1 S 7 1 ,  tlic S:;AP-13 R T G ' s ,  whic l~  were b u i l t  by ALC f o r  :Tirbus TI1 
and launched c n  A p r i l  1 4 ,  1363, cont inued t o  f u r n i s h  u s e f u l  power t o  t h e  
weather  equ;.pment aboard t h e  s p a c e c r a f t .  
which managed t h e  dimbus I11 progran,  i s  conduct inP s t u d i c s  t o  a s s e s s  t h e  r o l e  
of  more advanc.ed K T G ' s ,  such as envis ioned  by t h c  ALC multi-liundred w a t t  
techno1 ogy, f a r  f u t u r e  advanced e a r t h  o b s e r v a t i o n  s a t e l l i t e s .  

The Godc'ard Space P l i ? h t  Center ,  

RD 12-2 



AEC-develoFed SNAP-27 power sou rces  w e r e  placed on t h e  moon dur ing  the 
Apollo 1 2  and 1 4  l u n a r  l and ing  missions.  
passed its design l i f e  of one y e a r  of o p e r a t i o n  on t h e  moon on Novemb'er 1 9 ,  
1970, arid con t inues  t o  exceed i t s  design power by providing 73 w a t t s  t o  tile 
v a r i o u s  experiments eruplaced on t h e  moon by Astronaut bean. Add i t iona l  
SNAP-27's are Flanned f o r  the remaining Apollo l u n a r  l and ing  missions.  

The SNAP-27 c a r r i e d  on Apollo 1 2  

During FY 1.971, t e c h n i c a l  support  w a s  provided f o r  Pioneer  F and G and 
Viking Mars Lander missions which w i l l  u s e  modified SNAP-19 RTG's  now under 
development l)y t h e  AEC. 

During FY l972,  work will be cont inued t o  i d e n t i f y  and r e s o l v e  KTG/space- 
c r a f t  i n t e r a c t i o n s  and problems and t o  improve t h e  u t i l i t y  of scient j :  f i c  
ins trumenta1::ion aboard RTG-powered s p a c e c r a f t  as w e l l  as t o  determiner t h e  
s t a b i l i t y  arid long-term performance and r e l i a b i l i t y  o f  RTG's .  

The Brayton c y c l e  power conversion technology e f f o r t  continued t o  show 
good r e s u l t s  du r ing  FY 1971. 
completed i t 3  planned 2500-hour test  under vacuum c o n d i t i o n s  i n  t h e  I ' lum 
Brook space  power f a c i l i t y .  The test  provided performance d a t a  ove r  a range 
of t u r b i n e  . L n l e t  temperatures  from 1230OF t o  1600°F and a power range! from 
3 t o  1 2  We. 
design cond i t ions .  Th i s  h igh  system e f f i c i e n c y  is  very d e s i r a b l e  t o  minimize 
requirements  f o r  c o s t l y  i s o t o p e s .  I n  a d d i t i o n ,  many thermal c y c l e s  liave been 
run without  any appa ren t  damage t o  t h e  system's  unique gas bea r ings .  
c o s t s ,  automat tc, unattended running o f  a turbine-alternator-coniprescior and 
h e a t  exchanger assembly has  been accomplished, and more t h a n  1400 hoiirs o f  
unattended o p e r a t i o n  have been demonstrated.  During FY 1972, tes t inl , ;  o f  a 
Brayton engine and components w i l l  be continued i n  p r e p a r a t i o n  Sor power 
system t e s t i n g  with a high temperature  h e a t  sou rce  under development by t h e  
AEC . 

A Brayton power system us ing  electrical h e a t  

Net system e f f i c i e n c i e s  h ighe r  than 25% were ob ta ined  iinder 

To reduce 

A more e f f i c i e n t  Brayton c y c l e  conversion system w i l l  r e p l a c e  t h e  inercury 
Rankine system i n  t h e  tests planned wi th  zirconium-hydride react:or i n  t h e  
Plum Brook space power f a c i l i t y .  These i n v e s t i g a t i o n s  may i n c l u d e  oI:her 
a v a i l a b l e  power systems i n  a d d i t i o n  t o  t h e  Brayton cyc le .  
system is be ing  designed t o  o p e r a t e  o v e r  t h e  power range from 15 t o  LOO KWe 
and can u t i l i z e  t h e  same r o t a t i n g  u n i t  w i th  advanced r e a c t o r s  o p e r a t l n g  a t  
temperatures up t o  1600'F. During FY 1972, assembly of components oE t h i s  
system f o r  l a te r  tests w i l l  be  conducted. 

The r eac to r /Bray ton  

The advanced a l k a l i  m e t a l  Rankine and thermionic  r e a c t o r  e f f o r t s  a r e  aimed 
a t  t h e  two o b j e c t i v e s  o f  very low s p e c i f i c  weights  and very l o w  r a d i a t o r  
areas i n  the power range from hundreds of k i l o w a t t s  t o  a few megawatts. 
Eventual a p p l i c a t i o n s  w i l l  b e  f o r  very high power e a r t h  o r b i t a l  and e l e c t r i c a l  
propuls ion uses. 
upon t h e  expe r i ence  i n  both t h e  mercury Rankine and Brayton cyc:Les b u t  extends 
o p e r a t i o n  tc l  h i g h e r  temperatures  than  have y e t  been achieved. 

The Rankine system is a t u r b o a l t e r n a t o r  system which b u i l d s  

The t 'nermionic 
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system uses  s t a t i c  conve r t e r s  f o r  t h e  d i r e c t  p roduct ion  of e1ect:riciCy a t  
even h ighe r  temperatures .  
a u s e f u l  power system below 100 KWe f o r  e a r l y  n u c l e a r  e l e c t r i c  propu'tsion 
uses o r  e a r t h  o r b i t a l  requirements .  

I n  some concepts ,  t h e  thermionic  r e a c t o r  might be 

The advanced Rankine e f f o r t  cont inues  t o  emphasize t h e  development o f  a 
sound component technology base.  During F'Y 1971, t e s t i n g  of  va r ious  com- 
ponents were cont inued.  
2750 hours  o f  s t a b l e  performance. 
10,000 hours, of endurance t e s t i n g  wi th  no s i g n s  of d e t e r i o r a t i o n .  
s t a g e  potassium test  t u r b i n e  completed 5000 hours  o f  o p e r a t i o n  wi th  (only 
minor e r o s i o n  observed. Work i n  FY 1972 will emphasize material and component 
technology r1ec.essaz-y f o r  assessment  and test o f  t h i s  system. 

A f u l l  s c a l e  300 KWe potassium b o i l e r  t ube  'completed 
The potassium b o i l e r  feed pump completed 

T h e  t h r e e  

During F" 19171, much progress  i n  t h e  thermionic  technology e f f o r t  was 
It produced needed informat ion  on  emitter f u e l  combinat ions,  achieved. 

ceramic-met:als seals, r a d i a t i o n  e f f e c t s  on i n s u l a t o r  materials, j o i n i n g  of 
r e f r a c t o r y  rnat:erials and o v e r a l l  d iode  and system assessment .  During FY 1972, 
r e sea rch  and development will be cont inued on a broad range of  problems 
inc lud ing  i n - p i l e  c h a r a c t e r i s t i c s  of  f u e l s ,  emitters and i n s u l a t o r s ,  m a t e r i a l s  
r e sea rch ,  and assembly techniques .  

Nuclear  Propuls ion  

The overa:tl a i m  of t h e  nuc lea r  propuls ion  e f f o r t  is  t o  provide a s , i g n i f i c a n t  
i n c r e a s e  i n  propuls ion  c a p a b i l i t y  f o r  f u t u r e  space a c t i v i t i e s .  A major objec-  
t i v e  hias been t o  develop a 75,000 pound t h r u s t  engine ,  NERVA, f o r  incorporat . ion 
i n  a reusabLe nuc lea r  s t a g e .  Apart  from NERVA, t h e  e f f o r t  i nc ludes  s e v e r a l  
r e sea rch  arid technology a c t i v i t i e s .  The o b j e c t i v e s  of t h e s e  a c t i v i t  ies are: 
(1) t o  provide suppor t  t o  NERVA development, (2) t o  provide  f o r  t h e  cont inued 
improvement of nuc lea r  rocke t  performance, (3) t o  provide  t h e  base of i n f o r -  
mation f o r  the  development of a nuc lea r  s t a g e ,  and (4)  t o  i n v e s t i g a t e  t h e  
feasibility o E advanced propuls ion  concepts .  

The advantages of nuc lea r  p ropu l s ion  ove r  chemical propuls ion  residt from 
i ts  high payload performance, p ropu l s 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  t h e  
types  of  m:i:3s:ions invo lv ing  h igh  energy and l a r g e  payload, s p e c i f i c  impulse 
becomes an extremely impor tan t  performance requirement .  I t  w i l l  prcwide 
approximately t w i c e  t h e  s p e c i f i c  impulse of t h e  b e s t  chemical rocke r s .  NERVA 
could be inco rpora t ed  i n  a r eusab le  n u c l e a r  s t a g e  as an i n t e g r a l  p a r t  of a 
new c a p a b i l i t y  f o r  space  t r a n s p o r t a t i o n  and used t o  move men, spacec:raft  and 
s u p p 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 low eatrth o r b i t  and 
geosynchronoua o r b i t .  The same engine a l s o  could be app l i ed  i n  s i n g l e  use  
a p p l i c a t i o n ,  e .g . ,  as t h e  primary p ropu l s ion  f o r  a nuc lea r  s t a g e  on a high 
payload, f a s t  t r i p  t o  one o f  t h e  p l a n e t s .  I n  both i n s t a n c e s ,  t h e  i i icreased 
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propuls ion  energy t h a t  can be made a v a i l a b l e  by NERVA can be used f o r  any 
of a v a r i e t y  oE purposes ,  such as t o  i n c r e a s e  payloads,  reduce  t r i p  t i m e s  
and t o  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  complet ion o f  t h e  mission, ,  

S tud ie s  of r e u s a b l e  s t a g e s  are i n  p rogres s  by several contract:ors under t h e  
supe rv i s ion  of t h e  Marshal l  Space F l i g h t  Center .  The NERVA r eusab le  n u c l e a r  
s t a g e  is v i s u a l i z e d  as an  i n t e g r a l  p a r t  o f  new systems f o r  space  t raaisporta-  
t i o n .  Stage des ign ,  t h e r e f o r e ,  must be compatible  wi th  t h e  o t h e r  u n t t s  o f  
t h e  system, e.g. ,  t h e  space  tug ,  o r b i t a l  space  s t a t i o n s  and e s p e c i a l l y  t h e  
space  s h u t t l e .  

-. NERVA. The 75,000 pound t h r u s t  NERVA engine  is a long-durat ion,  miJl t icycle  
propuls ion  system which can be ope ra t ed  at a s p e c i f i c  impulse oE 825 seconds 
over  a range of  t h r u s t  l e v e l s  w i th  an endurance goa l  of  1 0  hours .  T h e  p r in -  
c i p a l  features o f  t h e  engine  des ign  i n c l u d e  t h e  use o f  d u a l  tur1,opumps f o r  
redundance, a f u l l  flow t u r b i n e  d r i v e  c y c l e ,  i n t e r n a l  and e x t e r n a l  s h i e l d s ,  
and a xegenera. t ively cooled nozz le  wi th  an uncooled nozz le  ex tens ion .  

During FY 1971,  t h e  NERVA engine  b a s e l i n e  des ign  w a s  completed and a c t i v e  

Cletailed 
component d e t a i l e d  des ign  and development was i n i t i a t e d  based upon des ign  
requirementf, de r ived  du r ing  t h e  b a s e l i n e  des ign  d e f i n i t i o n  phase.  
s p e c i f i c a t i o n s ,  f o r  t h e  engine  and t h e  major components and subsystems have 
been i s sued  by t h e  NERVA c o n t r a c t o r s  and t h e s e  have been reviewed arid approved 
by t h e  Goveimment. De ta i l ed  des ign  and t r a d e - o f f  s t u d i e s  formed a niajor p o r t i o n  
of  t h e  work of t h e  c u r r e n t  yea r .  I n  a d d i t i o n ,  some component tests were 
conducted. Some examples were f u l l  scale r e a c t o r  c l u s t e r ,  hot-end and core-. 
per iphery  ZI Imulated c o r r o s i o n  tests, and engine system component t e s t s  such 
as turbopmi> bea r ing  tests and nozz le  tube  thermal  tests. These component 
development ac t iv i t ies  t o  d a t e  have been aimed p r i n c i p a l l y  a t  eva lu i i t ion  of 
a l t e r n a t e  appicoaches t o  des ign  f e a t u r e s  o f  t h e  r e a c t o r  and englne  ccmponentr; . 
Considerab:Lte emphasis w a s  p laced  on  o b t a i n i n g  materials d a t a ,  f abric:at ion 
methods, e t c . ,  which were needed t o  b e t t e r  d e f i n e  t h e  b a s e l i n e  engiire. 

I n  1972, e f f o r t  on  NERVA will be l i m i t e d  to  a few o f  t h e  c r i t : i c a l  long  leiad 
t i m e  engine  components and materials and r a d i a t i o n  t e s t i n g .  Eniphas is w i l l  he  
on t h e  desfgn,  f a b r i c a t i o n  and t e s t i n g  o f  t h e  turbopump and its a s s o c i a t e d  
bear ings  and impe l l e r s ,  and t h e  g r a p h i t e  nozz le  ex tens ion .  Engine Iperformance 
s p e c i f i c a t i o n s  w i l l  be completed. 
r a d i a t i o n  and nonrad ia t ion  environments.  Work toward t h e  f a b r i c a t i  ton o f  t h e  
f i r s t  development engine  w i l l  be  d e f e r r e d .  

M a t e r i a l  t e s t i n g  w i l l  cont inue  i n  both 

Nuclear Propuls ion  Research and Technology. The funding i n  t h i s  iportion 
of Nuclear  P ropu l s ion  suppor t s  r e s e a r c h  on advanced n u c l e a r  rocke t  propuls ion  
concepts .  Explora tory  r e sea rch  w i l l  con t inue  on  systems which t h e o r e t i c a l l y  
o f f e r  h ighe r  performance than  t h e  s o l i d  co re  NERVA system. The major t h r u s t  
to t h i s  work is t o  i d e n t i f y  and a t t a c k  t h e  key problems a s s o c i a t e d  'with 
e s t a b l i s h i n g  t h e  f e a s i b i l i t y  o f  t h e s e  systems f o r  space  p ropu l s ion  appl ica-  
t i o n s .  
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The advanced f i s s i o n  systems under i n v e s t i g a t i o n  are t h e  gas co re ,  (coaxial  
flow and n u c l e a r  l i g h t  bulb reactcr concepts ,  and t h e  f l u i d i z e d ,  d u s t  bed 
r e a c t o r  concept .  

The important  engine  c h a r a c t e r i s t i c s  t h a t  bea r  on t h e  f e a s i b i l i t y  o E t h e  
c o a x i a l  flow system are t h e  uranium loss rate,  t h e  c r i t i c a l  mass requirements ,  
t h e  abso rp t ion  of i n t e n s e  thermal  r a d i a n t  hea t  f l u x  by s e e d e d  hydrogen and 
r e a c t o r  dyna r i c  behavior .  Cold flow, induc t ion  hea ted  gas  f low experiments ,  
c r i t i c a l i t y  experiments and r e a c t o r  ana lyses  are t h e  major t o o l s  of  rlzsearch 
i n  t h i s  a r ea .  Ca lcu la t ions  are made t o  i n t e r p r e t  t h e  r e s e a r c h  r o s u l t ;  i n  
terms of engine performance. 

The t e c h n i c a l  o b j e c t i v e s  of  c u r r e n t  r e s e a r c h  on t h e  n u c l e a r  l i g h t  bu lb  a r e  
t o  develop a plasma h e a t  source  which w i l l  d u p l i c a t e  t h e  thermal  environment 
of an  engine ,  t o  demonstrate  t h a t  a t r a n s p a r e n t  w a l l  can s u r v i v e  i n  the com- 
bined tliermal./nuclear environment o f  a c losed  c y c l e  r e a c t o r ,  and to  demonstrate  
t h a t  seeded p r o p e l l a n t  can be hea ted  by thermal  r a d i a t i o n  t o  t h e  tempera ture  
of i n t e r e s t  Yo1 propuls ion .  

Research c m  the d u s t  bed r e a c t o r  concept is aimed a t  demonstrat inq t h e  
f e a s i b i l i t y  o f  a r o t a t i n g  f l u i d i z e d  bed r e a c t o r  through combined expc r imenta l  
and analyt ic :a l  programs which a t t a c k  t h e  key conceptua l  problems. Pc t e n t i a l l y ,  
high t e n p e r a t u r e  and h igh  s p e c i f i c  impulse can be  achieved up t o  t h e  l i m i t s  
of f u e l  pari: ic1.e mel t ing  and s i n t e r i n g  p r o p e r t i e s .  Research i n  t h e  i m m e d i a t e  
f u t u r e  w i l l  be  d i r e c t e d  toward t h e  d e f i n i t i o n  o f  t h e  r e l a t i o n s h i p s  between 
t h e  f l u i d  mtxhmics ,  c o r e  geometry, h e a t  t r a n s f e r  and n e u t r o n i c s  i n  cbrder t o  
e s t a b l i s h  a conceptual  des ign  f o r  u se  i n  f u t u r e  ana lyses .  

---- Nuclear  Roliket Engine System TechnoI.ogy. The r e s e a r c h  a c t i v i t i e s  c onducted 
i n  t h i s  a r e a  are aimed a t  provid ing  improved components and mater ia l s ,  f o r  s o l i d  
core  nuc lea r  rocke t  engines  as w e l l  as a gene ra l  b a s e  of  in format ion  on t h e  
des ign ,  ope ra t ion ,  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  of n u c l e a r  rocke t  engine  
components i n  :!le nuc lea r  space  environment.  

During FY 1972,  t h e  emphasis of rcscarc? i  on  n u c l e a r  rocke t  enf;ine c:omponenes 
will be on f a i l u r e  phys ics ,  t h e  p r e d i c t i o n  and d e t e c t i o n  o f  f a i l u r e s  f o r  a l l  
components o f  a propuls ion  s y s  t e m ,  and on provid ing  t h e  components tl:chnoloqg. 
and control.  sys te ix  tecliniques f o r  advanced I i i K h  power d e n s i t y  arid h j  ,711 s p e c i f i c  
impulse propuls ion  systems.  The work on hydrogen p r o p e r t i e s  e v a l u a t  ion w i l l  
be  d i r e c t e d  toward t h e  c h a r a c t e r i z a t i o n  o f  hydrogen s l u s h e s ,  c o l l o i d ;  and g e l s ;  
f l u i d  mechanics; and h e a t  t r a n s f e r  ana lyses  t o  de te rmine  t h e  advanta);es of  
each from t h e  s t andpo in t  of s t o r a b i l i t y  and handl ing .  
w i l l  a l s o  be s t u d i e d  t o  de te rmine  t h e  f e a s i b i l i t y  of  u t i l i z i n g  this s ta te  of  
hydrogen fo r  space  miss ions .  

So l id  ( f i -oz tn)  hydrogen 

I n  a d d i t i c n  t o  t h e  above, experiments  w i l l  be  conducted i n  a t e s t  r e a c t o r  
t o  s tudy  rac!iation damage t o  ino rgan ic  s o l i d  f i l m  l u b r i c a n t s  and v a r i o u s  
r eac to r  s t r u c t u r a l  materials. 
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Nuclear V e h i c l e  Technology. The o b j e c t i v e  of t h i s  a c t i v i t y  is t o  provide  
t h e  technology and d e f i n e  t h e  requirements  f o r  t h e  des ign  and development 
o f  a r eusab le  nuclear s t a g e .  The e f f o r t  i nc ludes  t h e  i n v e s t i g a t i o n  of orbita:L 
m a i n t a i n a b i l f t y ,  r e l i a b l e  long  l i f e  i n s t rumen ta t ion ,  techniques and des igns  
f o r  t h e  d e l i v e r y  of  nuc lea r  s t a g e  modules t o  o r b i t ,  and t h e  i n v e s t i g a t i o n  o f  
advanced s t a g e  s t r u c t u r e s .  A s t a r t  w a s  made on technology i n  a l l  of  t h e s e  
areas, i n  Fy 1971. This  e f f o r t  w i l l  be  cont inued i n  FY 1972. 

The ma in tadnab i l i t y  e f f o r t  is concent ra ted  i n  two areas: one, d e a l i n g  wi th  
s t a g e  systems which are main ta inable  i n  o r b i t ,  i nc lud ing  in s t rumen ta t ion  t o  
provide informat ion  on systems r e q u i r i n g  maintenance, and secondly , devices  
t o  perform the maintenance, i. e. , t e l e o p e r a t o r s .  The r eusab le  s t a g e ,  d e l i v e r e d  
t o  orbi t :  by t h e  space s h u t t l e  sugges t s  approaches t o  maximize t h e  t a rkage  
de l ive red  pe r  f l i g h t ,  such a s  o r b i t a l  assembly o f  t anks ,  o r  automatic e r e c t i o n  
of co l l apsed  s t r u c t u r e s .  Such an approach may permi t  t h e  launch o f  niore than 
one tank  i n  the space  s h u t t l e .  I n  a d d i t i o n ,  o t h e r  on-going programs w i l l  be 
cont inued.  These inc lude  r a d i a t i o n  e f f e c t s  t e s t i n g  of a l i m i t e d  number of  
promising as'rri.onic and s t a g e  s t r u c t u r a l  components , and planning anc a n a l y s i s  
of a propell.,mt hea t ing  experiment based on t h e  r eusab le  n u c l e a r  stape tank  
s i z e .  

Nuclear Roz&-t Development S t a t i o n  Opera t ions .  This  p r o j e c t  provicles f o r  
NASA's s h a r e  of t h e  c o s t  of  gene ra l  suppor t  and s t a t i o n  o p e r a t i o n s  fcjr t h e  
Nuclear Rocle t  Development S t a t i o n  (NRDS). NRDS is t h e  n a t i o n a l  sit(! f o r  t he  
ground s ta t : l :  t e s t i n g  of  nuc lea r  rocke t  r e a c t o r s  and engines .  

The NRDS w i l l  be  put  on a maintenance only  b a s i s  i n  FY 1972. This  i s  being 
done t o  allow Euture resumption of  t e s t i n g  as needed. 

Elec t rophys  ics  

The E l e c t  roplnysics r e sea rch  is conducted p r imar i ly  w i t h i n  t h e  NASA labora-  
t o r i e s  ,with conplementary e f f o r t s  a t  i n d u s t r i a l  and u n i v e r s i t y  1 abor i t to r ies .  
A new re sea rch  r e s u l t  w a s  achieved i n  an experiment concerned wi th  power 
from a magnetodynamic plasma arrangement.  I t  was shown t h a t  t h e  argon gaseoi:is 
plasma is a t  t h e  proper  cond i t ions  f o r  t h e  r a d i a t i o n  of  v i s i b l e  1ase.i: l i g h t  
i n  t h e  a x i a l  d i r e c t i o n .  Work is cont inuing  t o  o b t a i n  laser  radFatioTi i n  t h e  
t r a n s v e r s e  d i r e c t i o n ,  and t o  exp lo re  t h e  p o s s i b i l i t y  o f  u t i l i z i n g  copper 
plasma f o r  greater ou tpu t .  

I n v e s t i g a t i o n s  w i l l  be cont inued o f  e l e c t r o n  p a i r i n g  phenomena t o  x h i e v e  
h ighe r  t r a n s i t i o n  temperature  (Tc) superconductors .  I f  achieved,  s u t h  a new 
superconductor  w i l l  reduce g r e a t l y  t h e  s i z e  and c o s t  o f  accompanying cry0genl.c 
equipment f o r  t h e  superconductor .  Magnets composed of  h ighe r  T c  suparconductors  
w i l l  be used i n  c o n t r o l l e d  fus ion  and magentoplasmadynamic space  pow'er and 
propuls ion  systems.  Also t h e r e  w i l l  be i n d u s t r i a l  u s e s  such as magnet c o i l s  
f o r  motors,  gene ra to r s  and t ransformers  and as superconductors  €or  e l e c t r i c a l  
t ransmiss ion  l i n e s  and cab le s .  
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Laser research  w i l l  emphasize e f f o r t s  t o  achieve  h ighe r  energy r a d i a t i o n  
from uraniurr plasma, flowin2 CO2-:i2-Ik gas  and chemical r e a c t i o n s .  IChenical 
type  l a s e r s  have t h e  p o t e n t i a l  of s i n p l i f y i n g  g r e a t l y  t h e  l aser  s j r s t l - .m  as no 
e x t e r n a l  i n c i d e n t  energy is needed t o  start  t h e  laser  process .  I t  i s  concep- 
t u a l l y  p o s s i b l e  t h a t  laser  r a d i a t i o n  of s u f f i c i e n t  energy nay b e  r a d i a t e d  
to  a space b e h i c l e  and be converted w i t h i n  t h e  space  v e h i c l e  f o r  u sa3 le  power. 
On t h e  top ic  of medium energy n u c l e a r  phys i c s ,  a newly modified cyc lo t ron  
w i l l  be u se i  t o  conduct experiments t o  b r ing  experiment and theory  i n t o  c l o s c r  
re la t ionshiFI  regard ing  nuc lea r  c o l l i s i o n s .  Xewer and pu re r  i so topes  may b e  
produced which can a l so  be  used f o r  medical d i agnos i s  of cancer  and heart 
a i lments  . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1972 ESTIPIATES 

OFFICE OF TRACKING AND DATA ACQUISITION 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

--- 

--- 

TRACKING AND D.ATA -.- 
ACOUISI'I.'ION .I?ROGRAM 

The purposle of t h i s  program is t o  provide respons ive  and e f f i c i e n t  1:racking 
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  
p r o j e c t s .  T.ie 'Tracking and Data Acqu i s i t i on  program is a d i r e c t  and v i t a l  
coun te rpa r t  to t h e  t o t a l  f l i g h t  program of NASA through which t h e  conlluct of 
a l l  space  f l i g h t  missions is c a r r i e d  out .  I n  a d d i t i o n  t o  NASA f l i g h t  pro- 
jects, suppor t  is provided,  as mutua l ly  agreed,  f o r  p r o j e c t s  of t h e  
Department O E  Defense, o t h e r  Government agenc ie s ,  and o t h e r  coun t r i e s  and 
i n t e r n a t  i0na.L o rgan iza t ions  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 rocke t s ,  and r e sea rch  a i r c r a f t ;  f o r  e a r t h  o r b i t a l  and sc.borbi.ta1 
miss ions ;  foje l u n a r  and p l ane ta ry  missions;  and f o r  space probes. 

Types of suppor t  provided inc lude :  (a )  t r a c k i n g  t o  determine t h e  p o s i t i o n  
and t r a j e c t o r y  of v e h i c l e s  i n  space ,  (b)  a c q u i s i t i o n  of  s c i e n t i f i c  d a t a  from 
onboard experiments ,  ( c )  a c q u i s i t i o n  of engineer ing  d a t a  on the  perfoimance 
of spacecraft:  and launch v e h i c l e  systems,  (d) t r ansmiss ion  of commands from 
ground s t a t i o n s  t o  s p a c e c r a f t ,  ( e )  communication wi th  a s t r o n a u t s  and 
a c q u i s i t i o n  o E medical d a t a  on t h e i r  phys i ca l  c o n d i t i o n ,  ( f )  communicz.tion 
of inforr, iation between va r ious  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) proce:;si-ng of d a t a  acqui red  from t h e  space  veh ic l e s .  Such suflport  
is essent ia l  .for achieving 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  miss ions ,  
f o r  executing: t h e  c r i t i c a l  dec i s ions  which must be made t o  a s su re  t h e  success  
of t h e s e  f1ig;ht miss ions ,  and, i n  t h e  case of manned miss ions ,  t o  ins i i re  t h e  
s a f e t y  of t h e  a s t ronau t s .  

Tracking arid d a t a  a c q u i s i t i o n  suppor t  is provided by a worldwide network of 
NASA ground s1:at.ions and an ins t rumen ta t ion  s h i p ,  supplemented by appropr i a t e  
instrumented a i r c r a f t  and ground s t a t i o n s  of t h e  Department of Defense. These 
f a c i l i t i e s  are in te rconnec ted  by a network of ground communications l i n e s ,  
undersea c a b l . ~ : ~ ,  iiigh 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  whic:h provide t h e  c a p a b i l i t y  f o r  i n s t an taneous  t ransmiss ion  c f  d a t a  
and c r i t i c a l  commands between s p a c e c r a f t  and t h e  c o n t r o l  c e n t e r s  i n  the 
United St.ates from which t h e  f l i g h t s  are d i r e c t e d .  Fac i l i t i e s  a l s o  a r e  
provided t o  process  i n t o  meaningful form t h e  l a r g e  amounts of s c i t e n t i f i c  and 
engineeri.ng o a t a .  which are c o l l e c t e d  from f l i g h t  p r o j e c t s .  I n  a d d i t i o n ,  
instrumentat ic in  f a c i l i t i e s  are provided f o r  suppor t  of sounding rocket  
launchings ancl f l i g h t  t e s t i n g  of a e r o n a u t i c a l  r e sea rch  a i r c r a f t .  
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The Kesearc.h and Development a p p r o p r i a t i o n  provides  funds: (a )  f o r  t h e  
ope ra t ion  and maintenance o f  t h e  worldwide f a c i l i t i e s ;  (L) f o r  t h e  pro- 
curement of equipment and f o r  modi f ica t ions  t o  f a c i l i t i e s  t o  suppor t  
cont inuing ,  new, and changing f l i g h t  p r o j e c t  requirements;  and (I:) f o r  t h e  
i n v e s t i g a t i o n  and development of advanced t r a c k i n g  and d a t a  acquf i s i t i  on 
equipment anc.  techniques.  

SUPDIARY OF RESCURCES KEQUIKEFEPJTS : --- 
15 72 - 19 70 1971 

Operations. . .  ................. $225,151,000 $217,300,000 $210,000,000 
Equipment ..................... 41,103,000 59,800,000 42,500,000 
Supporting r e sea rch  and ................. 11,5OO,OOO 12,900,000 -- technology. 11,710,000 . 

$278 000,000 $290,000,000 -- $2G4,000,000 - -  -L Total. . . . . . . . . . . . . . . . . . . . . . .  
- - I - ~  - 

D i s  t r i b u t i c  n of P rogr  nr;? Amount& - ~- I n s t a l l a t i o n  : --- 
P l a r s h l l  skate l ' l ig i i t  Center ;;1,5GO ,003 $40u ,000 $300 ,220 
Goddard S,lace Fliglitr Lcnter .  264,367,000 2:)5,2110,000 189,200,000 
J e t  Propuls ion Laboratory. .  . 5 2,258,000 64,300,000 55,OOO,0i)O 
l ia l lops Stat ion. . . . . . . . . . .  .. 6,456,000 G ,250,000 6,250,030 
F l i g h t  Iksearch  Center. .  .... 1,675,000 1,850,000 1,51)0,003 
Langley hesearch Center.  .... 880,000 1,250,000 950,000 
XAS A Headquarters ........... 10,604,000 10,750,000 IC) ,800,000 

LASIS OF El" REQUIW,fENTS: --- 
The FY 1972 r eques t ,  i n  t o t a l ,  r e p r e s e n t s  a dec rease  o f  n e a r l y  10 percent  

from t h e  FY 1971 level. This  dec rease  r e f l e c t s  t h e  e f f e c t  of changes i n  
c e r t a i n  f l i g h t  mission p r o f i l e s  which have allowed suppor t  reduct ions  as 
w e l l  as the s i g n i f i c a n t  e f f o r t  t h a t  has  been app l i ed  i n  reviewing sup'ilort 
requirements  of p rev ious ly  launched f l i g l i t  p r o j e c t s  wi th  t h e  o b j e c t i v e  of 
reducing suppor t  requirements  f o r  s p e c i f i c  programs and i d e n t i f y i n g  f , a c i l i t y  
r educ t ions  cons is  t e n t  wi th  t h e s e  requirements .  The decrease  a l s o  r e f  Lects 
t h e  s u s t a i n i n g  c h a r a c t e r  of t h e  equipment program i n  t h a t  t h e  reques t  pro- 
v ides  f o r  maintaining a network c a p a b i l i t y  t o  m e e t  only t h e  suppor t  rl?quire- 
ments of approved programs. 
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Operations 

19 70 -- 1971 - 1972 - 
Planned s p a c e  f l i g h t  network.. .. $78,904,000 $69,100,000 $67,100,000 
S a t e l l i t e  network.. ............ 44,450,000 45,700,000 43,500,000 
Deep space network. ............ 34,863,000 39,400,000 3Ei ,000,000~ 
Other i n s  t:irunientation. ......... 5,275,000 5,500,000 5,100,000 
Communicat.i.ons ................. 45,140,000 39,800,000 37 ,200,000 ............... 19,100,000~ Data processing.  16,549,000 17,800,000 - 

To tal..  ....................... $225, 181,000 $217,300,000 $210,000,000~ - -. 

Continuing, adjustments  i n  network support  requirements have r e s u l t e d  i n  an 
o v e r a l l  reduc.tion i n  t h e  funds r eques t ed  f o r  network ope ra t ions .  The 
experience gained i n  support  of t h e  Apollo program, along wi th  a s t r e t c h o u t  
i n  schedule ,  nas l e d  t o  t h e  c l o s u r e  of t h e  t r a c k i n g  s t a t i o n  a t  Guaymas, 
Elexico, and r educ t ions  i n  suppor t  requirements i n  t h e  areas of l o g i s t i c s ,  
programming, and communications services. As a r e s u l t  of t h e  ccrit inuing 
review of 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  from s c i e n t i f i c ,  
a p p l i c a t i o n s ,  and p l a n e t a r y  s p a c e c r a f t  , f u r t h e r  r educ t ions  i n  d a t a  
a c q u i s i t i o n  support  are underway. These a c t i o n s  inc lude  s i g n i f i c a n t  reduc- 
t i o n s  i n  support  t o  t h e  OAO-A2, OGO, ATS and Pioneer  s p a c e c r a f t .  I n  
a d d i t i o n ,  t h e r e  has  been a cont inuing e f f o r t  t o  improve s t a t i o n  o p e r a t i n g  
procedures and equipment u t i l i z a t i o n  a t  both t h e  s t a t i o n s  and c o n t r o l  c e n t e r s  
t o  provide more c o s t  e f f e c t i v e  suppor t .  

The only increase w i t h i n  network o p e r a t i o n s  i s  i n  t h e  funding i:eque:jt f o r  
d a t a  p rocess ing  ope ra t ions .  This i n c r e a s e  is necessa ry  t o  provide foi: t h e  
o p e r a t i o n s  and l o g i s t i c s  of t h e  ERTS d a t a  p rocess ing  f a c i l i t y  whi.ch w i l l  be 
r equ i r ed  t o  n a n d l e  l a r g e  amounts of imaging da ta .  

Manned Space F l i g h t  Setwork Operat ions 

The Named Space  F l i g h t  Network has been designed t o  c o l l e c t  and communicate 
real t i m e  inEorination 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  Cmmitnd 
and Lunar Modules as w e l l  as t h e  S a t u r n  launch v e h i c l e s ,  onboard equiliment 
and experiments ,  and most impor t an t ly ,  t h e  p h y s i c a l  c o n d i t i o n  of t h e  
a s t r o n a u t s .  rile EIanned 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  o f  11 p r i m e  
s t a t i o n s ,  four instrumented a i r c r a f t  and one i n s t r u m e n t a t i o n  sh ip .  file net-  
work is tconfigured t o  provide d a t a  i n  real t i m e  t o  t h e  Ni s s ion  Contro:‘ 
Center a t  Houston, Texas, s o  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  mj.ssion 
may be made. In a d d i t i o n ,  i n fo rma t ion  from s c i e n t i f i c  experiments ,  bctth 
onboard t h e  s p a c e c r a f t  and deployed f o r  long term o p e r a t i o n  on t h e  sui-f ace 
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 .  
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This  worldwide 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  suppor t  of 
t h e  Xercury r r o g r a n  i n  e a r l y  1953 and has  been p e r i o d i c a l l y  updated and 
modified t o  m e t  t h e  requirements  of t h e  s e v e r a l  manned space pro,qrams. A s  
t h e  programs Lecame more complex, t h e  levels  of  p r e c i s i o n  involved i n  program 
suppor t  c:orreE pondingly increased  r e q u i r i n g  a d d i t i o n a l  c a p a b i l i t y  i n  t h e  net-  
work. Ccmsequec.tly, t h e  Planned Space F l i g h t  Network has  evolved i n t o  a highly  
sop i i i s t i ca t ed  e l e c t r o n i c  t r a c k i n g ,  command, communication, and t e l eme t ry  
system wnich ltas been s u c c e s s f u l l y  ope ra t ed  i n  suppor t  of t h e  va r ious  manned 
missions.  Thr.oughout t h e  manned space  program, t h e  network has c o n t i n u a l l y  
supported, the  exac t ing  requirements  f o r  t r a c k i n g  accuracy and r e l i a b l e  
communications , i nc lud ing  real t i m e  t e l e v i s i o n ,  Tile t r a c h i n g  accu rac i e s  and 
r e l i a b l e  communications achieved by t h e  network have con t r ibu ted  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  nav iga t ion  r equ i r ed  f o r  t h e  p inpo in t  l u n a r  landing:;. 

The net.work c o n s i s t s  of :  (a )  e i g h t  30-foot d iameter  antenna s t a t i o n s  
loca t ed  at  C a p e  Kennedy; Bermuda; Ascension I s l a n d ;  Grand Canary I s l and ;  
Carnarvorn, A u s t r a l i a ;  Guam; Lauai ,  H a w a i i ;  and Corpus C i i r i s t i ,  Texas; and (b )  
t h r e e  85-foot diameter  antenna s t a t i o n s  loca t ed  a t  Madrid, Spain;  Canberra,  
A u s t r a l i a ;  and C;oldstone, C a l i f o r n i a .  I n  a d d i t i o n ,  fou r  instrumented sir- 
c r a f t ,  one in s t rumen ta t ion  s h i p ,  and t h r e e  85-fOOt diameter  antenna s t a t i o n s  
of t h e  NASA Dt!eF Space Network as w e l l  as t h e  210-foot diameter  antenna 
f a c i l i t y  a t  C h l d s  tone provide suppor t  f o r  Apollo. I!hile t h e  network provides  
suppor t  prima.r*ily f o r  manned miss ions ,  s e l e c t e d  s t a t i o n s  of t h e  network a l s o  
provide 5,uppoi-t t o  unmanned deep space and earth o r b i t a l  p r o j e c t s  of NASA 
and t h e  Uepartment of Defense. 

Along wi th  t.he scheduled A p o l l o  missions,  t h e  network is  c u r r e n t l y  
suppor t ing  t h e  Ayo l lo  Lunar Sur face  Experiment Package (ALSEP) leEt on t h e  
moon's s u r f a c e  by t h e  Apollo 12 .  T h e  f u t u r e  l and ing  missions w i l l  a l s o  
c a r r y  ALSEl's r e s u l t i n g  i n  a cont inuing  and s i g n i f i c a n t  workload 011 tile net-  
worh. Uiiring FY 1972 ,  t h e  network w i l l  b e  r equ i r ed  t o  suppor t  two luna r  
landing  nl iss ions,  each inc lud ing  an ALSEP and a ROVER and one of which w i l l  
i nc lude  a Part.ic.les and F i e l d s  S u b s a t e l l i t e ,  p l u s  two ALSEPs l e f t  uy previous  
landing  miss ions ,  and a l a r g e  number of unmanned missions.  This o v e r a l l  
workload is dapi c t e d  on t h e  accompanying c h a r t .  

Due t o  tlie exper ience  gained i n  t h e  s u c c e s s f u l  suppor t  of Apollo missions 
t h e r e  have been a number of adjustments  i n  suppor t  requirements  which have 
permi t ted  reduct ions  i n  t l ie  number of s h i p s ,  a i r c r a f t  , and s t a t i o n s .  Most 
r e c e n t l y  t h e  s t a t i o n  a t  Guaymas, Mexico, w a s  c losed .  These adjustments  i n  
suppor t  requii-enients have a l s o  permi t ted  reduct ions  i n  t h e  areas of yro-  
gramming, conqiutations,  and network suppor t  which are r e f l e c t e d  i n  t h e  ET 
13 72 r eques t  . 

S a t  e l l i  te Network Operat ions 

The p r i n c i p a l  func t ion  of t h e  Sa te l l i t e  Network is t o  suppor t  X G A ' s  un- 
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manned 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 i i ic ludes 
t h e  e l e c t r o n i c  s t a t i o n s  of t h e  Space Tracking and Data Acquis i t ion  Nei:worlr 
(STADAN) opera ted  by t h e  Goddard Space F l i g h t  Center ,  supplementc  (' by tile 

o p t i c a l  t ractr ing netiTorl: opera ted  by t i le Smitlisonian Astropllysica 1 
Observatory. Tile STADNi s t a t i o n s  provide a ground system which (2-1 t r a c k s  
eacli s a t e l l i t e ,  ( b )  determines tlie s t a t u s  of  onboard systems,  (c)  comrlands 
t h e  s a t e l l i t e  func t ions ,  and (d)  acqu i r e s  s t o r e d  o r  real  t i m e  da ta  from the 
sa te l l i t e .  Tlie 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  prec: s i o n  
o r b i t a l  t rack ing .  

Ttle STADAN 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  For t  Nyers,  F lo r ida ;  
Plojave, CaliEonnia;  Rosman, North Caro l ina ;  Fairbanks,  Alaska; Q u i t o ,  Ecuador ; 
Sant iago ,  Ch i l e ;  Winkfield,  England; Johannesburg, South Af r i ca ;  Tanariarive, 
Madagascar; and Urro ra l ,  A u s t r a l i a .  I n  a d d i t i o n ,  a mobile f a c i l i t y  i s  be ing  
renovateld a t  Plo,jave, C a l i f o r n i a ,  p r i o r  t o  r e l o c a t i o n  f o r  ATS F and G :uppor t .  

S ince  t h e  earLy days of NASA, t h e r e  have been cont inuing  reviews 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  from s p a c e c r a f t  i n  o r b i t .  
These review!; have been i n t e n s i f i e d  i n  r e c e n t  years .  A s  a r e s u l t ,  se\,eral 
s t a t i o n s  have been c losed  and ope ra t ions  have been reduced a t  o t h e r  l c c a t i o n s .  
Fu r the r  reduct ions i n  suppor t  w i l l  b e  necessary  i n  FY 1972 i n  o r d e r  tliat t h e  
suppor t  requirements of high p r i o r i t y  sa te l l i tes  can b e  m e t .  Curren t ly  under 
cons ide ra t ion  aite cu r t a i lmen t  of d a t a  a c q u i s i t i o n  suppor t  t o  t h e  OAO-F.2, OGO 
and ATS :;pacai:rilft. Savings r e s u l t i n g  from t h e s e  and s i m i l a r  a c t i o n s  are 
r e f l e c t e d  i n  the  FY 1972 r eques t  which i n  t o t a l  is  below t h e  EY 1971 level. 

Tlie number of s a t e l l i t e s  r e q u i r i n g  suppor t  i n  FY 1972 is expected t a  be  
s l i g h t l y  below t h e  number t h a t  is p r e s e n t l y  be ing  suppor ted ,  bu t  t h e  average 
workload vi111 cont inue  t o  be  approximately 40 sa t e l l i t e s  r ep resen t ing  a t o t a l  
of some 235 experiments.  With e l even  new satel l i tes  scheduled f o r  launch i n  
N 1972, it will-  be necessary  t o  make cont inuing  adjustments  i n  p r i o r i t i e s  
of a l l  satell . : i tas suppor ted  i n  o r d e r  t o  assure adequate coverage .within t h e  
network capab:ilI.ty. Of t h e  new satel l i tes  t o  be  launched, t h e  E R E - A  and 
OAO-C missions w i l l  impose a s u b s t a n t i a l  workload on t h e  network due t o  t h e i r  
unique suppor t  requirements.  

Deep Space Network Operat ions 

The primary f u n c t i o n  of t h e  Deep Space Network is t o  suppor t  p l ane ta ry  and 
i n t e r p l a n e t a r y  space f l i g h t  missions.  These missions range t o  extreme 
d i s t a n c e s ,  tnuidreds of m i l l i o n s  of m i l e s  from t h e  e a r t h .  A s  a r e s u l t  of t hese  
g r e a t  diatanc:es,  t h e  f a c i l i t i e s  i n  t h i s  network must be a b l e  t o  plerform 
c r i t i c a l  func:tions a t  extremely low s i g n a l  levels. As f l i g h t  d i s t a n c e s  
cont inue  t o  i .ncrease,  t o  t h e  v i c i n i t y  of J u p i t e r ,  f o r  example, t echniques  and 
equipment: designs are requ i r ed  i n  t h i s  network which truly push the  s t a t e  of 
t h e  art  i n  long d i s t a n c e  communications. 
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The Deep Space Network: ( a )  provides  t r a c k i n g  d a t a  which are u s e d  i:o 
determine and malie c o r r e c t i o n s  and changes t o  s p a c e c r a f t  t r a j e c t o r i e s  , (b)  
acqu i r e s  eng:Lneering t e l eme t ry  d a t a  concerning performance o f  tlie spacmecraf t , 
(c )  t r ansmi t s  commands t o  t h e  s p a c e c r a f t ,  and (d)  r ece ives  and record: t he  
s c i e i i t i f i c  axid engineer ing  d a t a  which are acqui red  from t h e  spacecraf t  . The 
network :;taticms are l o c a t e d  a t  Goldstone, C a l i f o r n i a ;  Woomera and Canberra,  
Aus t ra l ia ;  Mindrid, Spain;  Johannesburg, South Af r i ca ;  and Cape Kennedy , 
Flor ida .  

The control. c e n t e r  f o r  t h e  Deep Space Network i s  t h e  Space F l i g h t  Operations 
F a c i l i t y  (SFOF) l o c a t e d  a t  tlie Jet  Propuls ion  Laboratory i n  Pasadena, 
C a l i f o r n i a .  Xie SFOF: ( a )  r ece ives  informat ion  t r a n s m i t t e d  v i a  ground 
communications from s t a t i o n s  of t h e  Deep Space Network, (b )  p rocesses  t h e  
da t a ,  (c )  d i s p l a y s  t h e  r e s u l t i n g  informat ion  so 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  p r o j e c t  pe r sonne l  can ana lyze  miss ion  performance and !Rake c r i t i c a l  
decis ioi is  i n  nea r  real  t i m e  concerning func t ions  t o  b e  executed by the  space- 
c r a f t ,  a n d  ( d )  sends i 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  m u s t  be 
t r ansmi t t ed  tcb t h e  s p a c e c r a f t .  

During FY 1 9  71, t h e  Deep Space Network workload c o n s i s t s  of f OUT P ioneer  
s p a c e c r a f t ,  the two Mariner 1963 s p a c e c r a f t  i n  t h e  extended mission phase,  
t h e  Apollo manned l u n a r  miss ions ,  and t h e  two Mariner 1971 spaceciraf t .  The 
major p o r t i o n  of t h i s  workload, r e f l e c t e d  i n  t h e  accompanying workload c h a r t ,  
w i l l  cont inue  on i n t o  FY 1372 along wi th  suppor t  of  tile Pioneer  F mission 
which is scheduled t o  b e  launched i n  t h e  t l i i r d  q u a r t e r  of l?Y 1972,. 

Extensive network engineer ing ,  programming, and computat ional  support: is 
necessary  t o  n e e t  tlie suppor t  requirements  o f  tlie c r u i s e ,  encounter ,  aid 

o r b i t a l  phase:; of t h e  two Mariner 1971 s p a c e c r a f t  and t h e  P ioneer  r Ju1) i te r  
fly-by mission. T h e  complexity oF t h i s  suppor t  f o r  l l a r ine r  1371 is  retated 
t o  t h e  requirement f o r  t h e  netcrorl, t o  suppor t  two o r b i t i n g  s p a c e c r a f t  
s imul taneous ly  i n  real time f o r  an extended per iod .  The FY 1972 xequer;t 
i nc ludes  fund:; f o r  the higli ly complex suppor t  f o r  Mariner 1971 and the 
Pioneer  F. 11: a.Lso i i ic ludes funds f o r  t h e  engineer ing  and computationzil 
suppor t  i n  l)re?aa'eation f o r  t h e  P ioneer  G mission t o  J u p i t e r ,  tlie T[arint!r/ 
Venus/Mercury 13'73 fly-by miss ion ,  t l ie Viking 1975  miss ion ,  and the 1Ie:iios 
missions.  I n  ,addi t ion ,  tlie Deep Space Networh f a c i l i t i e s  w i l l  continuc t o  be 
used i n  ground based r a d i o  s c i e n c e  experiments  on a non in te r f e rence  bat1is t o  
the fligiiir missions.  The Pioneer  6 ,  7 ,  S, and 9 s p a c e c r a f t  are i n  ,m clxtended 
mission pliase ,an(! suppor t  f o r  tiiese missions w i l l  be reduced i n  FY 137:. As 
a r e s u l t ,  t h e  o v e r a l l  worl:load vi11 al low f o r  a s l i g h t  decrease  i n  t o t a l  c o s t s  
f o r  DSN operat.:.oris. 

Other Ins t rumenta t ion  Operat ions - - 

Instrumentat  ioit systems are opera ted  and maintained i n  suppor t  of sounding 
rocket  p rogram c:onducted by Kallops S t a t i o n ,  V i rg in i a ;  and f o r  f l i g i i L  
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research  programs of t h e  F l i g h t  Research Center ,  C a l i f o r n i a ,  and t h e  Langley 
Kesearch Center ,  V i rg in i a .  General  purpose t r a c k i n g ,  t e l eme t ry ,  dati i  
handl ing ,  record ing ,  t iming ,  p l o t t i n g ,  and communications systems arc! pro- 
vided a:; we.L1 as s p e c i a l  purpose f ixed  and mobile o p t i c a l  and sound ranging 
( acous t i ca l : )  equipment. The budget reques t  f o r  FY 1972 r e f l e c t s  a rc!duction 
i n  t h e  .Leve:L of suppor t  as compared t o  p r i o r  years. 

The i i~s t t ru ine~i ta t ion  a t  Wallops S t a t i o n  is  ope ra t ed  by NASA cont rac t  o r s  and 
by o t h e r  Government agencies  such as t h e  Nat iona l  Oceanic and Atmosptleric 
Adminis t ra t ion, ,  t h e  Nat iona l  Uureau of  S tandards ,  t h e  U.S. Navy, t h e  U.S. 
A i r  Force, a i d  t h e  M i l i t a r y  Sea Transpor t a t ion  Serv ice .  

Spec ia l i zed  mobile t e l e m e t r y  and o p t i c a l  equipment are maintained End 
opera ted  a t  s e l e c t e d  sites along t h e  eastern seaboard,  at White Sands 
Missile KanE;e, and on t h e  Uermuda I s l a n d s  t o  suppor t  rocke t  f l i g h t s  from 
Wallops Stat:;.on. Some of t h i s  down-Range suppor t  is  ope ra t ed  by t h e  Langley 
Research Center, which also provides  t e l eme t ry  s t a t i o n s  (one f i x e d  arid one 
mobile) i n  suppor t  of i ts  a e r o n a u t i c a l  f l i g h t  programs. 

The Fl-ight Research Center  ope ra t e s  t h e  Aerodynamic T e s t  Range c o n s i s t i n g  
of f a c i l i t i e s  a t  t h e  Edwards A i r  Force Base and t h e  up-Range s i t e  a t  Ely, 
Nevada. These f a c i l i t i e s  are composed of p r e c i s i o n  r ada r  t r a c k i n g  , telemetry 
and communic:ations equipments which are used t o  suppor t  h igh  performance 
a i r c r a f t .  research  and development programs of both NASA and t h e  A i r  Force. 
Programs suppor ted  by t h e  Aerodynamic T e s t  Range inc lude  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 c t s  , i nc lud ing  t h e  F-111, F-104, iiL-10 , X-24AY G - A ,  and 
YF-12. 

Communications Operat ions 

NASA's global  communications network (NASCOM) i n t e r c o n n e c t s  t h e  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 p r o j e c t s  and p r o j e c t s  of o t h e r  agencies  t h a t  are supported by NASA 
t r ack ing  neth,orks. It i n t e r c o n n e c t s  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  s i tes,  launch areas, test  sites, and miss ion  c o n t r o l  cen te r s .  The 
Goddard Space F l i g h t  Center ope ra t e s  t h e  network and serves as i ts  major 
swi tch ing  poin t .  I n  t h e  in t e re s t :  of economy , r e l i a b i l i t y ,  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  a number 3f 
domestic and overseas  l o c a t i o n s .  

The FY 1972 budget shows an o v e r a l l  decrease  i n  funds from t h e  FY 1'371 budget. 
While a scheduled rate i n c r e a s e  w i l l  impact t h e  c o s t  of  l e a s i n g  tiomesi:ic c i r -  
c u i t s ,  economies i n  t h e  uetwork w i l l  r e s u l t  i n  lower o v e r a l l  cos t s .  rhe cos to  
of communications s a t e l l i t e  service i n  suppor t  of Apollo i n  FY 1972 w i l l  be 
reduced due t o  g r e a t e r  f l e x i b i l i t y  i n  t h e  cal l -up and t e rmina t ion  of i c i r c u i t s .  
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Other reduct ions  inc lude  lower i n t e r n a t i o n a l  communications t a r i f f s  and a 
dec rease  i n  t h e  number of ope ra t ing  personnel  a t  overseas  swi t ch ing  l o c a t i o n s ,  

Wideband c:omnlunications are being i n s t a l l e d  between the  Madrid swi tch ing  
c e n t e r  and t h e  primary switching c e n t e r  a t  the Goddnrd Space  F l i g h t  Center  t o  
conso l ida t e  a l l  t h e  communications c i r c u i t s  Letween t h e s e  two l o c a t i o n s .  
This  conso l ida t ion  has increased  t h e  o v e r a l l  e f f i c i e n c y  of t hose  c i r c u i t s ,  
and a t  t h e  s.me t i m e  has provided t h e  c a p a b i l i t y  of handl ing l a r g e r  anounts 
of da ta .  

Data Processing Operat ions 

Information rece ived  i n  the form of t r a c k i n g  and te lemet ry  d a t a  frori 
s a t e l l i t e s  and space probes must be processed i n t o  a form t h a t  is .  useliul 
both t o  those  performing t h e  real t i m e  c o n t r o l  of  the space v e h i c l e  aiid those  
r e spons ib l e  f o r  ana lyz ing  t h e  s c i e n t i f i c  d a t a  acqui red  by t h e  spzcecr i i f t .  
Support must b e  given t o  a wide v a r i e t y  of programs which vary  from tile smal l  
Explorer  sa te l l i t es  t o  t h e  l a r g e  and complex S o l a r  and Astronomical Ollserva- 
t o r i e s ,  and , i pp l i ca 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 a r e  used t o  
supply s t a t i o n s  wi th  p red ic t ions  on f u t u r e  passes of t h e  s p a c e c r a f t  over  the  
s t a t i o n s ,  and 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 imenters  t o  determine where i n  t h e  t r a j e c t o r y  of the stpace- 
c r a f t  t h e  s c i e n t i f i c  measurements were made. Telemetry d a t a  must b e  rbro- 
cessed to:  (a) separate the information obta ined  from va r ious  s c i e n t i f i c  
experiments  aboard t h e  spacec ra f t  , (b) conso l ida t e  informat ion  from eech 
experiment ,  (c) apply t h e  necessary s c a l i n g  f a c t o r s  and c a l i b r a t i o n s ,  (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  t h e s e  measurements w i th  
t h e  posit : ion d a t a  mentioned above. Processed d a t a  are t h e  p r i m a r y  product of 
t h e  s p a c e c r a f t  missions and i t  is through reduct ion  and ana lyses  (of t h e s e  d a t a  
by t h e  experimenters  t h a t  a b e t t e r  understanding of e a r t h  and space is achieved. 

Upcoming p r o j  e.cts r e q u i r e  ex tens ive  premission o r b i t  s t u d i e s ,  i nc lud ing  
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 .  ljtudilas are 
a l s o  requi red  t o  work ou t  o p e r a t i o n a l  methods and procedures  t o  be used 
dur ing  t h e  a c t u a l  mission opera t ions  of  t h e s e  complex s p a c e c r a f t .  

The FY 1972 budget reques t  is based upon t h e  workload which w i l l  resiilt 
from previous ly  launched satel l i tes  t h a t  w i l l  r e q u i r e  cont inued suppor t ,  
p lus  a d d i t i o n a l  sa te l l i tes  t h a t  are scheduled t o  be  launched du r ing  thl? 
per iod.  The data process ing  workload is under  cont inuing  s c r u t i n y  alo:.ig 
wi th  t h e  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 spacecral i t .  
Beginning i n  t h e  f i r s t  h a l f  of EY 1970, d a t a  a c q u i s i t i o n  from a number of 
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lower p r i o  
c u r t  a i l e d .  
sa te l l i tes  

r i t y  s p a c e c r a f t  has  been e i t h e r  completely te rmina ted  o r  s eve re ly  
These reduct ions  are making p o s s i b l e  t h e  suppor t  of new 

:L4iunched i n  FY 1971 without  i n c r e a s e s  i n  d a t a  process ing  capabi1it .y.  

I n  FY 197>!, a major f a c i l i t y  t o  suppor t  t h e  Ear th  Resources Technology 
S a t e l l i t e  (ISIITS) w i l l  be placed i n  ope ra t ion .  It  is  t h e  l a r g e  q u a n t i t y  of 
d a t a  from t h s  series of s p a c e c r a f t ,  and t h e  new f a c i l i t y  requi red  tct  pro- 
cess t h e  imaging d a t a ,  t h a t  r e s u l t s  i n  t h e  i n c r e a s e  i n  t h e  budget from FY 
1971 t o  FY 1.972!. 
o l d e r  satelI . i . t~!s  have been reduced whenever p o s s i b l e  i n  an a t t e m p t .  t c  
o f f s e t  t.;iis n c  reasc. 

As noted above, t h e  c o l l e c t i o n  and p rocess ing  of  d a t a  from 

1971 
_I_ 

13 70 

Planned spac:e f l i g h t  network.. .. $11,422,000 $12,70G,000 
Sa te l l i t e  network.. ............ 9,595,000 1G,100,000 
Deep space network. ............ 1 3 , 1 G  C , 00 0 20,700 , O ( J ( l  

3 ,  GOO,  000 

Data processing.. .  ............. 1,168,000 1,200,000 

o t i  . e r i n s  t r u i ~  e .. t .. t ion  .......... 
Communications................. 1,816,000 3,500,000 

3 ,9 37 ,000 

Total.. . . . . . . . . . . . . . . . . . . . . . .  $41,109,000 $59,800 , 000 

The 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  requirements  placed 

1972 

$9,100,000 
13,900,000 

3,300,000 
13,?;)(’,,0(1(; 

2,200,000 
-+a 1 ~300,000 

$42,500,000 -. 

on t h e  net-  
works e s t a b l i s h  needs f o r  equipments which are e s s e n t i a l  t o  provide the 
con t inua l  on-going suppor t  t o  approved programs. Funds f o r  equipment are 
requi red  t o  r e p l a c e  o b s o l e t e  and wornout i t e m s ,  t o  modify e x i s t i n g  sy1;tems 
t o  main ta in  compa t ib i l i t y  wi th  changes i n  f l i g h t  mission o b j e c t i v e s  and 
a s s o c i a t e d  s p a c e c r a f t  i n s t rumen ta t ion ,  t o  i n c r e a s e  t h e  suppor t  u t i l i 2  3t ion 
and e f f i c i e n c y  of e x i s t i n g  systems, and t o  complete o r  provide new sy:;tems 
requi red  t o  suppor t  s p e c i f i c  f l i g h t  missions of  approved programs. 111 FY 
1972, emphasis w i l l  con t inue  on s u s t a i n i n g  t h e  e x i s t i n g  c a p a b i l i t y  of  t h e  
networks a long  wi th  augmentations of equipment t o  meet t h e  requiremenizs of 
upcoming p l a n e t a r y  programs (Pioneer  G ,  Mariner/Venus/Mercury and H e 1  1.0s). 
Some equipment add i t ions  w i l l  also be  r equ i r ed  for ERTS, W - B ,  blimbu:;, 
ATS-F, and o t h e r  approved s c i e n t i f i c  s a t e l l i t e  programs. 

Manned Space F l i g h t  Network Equipment 

The Manned Space F l i g h t  Network equipment program encompasses t h e  procure- 
ment of equipinemt and s e r v i c e s  necessary  f o r  (1) i n c o r p o r a t i o n  of adi : ; . t ional  
systems in  t h e  e x i s t i n g  network t o  m e e t  new requirements  f o r  manned sibace 
f l i g h t  m.issions and appropr i a t e  unmanned missions , (2) mod i f i ca t ion  oj-  

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 
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e f f i c i e n c y ,  anld (3) s u s t a i n i n g  t h e  network's con t inu ing  c a p a b i l i t y  f o r  
r e l i a b l e  mission support .  

During FY 1971, a c t i v i t y  i n  t h e  equipment program has  been p r i m a r i l y  
devoted t o  completion of mod i f i ca t ions  of t h e  network's c a p a b i l i t i e s  f o r  
suppor t  of tne more s o p h i s t i c a t e d  later Apollo l u n a r  explorat ior i  mis:;ions 
and mod.lfication of network systems f o r  suppor t  of t h e  upcoming Skyliib and 
Earth Resouxce!; Technology S a t e l l i t e  missions.  These mod i f i ca t ions  w i l l  be 
completed i n  Fl 1972. Add i t iona l  improvements i n  network system c a p i t b i l i t i e s  
are n o t  plaimetl i n  F'Y 1972 and t h e  primary a c t i v i t y  during t h e  year vi11 be 
devoted t o  s u s t a i n i n g  t h e  network i n  a con t inu ing  s t a t e  of s u p p c r t  rf!adiness,, 

Support of t h e  remaining Apollo l u n a r  l and ing  mis s ions ,  t h e  Apollo Lunar 
Surface Expe'cirients Packages depos i t ed  on t h e  l u n a r  s u r f a c e  by Apollo 12 
and la ter  Apol:Lo missions,  t h e  Particles and F i e l d s  S u b s a t e l l i t e s  whj ch w i l l  
be i n j e c t e d  in l u n a r  o r b i t  by Apollo 15 and 1 7 ,  and t h e  f i r s t  Earth Resources 
Technology S a t e l l i t e  mission r e q u i r e s  a con t inu ing  e f f o r t  t o  maintain t h e  
q u a l i t y  and . re ] - iab i l i ty  of t h e  network's systems and subsystems. 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 system 
performance,, 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  r ep lacenen t  of 
f a i l u r e  prone equipment wi th  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  
modifications;  and r e p a i r s .  Funds are a l s o  r eques t ed  f o r  p r o v i s i o n  and 
mod i f i ca t ion  of test  equipment, 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  support  requirements from one mission t o  t h e  nex t .  

S a t e l l i t e  Network Equipment 

The Satell . j . te.  Network equipment program is d i r e c t e d  toward meeting two 
b a s i c  0bjectj.ve.s: 
t h e  b a s i c ,  ciomposite support  requirements o f  on-going m i s s i o n s ,  and (2) 
adding some s p e c i f i c  network systems t o  meet t h e  unique suppor t  requirements 
of approved i n d i v i d u a l  f l i g h t  p r o j e c t s .  

(1) s u s t a i n i n g  an adequate level of p r o f i c i e n c y  t o  meet 

I n  the s u s t a i n i n g  equipment category for PY 1972, funds are requested t o  
complete two equipment programs for which procurement was i n i t i a t e d  5n Fp 
1971. These equipments are necessa ry  i n  t h e  rmltimission ewfr-t in 
which t h e  S a t e l l i t e  Network ope ra t e s .  

One procurement is f o r  g e n e r a l  purpose command encoders. Camand ancoders 
are needed which can gene ra t e  and v e r i f y  a wide var ie ty  of coprand p r o g r a s  
t h a t  must be s e n t  t o  many d i f f e r e n t  s p a c e c r a f t .  Commands are necessary to 
maneuver t h e  s p a c e c r a f t ,  t o  switch s c i e n t i f i c  experiments on and off ,  and t o  
i s s u e  c o r r e c t i v e  i n s t r u c t i o n s  t o  onboard e l e c t r o n i c  systems. 

The second procurement is f o r  S t a t i o n  Technical  Operations Con t ro l  (STOC) 
consoles.  T h e s e  systems w i l l  enab le  t h e  s t a t i o n s  t o  meet t h e  s i g n i f i c a n t l y  
i n c r e a s i n g  requirements f o r  real  t i m e  d a t a  hand l ing  n e c e s s i t a t e d  by t h e  more 
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s o p h i s t i c a t e d  onboard experiments .  These experiments  r e q u i r e  t h a t  quick-look 
d a t a  be t r a n s m i t t e d  from t h e  s t a t i o n  t o  t h e  c o n t r o l  c e n t e r  i n  rea l  t i m e  f o r  
s t a t u s  monitor ing and d e c i s i o n  making purposes. I n  a d d i t i o n ,  SWC 
c e n t r a l i z e s  r o u t i n e  o p e r a t i o n s  a t  s t a t i o n s  and provides  a r ap id  c1iec;cout 
c a p a b i l i t y .  S t a t i o n  equipment is thus  made a v a i l a b l e  more qu ick ly  t o  support. 
s u c c e s s i v e  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 c i s t i n g  
equipment. 

I n  FY 1972, funds a l s o  are inc luded  f o r  t h e  on-going func t ions  a s s o c i a t e d  
wi th  main ta in ing  a g l o b a l  network. These inc lude  procurement of tes I: and 
c a l i b r a t i o n  equipment, p r o v i s i o n  f o r  minor f a c i l i t i e s  r e p a i r s  and a1t:erations , 
and minor sinal1 equipments t o  provide  proper  i n t e r f a c e  between e x i s t  :ng and 
newly implemented subsystems. 

The new c a p a b i l i t y  ca tegory  inc ludes  those  equipments which are nectded t o  
m e e t  new requirements  f o r  r e c e n t l y  approved p r o j e c t s  o r  new misaions w i t h i n  
on-going programs. I n  IT 1972, miss ion  c o n t r o l  consoles  and display:; and 
s p e c i a l  c o n t r o l  c e n t e r  so f tware  and hardware w i l l  be  procured f o r  thc! Ear th  
Resources Technology S a t e l l i t e  (ERTS) c o n t r o l  c e n t e r .  Also,  i n  FY 1 0 7 2 ,  a 
c o n t r o l  c e n t e r  c a p a b i l i t y  f o r  t h e  Atmosphere Explorers  - C y  -D, and -11 w i l l  bc 
provided by augmenting e x i s t i n g  equipment wi th  computer pe r iphexa l s  *md 
va r ious  c o n t r o l  and d i s p l a y  systems. The Atmosphere Explorer  missioiis are 
c h a r a c t e r i z e d  by a v a r i a b l e  o r b i t  which r e q u i r e s  a h igh  degree  of ground 
c o n t r o l  t o  p rope r ly  perform i ts  mission.  S i m i l a r l y ,  funds are xeque:;ted f o r  
minor augmentation and mod i f i ca t ion  t o  e x i s t i n g  s t a t i o n  and c o n t r o l  (:enter 
systems f o r  such miss ions  as t h e  App l i ca t ions  Technology S a t e l l i t e  F and 
Nimbus E. 

Deep Space Network Equipment 

The reques t :for funds i n  t h i s  ca tegory  covers  t h e  procurement , mod:i.fication, 
and imp.Lemen taision of  hardware i n t o  t h e  Deep Space Network. It incl i ides  
funds f o r  t h e  a d d i t i o n a l  c a p a b i l i t y  r equ i r ed  f o r  suppor t ing  upcoming approved 
p l a n e t a r y  miss ions  as w e l l  as sus t a in ing - type  e f f o r t  t o  keep the  netciork 
o p e r a t i n g  i n  a r e l i a b l e  and e f f e c t i v e  manner. 

To provide  t h e  necessary  suppor t  f o r  upcoming approved p l a n e t a r y  m! s s i o n s  
such as Pioneer  F and G,  Mariner/Venus/Nercury ' 7 3 ,  l l e l i o s ,  and Vilciilg, a 
phased implainentation p l a n  u t i l i z i n g  a modular hardware approach has  been 
underway f o r  t h e  p a s t  two years .  Under t h i s  p l a n ,  g e n e r a l  purpose sjlstens 
f o r  t h e  majo.c func t ions  such as t r a c k i n g ,  t e l eme t ry ,  d a t a  handl ing ,  imd 
inission cont:'co:l are be ing  implemented throughout  t h e  network. As gerleral 
purpose syst:t.ma, they s e r v e  as a base  f o r  subsequent  modular addi t io t l s  t o  
m e e t  t t i c  s p e c i f i c  suppor t  requirements  which w i l l  evolve  f o r  f u t u r e  I l lanetary 
missions.  T l i i s  program w i l l  be  cont inued  i n  FY 1972 w i t h  emphasis OIL pro- 
v i d i n g  t h e  cixpabi l i ty  r e q u i r e d  f o r  P ionee r  G ,  :lariner/Venus/Plercury ' 73, and 
Helios. 
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A s  p a r t  of t h i s  program, during t h e  p a s t  y e a r  a major e f f o r t  was uiiciertaken 
t o  provide uata Iiandliny, and d i sp lay  c a y a b i l i t i e s  a t  a l i m i t e d  number of 
s t a t i o n s  and a t  t h e  Space  Flight: Operat ions F a c i l i t y  (SFOF) a t  Pasadena, 
C a l i f o r n i a ,  t o  m e e t  tlie hiariner ' 7 1  and Pioneer  F requirements .  
under procurement f o r  t h i s  purpose w i l l  have t h e  c a p a b i l i t y  of handl inp  a 
wide range of s p a c e c r a f t  t e lemet ry  and command telecommunication reqi l i re-  
ments and i s  be ing  designed t o  a l low f o r  minor modular augmentations as more 
advanced techniques f o r  t h e  handling of i i igher volumes of d a t a  iwcom~? 
necessary  f o r  l a t e r  missions.  Funds reques ted  i n  FY 1972  w i l l  provi!e f o r  
t h e  p rov i s ion ing  of t h i s  c a p a b i l i t y  a t  t h e  remaining network s t a t ion : ; .  This 
i t e m  was p a r t i a l l y  de fe r r ed  from FY 1 9 7 1  as a r e s u l t  o f  budget c o n s t r a i n t s .  

Equipment 

Included i n  t h e  FY 1972 r eques t  are funds f o r  t h e  procurement of a ' ld i t ional .  
t e l eme t ry  dfecoding modules t o  work w i t h  t h e  s p e c i a l i z e d  d a t a  formats t o  be 
used by t h e  Pioneer  G and l le l ios  s p a c e c r a f t .  Procurement of  t h e s e  modules 
was s t a r t e d  i n  FY 1 9 7 1  f o r  f i v e  s t a t i o n s  t o  meet tlie more innnediate "'loneer 
F requirements .  

Funds are reques ted  i n  FY 1 4 7 2  f o r  a new p l a n e t a r y  ranging syc,tem lior 
implementation a t  t h e  t h r e e  210-foot an tenna  sites. This  system w i l l  provide 
Uoppler t r ack ing  and s p a c e c r a f t  ranging d a t a  a t  p l a n e t a r y  d i s t a n c e s  ilhich a r e  
r equ i r ed  f o r  t h e  precise nav iga t ion  of p l a n e t a r y  missions.  This is 
p a r t i c u l a r l y  impor tan t  f o r  mul t ip le -p lane t  swing-by miss ions  t y p i f i e t l  by the  
Mariner/Venus/ :-krcury ' 73  mission where inc reased  t r a c k i n g  accuracie!;  over  
g r e a t  distance:; are necessary.  

FY 1972 fund:; are a l s o  reques ted  f o r  cont inued work on a d u a l  S/X-lband 
r e c e i v e r  system t o  l e  implemented a t  t h e  Goldstone 210-foot antenna : ' a c i l i t y  
f o r  suppor t  of Mariner/Venus/Zlercury '73. This  mission w i l l  Iiave, i I i  

a d d i t i o n  t o  the  s t anda rd  2,300 Hegahertz (S-band) t e l eme t ry  system, ;in 
experiment o 3 e r a t i n g  i n  t h e  3,400 Megahertz (X-band) frequency specti-um t o  
test the  a p p l i c a b i l i t y  of  us ing  X-band i n  subsequent  p l a n e t a r y  r i s s i o n s  t o  
o b t a i n  ,XI i nc reased  d a t a  r e tu rn .  I t  is expected t h a t  t h e  use  of X-b:ind w i l l  
produce a t e n f o l d  i n c r e a s e  i n  d a t a  rates. This  technology is  v i t a l  1.0 t he  
missions t o  the  more d i s t a n t  p l a n e t s  t o  assure recovery of v i s u a l  irniiging 
and o t h e r  science d a t a  over  t h e  g r e a t  communication ranges.  

Also conta.ined i n  t h e  k"Y 1972 reques t  are funds f o r  s u s t a i n i n g  t h e  
network i n  :;upport of t h e  on-going program which w i l l  i nc lude  t h e  on-going 
Pioneer  s p a c c x r a f t ,  Mariner ' 7 1 ,  P ioneer  F, and Apollo. Longer c r i t j  c a l  
suppor t  pe r iods  such as t h e  Mariner ' 7 1  90-day o r b i t a l  per iod  r equ i r e  
inc reased  ne twork r e l i a b i l i t y  and i n t e g r i t y .  This  n e c e s s i t a t e s  a cor1 t i n u i n g  
program to ixp:Lace obso le t e  o r  high maintenance components, modules, sub- 
s y s t e m s ,  and t o  update equipment t o  provide t h e  r equ i r ed  r e l i a b i l i t y .  I t e m s  
normally procured f o r  t h i s  e f f o r t  are e l e c t r o n i c  modules and assemblies f o r  
t h e  major equipment s y s t e m s ,  module l e v e l  spares, minor mission t o  m j  s s i o n  
changes ,, test and c a l i b r a t i o n  equipment, s imu la t ion  equipment f o r  checkout 
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and t r a i n i n g  purposes ,  and power d i s t r i b u t i o n  equipment. 

Other Ins t rumenta t ion  .--- Equipment 

A wide v a r i e t y  of f i x e d  and mobile equipment i s  used t o  provide i n s t r u -  
mentat ion suppor t  of sounding rocke 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  a e r o n a u t i c a l  f l igh t :  resc2arch 
p r o j e c t s  conducted by t h e  F l i g h t  Research Center  and Langley Researcii Center ,  

A t  Wallops S t a t i o n ,  funds i n  FY 1972 are requ i r ed  t o  s u s t a i n  exist:i.ng 
c a p a b i l i t y  iuy t h e  p rov i s ion  of maintenance and s p a r e  p a r t s ,  and t h e  1)rocure- 
ment of nonrecoverable  f l i g h t  hardware such as onboard antennas,  traiisponders , 
and suppor t  ins t rumenta t ion .  

Two t e lemet ry  ground s t a t i o n s  are opera ted  by t h e  Langley Research Center  
t o  suppor t  a e r o n a u t i c a l  research  programs sucn as c o l l i s i o n  avoidanct! 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 tile 
Wallops and Langley a i r f i e l d s .  Funds are reques ted  i n  FY 1972 t o  procure 
s p e c i a l i z e d  chechout and d i s p l a y  equipments which are necessary  t o  atlapt t h e  
ground :;tat:iDn:; t o  t h e  requirements of s p e c i f i c  f l i g i r t  missions.  

The F.Light Research Center ' s  Aerodynamic T e s t  Range c o n s i s t s  of s t i l t i o n s  
a t  Edwards, Ca:Lifornia, and h ly ,  Nevada, which suppor t  va r ious  aircrzif  t and 
l i f t i n g  body pirojects such as t h e  F-111, F-104, I-IL-ld, X-24A, C5-A, :.nd 
YF-12. 

During FY .L9;72, funds w i l l  l e  r equ i r ed  f o r  t h e  procurement of maintenance 
and r e p a i r  p,irt:s and f o r  equipment modi f ica t ions .  Radar and teleme ti y 
d i s p l a y  equipments r e q u i r e  cont inuing  mod i f i ca t ions  during t h e  coiirst of 
f l i g h t  tes t  programs due t o  changing requirements .  

Conimunicatiniis Equipment -_- - 

Ti le  FII 14, Ti! budget r eques t  inc ludes  funds f o r  tile on-going siis t n i n i n g  ef  f nr ' t  
t o  main ta in  tiie i n t e g r i t y  and r e l i a l ~ i l i t y  of  t h e  liASh Communications Network 
(NASCOPI) and t o  meet new requi renerits f o r  approved p rnJec t s .  T n e  buaget 
f u r t h e r  provides  f o r  funds f o r  equipment whicii w i l l  improve t h e  e f f i c i e n c y  
of t h e  rtetwork. 

Ti le  sus taixiing e f f o r t  inc ludes  replacement spares,  computer i n t e r f a c e  
equipment, test. and c a l i b r a t i o n  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  monit:oring of d a t a  c i r c u i t s .  Equipment w i l l  be  ins ta l lec!  t o  record  
wideband d a t a  f o r  a n a l y s i s  t o  determine d a t a  q u a l i t y .  For p r o j e c t s  wi th  
irigli d a t a  rates sucli as JX'L'S and Skylab, equipment is  needed t o  :switch and 
i n t e r f a c e  w i  t.h c o n t r o l  c e n t e r s ,  wi th  tile t e rmina l  p o i n t s  of  t h e  wideband 



c i r c u i t s  at: overseas  l o c a t i o n s ,  and wi th  t h e  major swi tch ing  cen te r s .  These 
equipments wi1.1 i n c r e a s e  t h e  o v e r a l l  e f f i c i e n c y  of  t h e  wideband communications 
channels since they permit  channels t o  be  switched and timesharled between 
u s e r s  thereby reducing t h e  o v e r a l l  number of wideband channels  requi red  t o  
meet approved program requirements.  

Data Process ing  Equipment 

The operat . iona1 d a t a  process ing  equipments r e q u i r e  a cont inuing  program of 
minor redes ign ,  mod i f i ca t ion ,  and improvement, as w e l l  as normal maintenance 
and repair. While t h e  d a t a  process ing  l i n e s  are designed t o  be as f l e x i b l e  
as p o s s i b l e ,  c:hanges and updat ing are necessary  t o  meet t h e  new requirements 
of approved f l i g h t  p r o j e c t s  and t o  accommodate mission t o  miss ion  changes 
w i t h i n  e x i s t  in.g p r o j e c t s .  Some a d d i t i o n a l  changes are requ i r ed  t o  improve 
t h e  process ing  speed of t h e  d a t a  process ing  systems and thus  minimize t h e  
need f o r  a c a u i s i t i o n  of new process ing  equipment. The FY 1972 budget inc ludes  
funds t o  prclvide t h e  components necessary  f o r  t h e s e  modif icat ioi is  a n d  t o  pro- 
v ide  f o r  normal s u s t a i n i n g  i t e m s  such as l o g i c  modules and components, re- 
placement sp'ares, and modi f ica t ions  a s s o c i a t e d  wi th  equipment reconf igu ra t ions .  

Support ing Research and Technology 

19 70 

New systems...... .............. $890,000 
In t eg ra t ed  systems a n a l y s i s ,  

developrr.en t , and test ........ 3,241,000 
Antenna su.bsystems.... ......... 1,362,000 
Receiving and t r a n s m i t t i n g  

subsystems..... .............. 2,663,000 
Data handl ing and cont ro l . .  .... 1,540,000 
Data process ing  and reduct ion. .  801,000 
Spacecraf t  subsystems.. ........ 880,000 

t i o n s  technology... .  ......... 333,000 
Network performance and opera- 

1971 - 
$1,730,000 

3,560,000 
1,260,000 

2,220,000 
1,590,000 

940,000 
1,050,000 

550,000 

Total.. . . . . . . . . . . . . . . . . . . . . . .  $11,710,000 $12,900,000 

19 72 

$1,400,000 

- 

3,06O,OOO 
1,100,000 

2,080,000 
1,340,000 

870,000 
950,000 

700,000 - 
-. $11,500,000 - 

The purpose of t h e  OTDA Support ing Research and Technology (SRT) program is 
t o  t r a n s l a t e  t r a c k i n g  and d a t a  a c q u i s i t i o n  requirements  of f u t u r e  s p  ice 
missions i n t o  t h e  ground suppor t  i n s t rumen ta t ion  c a p a b i l i t i e s  arid ne1:work 
ope ra t ing  techniques needed t o  s u c c e s s f u l l y  suppor t  t h e s e  f u t u r e  f l i , ; h t  
p r o j e c t s .  The SRT program provides  t h e  funds f o r  t h e  i n v e s t i g a t i o n ,  s t u d y ,  
and development of hardware systems and ope ra t ing  techniques needed . lot  only 
f o r  suppor t  of s p e c i f i c  p r o j e c t s  b u t  also f o r  achiev ing  a c o s t - e f f e c t i v e  and 
r e l i a b l e  o v e r a l l  t r a c k i n g  and d a t a  a c q u i s i t i o n  c a p a b i l i t y  t o  suppor t  t h e  
t o t a l  mix and v a r i e t y  of f l i g h t  p r o j e c t s .  
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Work w i l l  cont inue  i n  FY 1972 on technology f o r  achiev ing  g r e a t e r  
e f f i c i e n c i e s  and economies i n  network suppor t  of  t h e  f l i g h t  programs ; 
p a r t i c u l a r l y  on. t h e  automation of s e l e c t e d  s t a t i o n  and network func t ions ,  on 
t h e  wideband d a t a  communication concept t o  minimize t h e  d a t a  handl ing  
func t ions  now requ i r ed  a t  t h e  i n d i v i d u a l  s t a t i o n s ,  and on t h e  a p p l i c a t i o n  of 
mass d a t a  s t o r a g e  technology t o  t h e  central  d a t a  p rocess ing  func t ions .  

E f f o r t  w i l l  cont inue i n  FY 1972 on t h e  d a t a  r e l a y  s a t e l l i t e  approach t o  
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  e a r t h  o r b i t i n g  satel l i tes .  Fhis 
program is  keyed t o  o p e r a t i o n a l  requirements  a long  wi th  an inc reased  asupport 
c a p a b i l i t y  f o r  t h e  era of t h e  space s h u t t l e  and i t s  as soc ia t ed  s c i e n t i f i c  
and a p p l i c a t i o n s  i n v e s t i g a t i o n  programs. 

I n  J?Y 1972, work w i l l  cont inue  on achiev ing  e f f e c t i v e  and economical 
suppor t  of t h e  advanced p l ane ta ry  missions.  These f u t u r e  p l a n e t a r y  programs 
need ground ins t rumenta t ion  t o  handle  h ighe r  t e l eme t ry  rates and t o  o:)tain 
d a t a  f o r  improved t r ack ing  accu rac i e s ,  a l l  of  which are t ransmit t .ed over  
record  distance:;. I n  a d d i t i o n ,  t h e  missions themselves w i l l  be  more i:omplex 
i n  t h a t  they d i  11 r e q u i r e  m u l t i p l e  s p a c e c r a f t  suppor t ,  extremely r e l i i i b l e  
command l i n k s ,  <and s p e c i a l  t echniques  t o  measure and c o r r e c t  f o r  t h e  :in- 
f luence  o f  charged particles i n  space  on s i g n a l  propagat ion  and tr<?ck: n~; 
accurac ies .  Jezwork and rnission c o n t r o l  techniques  t o  cope wi th  tlicsc~ 
f u t u r e  problains are planned f o r  s tudy  and development i n  FY 1972. 

The foregoing a c t i v i t i e s  h i g h l i g h t  t h e  major e f f o r t s  plailned f o r  FY 1972  
w i t h i n  tile funds requested f o r  Support ing Research and Technology. The  
program f o r  SIZT comprises t h e s e  and o t h e r  e f f o r t s  i n  e i g h t  t a s k  a r e a s  as 
fol lows : 

New Systems 

All of t h e  (YJX)A-sponsored s t u d i e s  on t h e  Tracking and Data R e l a y  S a t e l l i t e  
System ('IDES) are inc luded  i n  t h e  New Systems category.  Work w i l l  cont inue  
i n  FY 1972 onL pre l iminary  development and d e f i n i t i o n  of  t h e  system wi th  
emphasis on blcith s p a c e c r a f t  con f igu ra t ion  and c o s t  f a c t o r s .  A Delta launched 
r e l a y  s a t e l l i t e  conf igu ra t ion  w i l l  b e  used as the base  f o r  s tudying  o v e r a l l  
system t r ade -o f f s  a g a i n s t  o t h e r  promising r e l a y  s a t e l l i t e  conf igu ra t ions .  
Data from t h i s  s tudy  w i l l  be used i n  de te rmining  t h e  optimum conf igu ra t ion  
of such a system. 

-- I n t e e r a t e d  Systems Analys is ,  Development, and T e s t  

Work under I n t e g r a t e d  Systems Analys is ,  Development, and T e s t  i:: b e i a g  
conducted t o  test and e v a l u a t e  subsystems and techniques i n  a real o r  
s imula ted  network ope ra t ing  environment p r i o r  t o  implementation i n  t h e  
s t a t i o n s  and c o n t r o l  cen te r s .  FY 1972 e f f o r t  i nc ludes  s t u d i e s  t o  conso l ida t e  
and opt imize t h e  networks f o r  c o s t - e f f e c t i v e  suppor t  of  f u t u r e  e a r t h  o r b i t i n g  
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miss ions ,  developments and tests of t h e  s p a c e c r a f t  t ransponder  f o r  t h e  S- and 
X- band experiment on t h e  Mariner mission i n  1973, advances i n  o r l ~ i t  deter- 
minat ion teclmiques,  and work on problems i n  r a d i o  i n t e r f e r e n c e  and opera- 
t i o n a l  frequency management. 

Antenna Subsystems 

I n  t h e  category of Antenna Subsystems, work w i l l  cont inue  a t  a someqqhat 
reduced l e v e l  on s t u d i e s  of new techniques  and developments i n  antenna f eeds ,  
d r i v e s ,  c o n t r o l s ,  and o t h e r  com1;onents needed f o r  making e x i s t i n g  a n t  Znnas 
capable  of meeting f u t u r e  f l i g h t  program requirements .  Developnwmt o E mult i -  
frequency feeds  and d i g i t a l  c o n t r o l  techniques f o r  r a p i d  changeover f com 
mission t o  mission w i l l  cont inue ,  

Receiving and Transmi t t ing  Subsystems 

Development of Receiving and Transmi t t ing  techniques and related hardware 
needed f o r  eEfec t ive  suppor t  of f u t u r e  missions w i l l  i nc lude ,  i n  FY 1 0 7 2 ,  t he  
des ign  and test of dua l  frequency ranging  and t r a c k i n g  components, hi1;h 
power a n d  low no i se  components, e x c i t e r s  and modulators.  

Data Handling and Cont ro l  Subsystems 

Under the  g?ne ra l  ca tegory  of  Data Handling and Cont ro l  Subsystems, tele- 
metry,  command, and computer programs, are be ing  developed a long  wi th  t h e  
f u n c t i o n a l  i n t e r f a c e s  r equ i r ed  by network managers and miss ion  d i r e c t o r s  t o  
make t h e  most eEfec t ive  use of t h e  networks i n  suppor t  of t h e  f l i g h t  missions, ,  
P l a n s  f o r  FY 19'72 inc lude  t h e  development of  sof tware  f o r  proper  in t e l - f ace  of 
STOC wi th  o t h e r  f u n c t i o n a l  elements o f  t h e  s t a t i o n s ,  developments neetled f o r  
h igh  rel . iabi.Lity d a t a  handl ing ,  and new d a t a  coding techniques f o r  iml'roving 
t h e  d a t a  r e t u r n  f o r  advanced p l ane ta ry  missions.  

Data Process ing  and Reduction Subsystems 

Work w i l l  cont inue  on d a t a  process ing  and r educ t ion  subsystems t o  develop 
t h e  d a t a  process ing  and c o n t r o l  c e n t e r  subsystems and computer progran s 
needed f o r  c o s t - e f f e c t i v e  process ing  and r educ t ion  of d a t a  which are Fathered 
i n  t h e  perfonnance of t h e  missions.  E f f o r t  i n  FY 1972 inc ludes  s t u d i c s  f o r  
apply ing  m a s s  s t o r a g e  technology t o  reduce d a t a  handl ing  c o s t s  and t o  pro- 
v i d e  more r a p i d  access  t o  t h e  acqui red  d a t a  by t h e  use r s .  Work t o  develop a 
m u l t i p l e  ~ ~ S S ~ L O I I  t e lemet ry  and command c a p a b i l i t y  f o r  t h e  Deep Space bletwork 
w i l l  cont inue arid w i l l  i nc lude  a c e n t r a l  monitor ing and c o n t r o l  capabi l i t y .  

Spacec ra f t  Subsystems 

I n  o rde r  t o  promote t h e  a p p l i c a t i o n  of aerospace d a t a  s t anda rds  i n  t h e  
development of c:ommon usage s p a c e c r a f t  equipment f o r  both telecommunications 
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and onboard d a t a  management, t h e  SRT program sponsors  a r e l a t i v e l y  modest: 
e f f o r t  i n  spa.cecraf t subsys t e m s  development. I n  FY 1972 ,  development w i l l  
cont inue  on a. s o l i d  s t a t e ,  VHF t ransponder  and a l s o  on a u n i f i e d  frequency 
5-band t ransponder  f o r  gene ra l  a p p l i c a t i o n  i n  unmanned s c i e n t i f i c  app l i ca -  
t i o n  s a t e l l i t e s .  The development of a dual-frequency (S/X) t ransponder  f o r  
p l a n e t a r y  miss ion  t r a c k i n g  w i l l  L e  completed i n  ET 1972. Developments w i l l  
be  cont inued f o r  a modular-type, onboard c e n t r a l  p rocesso r  f o r  onboard d a t a  
management f o r  use  i n  unmanned s p a c e c r a f t .  

Network Performance and Operat ions Technology 

I n  t h i s  taE,k area, t h e  performance and l i m i t a t i o n s  of t h e  networks as a 
t o t a l  system a r e  determined and o v e r a l l  o p e r a t i n g  techniques  are s t u d i e d  f o r  
improving the cos t - e f f ec t iveness  of t r a c k i n g  and d a t a  a c q u i s i t i o n  suppor t .  
I n  a d d i t i o n  to t h e  ongoing e f f o r t  i n  p o s t  f l i g h t  a n a l y s i s  and sy:; t e m s  evalua-  
t i o n ,  work w i l l  be  i n i t i a t e d  i n  FY 1972 t o  s tudy  t h e  impact of  tlie u s e  of 
widebancl commiun.ications on d a t a  management. 
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RESEARCH AND DEVELOPNENT 

FISCAL YEAR 1972 ESTIMATES 

OFFICE OF INDUSTRY AFFAIRS AND TECIINOLOGY UTILIZATION TECHNOLOCY U'TILIZATION --- -- 
PROGRW -___ 

PROGRAM OBJECTIVES AND JUSTIFICATION: --- 
This program provides for the Nation's scientific', engineering, educational 

and medical communities, awareness and access to new scientific and tech- 
nological and managerial developments that become available as a result of 
the conduct of NASA's mission oriented research and development proerams. 
This program implements the basic principle that scientific, technolotzical 
and management knowledge developed with public support be made availa'ble 
to the public for its benefit in as expeditious and efficient a manner as 
possible. New developments of use to the aeronautics and space industry 
are applied almost automatically within that industry. These Sam in- 
novations have potential benefit as well to the nonaeronautics arid space 
community. It is the primary purpose of this program to develop and 
establish systems and mechanisms to identify, evaluate, publish and 
transfer these innovations to the general public. 

The primary objectives of the NASA Technology Utilization prof:ram ,%re: 
(1) to increase the return on the national investment in aerospace 
research and development by encouraging additional uses of the knowlellge 
gained in those programs; (2) to shorten the time gap between the dis- 
covery of new knowledge and its effective use in the marketplace: (3) to 
aid the movement of new knowledge across industry, disciplinary, and 
regional boundaries; and (4) to contribute to the knowledge of better 
means of traasf'erring technology from 
of potential use. 

its points of origin to its poiiits 

SUMMARY OF --- RESOURCES REoUIREMENTS : 

1970 1971 1972 - 
New technology identification 
and evaluatisn.. ................. 
Publication....................... 
New technology dissemination...... 
Program evinluiat ion. ............... 
Total........................... 

$650,000 $435,000 :;625,000 
1,020,000 490,000 665,000 
2,775,000 2,585,000 2 ,,230,000 
555,000 490,000 - 480,000 

$5,000,000 $4,000,000 $4,000,000 = 

Distribution --- of Program Amount by Installation: 

NASA Headquarters ............... $5,000,000 $4,000,000 $4,000,000 
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BASIS OF FUND RECgJIREMENTS : --- 
New Technology Identification and Evaluation 

Technology utilization officers at NASA field installations and 
specialists from universities, research institutes and private industi’y 
search through selected areas of scientific and technical endeavor , aiid 
identify and document those inventions, innovations, improvements, ant1 
discover Les that have potential utility to the nonaerospace sector of 
the economy. 
aerospace use criteria by competent technical personnel at nonprofit 
research institutes and at NASA field installations, prior to final 
documentation arid dissemination. 

These discoveries are evaluated according to potential tion- 

Publication 

The systematic publication through announcements of single innovatj ons 
to major surveys of contributions to the state-of-the-art in broad 
technology areas continues to be an important element of the transfer of 
technology. This is accomplished through preparation of reports and 
comprehensive surveys by private and nonprofit contractor sources. These 
reports are c1:iss;eminated broadly through various governmental mechanisms 
and the private technical trade media. 

New Technology Dissemination 

This program element is accomplished by the employment of reRiona1 
dissemination canters that store, retrieve and interpret the new techriolopy 
developed by NASA and work to transfer this new technology to industry. 
Biomedical appljcation teams are also employed to assist medical and 
clinical researchers in defining and solving medical problems by adaptation 
of NASA t echncklogy. In addition, government-developed computer software 
is evaluated and disseminated to industry. Technology applications teams 
are developin~g cooperative programs with several other agencies such as 
the Air E’ollu~t.icln Control Office and the Water Pollution Control Office of 
the Environmental Protection Agency, Law Enforcement Assistance Adminis- 
tration, Social Rehabilitation Service of HEW, Small Business Adminis- 
tration and others. These joint efforts are designed to bring applicable 
aerospace technology to bear on technical problems in areas of major 
national concern such as environmental quality, law enforcement and 
rehabilitation of the handicapped. 

Program Evaluation 

Independent research institute personnel are continually evaluating 
technology transfer mechanisms and feeding the new knowledge so gained 
into the Technology Utilization program. 
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